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Option 1:  Calculate SNR of wanted link (must meet S/N requirements discussed below to indicate a successful link), subtract value of SNR for interfering amateur link (must also meet requirement to be a successful link), compare resulting S/I against the required link margin for the fixed service as shown in Recommendations ITU-R F.1761 (Annex 1, Table 4, required S/N), ITU-R F.1762 (Annex 1, Table 1, required S/N), and ITU-R F.1821 (Annex 1, Table 1, required S/N).  Although the protection criteria in these tables are an S/N ratio, it also represents the required C/I to successfully close a link at the required reliability levels, taking into account the overall system S/N protection criteria found in Recommendation ITU-R F.339. 
Option 2:  Calculate SNR of wanted link, subtract SNR of interfering amateur link, convert resulting S/I into S/N ratio and compare to S/N protection criteria of Recommendation ITU-R F.339.  Availability objectives for HF systems would also have to be compared to determine impact to long-term and short-term objectives.
Option 3:  Calculate SNR of wanted link, subtract SNR of interfering amateur link, convert resulting S/I into Signal-to-Interference + Noise (SINR) taking into account the necessary bandwidth.  Calculate resulting SINR from S/N protection criteria in Recommendation  ITU-R F.339 and compare to determine potential impact on fixed/mobile service links, also taking into account availability objectives.
Guidance for conducting compatibility studies has been provided by Working Party 5C in Document 5C/TEMP/133 expressing a preference for Option 1. 
1	Introduction
The frequency band 5 250-5 450 kHz is allocated to the fixed and mobile services excluding aeronautical mobile), and in the band 5 250-5 275 kHz to the radiolocation service for oceanographic radar purposes on a non-interference basis to the allocated services in accordance with Resolution 612 (Rev.WRC-12).
Resolution 807 (WRC-12) includes, as agenda item 1.4 for WRC-15 “1.4 to consider possible new allocation to the amateur service on a secondary basis within the band 5 250-5 450 kHz in accordance with Resolution 649 (WRC-12)”.
The high frequency (HF) band supports propagation of radio signals via a reflected path incident on the ionosphere. This is called ionospheric or sky-wave propagation. Because of this unique characteristic, an important feature of the HF spectrum is its ability to support long range communications via sky-wave propagation. However, one disadvantage of sky-wave propagation is the probability that noise and interference from distant sources may affect a desired communication. Therefore, the usability of HF sky-wave communication channels depends on both signal propagation and the absence of excess noise and interference. 
This Report examines the potential for interference from stations of the amateur service operating in the frequency range 5 250-5 450 kHz to operation of the systems of fixed, radiolocation, and mobile (except aeronautical mobile) services. This Report also considers potential mitigation techniques, while evaluating the compatibility of these services.
This Report discusses compatibility aspects for frequency use in this band.
2	Related ITU‑R Recommendations and Reports
Editor’s note: Extracted from Doc. 5A/254
Recommendation ITU-R F.339-8 – Bandwidths, signal-to-noise ratios and fading allowances in HF fixed and land mobile radiocommunication systems 
Recommendation ITU-R P.368-9 – Ground-wave propagation curves for frequencies between 10 kHz and 30 MHz
Recommendation ITU-R P.372-10 – Radio noise
Recommendation ITU-R P.525-2 – Calculation of free-space attenuation
Recommendation ITU-R P.533-11 – Method for the prediction of the performance of HF circuits 
Recommendation ITU-R P.832-3 – World Atlas of Ground Conductivities
Recommendation ITU-R F.1610 – Planning, design and implementation of HF fixed service radio systems
Recommendation ITU-R M.1732-1 − Characteristics of systems operating in the amateur and amateur-satellite services for use in sharing studies
Recommendation ITU-R F.1761 – Characteristics of HF fixed radiocommunication systems 
Recommendation ITU-R F.240-7 – Signal to interference protection ratios for various classes of emissions in the fixed service below about 30 MHz
	Recommendation ITU-R F.162-3 – Use of directional transmitting antennas in the fixed service operating in bands below about 30 MHz 
Recommendation ITU-R BS.705-1 – HF transmitting and receiving antennas characteristics and diagrams 
Recommendation ITU-R M.1874 – Technical and operational characteristics of oceanographic radars operating in sub-bands within the frequency range 3-50 MHz
Recommendation ITU-R SM.1541-5 –Unwanted emissions in the out-of-band domain
Recommendation ITU-R SM.329-12 –Unwanted emissions in the spurious domain
Report ITU-R M.2234 – The feasibility of sharing sub-bands between oceanographic radars operating in the radiolocation service and fixed and mobile services within the frequency band 3‑50 MHz
[Preliminary] draft new Report ITU-R M.[5 MHz CHAR] –Characteristics of amateur radio stations in the range 5 250-5 450 kHz for sharing studies
Report ITU-R M.2080 – Consideration of sharing conditions and usage in the 4-10 MHz band
ITU-R Handbook – Ionosphere and its Effects on Radiowave Propagation Handbook, Edition 1998
[bookmark: _Toc244419877][bookmark: _Toc261522372][bookmark: _Toc276574012][bookmark: _Toc277241116][bookmark: _Toc284407461]Editor’s note: Any other documents that should be added?3	Abbreviations
Editor’s note: Extracted from Doc. 5A/254
AS	Amateur service
BW	Bandwidth
FS	Fixed service
LBT	“Listen-Before-Transmitting” protocol used by amateur operators
LUF	Lowest Usable Frequency
MUF	Maximum Usable Frequency
NVIS	Near-Vertical Incidence Skywave
OOB	Out Of Band
SNR	S/N, Signal-to-Noise Ratio 
SNIR	S/(N+I), Signal-to-Noise plus Interference Ratio
SSB	Single-Sideband Suppressed Carrier Analogue Voice Transmission
SSN	Smoothed Sunspot Number
UTC	Coordinated Universal Time
4	Background
Editor’s note: Extracted from Doc. 5A/254
The frequency range 5 250-5 450 kHz is allocated to fixed and mobile (except aeronautical mobile) services in all three Regions on a primary basis. Radiolocation services are also allocated in the range 5 250 to 5 275 kHz as a secondary service in Regions 1 and 3 and Primary in Region 2.
The 5 250-5 450 kHz frequency range is actively used by systems in the fixed, land mobile and maritime mobile services. Analysis of the Master International Frequency Register shows that 13 314 frequency assignments in the fixed service, 2 104 frequency assignments to base statins in the land mobile service, 251 frequency assignments to transmitting coast stations in the maritime mobile stations and 14 frequency assignments to receiving stations in the maritime mobile stations are recorded therein. Locations of the stations notified in the frequency range considered are shown in Figure 4.1.
Figure 4.1
Locations of stations operating in the frequency band 5 250-5 450 kHz
[image: ]

Such intensive usage of the frequency band considered stems primarily from the fact that it is often  not feasible to deploy traditional mobile communication networks and satellite communication stations in large sparcely populated, inaccessible and distant areas of the globe including those in the Arctic and Antarctic regions. 
Effective (and solitary in some cases) solution of the issue related to providing communication with such areas seems to be based on employing multi-hop communication links established within the fixed and land mobile services. Such links transfer signals based on multiple reflection of propagating electromagnetic waves from the earth surface and its ionosphere.
Frequency assignments notified in the fixed and land mobile services provide for data transfer in voice and telegraph modes. They may be used for different purposes such as permanent communication with sparsely populated, inaccessible and distant areas and establishing communications in areas of natural disasters and recovery operations.
Frequency assignments in the maritime mobile services provide for voice communications and data transfer [and are used for maritime safety.]
Amateur service characteristics are similar to land mobile service with respect to antenna types,  modulation, and transmission bandwidths. An allocation on a secondary basis to the Amateur Radio Service would facilitate providing communications in disaster situations and during relief operations at times and for distances which might not be possible using existing amateur allocations.
This report analyses the practicability of amateur operations on a secondary basis in the range 5 250 to 5 450 kHz with respect to the existing users.


As an example stations in the amateur service operating in frequency spectrum shared with other users might be the  range 10 100-10 150 kHz which is allocated to the fixed service on a primary basis and the amateur service on a secondary basis (but in some countries, the band is allocated to the amateur service on an exclusive basis). No reports of harmful interference to the fixed service are known to have been filed in the thirty years during which the allocation has been available to the amateur service. Noting that the propagation conditions around 5300 kHz are different to that around 10 000 kHz.
It should be noted that there are already a number of administrations who have authorized amateur operations subject to various restrictions in this frequency range under the provisions of Article 4.4, of the Radio Regulations.
Editor’s note: Indication of incumbent usage could go here if desired
5	Characteristics of fixed service stations used in the compatibility study
Editor’s note: The following is an extract from liaison statement Document 5A/77
Appropriate fixed service characteristics for sharing studies between fixed service and amateur service stations can be found in Recommendations ITU-R F.1761, ITU-R F.1762 and ITU‑R F.1821. 
Protection criteria for systems in the fixed service are provided in Recommendation ITU-R F.339-8.
The characteristics of fixed service stations in study below are:
−	Receiver bandwidth: 300 Hz, 3 kHz;
−	Receiver antenna gain: 0, 6, 13.4 dBi.
−	Transmitter  antenna gain: 0, 13.4 dBi.
Editor’s note: Other information to be added if required
6	Characteristics of amateur service stations that might be used in the 5 250-5 450 kHz frequency band
Editor’s note: Extracted from Doc. 5A/237
WP 5A has developed a draft Report ITU-R M.[5 MHz CHAR] which contains the list of possible amateur service station parameters in this frequency band. In accordance with this draft Report the majority of commercial amateur equipment has output power of 100-150 W and uses near‑omnidirectional antennae. 
Therefore in the compatibility study it was assumed that amateur station uses omnidirectional antenna and transmitter with output power of 100 W (20 dBW).
Editor’s note: Other information to be added if required
7	Scenarios for the possible impact upon the fixed/[land] mobile service by stations of the amateur service
Editor’s note: For each of the methods the geographic details of the modeled fixed service and potential amateur service stations should go here. As far as possible the links should be representative of real situations.
7.1	Scenarios for study method 1 
The conducted studies assumed that amateur service transmitter and receiver might be arbitrarily deployed in relation to a receiver in the fixed service. Therefore the study assumed an interference scenario as shown in Figure 7.1.1 below.
Figure 7.1.1
Scenario of interference affecting a FS link



7.2 	Scenarios for study method 2 
Editor: This section was from section 5 Executive Summary
A hypothetical propagation condition was simulated and analysed following ITU-R recommended procedures, viz., a 1 546 km fixed-link circuit and with potential interference from an amateur service link of comparable length.
Signal-to-Noise (SNR) and Signal-to-Noise-plus-Interference (SNIR) median values were computed for each of the twenty-four hours in each of the twelve months under assumed Smoothed Sunspot Numbers of 10 and 80.
Interference to the fixed link was shown to be very unlikely and this without necessarily taking account of the amateur radio protocol of “listen before transmitting” and the proposed Secondary Service nature of the sought allocation. 

7.3	Scenarios for study method 3 
The objective of this study is to evaluate the sky-wave interference from potential amateur service transmitters to worldwide fixed/land mobile service receivers. Seven amateur service sites were selected in order to provide a distribution of sites that would reflect various geographic regions and climatic zones. The selected sites are shown in Figure 7.3.1.
The fixed service receivers are distributed on the crosspoints of a 180×180 grid equally spaced in the latitude and the longitude around the globe. As for the land mobile service receivers, these crosspoints can be seen as the transient locations when they are moving.
FIGURE 7.3.1
Sites of the amateur stations and grid of fixed/land mobile service receivers 


8	Methodology of interference impact assessment from amateur service stations on the fixed/land mobile service, aeronautical and oceanographic radar services 
8.1	Methodology of interference impact assessment proposed by WP 5C 
The impact of the considered amateur station transmission links on operation of the fixed service links was determined in accordance with the following methodology:
–	for the amateur station the S/N ratio [dB] as a function of daytime and season was determined for minimum and maximum sunspot numbers;
–	for the fixed service links the S/N ratio [dB] as a function of daytime and season was also determined for minimum and maximum sunspot numbers;
–	for the fixed service links the signal/interference ratio [S/I, dB] as a function of daytime and season was also determined for various levels of solar activity;
–	the obtained dependence of S/I ratio was compared with the required S/N value and the operation modes and time intervals when operation of the fixed service links is feasible were estimated.
Editors note: Russian & Canadian input
8.1.1	Interference impact assessment from amateur service stations on the fixed/land mobile service 
Editor’s note: The following is from liaison statement Document 5A/77 
Recommendation ITU-R P.533 and the associated software model should be used for performing required sharing and compatibility studies.
Fixed HF systems typically use directional antennas but are not limited to such design.  Therefore studies should take into account a mixture of directional systems using yagi antennas at the maximum gain listed, and omni-directional whip antennas using a gain of 0 dB.
Editor’s note: presumably whip antennas are only used for short range links?
The impact from the amateur station transmission reference link should be calculated by determining the reference link S/N ratio (in dB) for the worst month for the amateur station using a relative sunspot number for portions of the sunspot cycle corresponding to both low sunspot activity and high sunspot activity.
A reference link signal level should also be determined for the fixed service link as an actual S/N level (in dB).  The amateur reference link S/N ratio should be used to reduce the fixed service reference link S/N ratio to determine S/I and compared to the required S/N levels found in Recommendations ITU-R F.1761, ITU-R F.1762 and ITU‑R F.1821 for all three transmission types to determine if it can still meet the required S/N level for all three types of service. This will determine the long-term effects of any amateur allocation.
The fixed/mobile service transmissions modes to be studied are:
300 HF1B telegraphy from Rec. ITU-R F.339 using both stable & fading S/N criteria
3k00J3E Single Sideband analogue voice Rec. ITU-R F.339 using both stable & fading S/N criteria
[3k00J2E] Digital voice Recs. ITU-R F.1821 & ITU-R F.339 using both stable & fading S/N criteria
Editorial note: check designation for digital voice
The amateur  service transmissions modes to be used is any mode with a bandwidth up to 2.8 kHz
This would provide results for a number of scenarios as shown in the example table below:

Fixed reference links for evaluating potential interference from amateur allocations at 5 MHz
	Fixed reference link
	Antenna
	Sunspot number

	<Transmit> to <Receive>
	Yagi
	<Minimum value>

	<Transmit> to <Receive>
	Yagi
	<Maximum value>

	<Transmit> to <Receive>
	Omni-Directional
	<Minimum value>

	<Transmit> to <Receive>
	Omni-Directional
	<Maximum value>


Systems from all three characteristic Recommendations should be evaluated.
Editor’s note: The following paragraph is useful for clarity & is from Doc. 5A/257
In accordance with the protection criteria specified in Recommendation ITU-R F.339 the calculation of the indicated values is carried out for the reference bandwidth of 1 Hz.
· Use of omnidirectional antennas is inefficient on longer paths, such as those analysed in the tables.  Use of an antenna with some directionality, such as a horizontal dipole or Yagi, is common practice in both the amateur and fixed services. 
· The methodology presented in this analysis provides an overall assessment of the potential impact to the fixed service from potential amateur operations in the 5 250‑5 450 kHz frequency range.  However, to determine the impact to a specific link at any given time, the use of optimum frequency for the time of day, desired path, season and solar activity must be taken into account. The statistical probability of interference is based on a number of propagation factors and the impact will be strongly determined by link reliability requirements and required signal-to-noise ratios for type of service.
8.1.2	Interference impact assessment on the aeronautical service
8.1.3	Interference impact assessment on oceanographic radar systems
Previous ITU-R studies have found amateur service sharing with HF oceanographic radars in the radiolocation service “seems to be difficult . . . .”[footnoteRef:1]  For this reason, a secondary allocation to the amateur service within the frequency band 5 250-5 275 kHz should not be established, in consideration of the allocation to radiolocation established at WRC-12. [1:  	Report of the Conference Preparatory Meeting to the 2012 World Radiocommunication Conference § 2/1.15/3.] 

8.2	Methodology of interference impact assessment from amateur service stations on the fixed/land mobile service based on I/N criteria. 
This methodology is used in the study 3 and based on I/N criteria, and -6 dB is assumed to be the interference threshold for fixed/land mobile service receivers where N is external noise.
To each fixed/land mobile service receiver on the grid, the received I/Ns at 5 350 kHz on various date and time are calculated. Some of the calculated I/Ns may exceed the specified -6 dB interference threshold.
For each amateur station depicted in figure 1, the distributed area and the percentage of interfered fixed/land mobile service receivers for which the interfered time exceeding 20% will be evaluated.
8.2.1	Calculation of co-band interference from an amateur station
The calculation of the interference via the ionospheric sky-wave propagation is based on the NTIA/ITS[footnoteRef:2]  HF propagation model ICEAREA, which predicts the expected performance of HF systems for any month, different sunspot activities, hours of the day, and geographic location. [2:  National Telecommunications and Information Administration, Institute for Telecommunication Sciences, USA.] 

The interference power I received by the fixed/land mobile systems can be calculated as:
I = PT + GT – L + GR 
Where:
	PT 	is the transmission power from the amateur station, 20 dBW;
	GT 	is the transmitter antenna gain of the amateur station, 0 dBi;
	L 	is the sky wave propagation loss, dB;
	GR 	is the receiver antenna gain of the fixed/land mobile system, 0 dBi. 
The sky wave propagation loss L is calculated based on the NTIA/ITS HF propagation model ICEAREA (which is slightly different to Rec. 533) , which predicts the expected performance of HF systems under various conditions of geographic location,  frequency, time, date, smoothed sunspot number (SSN) and geomagnetic index (Qindex). It is assumed that the frequency is 
5 350 kHz, the sunspot number (SSN) is 10, 50 and 100, the Qindex is 1, the time is one of the 
4-hour-time blocks in a day (i.e. 00:00-04:00, 04:00‑08:00, 08:00‑12:00, 12:00-16:00, 16:00-20:00, 20:00-24:00), and the date is one of the first 10 days of each season (i.e. the total number of days calculated in one year is 40), 
Figure 2 displays an example of worldwide propagation loss via ionosphere layer from an amateur service transmitter in Beijing at 5 350 kHz. It is showed that the propagation loss decreases as the distance increases, the minimum value of the propagation loss is 100.9 dB and the maximum value is 672.5 dB.
FIGURE 2
The propagation loss at 5 350 kHz (February 15, 1800UT, SSN=100, Qindex=1) (dB)
[image: ]

An example of the interference from an amateur service transmitter in Beijing to the fixed/land mobile stations distributed on the grid is presented in Figure 3. It is showed that the maximum interference power from the amateur station is about ‑70 dBm and occurs at the vicinity of the amateur station.
FIGURE 3
Example of the calculated interference received by fixed/land mobile stations at frequency 
5 350 kHz (February 15, 1800UT, SSN=100, Qindex=1) (dBm)
[image: ]
8.2.2	 Calculation of external noise at an fixed/land mobile station
As stated in Report ITU-R M.2234, the external noise is the dominant limiting factor for HF communications. The calculation of the external noise at the fixed/land mobile stations is based on the software NOISEDAT developed by ITU-R SG 3, which enables one to calculate man-made noise, galactic noise, atmospheric noise, and the overall external noise.
Recommendation ITU-R P.372-10 provides data of radio noise external to the radio receiving system which derives mainly from three causes: man-made noise, galactic noise, and atmospheric noise. 
Man-made noise depends on the frequency and the environment. Section 5 in Recommendation ITU-R P.372-10 details how to derive median values of man-made noise Nman  in various environments:
Nman = c-d log f-204 (dBW/Hz)
Where f (MHz) is the operating frequency, and c and d are environment -dependent parameters (Table 1). 
TABLE 1
Values of the constants c and d
	Environmental category
	C
	d

	City
	76.8
	27.7

	Residential
	72.5
	27.7

	Rural 
	67.2
	27.7

	Quiet rural
	53.6
	28.6



The “rural” and “quiet rural” environment will be considered in this study.
As the man-made noise, Galactic noise Ngal can also be obtained by the above formula, where c=52.0, d=23.0. The galactic noise component will not be observed at frequencies below the ionospheric critical frequency foF2.
Atmospheric noise Natm depends on frequency, time and date, and its value is given by a series of charts in section 7 of Recommendation ITU-R P.372-10.
Therefore the external noise N can be obtained as: 
N=10*log10 (10Ngal/10+10Nman/10+10Natm/10)
Examples of external noise power in 3 kHz bandwidth in rural and quiet rural environment at each fixed/land mobile station is presented in Figure 4 and Figure 5.
FIGURE 4
External noise at each fixed/land mobile station at 5 350 kHz in rural environment (Winter, 1600-2000UT) 
[image: ]
FIGURE 5
External noise at each fixed/land mobile station at 5 350 kHz in quiet rural environment (Winter, 1600-2000UT)
[image: ]

8.2.3	Calculation of adjacent band interference from amateur stations to fixed/land mobile service receivers
This section provides the evaluation methodology of interference from the adjacent band emissions of the amateur stations to the fixed/land mobile service receivers. 
The adjacent band interference power I from amateur stations to fixed/land mobile service receivers can be calculated as:
I = PAdj + GT – L + GR 
Where PAdj is the adjacent band emission power of amateur stations, other parameters are same as listed in section 8.2.1. 
The required Out-of-Band and spurious emission limits of amateur stations below 30 MHz for narrow-band case (necessary band  4 kHz) can be found in Recommendation ITU-R SM.1541-5 and Recommendation ITU-R SM.329-12, as shown in Figure 6. It is assumed that the channel bandwidth is 3 kHz for both amateur and fixed/land mobile service station.
[
FIGURE 6
Adjacent band emission limits for amateur stations operating below 30 MHz in the narrow-band case

 

According to Figure 6, the adjacent band emission power of the amateur stations in adjacent channels can be evaluated, as shown in Table 2.
Editor note: China will review/recalculate the table below due to concerns about values shown
TABLE 2
Adjacent band emission power of the amateur stations
	Adjacent channel from the operation channel of the amateur stations
	Operating channel
	1st
	2nd
	3rd
	4th

	Emission power (dBW)
	20
	17.0
	2.6
	-14.0
	-35.2


]



Editor note: From section 6 of the Canadian studybut seems to be appropriate for section 8 of final report
6	Compatibility of the amateur systems with the fixed systems
The following is a compatibility analysis between stations operating fixed communication links with stations in the amateur radio service.
The received signal strength and Signal-to-Noise Ratios (SNR) from the fixed and amateur links are calculated following the methodology in Recommendation ITU-R P.533-11 as implemented in the software program REC533[footnoteRef:3]. Parameters  used are detailed in Appendix 1. [3:  	REC533 software implementation of Recommendation ITU‑R P.533 is available for public download from the NTIA Institute for Telecommunication Sciences ITS website at the following address: http://elbert.its.bldrdoc.gov/hf.html. ] 

The following analysis assumes operation of both the fixed and the amateur links at 5 300 kHz using Single-Sideband Suppressed-Carrier (SSB) (Emission Designator 2K70J3E) analogue voice employing a nominal bandwidth of 3 kHz.
In accordance with Recommendation ITU-R F.1761, the assumed required signal-to-noise ratio for the fixed link for SSB is taken as 21 dB (from Table 1 “Required Signal-to-Noise Ratios” of 
ITU-R F339-8,the average RF SNR is 48 dB/Hz for J3E telephony single-sideband suppressed carrier, BW of 3 000 Hz, and fading non-diversity). For the amateur link the path is considered “usable” with a SNR value of 14 dB[footnoteRef:4] (SNR in 3 000 Hz BW) or more.ITU-R guidance on the choice of operating frequencies is that a HF skywave radio communication link will be operating with best performance between -25% to +10% of the maximum usable frequency (MUF). Operation 10% above the MUF is likely to have unsatisfactory performance and operation at frequencies -25% below MUF is likely to have inadequate signal-to-noise ratios. Thus it might be assumed that a wanted signal would only need to be considered for protection if the 5 300 kHz is within operational range of frequencies at that time. Otherwise it might be assumed that the circuit would actually be operating elsewhere in the HF spectrum. The important parameter is the overall circuit reliability - the ratio of the wanted signal level to the power sum of the combined levels of external radio noise, as given in Recommendation ITU-R P.372, together with the power level of the interference (the S/(I+N) ratio). [4:  	The SNR value of 14 dB is a conservative level due to the fact the intensity fluctuation factor is not included for this performance level as recommended in ITU-R F.339-8.] 

For the periods during which the fixed link (Primary Service) is operating, the amateur service would observe SNIR at the receiving end. (Here “I” would be the signal power of the fixed service link). During those time periods when the fixed service is not transmitting the AS would observe only AS SNR.  Both the fixed and the amateur link noise levels (N) are calculated from the received signal‑to‑noise ratio and signal power at receiver sites in Makkovik.
Taking note of the amateur service signal plus interference values (SNIR - as tabulated in Tables 3d and 4d), if these are such that the 14 dB criterion (in our assumption for 3 kHz SSB) is not attained, then it will be assumed that the secondary service (amateur link) will not transmit. Indeed, these Tables show that – generally - the 14 dB criterion is not attained when the channel is occupied by the fixed link, and the SNIR level is below 0 dB almost all the operating hours for both tables.
Note is also made of the calculated value of the Maximum Usable Frequency (MUF) in each of the time slots, that is, the MUF should fall within a range from 25% below the planned frequency to 10% above. For our study calculations at 5.3 MHz this range corresponds to 4.77 to 6.66 MHz. It is assumed that the fixed-link would be able to adjust accordingly.
Calculations employing Recommendation ITU-R P.533 were completed for assumed Sunspot Numbers of ten (SSN = 10) and eighty (SSN = 80) and for each of twenty-four hours per day for each month of the year.
6.1	Study Case: Pangnirtung NU to Makkovik NL
The following section details an analysis of the interference potential to a fixed service link between Pangnirtung, Nunavut (NU) and Makkovik, Newfoundland and Labrador (NL) and an amateur service link from Moosonee, Ontario (ON) to Makkovik – all in Canada. Table 1 shows details of the hypothetical stations. In this analysis both links terminate in the same location (Makkovik) and the noise level is assumed to be identical for both.
Table 1 
Geographic details of the transmitters 
	Location
	Latitude
	Longitude
	Output Power
	Antenna
	Path Length

	Pangnirtung NU (Canada)
	66.68° N
	65.68° W
	37 dBW
	Log Periodic
	1 546 km

	Makkovik NL (Canada)
	55.15° N
	59.17° W
	37 dBW
	Log Periodic FS
Horizontal dipole AS 
	NA

	Moosonee ON (Canada)
	51.28° N
	80.10° W
	20 dBW
	Horizontal dipole 
	1 436 km


6.2	Antenna Assumptions
The fixed link is assumed to be using directional Log periodic antennas having the following characteristics, radiation patterns are shown in Figures 1 and 2.
FIGURE 1
FS log periodic antenna vertical radiation pattern
[image: ]
FIGURE 2
FS log periodic antenna azimuthal radiation pattern
[image: ]

In the study case which follows the Pangnirtung fixed-link antenna is assumed aimed at Makkovik and vice-versa.
The amateur link is assumed to be dipole antennas. The antenna height is 17.6% of the wavelength above ground which makes it act like an NVIS antenna. The radiation pattern is more suitable for medium to short ranges and the radiation patterns are shown in figures 3 and 4.
FIGURE 3
AS dipole antenna vertical radiation pattern[image: ] 
FIGURE 4
AS dipole antenna azimuthal radiation pattern
[image: ]
6.3	Study Data Tables
Table 3a details the computed S/N values at Makkovik from Pangnirtung for the fixed service link assuming a Sunspot Number of ten.
Table 3b details the computed SNIR values at Makkovik from Pangnirtung for the fixed service link assuming concurrent operation of the amateur service only when the SNIR observed by the amateur link is 14 dB or greater and with a Sunspot Number of ten. The Interference term (I) in SNIR is the received amateur service signal.
Table 3c details the computed S/N values at Makkovik from Moosonee for the amateur service link assuming a Sunspot Number of ten.
Table 3d details the computed SNIR values at Makkovik from Moosonee for the amateur service link assuming concurrent operation of the fixed service link and a Sunspot Number of ten. The Interference term (I) in SNIR is the received fixed service signal.
Tables 4a, 4b, 4c and 4d repeat the data formats of Tables 3a, 3b, 3c and 3d assuming, however, a Sunspot Number of eighty.
The convention in Tables 1 to 4 is that the hour shown as Hour 1 corresponds to the period 0001 to 0100 UTC, etc. Values shown in the tables are mean values.
Colour coding of the data elements and data cell backgrounds in the following Tables is provided in Table 2.
Table 2 
Colour conventions for tables 3 and 4 (a,b,c and d)
	Font colour black:
	5.3 MHz operation frequency  falls  outside - 25%  and +10% of MUF(applies to FS data only)

	Font colour yellow:
	5.3 MHz operation frequency  falls  inside - 25%  and +10% of MUF (applies to FS data only)

	Cell background green:
	Communication link usable (21 dB for fixed-link or 14 dB for amateur-link)

	Cell background red:
	Communication link not usable
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Table 3a
FS SNR - Pangnirtung > Makkovik for Sunspot Number = 10     (FS >21 dB) MUF (4.77 and 6.66 MHz in yellow )
	UTC
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	30
	32
	32
	31
	31
	32
	24
	10
	9
	13
	23
	23
	25
	33
	30
	30
	32
	34
	37
	37
	42
	40
	29
	30

	February
	32
	33
	31
	30
	29
	25
	22
	10
	9
	10
	21
	14
	19
	28
	25
	25
	27
	30
	33
	34
	38
	40
	30
	30

	March
	26
	20
	21
	22
	20
	17
	18
	15
	19
	23
	7
	12
	10
	21
	20
	20
	25
	26
	29
	30
	34
	37
	35
	30

	April
	27
	18
	21
	16
	20
	19
	22
	22
	22
	16
	13
	10
	9
	21
	21
	21
	24
	25
	27
	28
	30
	33
	31
	31

	May
	28
	22
	18
	17
	24
	23
	25
	20
	20
	21
	11
	9
	8
	19
	18
	17
	21
	22
	23
	24
	27
	29
	27
	28

	June
	29
	29
	28
	28
	25
	22
	25
	31
	29
	28
	24
	23
	21
	21
	20
	20
	21
	22
	23
	23
	25
	28
	27
	28

	July
	30
	29
	29
	23
	22
	21
	24
	25
	26
	27
	23
	22
	21
	22
	21
	21
	22
	23
	24
	24
	26
	28
	28
	29

	August
	32
	32
	25
	24
	26
	25
	26
	28
	26
	27
	25
	22
	21
	22
	22
	22
	23
	24
	25
	26
	28
	30
	30
	32

	September
	25
	18
	20
	22
	25
	22
	19
	14
	19
	16
	11
	9
	9
	20
	19
	18
	22
	23
	25
	26
	29
	30
	28
	31

	October
	24
	19
	20
	22
	30
	23
	19
	13
	18
	23
	16
	18
	15
	25
	23
	23
	27
	29
	31
	32
	35
	37
	33
	28

	November
	25
	21
	21
	21
	29
	25
	20
	13
	13
	20
	14
	20
	19
	29
	27
	26
	30
	32
	34
	36
	39
	38
	26
	25

	December
	31
	33
	29
	33
	32
	28
	22
	10
	9
	9
	26
	22
	26
	34
	31
	30
	32
	34
	37
	38
	41
	32
	30
	31


Table 3b
Conditional FS SNIR - Pangnirtung > Makkovik for Sunspot Number = 10     (AS LBT > 14 dB) MUF (4.77 and 6.66 MHz in yellow)
	UTC
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	30
	32
	32
	31
	31
	32
	24
	10
	9
	13
	23
	23
	25
	33
	30
	30
	32
	34
	37
	37
	42
	40
	29
	30

	February
	32
	33
	31
	30
	29
	25
	22
	10
	9
	10
	21
	14
	19
	28
	25
	25
	27
	30
	33
	34
	38
	40
	30
	30

	March
	26
	20
	21
	22
	20
	17
	18
	15
	19
	23
	7
	12
	10
	21
	20
	20
	25
	26
	29
	30
	34
	37
	35
	30

	April
	27
	18
	21
	16
	20
	19
	22
	22
	22
	16
	13
	10
	9
	21
	21
	21
	24
	25
	27
	28
	30
	33
	31
	31

	May
	28
	22
	18
	17
	24
	23
	25
	20
	20
	21
	11
	9
	8
	19
	18
	17
	21
	22
	23
	24
	27
	29
	27
	28

	June
	29
	29
	28
	28
	25
	22
	25
	31
	29
	28
	24
	23
	21
	21
	20
	20
	21
	22
	23
	23
	25
	28
	27
	28

	July
	30
	29
	29
	23
	22
	21
	24
	25
	26
	27
	23
	22
	21
	22
	21
	21
	22
	23
	24
	24
	26
	28
	28
	29

	August
	32
	32
	25
	24
	26
	25
	26
	28
	26
	27
	25
	22
	21
	22
	22
	22
	23
	24
	25
	26
	28
	30
	30
	32

	September
	25
	18
	20
	22
	25
	22
	19
	14
	19
	16
	11
	9
	9
	20
	19
	18
	22
	23
	25
	26
	29
	30
	28
	31

	October
	24
	19
	20
	22
	30
	23
	19
	13
	18
	23
	16
	18
	15
	25
	23
	23
	27
	29
	31
	32
	35
	37
	33
	28

	November
	25
	21
	21
	21
	29
	25
	20
	13
	13
	20
	14
	20
	19
	29
	27
	26
	30
	32
	34
	36
	39
	38
	26
	25

	December
	31
	33
	29
	33
	32
	28
	22
	10
	9
	9
	26
	22
	26
	34
	31
	30
	32
	34
	37
	38
	41
	32
	30
	31



TABLE 3c
AS SNR - Moosonee > Makkovik for Sunspot Number = 10     (AS>14 dB)
	UTC
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	12
	12
	16
	16
	16
	16
	16
	8
	-5
	-5
	8
	4
	5
	-1
	5
	3
	3
	8
	12
	18
	18
	23
	18
	10

	February
	11
	13
	10
	9
	10
	10
	8
	5
	-6
	-6
	5
	2
	4
	-1
	4
	3
	4
	8
	12
	17
	17
	21
	21
	11

	March
	9
	7
	5
	5
	-4
	0
	1
	2
	-1
	4
	7
	1
	-3
	-7
	-2
	-2
	-2
	2
	5
	9
	11
	16
	20
	18

	April
	15
	5
	4
	-4
	-7
	-1
	-1
	2
	3
	7
	5
	-2
	-5
	-7
	-1
	-2
	-2
	0
	2
	5
	7
	11
	15
	16

	May
	13
	11
	3
	1
	3
	12
	15
	12
	7
	5
	5
	-3
	-6
	-8
	-2
	-3
	-4
	-1
	1
	3
	4
	8
	11
	11

	June
	13
	14
	14
	13
	5
	7
	9
	11
	12
	13
	11
	3
	0
	-3
	-2
	-3
	-3
	-1
	1
	4
	3
	6
	9
	11

	July
	14
	15
	14
	6
	5
	8
	10
	11
	11
	5
	10
	2
	0
	-3
	-1
	-2
	-1
	1
	3
	5
	3
	7
	10
	12

	August
	17
	15
	8
	8
	8
	6
	5
	6
	15
	11
	12
	4
	1
	0
	1
	1
	0
	2
	4
	7
	6
	9
	12
	15

	September
	14
	6
	5
	-2
	-7
	0
	-2
	-4
	-8
	5
	3
	-1
	-4
	-8
	-2
	-3
	-3
	0
	2
	4
	6
	9
	13
	15

	October
	8
	8
	5
	5
	3
	5
	1
	-1
	-5
	5
	10
	8
	3
	-2
	2
	0
	1
	4
	6
	9
	11
	15
	19
	15

	November
	9
	9
	0
	5
	5
	14
	7
	4
	-3
	-1
	11
	9
	7
	2
	5
	3
	2
	6
	9
	13
	15
	19
	15
	9

	December
	13
	4
	5
	6
	9
	11
	12
	11
	-3
	-6
	1
	6
	7
	1
	6
	3
	3
	7
	11
	17
	17
	21
	13
	11


TABLE 3d
AS SNIR - Moosonee > Makkovik for Sunspot Number = 10     (AS LBT> 14 dB) 
	UTC
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	-19
	-20
	-15
	-15
	-14
	-17
	-8
	-4
	-15
	-18
	-14
	-20
	-20
	-33
	-25
	-27
	-29
	-26
	-25
	-20
	-24
	-17
	-11
	-19

	February
	-20
	-20
	-22
	-21
	-18
	-16
	-14
	-6
	-17
	-17
	-16
	-14
	-15
	-30
	-21
	-23
	-23
	-22
	-21
	-17
	-21
	-19
	-8
	-18

	March
	-16
	-13
	-17
	-16
	-24
	-17
	-17
	-14
	-19
	-18
	-3
	-12
	-14
	-28
	-21
	-23
	-26
	-24
	-24
	-21
	-23
	-21
	-15
	-12

	April
	-11
	-12
	-16
	-21
	-28
	-21
	-23
	-20
	-19
	-9
	-8
	-13
	-15
	-29
	-22
	-22
	-26
	-25
	-25
	-23
	-23
	-22
	-17
	-15

	May
	-16
	-11
	-15
	-15
	-21
	-10
	-9
	-8
	-13
	-16
	-6
	-13
	-16
	-27
	-20
	-21
	-25
	-24
	-22
	-21
	-23
	-21
	-16
	-17

	June
	-16
	-15
	-14
	-14
	-20
	-15
	-16
	-20
	-18
	-15
	-14
	-20
	-21
	-24
	-22
	-22
	-23
	-22
	-22
	-19
	-23
	-22
	-18
	-18

	July
	-16
	-14
	-14
	-17
	-17
	-13
	-15
	-14
	-16
	-22
	-13
	-20
	-21
	-24
	-22
	-23
	-24
	-22
	-21
	-19
	-22
	-22
	-18
	-17

	August
	-15
	-18
	-16
	-15
	-17
	-18
	-21
	-22
	-11
	-16
	-13
	-18
	-20
	-22
	-21
	-22
	-23
	-22
	-21
	-19
	-22
	-21
	-18
	-17

	September
	-10
	-12
	-16
	-24
	-31
	-22
	-21
	-18
	-26
	-11
	-9
	-12
	-14
	-28
	-20
	-21
	-25
	-23
	-23
	-22
	-22
	-22
	-15
	-16

	October
	-16
	-12
	-15
	-16
	-27
	-18
	-17
	-15
	-23
	-17
	-6
	-10
	-12
	-27
	-21
	-23
	-26
	-25
	-25
	-22
	-23
	-22
	-15
	-12

	November
	-15
	-11
	-20
	-15
	-24
	-11
	-13
	-10
	-18
	-21
	-4
	-10
	-12
	-27
	-22
	-23
	-28
	-26
	-25
	-23
	-24
	-19
	-11
	-17

	December
	-18
	-28
	-24
	-27
	-22
	-17
	-10
	0
	-14
	-17
	-26
	-16
	-19
	-32
	-25
	-27
	-29
	-27
	-26
	-21
	-24
	-10
	-17
	-21




TABLE 4a
FS SNR - Pangnirtung > Makkovik for Sunspot Number = 80     (FS > 21 dB) MUF (4.77 and 6.66 MHz in yellow)

	UTC
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	36
	33
	33
	37
	37
	33
	32
	24
	23
	24
	24
	26
	22
	28
	25
	24
	20
	24
	30
	34
	42
	41
	39
	38

	February
	37
	38
	38
	38
	37
	37
	32
	23
	23
	20
	26
	21
	15
	20
	16
	16
	19
	23
	22
	27
	35
	41
	38
	38

	March
	34
	26
	25
	25
	33
	29
	30
	26
	25
	26
	14
	9
	4
	13
	11
	10
	16
	18
	22
	25
	30
	34
	36
	36

	April
	33
	26
	27
	26
	33
	33
	32
	26
	26
	24
	11
	7
	3
	14
	13
	12
	16
	17
	19
	21
	25
	29
	28
	32

	May
	24
	22
	25
	26
	32
	30
	30
	23
	22
	19
	6
	2
	0
	10
	9
	8
	11
	13
	15
	17
	20
	23
	23
	26

	June
	27
	26
	28
	28
	29
	26
	28
	29
	27
	24
	19
	15
	12
	12
	10
	9
	10
	12
	14
	16
	19
	22
	22
	25

	July
	27
	28
	29
	30
	30
	27
	28
	29
	27
	24
	18
	15
	12
	11
	10
	10
	11
	13
	15
	17
	19
	22
	23
	26

	August
	31
	35
	34
	32
	33
	29
	29
	32
	30
	27
	21
	17
	14
	13
	12
	12
	13
	14
	17
	19
	22
	25
	27
	29

	September
	32
	28
	27
	26
	31
	29
	28
	23
	21
	20
	9
	5
	1
	11
	9
	9
	13
	14
	17
	19
	23
	27
	27
	32

	October
	33
	28
	27
	27
	34
	31
	29
	24
	24
	29
	19
	15
	11
	19
	16
	15
	20
	22
	25
	23
	29
	34
	35
	34

	November
	32
	26
	26
	27
	34
	34
	29
	24
	24
	23
	24
	20
	14
	20
	16
	14
	18
	20
	25
	30
	36
	39
	35
	34

	December
	36
	37
	37
	38
	37
	37
	31
	21
	22
	21
	26
	30
	22
	25
	20
	18
	19
	23
	29
	34
	42
	41
	39
	37


TABLE 4b
Conditional FS SNIR - Pangnirtung > Makkovik for Sunspot Number = 80     (FS > 21 dB) MUF (4.77 and 6.66 MHz in yellow)
	UTC
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	36
	33
	33
	37
	37
	33
	32
	24
	23
	24
	24
	26
	22
	28
	25
	24
	20
	24
	30
	34
	42
	41
	39
	38

	February
	37
	38
	38
	38
	37
	37
	32
	23
	23
	20
	26
	21
	15
	20
	16
	16
	19
	23
	22
	27
	35
	41
	38
	38

	March
	34
	26
	25
	25
	33
	29
	30
	26
	25
	26
	14
	9
	4
	13
	11
	10
	16
	18
	22
	25
	30
	34
	36
	36

	April
	33
	26
	27
	26
	33
	33
	32
	26
	26
	24
	11
	7
	3
	14
	13
	12
	16
	17
	19
	21
	25
	29
	28
	32

	May
	24
	22
	25
	26
	32
	30
	30
	23
	22
	19
	6
	2
	0
	10
	9
	8
	11
	13
	15
	17
	20
	23
	23
	26

	June
	27
	26
	28
	28
	29
	26
	28
	29
	27
	24
	19
	15
	12
	12
	10
	9
	10
	12
	14
	16
	19
	22
	22
	25

	July
	27
	28
	29
	30
	30
	27
	28
	29
	27
	24
	18
	15
	12
	11
	10
	10
	11
	13
	15
	17
	19
	22
	23
	26

	August
	31
	35
	34
	32
	33
	29
	29
	32
	30
	27
	21
	17
	14
	13
	12
	12
	13
	14
	17
	19
	22
	25
	27
	29

	September
	32
	28
	27
	26
	31
	29
	28
	23
	21
	20
	9
	5
	1
	11
	9
	9
	13
	14
	17
	19
	23
	27
	27
	32

	October
	33
	28
	27
	27
	34
	31
	29
	24
	24
	29
	19
	15
	11
	19
	16
	15
	20
	22
	25
	23
	29
	34
	35
	34

	November
	32
	26
	26
	27
	34
	34
	29
	24
	24
	23
	24
	20
	14
	20
	16
	14
	18
	20
	25
	30
	36
	39
	35
	34

	December
	36
	37
	37
	38
	37
	37
	31
	21
	22
	21
	26
	30
	22
	25
	20
	18
	19
	23
	29
	34
	42
	41
	39
	37




TABLE 4c
AS SNR – Moosonee  > Makkovik for Sunspot Number = 80     (AS >14 dB) 
	UTC
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	18
	14
	14
	15
	15
	15
	15
	16
	8
	-2
	9
	9
	1
	-7
	-3
	-6
	-7
	-10
	-3
	8
	14
	22
	22
	18

	February
	18
	17
	20
	20
	20
	20
	16
	16
	8
	8
	5
	7
	-1
	-10
	-7
	-9
	-8
	-2
	4
	5
	11
	19
	22
	19

	March
	16
	13
	8
	8
	8
	15
	15
	17
	13
	12
	11
	-2
	-10
	-17
	-14
	-15
	-14
	-10
	-5
	1
	6
	11
	19
	19

	April
	17
	13
	9
	9
	9
	16
	16
	17
	11
	11
	6
	-6
	-12
	-17
	-12
	-13
	-14
	-11
	-9
	-4
	0
	6
	10
	14

	May
	10
	12
	9
	9
	9
	16
	17
	13
	11
	8
	2
	-10
	-14
	-18
	-13
	-15
	-16
	-13
	-10
	-6
	-4
	1
	6
	8

	June
	10
	11
	15
	15
	14
	14
	16
	14
	16
	11
	5
	-4
	-9
	-14
	-14
	-16
	-17
	-14
	-10
	-6
	-6
	-1
	3
	8

	July
	11
	13
	15
	15
	14
	14
	16
	16
	16
	11
	5
	-5
	-10
	-14
	-14
	-15
	-15
	-12
	-9
	-5
	-5
	0
	4
	9

	August
	16
	16
	16
	15
	13
	10
	13
	15
	15
	15
	9
	-2
	-7
	-11
	-11
	-12
	-12
	-10
	-6
	-2
	-2
	3
	8
	12

	September
	15
	14
	10
	9
	8
	13
	14
	14
	9
	7
	7
	-6
	-13
	-19
	-14
	-16
	-15
	-12
	-9
	-5
	-1
	5
	9
	14

	October
	15
	14
	10
	10
	9
	18
	14
	15
	12
	10
	16
	5
	-2
	-10
	-8
	-11
	-10
	-6
	-2
	3
	2
	10
	18
	17

	November
	15
	13
	9
	9
	9
	17
	15
	14
	11
	11
	13
	10
	1
	-10
	-3
	-7
	-16
	-12
	-6
	2
	9
	17
	20
	16

	December
	18
	16
	16
	18
	20
	19
	20
	15
	6
	7
	7
	14
	4
	-11
	-10
	-15
	-16
	-11
	-4
	7
	13
	22
	22
	19


TABLE 4d
AS SNIR – Moosonee  > Makkovik for Sunspot Number = 80     (AS LBT > 14 dB) 
	UTC
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	-13
	-14
	-13
	-17
	-16
	-12
	-11
	-2
	-9
	-20
	-9
	-12
	-15
	-30
	-23
	-24
	-22
	-29
	-27
	-21
	-23
	-14
	-11
	-14

	February
	-14
	-15
	-13
	-13
	-12
	-12
	-10
	-1
	-9
	-6
	-15
	-10
	-11
	-25
	-18
	-20
	-22
	-20
	-12
	-16
	-18
	-17
	-11
	-14

	March
	-12
	-9
	-12
	-12
	-20
	-8
	-9
	-4
	-5
	-9
	1
	-7
	-13
	-26
	-20
	-21
	-24
	-23
	-22
	-19
	-18
	-18
	-13
	-12

	April
	-12
	-9
	-13
	-13
	-19
	-11
	-10
	-5
	-10
	-7
	0
	-10
	-14
	-27
	-21
	-21
	-25
	-23
	-23
	-20
	-20
	-19
	-13
	-12

	May
	-9
	-5
	-11
	-12
	-19
	-9
	-7
	-5
	-6
	-6
	-2
	-12
	-15
	-24
	-18
	-19
	-23
	-22
	-20
	-18
	-19
	-17
	-11
	-13

	June
	-11
	-10
	-7
	-9
	-11
	-7
	-7
	-9
	-7
	-9
	-8
	-14
	-17
	-21
	-20
	-21
	-23
	-22
	-20
	-17
	-19
	-18
	-14
	-12

	July
	-11
	-9
	-9
	-10
	-12
	-8
	-6
	-7
	-7
	-8
	-8
	-15
	-18
	-21
	-20
	-21
	-22
	-21
	-19
	-17
	-19
	-18
	-13
	-11

	August
	-10
	-14
	-13
	-12
	-15
	-15
	-10
	-12
	-10
	-7
	-7
	-14
	-17
	-20
	-19
	-19
	-21
	-20
	-18
	-16
	-19
	-17
	-13
	-13

	September
	-12
	-9
	-12
	-12
	-18
	-10
	-9
	-3
	-7
	-8
	1
	-9
	-14
	-25
	-19
	-21
	-24
	-22
	-21
	-19
	-19
	-18
	-13
	-12

	October
	-12
	-9
	-13
	-12
	-20
	-8
	-10
	-3
	-7
	-14
	2
	-5
	-9
	-24
	-19
	-21
	-25
	-23
	-22
	-15
	-22
	-19
	-12
	-12

	November
	-12
	-9
	-13
	-13
	-20
	-12
	-9
	-4
	-7
	-6
	-6
	-5
	-9
	-25
	-14
	-16
	-28
	-27
	-26
	-23
	-22
	-18
	-10
	-12

	December
	-13
	-16
	-16
	-14
	-12
	-12
	-6
	0
	-10
	-8
	-14
	-12
	-13
	-31
	-25
	-28
	-30
	-29
	-28
	-22
	-24
	-13
	-12
	-13



- 24 -
5A/421 (Annex 10)-E

M:\BRSGD\TEXT2013\SG05\WP5A\400\421\421N10e.docx	02.12.13	28.11.13
7	Analysis of the results
Interpretation of the results follows the below sequence:
•	The S/N values for the fixed-link, as detailed in Tables 3a, and 4a, are analysed and those which meet or exceed the minimum usability criterion – 21 dB – are identified in green
•	The S/N values for the amateur-link, as detailed in Tables 3c, and 4c, are analysed and those which meet or exceed the minimum usability criterion – 14 dB – are identified in green
•	The amateur link is assumed only to operate in those time slots where the AS SNIR meets or exceeds 14 dB (The relevant time slots are those coloured green in Tables 3d and 4d) and not to operate during those time slots when the fixed link is active.
•	Fixed service link operating frequency of 5 300 kHz is compared to the MUF and identified if it is within -25% and +10% of the predicted MUF.
•	Notwithstanding the foregoing, in those instances where the same time slot is shown green for both the fixed-link and the amateur-link, a value of SNIR is calculated indicating the degree of interference - if any - which might impact the fixed-link were the amateur-link to operate. The interference (“I”) term in the foregoing is the amateur-service signal as it might be observed at the receive link of the fixed service link.
7.1	Circuit Availability
A cursory analysis based upon the foregoing yields the following observations are summarized in Table 5:
Table 5 
Summary of radio communication link availabilities for FS and AS
	
	Sunspot Number=10
	Sunspot Number =80

	Percent of time slots usable by the fixed-link (FS)
	76.0%
	67.0%

	Percent of time slots usable by the amateur-link (AS)
	13.8%
	37.8.0%

	Percent of time slots concurrently usable
	0.0%
	0.0%



For perspective, the following points are re-stated:
•	all data shown in Tables 1a through 4d are mean values theoretically prevailing 50% of the time;
•	the Amateur Radio Service follows a “Listen before Transmit” protocol and would not knowingly initiate communication on an occupied channel. As a practical matter the fixed service signal (I) in the SNIR calculations lowers the amateur service SNIR to levels not practical for any radio communication to be established.
•	The proposed amateur allocation in 5 250 to 5 450 kHz is for a Secondary Allocation.

9	Parameters used for compatibility study
Editor’s note 1: metadata is fundamental to a full and proper analysis of the results so this section should contain the parameters/settings used for the REC. ITU-R 533 software. If there is no agreement on the particular details, there will be multiple subsections under this topic.
Editor’s note 2: Need to consider the link reliability figure. While 50% may be suitable for an amateur link, is it suitable for a fixed link?

REC533 parameters
(Version 12.07221)
The REC533 input parameters used in the sample calculations (Specific Example: Pangnirtung > Makkovik and “Moosonee” > Makkovik) are listed in this Annex[footnoteRef:5].  [5: 	The parameters in this Annex are shown in the same format as in the REC533 program.] 

1)	Method: 6
2)	Year: XXXX 
3)	Coefficients: CCIR 
4)	Time: 0100, 0200, 0300 --------2400 UT
5)	Months: 01, 02, 03---------12 
6)	Sunspot numbers: 10, 80
7)	Fixed site locations, same geographic coordinates assumed for hypothetical transmitter and receiver sites as shown in Table 1. 
8)	Short or long path: Short 
9)	Frequency 5.3, MHz 
10)	Noise power at 3 MHz: The man-made noise level at the receiver in –dBW (decibels below 1 Watt) in a 1 Hertz bandwidth at 3 MHz, all sites: –156 dBW 
11)	Minimum take-off angle: 3 degrees
12)	Require circuit reliability 50%
13)	Receiver bandwidth 3 000 Hz
14)	Required signal/noise per Hz: high-speed data transmission 56 (dB/Hz)
15)	Transmitter antenna and transmitter power:
Fixed service: log periodic antenna sample type 05 Rec. ITU-R 705 horizontal log periodic array 
Amateur service: Type 23 ITSA-1 IONCAP horizontal dipole, 10m above ground
Antenna input power = 5 kW for fixed service and 0.1 kW for amateur service
Transmit antennas with main beam of antenna always directed toward receiver sites.
16)	Receiving antenna:
	Same as transmit antennas with main beam of receiving antennas always directed toward transmitter site. 
15)	Electrical properties of the ground:
As shown in Figures 1 to 4.
10	Result of studies
Editor’s note: Tables etc. showing the results of the various conditions i.e. SSN, antenna type, transmissions modes etc. will go here.
10.1	Results obtained for Study 1
The compatibility analysis of the stations in the amateur service with the radio links in the fixed service was carried out assuming single and multihop links of the fixed service. Murmansk (68.98 North 33.08 East) to Moscow (55.9 North, 37.6 East) link was taken as a single hop link of the fixed service of 1 490 km and Petropavlovsk- Kamchatski (53 North, 158 East) to Moscow (55.9 North, 37.6 East) link of 6 800 km was used as a multihop link in the analysis. Depending on the time of the day and season this transmission link can operate in two-hop or in three-hop modes.
Envisioned amateur service transmitters located in Kotka city (60.47 North, 26.95 East) and in Kirkenes (69.72 North, 30.05 East) were assumed as potential interference sources for a single-hop radiolink; transmitters located in Astana city (the interfering path length was 2 277 km) and in the point with coordinates 0 degree North, 37.6 East located in the Equator (the interfering path length was 6 200 km) were assumed as interference sources for the multihop fixed service link. Depending on season and daytime interference signal propagation in Astana-Moscow radiopath the link could operate in single-hop and two-hop modes but Equator-Moscow link could operated only in a multihop mode.
The study analyzed communication links using 300HF1B emission class signals. Protection criteria for the fixed service link operating with 300HF1B signals under steady-state conditions were taken from Recommendation ITU-R F.339. They are presented in Table 10.1 below.
TABLE 10.1
Protection criteria for steady conditions
	300HF1В Signal

	Bit error rate
	Band, Hz
	Protection criterion S/N, (dB/Hz)

	0,01
	300
	26

	0,001
	300
	27

	0,0001
	300
	29



Similar signal is used in Petropavlovsk- Kamchatski-Moscow FS link, registered in the MIFR (ID 081080602, emission class 280HF1В).
Protection criteria for the fixed service link operating with 300HF1B signals under fading conditions were taken from Recommendation ITU-R F.339. They are presented in Table 10.2 below.
TABLE 10.2
Protection criteria for fading conditions
	300HF1В Signal

	Bit error rate
	Band, Hz
	Protection criterion S/N, (dB/Hz)

	0,01
	300
	42

	0,001
	300
	49

	0,0001
	300
	56




It should be noted that interference-to-noise ratios specified in Tables 10.1 and 10.2 were referenced to the bandwidth of 1 Hz (see Rec. ITU-R F.339). The protection criteria for an arbitrary frequency band  can be obtained by the following equation:

		
The conducted studies assumed that the FS transmitter antenna fed power was 37 dBW. Two antenna types i.e. an isotropic antenna of 0 dB gain and Yagi antenna of 13.4 dB gain were assumed as possible FS antenna. 
The study also assumed that amateur stations used omnidirectional antennas with antenna power of 20 dBW.
The compatibility studies were carried out assuming 10 sunspot numbers. The signal-to-interference ratio for the considered links was estimated for each month at 1 hour interval.
10.1.1	Study results for multihop links using omnidirectional antennas under steady conditions
The results of estimations for Petropavlovsk-Kamchatsky to Moscow link using omnidirectional antennas are shown in Tables 10.3 – 10.7.
TABLE 10.3
Propagation conditions in Petropavlovsk-Kamchatski to Moscow link, using omnidirectional antennas 
	Signal-to-noise ratio, dB

	Wanted link: Petropavlovsk-Kamchatski to Moscow, isotropic antenna gain=0 dB 

	Output power
	5 kW
	SSN
	10
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	29
	24
	18
	17
	14
	11
	10
	15
	18
	23
	28
	33
	38
	44
	45
	45
	45
	45
	45
	45
	45
	45
	41
	34
	29

	February
	14
	7
	-3
	-7
	-9
	-9
	-8
	-8
	-11
	2
	13
	23
	31
	37
	44
	45
	45
	45
	45
	44
	44
	40
	33
	24
	14

	March
	1
	-7
	-10
	-16
	-20
	-21
	-21
	-19
	-18
	-14
	-2
	9
	17
	26
	33
	38
	44
	44
	45
	44
	39
	32
	23
	15
	1

	April
	-8
	-15
	-19
	-24
	-28
	-30
	-31
	-33
	-31
	-26
	-19
	-11
	1
	10
	18
	26
	32
	38
	39
	34
	27
	21
	13
	0
	-8

	May
	-19
	-26
	-220
	-220
	-41
	-45
	-45
	-42
	-40
	-36
	-31
	-25
	-20
	-13
	-1
	8
	14
	19
	20
	15
	11
	4
	-5
	-12
	-19

	June
	-32
	-37
	-41
	-220
	-220
	-52
	-47
	-47
	-44
	-40
	-37
	-31
	-25
	-19
	-15
	-6
	3
	7
	8
	5
	0
	-9
	-16
	-27
	-32

	July
	-25
	-29
	-32
	-34
	-36
	-35
	-39
	-35
	-33
	-34
	-30
	-25
	-15
	-13
	-3
	4
	9
	13
	13
	10
	3
	-3
	-12
	-18
	-25

	August
	-19
	-24
	-28
	-32
	-35
	-37
	-38
	-36
	-37
	-33
	-28
	-21
	-12
	0
	8
	16
	22
	25
	24
	20
	14
	7
	-4
	-13
	-19

	September
	-5
	-13
	-18
	-24
	-28
	-31
	-32
	-35
	-33
	-26
	-17
	-2
	5
	14
	23
	32
	39
	44
	45
	40
	33
	25
	18
	9
	-5

	October
	16
	10
	0
	-6
	-9
	-10
	-9
	-9
	-12
	-3
	7
	14
	23
	30
	36
	43
	44
	44
	45
	44
	44
	40
	34
	27
	16

	November
	30
	25
	18
	16
	11
	10
	11
	11
	14
	18
	25
	30
	34
	40
	43
	44
	44
	44
	44
	44
	44
	47
	42
	36
	30

	December
	32
	18
	13
	18
	18
	17
	19
	21
	23
	26
	31
	32
	40
	44
	43
	30
	34
	45
	45
	45
	44
	45
	45
	38
	32


TABLE 10.4
Propagation conditions in Astana – Moscow interference radiolink
	Signal-to-noise ratio, dB

	Interfering link: Astana – Moscow, isotropic antenna gain=0 dB

	Output power
	0.1 kW
	SSN
	10
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	40
	40
	40
	39
	30
	23
	16
	12
	11
	11
	14
	20
	28
	37
	43
	42
	40
	40
	41
	41
	41
	42
	42
	42
	40

	February
	40
	40
	40
	32
	28
	19
	15
	12
	11
	12
	14
	18
	25
	34
	41
	43
	42
	41
	41
	41
	41
	41
	41
	40
	40

	March
	40
	41
	38
	29
	22
	15
	11
	9
	8
	9
	11
	14
	18
	25
	33
	40
	42
	42
	41
	39
	39
	40
	40
	40
	40

	April
	40
	38
	31
	24
	16
	12
	10
	8
	7
	7
	9
	11
	14
	18
	25
	32
	37
	42
	42
	41
	41
	40
	40
	40
	40

	May
	38
	31
	27
	19
	14
	10
	8
	6
	6
	6
	7
	9
	11
	15
	19
	26
	31
	35
	41
	42
	42
	43
	42
	41
	38

	June
	32
	29
	24
	17
	12
	9
	6
	5
	4
	4
	5
	7
	9
	13
	17
	22
	28
	30
	35
	40
	40
	41
	39
	34
	32

	July
	32
	29
	25
	19
	13
	9
	7
	5
	4
	4
	5
	8
	10
	14
	19
	25
	30
	33
	39
	40
	40
	41
	40
	37
	32

	August
	38
	32
	27
	21
	15
	11
	8
	6
	6
	6
	7
	9
	11
	16
	22
	28
	32
	37
	41
	40
	40
	40
	40
	39
	38

	September
	40
	40
	32
	26
	18
	12
	9
	7
	6
	7
	8
	10
	13
	18
	26
	33
	42
	42
	42
	41
	40
	40
	40
	40
	40

	October
	40
	40
	42
	35
	29
	21
	17
	14
	13
	13
	14
	17
	21
	28
	34
	42
	42
	42
	41
	41
	40
	40
	40
	40
	40

	November
	40
	40
	40
	41
	35
	28
	21
	17
	15
	16
	17
	21
	27
	34
	42
	42
	40
	40
	39
	39
	39
	40
	40
	40
	40

	December
	40
	40
	40
	39
	37
	27
	19
	13
	11
	11
	13
	19
	28
	39
	42
	40
	40
	40
	41
	41
	41
	41
	42
	41
	40


TABLE 10.5
Propagation conditions in Petropavlovsk-Kamchatski to Moscow link with interference caused by 
an amateur service transmitter located in Astana 
	Signal-to-noise ratio, dB

	Wanted link: Petropavlovsk-Kamchatski to Moscow, isotropic antenna gain=0 dB 

	Output power
	5 kW
	SSN
	10
	 

	Interfering link: Astana – Moscow, isotropic antenna gain=0 dB

	Output power
	0.1 kW
	SSN
	10
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	-11
	 
	 
	 
	 
	 
	 
	 
	 
	 
	14
	13
	10
	7
	2
	3
	5
	5
	4
	4
	4
	3
	-1
	-8
	-11

	February
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	6
	3
	3
	2
	3
	4
	4
	3
	3
	-1
	-8
	 
	 

	March
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	0
	-2
	2
	2
	4
	5
	0
	-8
	 
	 
	 

	April
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	-6
	-5
	-4
	-3
	-7
	-14
	 
	 
	 
	 

	May
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	June
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	July
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	August
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	September
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	-1
	-3
	2
	3
	-1
	-7
	 
	 
	 
	 

	October
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	2
	2
	1
	2
	2
	4
	3
	4
	0
	-6
	-13
	 

	November
	-10
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	9
	7
	6
	1
	2
	4
	4
	5
	5
	5
	7
	2
	-4
	-10

	December
	-8
	 
	 
	 
	 
	 
	 
	 
	 
	15
	18
	13
	12
	5
	1
	-10
	-6
	5
	4
	4
	3
	4
	3
	-3
	-8


TABLE 10.6
Propagation conditions in Equator – Moscow interfering link
	Sgnal-to-noise ratio, dB

	Interfering link: Astana – Moscow, isotropic antenna gain=0 dB

	Output power
	0,1 kW
	SSN
	10
	 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	28
	28
	29
	28
	14
	-24
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-59
	-28
	15
	25
	28
	28
	28
	28
	28
	28
	28
	28

	February
	29
	29
	29
	29
	6
	-41
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	11
	26
	29
	29
	29
	29
	29
	29
	29
	29

	March
	29
	29
	29
	27
	-5
	-58
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-8
	23
	28
	28
	28
	28
	28
	29
	29
	29

	April
	29
	29
	29
	16
	-16
	-62
	-104
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-29
	8
	26
	28
	28
	29
	29
	29
	29
	29

	May
	29
	29
	24
	10
	-25
	-66
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-5
	16
	28
	29
	29
	29
	29
	29
	29

	June
	28
	28
	21
	4
	-29
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-95
	-60
	-221
	-9
	12
	24
	27
	27
	27
	27
	27
	28

	July
	28
	28
	22
	5
	-33
	-74
	-220
	-220
	-134
	-220
	-220
	-220
	-220
	-93
	-54
	-33
	-3
	15
	25
	27
	27
	27
	27
	27
	28

	August
	28
	29
	28
	12
	-23
	-72
	-108
	-220
	-220
	-220
	-220
	-220
	-220
	-91
	-220
	-221
	5
	22
	27
	27
	27
	27
	27
	27
	28

	September
	29
	29
	29
	24
	-3
	-51
	-97
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-22
	17
	28
	28
	28
	28
	28
	29
	29
	29

	October
	29
	29
	29
	29
	12
	-34
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-16
	25
	28
	28
	28
	28
	28
	29
	29
	29

	November
	29
	29
	29
	29
	19
	-13
	-52
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	2
	26
	28
	28
	28
	28
	28
	28
	29
	29

	December
	28
	28
	29
	31
	21
	-11
	-60
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	11
	25
	28
	28
	28
	28
	28
	28
	28
	28


TABLE 10.7
Propagation conditions in Petropavlovsk-Kamchatski to Moscow link with interference caused by 
an amateur service transmitter located in Equator 
	Signal-to-noise ratio, dB

	Wanted link: Petropavlovsk-Kamchatski to Moscow, isotropic antenna gain=0 dB 

	Output power
	5 kW
	SSN
	10
	

	Interfering link: Equator – Moscow, isotropic antenna gain=0 dB

	Output power
	0,1 kW
	SSN
	10
	 

	January
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	February
	1
	
	
	
	
	
	
	
	
	
	248
	253
	258
	103
	73
	30
	20
	17
	17
	17
	17
	17
	13
	6
	1

	March
	
	
	
	
	
	
	
	
	
	
	
	
	251
	257
	264
	34
	19
	16
	16
	15
	15
	11
	4
	
	

	April
	
	
	
	
	
	
	
	
	
	
	
	
	
	246
	253
	46
	21
	16
	17
	16
	11
	4
	
	
	

	May
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	55
	24
	12
	11
	6
	-2
	
	
	
	

	June
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	July
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	August
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	September
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	October
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	54
	22
	16
	17
	12
	5
	
	
	
	

	November
	
	
	
	
	
	
	
	
	
	
	
	
	
	250
	250
	46
	5
	2
	2
	2
	2
	2
	1
	-2
	

	December
	1
	
	
	
	
	
	
	
	
	
	
	250
	254
	260
	263
	42
	18
	16
	16
	16
	16
	19
	14
	7
	1

	January
	4
	
	
	
	
	
	
	
	
	246
	251
	252
	260
	264
	263
	19
	9
	17
	17
	17
	16
	17
	17
	10
	4



The tables above and below contain red-highlighted cells in which signal-to-noise ratio is less than 26 dB implying infeasibility of FS links operation. Dark green cells denote ones where signal-to-noise ratio is equal or exceeds 29 dB, i.e. bit error rate is 0.0001. Light green cells refer to those ones where signal-to-noise ratio is from 26 dB to 27 dB implying bit error rate of 0.01. The yellow highlighted cells denote ones with signal-to-noise ratio less than 26 dB meaning that interference would make operation of FS station unfeasible.
Table 10.3 presents simulation results of propagation conditions in Petropavlovsk-Kamchatski to Moscow link, using omnidirectional antennae. The analysis of the obtained results shows that when there is no interference caused by the amateur service link the operation of the considered fixed service link is feasible during 8 months per year (excluding May and all summer months). This defect from the interfering link can be eliminated by using the directional antennae in the receiving and transmitting link ends or by increasing transmitter power in the fixed service link.
Table 10.4 contains results of propagation conditions simulation for Astana– Moscow link of 2 277 km.
Table 10.5 shows the impact of Astana located amateur service transmitter on operation of Petropavlovsk-Kamchatski to Moscow link. The analysis of the obtained results shows that the considered amateur service transmitter, located at distance of 2 277 km from the fixed service receiver will cause unacceptable interference to its operation in any daytime (see Table 4).
Table 10.6 presents results of propagation conditions simulation in Equator– Moscow link, using omnidirectional antennae.
Table 10.7 shows the impact of Equator located amateur service transmitter on operation of Petropavlovsk-Kamchatski to Moscow fixed link. The analysis of the obtained results shows that increasing distance between the interfering amateur service transmitter and the fixed service receiver up to 6 200 km would not provide protection for the fixed service receiver since time period available for operation of fixed link is decreased by more than 50% due to interference caused by the amateur service link.
10.1.2	Study results for multihop links using directional antennas under steady conditions
The effect from directional antenna on operation of Petropavlovsk-Kamchatski to Moscow link was estimated to define feasibility of improving operation of FS links and mitigating interference impact. Therein it was assumed that FS links used 5-element Yagi antennas of 13.4 dB gain. The results of estimations are shown in Tables 10.8-10.12.
TABLE 10.8
Propagation conditions on Petropavlovsk-Kamchatski to Moscow link, using directional antennae 
	Signal-to-noise ratio, dB

	Wanted link: Petropavlovsk-Kamchatski to Moscow, Yagi antenna of 13.4 dB gain, receive & transmit

	Output power
	5 kW
	SSN
	10
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	53
	47
	40
	40
	38
	35
	34
	38
	41
	45
	52
	57
	61
	66
	67
	67
	67
	67
	66
	66
	66
	66
	62
	58
	53

	February
	35
	29
	19
	15
	14
	14
	15
	15
	12
	24
	35
	46
	54
	60
	66
	67
	67
	67
	67
	67
	66
	63
	56
	47
	35

	March
	22
	14
	10
	4
	1
	0
	0
	2
	2
	7
	18
	29
	38
	49
	56
	61
	66
	66
	67
	66
	62
	55
	46
	35
	22

	April
	11
	4
	-1
	-6
	-10
	-12
	-12
	-15
	-12
	-7
	1
	8
	21
	29
	40
	49
	56
	59
	60
	57
	50
	44
	33
	19
	11

	May
	-1
	-8
	-220
	-220
	-23
	-26
	-27
	-26
	-24
	-19
	-13
	-7
	0
	7
	20
	30
	38
	43
	44
	38
	31
	25
	14
	6
	-1

	June
	-17
	-22
	-27
	-220
	-220
	-33
	-30
	-32
	-28
	-24
	-19
	-13
	-7
	0
	6
	16
	25
	30
	31
	28
	21
	10
	3
	-11
	-17

	July
	-8
	-13
	-17
	-19
	-21
	-18
	-22
	-20
	-17
	-19
	-15
	-8
	4
	6
	17
	26
	33
	36
	37
	32
	24
	17
	6
	-2
	-8

	August
	-1
	-6
	-11
	-15
	-18
	-20
	-21
	-18
	-20
	-15
	-10
	-2
	7
	20
	29
	39
	45
	49
	47
	44
	35
	28
	15
	6
	-1

	September
	15
	7
	1
	-5
	-9
	-11
	-12
	-16
	-13
	-6
	3
	18
	26
	36
	46
	55
	60
	65
	66
	61
	56
	47
	40
	30
	15

	October
	38
	32
	22
	16
	13
	12
	14
	14
	11
	19
	29
	35
	44
	53
	59
	64
	66
	66
	67
	66
	66
	63
	58
	49
	38

	November
	52
	48
	41
	38
	34
	33
	34
	34
	37
	41
	48
	53
	58
	62
	65
	66
	66
	66
	67
	66
	66
	66
	64
	59
	52

	December
	56
	41
	36
	41
	42
	41
	42
	45
	47
	50
	54
	56
	61
	66
	65
	52
	57
	67
	67
	67
	67
	67
	65
	61
	56


TABLE 10.9
Propagation conditions on Astana– Moscow interfering link 
	Signal-to-noise ratio, dB 

	Interfering link: Astana (isotropic antenna of 0 dB gain) – Moscow (Yagi antenna)

	Output power
	0,1 kW
	SSN
	10
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	37
	38
	37
	34
	29
	21
	12
	8
	7
	8
	11
	18
	27
	35
	39
	38
	36
	37
	37
	37
	37
	38
	38
	38
	37

	February
	38
	39
	38
	30
	26
	15
	11
	8
	7
	7
	10
	15
	23
	32
	39
	39
	38
	36
	37
	38
	38
	37
	37
	37
	38

	March
	39
	38
	36
	27
	19
	10
	7
	5
	4
	5
	7
	10
	14
	23
	31
	38
	38
	38
	37
	36
	37
	38
	38
	39
	39

	April
	37
	36
	29
	21
	12
	8
	5
	3
	2
	3
	4
	7
	10
	14
	22
	31
	36
	39
	38
	37
	37
	37
	38
	38
	37

	May
	36
	29
	24
	16
	9
	6
	4
	2
	1
	2
	3
	5
	7
	10
	15
	24
	30
	34
	38
	38
	38
	38
	38
	37
	36

	June
	30
	26
	21
	12
	8
	5
	2
	0
	0
	0
	1
	3
	5
	8
	12
	20
	26
	28
	34
	36
	36
	37
	36
	32
	30

	July
	30
	27
	22
	15
	8
	5
	2
	0
	0
	0
	1
	3
	5
	9
	16
	22
	28
	31
	35
	37
	36
	37
	36
	35
	30

	August
	36
	30
	25
	18
	10
	7
	4
	2
	1
	1
	3
	5
	7
	11
	19
	26
	30
	36
	37
	36
	36
	36
	36
	35
	36

	September
	39
	38
	31
	24
	15
	8
	5
	3
	2
	2
	4
	6
	9
	14
	25
	31
	38
	38
	38
	37
	37
	37
	38
	39
	39

	October
	39
	38
	38
	33
	27
	17
	13
	10
	8
	9
	10
	13
	17
	26
	32
	39
	38
	38
	37
	37
	36
	37
	37
	38
	39

	November
	38
	38
	37
	37
	33
	26
	17
	13
	11
	12
	13
	17
	25
	33
	38
	38
	36
	36
	36
	36
	36
	37
	37
	37
	38

	December
	37
	38
	39
	36
	35
	25
	17
	9
	7
	7
	10
	17
	27
	37
	38
	37
	39
	38
	38
	38
	37
	38
	38
	37
	37





TABLE 10.10 
Propagation conditions on Petropavlovsk-Kamchatski to Moscow link with interference 
caused by the amateur service transmitter located in Astana 
	Signal-to-noise ratio, dB

	Wanted link: Petropavlovsk-Kamchatski to Moscow, Yagi antenna of 13.4 dB gain, receive & transmit

	Output power
	5 kW
	SSN
	10
	 

	Interfering link: Astana (isotropic antenna of 0 dB gain) – Moscow (directional antenna)

	Output power
	0.1 kW
	SSN
	10
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	16
	9
	3
	6
	9
	14
	22
	30
	34
	37
	41
	39
	34
	31
	28
	29
	31
	30
	29
	29
	29
	28
	24
	20
	16

	February
	-3
	-10
	
	
	
	
	
	
	
	
	25
	31
	31
	28
	27
	28
	29
	31
	30
	29
	28
	26
	19
	10
	-3

	March
	
	
	
	
	
	
	
	
	
	
	
	19
	24
	26
	25
	23
	28
	28
	30
	30
	25
	17
	8
	-4
	

	April
	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	18
	18
	20
	20
	22
	20
	13
	7
	-5
	
	

	May
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6
	8
	9
	6
	0
	-7
	
	
	
	

	June
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
	-3
	-8
	
	
	
	
	

	July
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	4
	5
	5
	2
	-5
	
	
	
	
	

	August
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	10
	13
	15
	13
	10
	8
	-1
	-8
	
	
	

	September
	
	
	
	
	
	
	
	
	
	
	
	
	17
	22
	21
	24
	22
	27
	28
	24
	19
	10
	2
	-9
	

	October
	-1
	-6
	
	
	
	
	
	
	
	
	19
	22
	27
	27
	27
	25
	28
	28
	30
	29
	30
	26
	21
	11
	-1

	November
	14
	10
	4
	1
	1
	7
	17
	21
	26
	29
	35
	36
	33
	29
	27
	28
	30
	30
	31
	30
	30
	29
	27
	22
	14

	December
	19
	3
	-3
	5
	7
	16
	25
	36
	40
	43
	44
	39
	34
	29
	27
	15
	18
	29
	29
	29
	30
	29
	27
	24
	19



TABLE 10.11
Propagation conditions on Equator– Moscow interfering link 
	Interference-to-noise ratio, dB

	Interfering link: Equator (isotropic antenna of 0 dB gain) to Moscow (Yagi directional antenna)

	Output power 
	0,1 kW
	SSN
	10
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	26
	27
	28
	27
	15
	-23
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-57
	-27
	15
	24
	25
	26
	27
	27
	27
	26
	26
	26

	February
	26
	27
	28
	27
	7
	-40
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	12
	24
	25
	26
	27
	27
	27
	27
	26
	26

	March
	26
	27
	28
	26
	-4
	-57
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-7
	23
	24
	25
	26
	26
	26
	26
	26
	26

	April
	27
	27
	27
	17
	-15
	-61
	-103
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-28
	9
	24
	25
	26
	26
	26
	26
	26
	27

	May
	27
	27
	25
	11
	-24
	-65
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-4
	17
	25
	25
	26
	26
	26
	27
	27

	June
	26
	26
	22
	5
	-28
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-95
	-59
	-221
	-8
	13
	22
	24
	24
	24
	25
	25
	26

	July
	26
	27
	23
	6
	-31
	-73
	-220
	-220
	-135
	-220
	-220
	-220
	-220
	-92
	-53
	-31
	-2
	16
	23
	24
	25
	25
	25
	25
	26

	August
	26
	28
	27
	13
	-21
	-71
	-108
	-220
	-220
	-220
	-220
	-220
	-220
	-90
	-220
	-221
	6
	21
	23
	24
	25
	25
	25
	25
	26

	September
	27
	28
	28
	24
	-2
	-50
	-96
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-21
	17
	24
	25
	26
	26
	27
	27
	27
	27

	October
	27
	27
	28
	26
	12
	-33
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-15
	23
	25
	25
	26
	26
	27
	27
	26
	27

	November
	26
	27
	28
	27
	20
	-12
	-51
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	3
	24
	26
	26
	27
	27
	27
	27
	26
	26

	December
	26
	27
	28
	28
	21
	-10
	-58
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	12
	24
	26
	26
	27
	27
	27
	26
	26
	26


TABLE 10.12 
Propagation conditions on Petropavlovsk-Kamchatski – Moscow link with interference 
caused by the amateur service transmitter located in Equator 
	Signal-to-noise ratio, dB

	Wanted link: Petropavlovsk-Kamchatski to Moscow, Yagi antenna of 13.4 dB gain, receive & transmit

	Output power
	5 kW
	SSN
	10
	 

	Interfering link: Terminator (equator), (with isotropic directional antenna of 0 dB gain) – Moscow 

	Output power
	0.1 kW
	SSN
	10
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	27
	20
	12
	13
	23
	58
	254
	258
	261
	265
	272
	277
	281
	123
	94
	52
	43
	42
	40
	39
	39
	39
	36
	32
	27

	February
	9
	2
	
	
	
	
	
	
	
	
	255
	266
	274
	280
	286
	55
	43
	42
	41
	40
	39
	36
	29
	21
	9

	March
	
	
	
	
	
	
	
	
	
	
	
	249
	258
	269
	276
	68
	43
	42
	42
	40
	36
	29
	20
	9
	

	April
	
	
	
	
	
	
	
	
	
	
	
	
	
	249
	260
	77
	47
	35
	35
	31
	24
	18
	7
	
	

	May
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	250
	42
	26
	19
	13
	5
	
	
	
	

	June
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	17
	9
	4
	
	
	
	
	

	July
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	57
	35
	20
	14
	8
	
	
	
	
	

	August
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	249
	260
	39
	28
	24
	20
	10
	3
	
	
	

	September
	
	
	
	
	
	
	
	
	
	
	
	
	246
	256
	266
	76
	43
	41
	41
	35
	30
	20
	13
	3
	

	October
	11
	5
	
	
	
	
	
	
	
	
	249
	255
	264
	273
	279
	79
	43
	41
	42
	40
	40
	36
	31
	23
	11

	November
	26
	21
	13
	11
	14
	45
	85
	254
	257
	261
	268
	273
	278
	282
	285
	63
	42
	40
	41
	39
	39
	39
	37
	33
	26

	December
	30
	14
	8
	13
	21
	51
	100
	265
	267
	270
	274
	276
	281
	286
	285
	40
	33
	41
	41
	40
	40
	40
	39
	35
	30


Table 10.8 presents assessment results for propagation conditions on Petropavlovsk-Kamchatski to Moscow fixed service link, using transmitting and receiving directional antennae. The analysis of the obtained results shows that application of directional antennae would increase significantly time period when this fixed service link can be used for data transmission. Thus contrary to omnidirectional antennae, usage of Yagi antennae would provide operation of the fixed service link during the whole year.
Table 10.9 contains simulation results for propagation conditions on Astana-Moscow interfering link. Calculations assumed that emission from Astana located amateur service transmitter omnidirectional antennae would affect the fixed service receiver located in Moscow and using directional antennae.
Table 10.10 presents estimates of effect from an amateur service transmitter located in Astana and using omnidirectional antenna on operation of the Petropavlovsk-Kamchatski to Moscow fixed service link receiver, using directional antennae. The analysis of the obtained results shows that in spite of application of directional antennae interference caused by the amateur service transmitter could prevent operation of the fixed service link by more than 50% of the available time period and would significantly increase the bit error rate of the message.
Table 10.11 presents simulation results for propagation conditions of interference caused by transmitter located in the Equator and using omnidirectional antenna.
Table 10.12 presents simulation results of interference impact from the amateur service transmitter located in the Equator on Petropavlovsk-Kamchatski to Moscow fixed service link. The analysis of the obtained results shows that usage of the directional antennae would not allow to avoid the transmitter influence located at the distance of 6 200 km from the fixed service link receiver. It can be concluded that it would quite difficult to use separation distances to ensure compatibility between the amateur service transmitters and the fixed link.
10.1.3	Study results for multihop links using omnidirectional antennas under fading conditions
The estimation results for Petropavlovsk-Kamchatski to Moscow multihop link assuming omnidirectional antennas and fading conditions are presented in Tables 10.13-10.17. 


Table 10.13 
Propagation conditions for Petropavlovsk-Kamchatski to Moscow link using 
omnidirectional antennas under fading conditions 
	Signal-to-noise ratio, dB

	Wanted link: Petropavlovsk-Kamchatski to Moscow, isotropic antenna of 0 dB gain, 

	Output power
	5 kW
	SSN
	10
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	29
	24
	18
	17
	14
	11
	10
	15
	18
	23
	28
	33
	38
	44
	45
	45
	45
	45
	45
	45
	45
	45
	41
	34
	29

	February
	14
	7
	-3
	-7
	-9
	-9
	-8
	-8
	-11
	2
	13
	23
	31
	37
	44
	45
	45
	45
	45
	44
	44
	40
	33
	24
	14

	March
	1
	-7
	-10
	-16
	-20
	-21
	-21
	-19
	-18
	-14
	-2
	9
	17
	26
	33
	38
	44
	44
	45
	44
	39
	32
	23
	15
	1

	April
	-8
	-15
	-19
	-24
	-28
	-30
	-31
	-33
	-31
	-26
	-19
	-11
	1
	10
	18
	26
	32
	38
	39
	34
	27
	21
	13
	0
	-8

	May
	-19
	-26
	-220
	-220
	-41
	-45
	-45
	-42
	-40
	-36
	-31
	-25
	-20
	-13
	-1
	8
	14
	19
	20
	15
	11
	4
	-5
	-12
	-19

	June
	-32
	-37
	-41
	-220
	-220
	-52
	-47
	-47
	-44
	-40
	-37
	-31
	-25
	-19
	-15
	-6
	3
	7
	8
	5
	0
	-9
	-16
	-27
	-32

	July
	-25
	-29
	-32
	-34
	-36
	-35
	-39
	-35
	-33
	-34
	-30
	-25
	-15
	-13
	-3
	4
	9
	13
	13
	10
	3
	-3
	-12
	-18
	-25

	August
	-19
	-24
	-28
	-32
	-35
	-37
	-38
	-36
	-37
	-33
	-28
	-21
	-12
	0
	8
	16
	22
	25
	24
	20
	14
	7
	-4
	-13
	-19

	September
	-5
	-13
	-18
	-24
	-28
	-31
	-32
	-35
	-33
	-26
	-17
	-2
	5
	14
	23
	32
	39
	44
	45
	40
	33
	25
	18
	9
	-5

	October
	16
	10
	0
	-6
	-9
	-10
	-9
	-9
	-12
	-3
	7
	14
	23
	30
	36
	43
	44
	44
	45
	44
	44
	40
	34
	27
	16

	November
	30
	25
	18
	16
	11
	10
	11
	11
	14
	18
	25
	30
	34
	40
	43
	44
	44
	44
	44
	44
	44
	47
	42
	36
	30

	December
	32
	18
	13
	18
	18
	17
	19
	21
	23
	26
	31
	32
	40
	44
	43
	30
	34
	45
	45
	45
	44
	45
	45
	38
	32


TABLE 10.14
Propagation conditions in Astana – Moscow interfering link
	Interference-to-noise ratio, dB  

	Interfering link: Astana – Moscow, isotropic antenna of 0 dB gain 

	Output power 
	0,1 kW 
	SSN
	10
	 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	40
	40
	40
	39
	30
	23
	16
	12
	11
	11
	14
	20
	28
	37
	43
	42
	40
	40
	41
	41
	41
	42
	42
	42
	40

	February
	40
	40
	40
	32
	28
	19
	15
	12
	11
	12
	14
	18
	25
	34
	41
	43
	42
	41
	41
	41
	41
	41
	41
	40
	40

	March
	40
	41
	38
	29
	22
	15
	11
	9
	8
	9
	11
	14
	18
	25
	33
	40
	42
	42
	41
	39
	39
	40
	40
	40
	40

	April
	40
	38
	31
	24
	16
	12
	10
	8
	7
	7
	9
	11
	14
	18
	25
	32
	37
	42
	42
	41
	41
	40
	40
	40
	40

	May
	38
	31
	27
	19
	14
	10
	8
	6
	6
	6
	7
	9
	11
	15
	19
	26
	31
	35
	41
	42
	42
	43
	42
	41
	38

	June
	32
	29
	24
	17
	12
	9
	6
	5
	4
	4
	5
	7
	9
	13
	17
	22
	28
	30
	35
	40
	40
	41
	39
	34
	32

	July
	32
	29
	25
	19
	13
	9
	7
	5
	4
	4
	5
	8
	10
	14
	19
	25
	30
	33
	39
	40
	40
	41
	40
	37
	32

	August
	38
	32
	27
	21
	15
	11
	8
	6
	6
	6
	7
	9
	11
	16
	22
	28
	32
	37
	41
	40
	40
	40
	40
	39
	38

	September
	40
	40
	32
	26
	18
	12
	9
	7
	6
	7
	8
	10
	13
	18
	26
	33
	42
	42
	42
	41
	40
	40
	40
	40
	40

	October
	40
	40
	42
	35
	29
	21
	17
	14
	13
	13
	14
	17
	21
	28
	34
	42
	42
	42
	41
	41
	40
	40
	40
	40
	40

	November
	40
	40
	40
	41
	35
	28
	21
	17
	15
	16
	17
	21
	27
	34
	42
	42
	40
	40
	39
	39
	39
	40
	40
	40
	40

	December
	40
	40
	40
	39
	37
	27
	19
	13
	11
	11
	13
	19
	28
	39
	42
	40
	40
	40
	41
	41
	41
	41
	42
	41
	40





TABLE 10.15 
Propagation fading conditions on Petropavlovsk-Kamchatski – Moscow link using omnidirectional antennas with interference caused by the amateur service transmitter located in Astana 
	Signal-to-noise ratio, dB 

	Wanted link: Petropavlovsk-Kamchatski to Moscow, isotropic antenna of 0 dB gain,
	Interfering link: Astana – Moscow, isotropic antenna of 0 dB gain 

	Output power 
	5 kW
	SSN
	10
	 
	Output power 
	0,1 kW
	SSN
	10
	
	
	
	
	
	

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	
	
	
	
	
	
	
	
	
	
	
	
	
	7.0
	2.0
	3.0
	5.0
	5.0
	4.0
	4.0
	4.0
	3.0
	
	
	

	February
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	3.0
	2.0
	3.0
	4.0
	4.0
	3.0
	3.0
	
	
	
	

	March
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2.0
	2.0
	4.0
	5.0
	
	
	
	
	

	April
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	May
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	June
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	July
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	August
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	September
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	-3
	2.0
	3.0
	
	
	
	
	
	

	October
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0
	2.0
	2.0
	4.0
	3.0
	4.0
	
	
	
	

	November
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0
	2.0
	4.0
	4.0
	5.0
	5.0
	5.0
	7.0
	2.0
	
	

	December
	
	
	
	
	
	
	
	
	
	
	
	
	
	5.0
	1.0
	-10
	-6
	5.0
	4.0
	4.0
	3.0
	4.0
	3.0
	
	


table 10.16 
Propagation conditions in Equator – Moscow link 
	Interference-to-noise ratio, dB  

	Interfering link: Terminator (equator) – Moscow, isotropic antenna of 0 dB gain 

	Output power 
	0,1 kW
	SSN
	10
	 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	28
	28
	29
	28
	14
	-24
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-59
	-28
	15
	25
	28
	28
	28
	28
	28
	28
	28
	28

	February
	29
	29
	29
	29
	6
	-41
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	11
	26
	29
	29
	29
	29
	29
	29
	29
	29

	March
	29
	29
	29
	27
	-5
	-58
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-8
	23
	28
	28
	28
	28
	28
	29
	29
	29

	April
	29
	29
	29
	16
	-16
	-62
	-104
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-29
	8
	26
	28
	28
	29
	29
	29
	29
	29

	May
	29
	29
	24
	10
	-25
	-66
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-5
	16
	28
	29
	29
	29
	29
	29
	29

	June
	28
	28
	21
	4
	-29
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-95
	-60
	-221
	-9
	12
	24
	27
	27
	27
	27
	27
	28

	July
	28
	28
	22
	5
	-33
	-74
	-220
	-220
	-134
	-220
	-220
	-220
	-220
	-93
	-54
	-33
	-3
	15
	25
	27
	27
	27
	27
	27
	28

	August
	28
	29
	28
	12
	-23
	-72
	-108
	-220
	-220
	-220
	-220
	-220
	-220
	-91
	-220
	-221
	5
	22
	27
	27
	27
	27
	27
	27
	28

	September
	29
	29
	29
	24
	-3
	-51
	-97
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-22
	17
	28
	28
	28
	28
	28
	29
	29
	29

	October
	29
	29
	29
	29
	12
	-34
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-16
	25
	28
	28
	28
	28
	28
	29
	29
	29

	November
	29
	29
	29
	29
	19
	-13
	-52
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	2
	26
	28
	28
	28
	28
	28
	28
	29
	29

	December
	28
	28
	29
	31
	21
	-11
	-60
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	11
	25
	28
	28
	28
	28
	28
	28
	28
	28


table 10.17
Propagation fading conditions in Petropavlovsk-Kamchatski to Moscow link using omnidirectional antennas with interference caused by the amateur service transmitter located in Equator 
	Signal-to-noise ratio, dB  

	Wanted link: Petropavlovsk-Kamchatski to Moscow, isotropic antenna of 0 dB gain,
	Interfering link: Equator – Moscow, isotropic antenna of 0 dB gain

	Output power
	5 kW
	SSN
	10
	 
	Output power
	0.1 kW
	SSN
	10
	 
	 
	 
	 
	 
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	
	
	
	
	
	
	
	
	
	
	
	
	
	103
	73
	30
	20
	17
	17
	17
	17
	17
	
	
	

	February
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	264
	34
	19
	16
	16
	15
	15
	
	
	
	

	March
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	21
	16
	17
	16
	
	
	
	
	

	April
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	May
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	June
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	July
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	August
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	September
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	22
	16
	17
	
	
	
	
	
	

	October
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	59
	19
	16
	17
	16
	16
	
	
	
	

	November
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	263
	42
	18
	16
	16
	16
	16
	19
	14
	
	

	December
	
	
	
	
	
	
	
	
	
	
	
	
	
	44
	263
	19
	9
	17
	17
	17
	16
	17
	17
	
	


Table 10.13 contains results of simulating radio waves propagation fading conditions in Petropavlovsk-Kamchatski to Moscow links. The obtained results show that operation of FS links under fading propagation conditions operation of FS links would be feasible for a limited periods of time to significantly less than those typical for unfading propagation as shown in Document PTC(13)003. Radio link operation period under fading conditions could be increased significantly with using directional antennas and by transmitter gain increasing or by their combinations. 
Table 10.14 presents results of simulating propagation conditions in Astana – Moscow link of 227 km in length.
Table 10.15 reflacts effect from amateur transmitter on FS link under fading conditions. Similar to unfading conditions (see Doc. PTC(13)300) the effect caused by emissions from envisioned amateur transmitter would prevent FS link from operation in any time of day and year. Such conclusions confirm earlier estimates for required protection distances of at least 2 300 km. 
Table 10.16 presents results of simulating propagation conditions in Equator – Moscow link.
Table 10.17 reflects of Equator located amateur transmitter on operation of Petropavlovsk‑Kamchatski to Moscow FS link under fading conditions. Similar to unfading conditions (see Doc. PTC(13)300) interference from amateur transmitters would reduce potential time of FS link operation by over 50%.
10.1.4	Study results for multihop links using directional antennas under fading conditions
To clarify feasibility of sharing between amateur and fixed stations effect of using directional antennas on operation of Petropavlovsk-Kamchatski to Moscow FS link under fading conditions was analyzed/ The analysis assumed usage of directional Yagi antennas (of 13.4 dB gain) 
in transmitting and receiving terminal points of the link. The simulation assumed 10 sunspots. Simulation results are shown in Figures 10.18 – 10.22.
table 10.18 
Propagation fading conditions in Petropavlovsk-Kamchatski to Moscow link with directional antennas 
	Signal-to-interference ratio, dB 

	Wanted link: Petropavlovsk-Kamchatski to Moscow, Yagi  antenna gain of 13.4 dB< receive and transmit  

	Output power
	5 kW
	SSN
	10
	 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	53
	47
	40
	40
	38
	35
	34
	38
	41
	45
	52
	57
	61
	66
	67
	67
	67
	67
	66
	66
	66
	66
	62
	58
	53

	February
	35
	29
	19
	15
	14
	14
	15
	15
	12
	24
	35
	46
	54
	60
	66
	67
	67
	67
	67
	67
	66
	63
	56
	47
	35

	March
	22
	14
	10
	4
	1
	0
	0
	2
	2
	7
	18
	29
	38
	49
	56
	61
	66
	66
	67
	66
	62
	55
	46
	35
	22

	April
	11
	4
	-1
	-6
	-10
	-12
	-12
	-15
	-12
	-7
	1
	8
	21
	29
	40
	49
	56
	59
	60
	57
	50
	44
	33
	19
	11

	May
	-1
	-8
	-220
	-220
	-23
	-26
	-27
	-26
	-24
	-19
	-13
	-7
	0
	7
	20
	30
	38
	43
	44
	38
	31
	25
	14
	6
	-1

	June
	-17
	-22
	-27
	-220
	-220
	-33
	-30
	-32
	-28
	-24
	-19
	-13
	-7
	0
	6
	16
	25
	30
	31
	28
	21
	10
	3
	-11
	-17

	July
	-8
	-13
	-17
	-19
	-21
	-18
	-22
	-20
	-17
	-19
	-15
	-8
	4
	6
	17
	26
	33
	36
	37
	32
	24
	17
	6
	-2
	-8

	August
	-1
	-6
	-11
	-15
	-18
	-20
	-21
	-18
	-20
	-15
	-10
	-2
	7
	20
	29
	39
	45
	49
	47
	44
	35
	28
	15
	6
	-1

	September
	15
	7
	1
	-5
	-9
	-11
	-12
	-16
	-13
	-6
	3
	18
	26
	36
	46
	55
	60
	65
	66
	61
	56
	47
	40
	30
	15

	October
	38
	32
	22
	16
	13
	12
	14
	14
	11
	19
	29
	35
	44
	53
	59
	64
	66
	66
	67
	66
	66
	63
	58
	49
	38

	November
	52
	48
	41
	38
	34
	33
	34
	34
	37
	41
	48
	53
	58
	62
	65
	66
	66
	66
	67
	66
	66
	66
	64
	59
	52

	December
	56
	41
	36
	41
	42
	41
	42
	45
	47
	50
	54
	56
	61
	66
	65
	52
	57
	67
	67
	67
	67
	67
	65
	61
	56





table 10.19 
Propagation conditions in Astana – Moscow interfering link
	Interference-to-noise ratio, dB  

	Interfering link: Astana (isotropic antenna gain of 0 dB) – Moscow 

	Output power 
	0,1 kW 
	SSN
	10
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	37
	38
	37
	34
	29
	21
	12
	8
	7
	8
	11
	18
	27
	35
	39
	38
	36
	37
	37
	37
	37
	38
	38
	38
	37

	February
	38
	39
	38
	30
	26
	15
	11
	8
	7
	7
	10
	15
	23
	32
	39
	39
	38
	36
	37
	38
	38
	37
	37
	37
	38

	March
	39
	38
	36
	27
	19
	10
	7
	5
	4
	5
	7
	10
	14
	23
	31
	38
	38
	38
	37
	36
	37
	38
	38
	39
	39

	April
	37
	36
	29
	21
	12
	8
	5
	3
	2
	3
	4
	7
	10
	14
	22
	31
	36
	39
	38
	37
	37
	37
	38
	38
	37

	May
	36
	29
	24
	16
	9
	6
	4
	2
	1
	2
	3
	5
	7
	10
	15
	24
	30
	34
	38
	38
	38
	38
	38
	37
	36

	June
	30
	26
	21
	12
	8
	5
	2
	0
	0
	0
	1
	3
	5
	8
	12
	20
	26
	28
	34
	36
	36
	37
	36
	32
	30

	July
	30
	27
	22
	15
	8
	5
	2
	0
	0
	0
	1
	3
	5
	9
	16
	22
	28
	31
	35
	37
	36
	37
	36
	35
	30

	August
	36
	30
	25
	18
	10
	7
	4
	2
	1
	1
	3
	5
	7
	11
	19
	26
	30
	36
	37
	36
	36
	36
	36
	35
	36

	September
	39
	38
	31
	24
	15
	8
	5
	3
	2
	2
	4
	6
	9
	14
	25
	31
	38
	38
	38
	37
	37
	37
	38
	39
	39

	October
	39
	38
	38
	33
	27
	17
	13
	10
	8
	9
	10
	13
	17
	26
	32
	39
	38
	38
	37
	37
	36
	37
	37
	38
	39

	November
	38
	38
	37
	37
	33
	26
	17
	13
	11
	12
	13
	17
	25
	33
	38
	38
	36
	36
	36
	36
	36
	37
	37
	37
	38

	December
	37
	38
	39
	36
	35
	25
	17
	9
	7
	7
	10
	17
	27
	37
	38
	37
	39
	38
	38
	38
	37
	38
	38
	37
	37


table 10.20 
Propagation fading conditions in Petropavlovsk-Kamchatski – Moscow link using directional antennas 
with interference caused by a transmitter located in Astana 
	Signal-to-interference ratio, dB 

	Wanted link: Petropavlovsk-Kamchatski to Moscow, Yagi  antenna gain of 13.4 dB< receive and transmit  
	Interfering link: Astana – Moscow isotropic antenna gain of 0 dB 

	 Output power 
	5 kW
	SSN
	10
	 
	Output power 
	0,1 kW 
	SSN
	10
	 
	 
	 
	 
	 
	 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	16
	9
	
	
	
	
	
	
	
	37
	41
	39
	34
	31
	28
	29
	31
	30
	29
	29
	29
	28
	24
	20
	16

	February
	
	
	
	
	
	
	
	
	
	
	
	31
	31
	28
	27
	28
	29
	31
	30
	29
	28
	26
	19
	10
	

	March
	
	
	
	
	
	
	
	
	
	
	
	
	
	26
	25
	23
	28
	28
	30
	30
	25
	17
	8
	
	

	April
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	18
	20
	20
	22
	20
	13
	7
	
	
	

	May
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	9
	6
	0
	
	
	
	
	

	June
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	July
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	August
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	13
	10
	8
	
	
	
	
	

	September
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	21
	24
	22
	27
	28
	24
	19
	10
	
	
	

	October
	
	
	
	
	
	
	
	
	
	
	
	
	27
	27
	27
	25
	28
	28
	30
	29
	30
	26
	21
	11
	

	November
	14
	10
	
	
	
	
	
	
	
	
	35
	36
	33
	29
	27
	28
	30
	30
	31
	30
	30
	29
	27
	22
	14

	December
	19
	
	
	
	7
	
	25
	36
	40
	43
	44
	39
	34
	29
	27
	15
	18
	29
	29
	29
	30
	29
	27
	24
	19


TABLe 10.21 
Propagation conditions in Equator – Moscow link 
	Interference-to-noise ratio, dB  

	Interfering link: Terminator (Equator) – Moscow, isotropic antenna gain of 0 dB 

	Output power 
	0,1 kW
	SSN
	10
	 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	26
	27
	28
	27
	15
	-23
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-57
	-27
	15
	24
	25
	26
	27
	27
	27
	26
	26
	26

	February
	26
	27
	28
	27
	7
	-40
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	12
	24
	25
	26
	27
	27
	27
	27
	26
	26

	March
	26
	27
	28
	26
	-4
	-57
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-7
	23
	24
	25
	26
	26
	26
	26
	26
	26

	April
	27
	27
	27
	17
	-15
	-61
	-103
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-28
	9
	24
	25
	26
	26
	26
	26
	26
	27

	May
	27
	27
	25
	11
	-24
	-65
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-4
	17
	25
	25
	26
	26
	26
	27
	27

	June
	26
	26
	22
	5
	-28
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-95
	-59
	-221
	-8
	13
	22
	24
	24
	24
	25
	25
	26

	July
	26
	27
	23
	6
	-31
	-73
	-220
	-220
	-135
	-220
	-220
	-220
	-220
	-92
	-53
	-31
	-2
	16
	23
	24
	25
	25
	25
	25
	26

	August
	26
	28
	27
	13
	-21
	-71
	-108
	-220
	-220
	-220
	-220
	-220
	-220
	-90
	-220
	-221
	6
	21
	23
	24
	25
	25
	25
	25
	26

	September
	27
	28
	28
	24
	-2
	-50
	-96
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-21
	17
	24
	25
	26
	26
	27
	27
	27
	27

	October
	27
	27
	28
	26
	12
	-33
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-15
	23
	25
	25
	26
	26
	27
	27
	26
	27

	November
	26
	27
	28
	27
	20
	-12
	-51
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	3
	24
	26
	26
	27
	27
	27
	27
	26
	26

	December
	26
	27
	28
	28
	21
	-10
	-58
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	-220
	12
	24
	26
	26
	27
	27
	27
	26
	26
	26



table 10.22 
Propagation fading conditions in Petropavlovsk-Kamchatski – Moscow link using directional antennas 
with interference caused by a transmitter located in Equator 
	Signal-to interference ratio, dB 

	Wanted link: Petropavlovsk-Kamchatski to Moscow, Yagi  antenna gain of 13.4 dB 
	Interfering link: Equator – Moscow isotropic antenna gain of 0 dB 

	Output power 
	5 kW 
	SSN
	10
	 
	Output power 
	0.1 kW 
	SSN
	10
	 
	 
	 
	 
	 
	 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	27
	20
	 
	 
	 
	 
	 
	 
	 
	265
	272
	277
	281
	123
	94
	52
	43
	42
	40
	39
	39
	39
	36
	32
	27

	February
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	266
	274
	280
	286
	55
	43
	42
	41
	40
	39
	36
	29
	21
	 

	March
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	269
	276
	68
	43
	42
	42
	40
	36
	29
	20
	 
	 

	April
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	77
	47
	35
	35
	31
	24
	18
	 
	 
	 

	May
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	26
	19
	 
	 
	 
	 
	 
	 

	June
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	July
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	August
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	39
	28
	24
	20
	 
	 
	 
	 
	 

	September
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	266
	76
	43
	41
	41
	35
	30
	20
	 
	 
	 

	October
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	264
	273
	279
	79
	43
	41
	42
	40
	40
	36
	31
	23
	 

	November
	26
	21
	 
	 
	 
	 
	 
	 
	 
	 
	268
	273
	278
	282
	285
	63
	42
	40
	41
	39
	39
	39
	37
	33
	26

	December
	30
	 
	 
	 
	21
	 
	100
	265
	267
	270
	274
	276
	281
	286
	285
	40
	33
	41
	41
	40
	40
	40
	39
	35
	30



Table 10.18 contains results of estimating propagation conditions in Petropavlovsk-Kamchatski to Moscow FS link with directional antennas in transmitter and receiver. Analysis of obtained results shows that employment of directional antennas would result in significant increasing for period of time to be used for transferring data in such FS links. Contrary to employment of omnidirectional antennas,  usage of Yagi antennas would provide for operating the FS link for 10 months per year. 
Table 10.19 contains simulation results of propagation conditions in Astana– Moscow link. The simulation assumed that emissions from Astana located amateur transmitter omnidirectional antenna would affect Moscow deployed FS receiver with directional antenna.
Table 10.10 presents results of estimating effect from Astana located amateur transmitter with omnidirectional antenna on Petropavlovsk-Kamchatski to Moscow FS link using directional antennas. analysis of obtained results showed that in spite of using directional antennas in FS links interference caused by amateur transmitter emissions could result not only in preventing FS links from operation for over 98% of operational time available but also in significant increasing the probability of bit errors in messages received. 
Table 10.21 presents simulation results for interfering emission propagation from Equator deployed amateur transmitter with omnidirectional antenna.
Table 10.22 contains results of estimating the impact of the Equator located amateur service transmitter on operation of Petropavlovsk-Kamchatski – Moscow fixed link. The analysis of the obtained results shows that usage of directional antennas would not result in avoiding effect on FS receiver by transmitter located at a distance of 6 200 km from it. Therefore a conclusion could be drawn that it would be rather difficult to use geographical separation to provide for compatibility of amateur  transmitters and FS links.



10.1.5	Study results for single-hop links using directional antennas under steady conditions
Tables 10.23 – 10.27 below reflect results of study in effect from amateur stations on operation of Murmansk – Moscow single-hop FS link with omnidirectional antennas. 
TABLE 10.23 
Signal non-faded propagation conditions in Murmansk – Moscow link with directional antennae 
	Signal-to-noise ratio, dB  

	Wanted link: Murmansk to Moscow, istropic  antenna gain of 0 dB, receive and transmit 

	Output power 
	5 kW 
	SSN =
	10
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	55.0
	46.0
	39.0
	37.0
	41.0
	54.0
	52.0
	50.0
	53.0
	52.0
	52.0
	54.0
	55.0
	57.0
	60.0
	60.0
	59.0
	47.0
	46.0
	49.0
	54.0
	59.0
	59.0
	59.0
	55.0

	February
	45.0
	40.0
	35.0
	37.0
	50.0
	52.0
	49.0
	46.0
	50.0
	49.0
	49.0
	51.0
	52.0
	54.0
	57.0
	61.0
	59.0
	59.0
	52.0
	47.0
	46.0
	47.0
	50.0
	50.0
	45.0

	March
	40.0
	40.0
	41.0
	52.0
	55.0
	47.0
	46.0
	45.0
	46.0
	46.0
	46.0
	49.0
	50.0
	51.0
	51.0
	55.0
	57.0
	58.0
	56.0
	56.0
	55.0
	45.0
	41.0
	42.0
	40.0

	April
	47.0
	52.0
	56.0
	55.0
	50.0
	47.0
	46.0
	45.0
	46.0
	46.0
	46.0
	48.0
	49.0
	50.0
	49.0
	51.0
	54.0
	56.0
	57.0
	57.0
	55.0
	55.0
	49.0
	48.0
	47.0

	May
	58.0
	57.0
	53.0
	52.0
	49.0
	45.0
	44.0
	43.0
	45.0
	44.0
	44.0
	47.0
	47.0
	48.0
	47.0
	48.0
	49.0
	50.0
	53.0
	54.0
	55.0
	55.0
	55.0
	58.0
	58.0

	June
	55.0
	55.0
	54.0
	51.0
	50.0
	47.0
	46.0
	45.0
	46.0
	46.0
	45.0
	46.0
	46.0
	47.0
	44.0
	45.0
	46.0
	46.0
	49.0
	51.0
	52.0
	53.0
	53.0
	55.0
	55.0

	July
	54.0
	54.0
	54.0
	51.0
	50.0
	47.0
	46.0
	45.0
	46.0
	46.0
	46.0
	46.0
	46.0
	47.0
	44.0
	45.0
	46.0
	47.0
	50.0
	51.0
	53.0
	54.0
	54.0
	55.0
	54.0

	August
	56.0
	56.0
	55.0
	53.0
	51.0
	48.0
	47.0
	46.0
	46.0
	46.0
	46.0
	46.0
	47.0
	48.0
	45.0
	46.0
	47.0
	50.0
	51.0
	53.0
	56.0
	56.0
	55.0
	56.0
	56.0

	September
	41.0
	41.0
	44.0
	51.0
	52.0
	46.0
	45.0
	43.0
	45.0
	45.0
	45.0
	47.0
	48.0
	49.0
	48.0
	50.0
	54.0
	56.0
	58.0
	56.0
	55.0
	55.0
	44.0
	43.0
	41.0

	October
	41.0
	40.0
	39.0
	45.0
	57.0
	53.0
	49.0
	48.0
	49.0
	48.0
	48.0
	51.0
	52.0
	53.0
	53.0
	57.0
	58.0
	57.0
	56.0
	56.0
	55.0
	47.0
	43.0
	44.0
	41.0

	November
	43.0
	39.0
	36.0
	38.0
	44.0
	54.0
	54.0
	50.0
	51.0
	50.0
	50.0
	53.0
	54.0
	57.0
	57.0
	58.0
	57.0
	56.0
	45.0
	41.0
	40.0
	42.0
	45.0
	47.0
	43.0

	December
	46.0
	41.0
	33.0
	31.0
	33.0
	40.0
	53.0
	51.0
	54.0
	52.0
	52.0
	53.0
	56.0
	59.0
	58.0
	50.0
	39.0
	35.0
	36.0
	38.0
	43.0
	47.0
	50.0
	49.0
	46.0


TABLE 10.24 
Propagation conditions in Kotka – Moscow interference link 
	Interference-to-noise ratio, dB  

	Interfering link: Kotka  (isotropic antenna gain of 0 dB)  – Moscow,

	Output power 
	0,1 kW 
	SSN =
	10
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	27.0
	24.0
	21.0
	19.0
	21.0
	25.0
	41.0
	42.0
	44.0
	43.0
	42.0
	43.0
	45.0
	47.0
	47.0
	47.0
	32.0
	24.0
	22.0
	23.0
	25.0
	27.0
	29.0
	29.0
	27.0

	February
	23.0
	20.0
	18.0
	19.0
	23.0
	39.0
	42.0
	40.0
	41.0
	40.0
	40.0
	41.0
	43.0
	45.0
	46.0
	48.0
	47.0
	34.0
	27.0
	24.0
	23.0
	23.0
	25.0
	25.0
	23.0

	March
	19.0
	19.0
	19.0
	22.0
	41.0
	41.0
	40.0
	38.0
	38.0
	37.0
	37.0
	39.0
	40.0
	41.0
	42.0
	44.0
	46.0
	46.0
	45.0
	33.0
	25.0
	22.0
	20.0
	21.0
	19.0

	April
	22.0
	23.0
	26.0
	41.0
	45.0
	40.0
	39.0
	37.0
	38.0
	37.0
	37.0
	38.0
	39.0
	40.0
	40.0
	42.0
	44.0
	46.0
	46.0
	45.0
	44.0
	29.0
	24.0
	23.0
	22.0

	May
	36.0
	37.0
	42.0
	44.0
	43.0
	39.0
	37.0
	36.0
	37.0
	36.0
	36.0
	37.0
	37.0
	38.0
	38.0
	40.0
	41.0
	44.0
	45.0
	45.0
	45.0
	44.0
	44.0
	40.0
	36.0

	June
	43.0
	44.0
	45.0
	44.0
	42.0
	40.0
	39.0
	37.0
	36.0
	36.0
	36.0
	36.0
	36.0
	37.0
	36.0
	37.0
	38.0
	40.0
	41.0
	42.0
	43.0
	43.0
	43.0
	43.0
	43.0

	July
	34.0
	40.0
	41.0
	44.0
	42.0
	40.0
	39.0
	38.0
	37.0
	36.0
	36.0
	36.0
	36.0
	38.0
	36.0
	38.0
	39.0
	41.0
	42.0
	42.0
	43.0
	43.0
	42.0
	39.0
	34.0

	August
	27.0
	26.0
	40.0
	40.0
	43.0
	41.0
	40.0
	38.0
	37.0
	37.0
	36.0
	36.0
	37.0
	38.0
	37.0
	39.0
	40.0
	42.0
	43.0
	44.0
	44.0
	42.0
	34.0
	29.0
	27.0

	September
	19.0
	18.0
	19.0
	26.0
	39.0
	40.0
	38.0
	37.0
	37.0
	36.0
	36.0
	37.0
	38.0
	39.0
	40.0
	42.0
	44.0
	45.0
	46.0
	45.0
	35.0
	27.0
	21.0
	20.0
	19.0

	October
	21.0
	20.0
	20.0
	22.0
	30.0
	44.0
	43.0
	41.0
	41.0
	40.0
	39.0
	40.0
	41.0
	43.0
	43.0
	45.0
	45.0
	45.0
	45.0
	33.0
	27.0
	23.0
	21.0
	22.0
	21.0

	November
	22.0
	20.0
	18.0
	19.0
	22.0
	30.0
	44.0
	43.0
	43.0
	42.0
	41.0
	42.0
	44.0
	45.0
	45.0
	45.0
	37.0
	27.0
	22.0
	19.0
	18.0
	19.0
	21.0
	24.0
	22.0

	December
	25.0
	22.0
	19.0
	16.0
	18.0
	22.0
	32.0
	43.0
	44.0
	43.0
	42.0
	43.0
	44.0
	46.0
	46.0
	31.0
	21.0
	16.0
	15.0
	16.0
	20.0
	23.0
	25.0
	26.0
	25.0




TABLE 10.25
Interference effect on signal non-faded propagation in Murmansk – 
Moscow link using omnidirectional antennas
	Signal-to-noise ratio, dB  

	Wanted link: Murmansk – Moscow, isotropic antenna gain of 0 dB  
	Interfering link: Kotka – Moscow, isotropic antenna gain of 0 dB  

	Output power 
	5 kW 
	SSN =
	10
	 
	Output power 
	0,1 kW 
	SSN
	10
	 
	 
	 
	 
	 
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	28.0
	22.0
	18.0
	18.0
	20.0
	29.0
	11.0
	8.0
	9.0
	9.0
	10.0
	11.0
	10.0
	10.0
	13.0
	13.0
	27.0
	23.0
	24.0
	26.0
	29.0
	32.0
	30.0
	30.0
	28.0

	February
	22.0
	20.0
	17.0
	18.0
	27.0
	13.0
	7.0
	6.0
	9.0
	9.0
	9.0
	10.0
	9.0
	9.0
	11.0
	13.0
	12.0
	25.0
	25.0
	23.0
	23.0
	24.0
	25.0
	25.0
	22.0

	March
	21.0
	21.0
	22.0
	30.0
	14.0
	6.0
	6.0
	7.0
	8.0
	9.0
	9.0
	10.0
	10.0
	10.0
	9.0
	11.0
	11.0
	12.0
	11.0
	23.0
	30.0
	23.0
	21.0
	21.0
	21.0

	April
	25.0
	29.0
	30.0
	14.0
	5.0
	7.0
	7.0
	8.0
	8.0
	9.0
	9.0
	10.0
	10.0
	10.0
	9.0
	9.0
	10.0
	10.0
	11.0
	12.0
	11.0
	26.0
	25.0
	25.0
	25.0

	May
	22.0
	20.0
	11.0
	8.0
	6.0
	6.0
	7.0
	7.0
	8.0
	8.0
	8.0
	10.0
	10.0
	10.0
	9.0
	8.0
	8.0
	6.0
	8.0
	9.0
	10.0
	11.0
	11.0
	18.0
	22.0

	June
	12.0
	11.0
	9.0
	7.0
	8.0
	7.0
	7.0
	8.0
	10.0
	10.0
	9.0
	10.0
	10.0
	10.0
	8.0
	8.0
	8.0
	6.0
	8.0
	9.0
	9.0
	10.0
	10.0
	12.0
	12.0

	July
	20.0
	14.0
	13.0
	7.0
	8.0
	7.0
	7.0
	7.0
	9.0
	10.0
	10.0
	10.0
	10.0
	9.0
	8.0
	7.0
	7.0
	6.0
	8.0
	9.0
	10.0
	11.0
	12.0
	16.0
	20.0

	August
	29.0
	30.0
	15.0
	13.0
	8.0
	7.0
	7.0
	8.0
	9.0
	9.0
	10.0
	10.0
	10.0
	10.0
	8.0
	7.0
	7.0
	8.0
	8.0
	9.0
	12.0
	14.0
	21.0
	27.0
	29.0

	September
	22.0
	23.0
	25.0
	25.0
	13.0
	6.0
	7.0
	6.0
	8.0
	9.0
	9.0
	10.0
	10.0
	10.0
	8.0
	8.0
	10.0
	11.0
	12.0
	11.0
	20.0
	28.0
	23.0
	23.0
	22.0

	October
	20.0
	20.0
	19.0
	23.0
	27.0
	9.0
	6.0
	7.0
	8.0
	8.0
	9.0
	11.0
	11.0
	10.0
	10.0
	12.0
	13.0
	12.0
	11.0
	23.0
	28.0
	24.0
	22.0
	22.0
	20.0

	November
	21.0
	19.0
	18.0
	19.0
	22.0
	24.0
	10.0
	7.0
	8.0
	8.0
	9.0
	11.0
	10.0
	12.0
	12.0
	13.0
	20.0
	29.0
	23.0
	22.0
	22.0
	23.0
	24.0
	23.0
	21.0

	December
	21.0
	19.0
	14.0
	15.0
	15.0
	18.0
	21.0
	8.0
	10.0
	9.0
	10.0
	10.0
	12.0
	13.0
	12.0
	19.0
	18.0
	19.0
	21.0
	22.0
	23.0
	24.0
	25.0
	23.0
	21.0


TABLE 10.26 
Propagation conditions in Kirkenes – Moscow interference link 
	Interference-to-noise ratio, dB  

	Interfering link: Kirkenes – Moscow, isotropic antenna gain of 0 dB  

	Output power  
	0,1 kW 
	SSN =
	10
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	42.0
	31.0
	23.0
	20.0
	24.0
	37.0
	35.0
	33.0
	36.0
	35.0
	35.0
	36.0
	38.0
	39.0
	42.0
	42.0
	42.0
	32.0
	31.0
	33.0
	40.0
	42.0
	42.0
	42.0
	42.0

	February
	29.0
	24.0
	19.0
	21.0
	33.0
	35.0
	30.0
	28.0
	32.0
	32.0
	32.0
	33.0
	34.0
	36.0
	39.0
	43.0
	42.0
	41.0
	41.0
	32.0
	31.0
	31.0
	34.0
	34.0
	29.0

	March
	24.0
	24.0
	25.0
	35.0
	37.0
	30.0
	29.0
	27.0
	29.0
	29.0
	28.0
	31.0
	32.0
	34.0
	33.0
	37.0
	40.0
	41.0
	39.0
	38.0
	37.0
	30.0
	26.0
	26.0
	24.0

	April
	31.0
	35.0
	39.0
	37.0
	33.0
	29.0
	28.0
	27.0
	29.0
	28.0
	28.0
	31.0
	32.0
	32.0
	32.0
	33.0
	35.0
	38.0
	39.0
	40.0
	38.0
	38.0
	38.0
	32.0
	31.0

	May
	40.0
	39.0
	36.0
	34.0
	32.0
	27.0
	26.0
	25.0
	27.0
	27.0
	27.0
	29.0
	30.0
	30.0
	29.0
	30.0
	32.0
	32.0
	35.0
	36.0
	37.0
	38.0
	38.0
	41.0
	40.0

	June
	37.0
	37.0
	36.0
	34.0
	32.0
	30.0
	29.0
	28.0
	28.0
	28.0
	28.0
	28.0
	29.0
	29.0
	27.0
	27.0
	28.0
	29.0
	30.0
	33.0
	33.0
	35.0
	36.0
	38.0
	37.0

	July
	37.0
	37.0
	36.0
	33.0
	32.0
	30.0
	29.0
	28.0
	28.0
	28.0
	28.0
	28.0
	29.0
	29.0
	27.0
	27.0
	28.0
	29.0
	32.0
	34.0
	35.0
	36.0
	36.0
	37.0
	37.0

	August
	38.0
	38.0
	38.0
	36.0
	33.0
	31.0
	29.0
	29.0
	29.0
	28.0
	28.0
	29.0
	29.0
	30.0
	27.0
	28.0
	29.0
	32.0
	34.0
	36.0
	39.0
	39.0
	38.0
	39.0
	38.0

	September
	25.0
	25.0
	26.0
	33.0
	35.0
	28.0
	27.0
	26.0
	28.0
	27.0
	27.0
	30.0
	30.0
	31.0
	30.0
	32.0
	36.0
	38.0
	40.0
	39.0
	38.0
	37.0
	28.0
	27.0
	25.0

	October
	25.0
	24.0
	23.0
	28.0
	40.0
	35.0
	32.0
	30.0
	31.0
	31.0
	31.0
	33.0
	34.0
	35.0
	35.0
	39.0
	41.0
	40.0
	39.0
	38.0
	37.0
	33.0
	28.0
	28.0
	25.0

	November
	28.0
	23.0
	20.0
	21.0
	27.0
	37.0
	37.0
	33.0
	34.0
	33.0
	33.0
	35.0
	36.0
	38.0
	39.0
	41.0
	40.0
	39.0
	29.0
	25.0
	24.0
	26.0
	29.0
	32.0
	28.0

	December
	30.0
	24.0
	17.0
	14.0
	16.0
	22.0
	36.0
	33.0
	36.0
	35.0
	34.0
	36.0
	37.0
	41.0
	41.0
	37.0
	23.0
	19.0
	19.0
	22.0
	26.0
	31.0
	34.0
	33.0
	30.0


TABLE 10.27 
Interference effect on signal non-faded propagation in Murmansk – 
Moscow link using omnidirectional antennas 
	Signal-to-interference ratio, dB  

	Wanted link: Murmansk – Moscow, isotropic antenna gain of 0 dB  
	Interfering link: Kirkenes – Moscow, isotropic antenna gain of 0 dB  

	Output power 
	5kW 
	SSN =
	10
	 
	Output power 
	0,1 kW 
	SSN
	10
	 
	 
	 
	 
	 
	 

	 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	January
	13.0
	15.0
	16.0
	17.0
	17.0
	17.0
	17.0
	17.0
	17.0
	17.0
	17.0
	18.0
	17.0
	18.0
	18.0
	18.0
	17.0
	15.0
	15.0
	16.0
	14.0
	17.0
	17.0
	17.0
	13.0

	February
	16.0
	16.0
	16.0
	16.0
	17.0
	17.0
	19.0
	18.0
	18.0
	17.0
	17.0
	18.0
	18.0
	18.0
	18.0
	18.0
	17.0
	18.0
	11.0
	15.0
	15.0
	16.0
	16.0
	16.0
	16.0

	March
	16.0
	16.0
	16.0
	17.0
	18.0
	17.0
	17.0
	18.0
	17.0
	17.0
	18.0
	18.0
	18.0
	17.0
	18.0
	18.0
	17.0
	17.0
	17.0
	18.0
	18.0
	15.0
	15.0
	16.0
	16.0

	April
	16.0
	17.0
	17.0
	18.0
	17.0
	18.0
	18.0
	18.0
	17.0
	18.0
	18.0
	17.0
	17.0
	18.0
	17.0
	18.0
	19.0
	18.0
	18.0
	17.0
	17.0
	17.0
	11.0
	16.0
	16.0

	May
	18.0
	18.0
	17.0
	18.0
	17.0
	18.0
	18.0
	18.0
	18.0
	17.0
	17.0
	18.0
	17.0
	18.0
	18.0
	18.0
	17.0
	18.0
	18.0
	18.0
	18.0
	17.0
	17.0
	17.0
	18.0

	June
	18.0
	18.0
	18.0
	17.0
	18.0
	17.0
	17.0
	17.0
	18.0
	18.0
	17.0
	18.0
	17.0
	18.0
	17.0
	18.0
	18.0
	17.0
	19.0
	18.0
	19.0
	18.0
	17.0
	17.0
	18.0

	July
	17.0
	17.0
	18.0
	18.0
	18.0
	17.0
	17.0
	17.0
	18.0
	18.0
	18.0
	18.0
	17.0
	18.0
	17.0
	18.0
	18.0
	18.0
	18.0
	17.0
	18.0
	18.0
	18.0
	18.0
	17.0

	August
	18.0
	18.0
	17.0
	17.0
	18.0
	17.0
	18.0
	17.0
	17.0
	18.0
	18.0
	17.0
	18.0
	18.0
	18.0
	18.0
	18.0
	18.0
	17.0
	17.0
	17.0
	17.0
	17.0
	17.0
	18.0

	September
	16.0
	16.0
	18.0
	18.0
	17.0
	18.0
	18.0
	17.0
	17.0
	18.0
	18.0
	17.0
	18.0
	18.0
	18.0
	18.0
	18.0
	18.0
	18.0
	17.0
	17.0
	18.0
	16.0
	16.0
	16.0

	October
	16.0
	16.0
	16.0
	17.0
	17.0
	18.0
	17.0
	18.0
	18.0
	17.0
	17.0
	18.0
	18.0
	18.0
	18.0
	18.0
	17.0
	17.0
	17.0
	18.0
	18.0
	14.0
	15.0
	16.0
	16.0

	November
	15.0
	16.0
	16.0
	17.0
	17.0
	17.0
	17.0
	17.0
	17.0
	17.0
	17.0
	18.0
	18.0
	19.0
	18.0
	17.0
	17.0
	17.0
	16.0
	16.0
	16.0
	16.0
	16.0
	15.0
	15.0

	December
	16.0
	17.0
	16.0
	17.0
	17.0
	18.0
	17.0
	18.0
	18.0
	17.0
	18.0
	17.0
	19.0
	18.0
	17.0
	13.0
	16.0
	16.0
	17.0
	16.0
	17.0
	16.0
	16.0
	16.0
	16.0


10.2 	Result of study 2
10.3 	Result of study 3
10.3.1	Result of co-band interference
The percentages of time that I/Ns exceed –6 dB at each fixed/land mobile station in the grid for each of the 7 amateur stations are shown in Figure 7 to Figure 20 respectively.
FIGURE 7
Time ratio of I/Ns exceeding -6 dB at each fixed/land mobile station - Beijing, rural, SSN=100
[image: ]
FIGURE 8
Time ratio of I/Ns exceeding -6 dB at each fixed/land mobile station - Beijing, quiet rural, SSN=100
[image: ]
FIGURE 9
EDITORS NOTE: NEED TO NOTE THAT INTERFERENCE IS POTENTIAL
Time ratio of I/Ns exceeding -6 dB at each fixed/land mobile station - Moscow, rural, SSN=100
[image: ]
FIGURE 10
Time ratio of I/Ns exceeding -6 dB at each fixed/land mobile station - Moscow, quiet rural, SSN=100
[image: ]


FIGURE 11
Time ratio of I/Ns exceeding -6 dB at each fixed/land mobile station - London, rural, SSN=100
[image: ]
FIGURE 12
Time ratio of I/Ns exceeding -6 dB at each fixed/land mobile station - London, quiet rural, SSN=100
[image: ]


FIGURE 13
Time ratio of I/Ns exceeding -6 dB at each fixed/land mobile station - Chicago, rural, SSN=100
[image: ]
FIGURE 14
Time ratio of I/Ns exceeding -6 dB at each fixed/land mobile station - Chicago, quiet rural, SSN=100
[image: ]


FIGURE 15
Time ratio of I/Ns exceeding -6 dB at each fixed/land mobile station - Lagos, rural, SSN=100
[image: ]
FIGURE 16
Time ratio of I/Ns exceeding -6 dB at each fixed/land mobile station - Lagos, quiet rural, SSN=100
[image: ]


FIGURE 17
Time ratio of I/Ns exceeding -6 dB at each fixed/land mobile station - Canberra, rural, SSN=100
[image: ]

FIGURE 18
Time ratio of I/Ns exceeding -6 dB at each fixed/land mobile station - Canberra, quiet rural, SSN=100
[image: ]


FIGURE 19
Time ratio of I/Ns exceeding -6 dB at each fixed/land mobile station – Buenos Aires, rural, SSN=100
[image: ]

FIGURE 20
Time ratio of I/Ns exceeding -6 dB at each fixed/land mobile station - Buenos Aires, quiet rural, SSN=100
[image: ]


The percentages of areas for which the interfered time exceeding 20% for each amateur station are given in Table 3 below.
TABLE 3
Percentages of interfered area around the globe for different amateur station site
	Amateur Station Site
	Rural
	Quiet Rural

	
	SSN=10
	SSN=50
	SSN=100
	SSN=10
	SSN=50
	SSN=100

	Beijing
	11.75%
	11.19%
	10.84%
	24.23%
	24.16%
	24.1%

	Moscow
	12.73%
	11.17%
	10.04%
	21.31%
	18.11%
	15.32%

	London
	10.68%
	9.04%
	8.01%
	16.38%
	14.21%
	12.35%

	Chicago
	10.6%
	8.06%
	6.05%
	9.85%
	8.46%
	7.82%

	Lagos
	4.07%
	4.07%
	4.03%
	4.86%
	4.79%
	4.67%

	Canberra
	11.83%
	11.49%
	11.3%
	21.48%
	22.79%
	23.46%

	Buenos Aires
	8.49%
	8.49%
	8.47%
	17.98%
	17.92%
	16.86%



10.3.2	Result of adjacent band interference
The time ratios of adjacent band interference at each fixed/land mobile station in the grid caused by amateur station located in Beijing with different frequency separations are shown in Figure 21 to Figure 24 in quiet rural environment. 
FIGURE 21
Time ratio of adjacent band interference at each fixed/land mobile station - separated by one 3 kHz channel
[image: ]


FIGURE 22
Time ratio of adjacent band interference at each fixed/land mobile station - separated by two 3 kHz channels
[image: ]

FIGURE 23
Time ratio of adjacent band interference at each fixed/land mobile station - separated by three 3 kHz channels
[image: ]


FIGURE 24
Time ratio of adjacent band interference at each fixed/land mobile station - separated by four 3 kHz channels
[image: ]

11	 Analysis of the results
As shown in Table 3, all the percentage figures of interfered areas around the globe for each amateur station at different SSN will exceed 4%, which implies that potential amateur stations operating in 5 250 kHz to 5 450 kHz will cause interference to fixed/land mobile service stations in many areas around the globe.
And from figures above, it is shown that, on a co‑frequency basis, the most severely impacted region (that the time ratio of interference exceeding 30%) is up to 2 000 kilometers away from the amateur stations in rural environment and up to 3 000 kilometers in quiet rural environment.
Even when the frequency separation between the amateur station and the fixed/land mobile service stations is three 3 kHz channels, the severely impacted area is approximately up to 1 000 kilometers away from the amateur station in quiet rural environment.
However, when the frequency separation between the amateur station and the fixed/land mobile service stations is beyond four 3 kHz channels, the impact caused by the amateur station will decrease evidently.
11.1	Regulatory and operational techniques to mitigate interference and enhance compatibility
Some administrations have accommodated amateur service operations in segments of or in discrete channels within the 5 250-5 450 kHz frequency range, under the provisions of No. 4.4 of the Radio Regulations.  For example, the United States permits amateurs to operate on five discrete channels within this range, with a maximum effective radiated power of 100 watts, and an authorized maximum bandwidth of 2.8 kHz. Operation utilizing modes less than the authorized bandwidth is confined to the center of the channel.  Interference to incumbent services by amateur stations under these conditions generally does not preclude operation in the incumbent services and is generally resolvable on a case by case basis when it does occur.

11.2	Analysis of Study 1 results
Analysis of Study 1 results shows that providing for protection of single-hop FS links would require separation distances exceeding 2 000 km. Providing protection for multihop FS links would require separation distances exceeding 6 000 km. Based on the estimates a conclusion could be drawn that it would be extremely difficult to provide for compatibility of potential amateur transmitters with incumbent FS links in the frequency band considered. Editor’s note: Analysis of the results e.g. link availability with & without interference from the amateur service, impacts of antenna types & Smoothed Sunspot Numbers etc. Hopefully with some statistical or probability analysis of likely impact and some indication of uncertainties associated with the propagation models and any other relevant calculations.
12	Conclusion
It’s complicated…
Editor’s note: no doubt there will be multiple sections here…
[Due to active global usage of FS links in the frequency band 5 240-5 450 kHz including inter alia for public protection and disaster relief operations and due to extreme difficulty of providing for compatibility of amateur stations with incumbent FS links it would be unfeasible to allocate additional spectrum resource to the amateur service in of the frequency band considered. The amateur service could use the frequency range subject to provisions of RR No. 4.4.
It can be concluded  from the studies above that emissions from possible amateur stations operating in the frequency band 5 250‑5 450 kHz will interfere with incumbent fixed/land mobile service stations in many areas around the globe.
However, frequency separations between the amateur stations and the fixed/land mobile service stations will help to reduce the interference.
Therefore, in order to protect incumbent fixed/land mobile service stations, appropriate interference mitigation measures such as frequency separation, power limitation, and transmitting time limitation, etc., should be taken and need further study.
Editors note: Was section 8 in the Canadian study.
[bookmark: _GoBack]An analysis has been performed utilizing Recommendation ITU-R P.533-11 HF propagation prediction method to calculate the signal, noise and interference levels for the incumbent service and proposed amateur service at 5 300 kHz. This report demonstrates that an amateur service link operating under a secondary allocation would present no serious risk of interference to operations by existing Primary Service users.]



Attachments:
Editor’s note: Each input contribution will be attached or embedded here as annexes to this study:

	5A/242 (Canada)


	5A/250 (USA)


	5A/254 (Canada)



	5A/280 (China)


	5A/289 
(UK, Netherlands, Norway)


	5A/237 (Russian Federation)



	5A/253 (Canada)


	Include modified 5A/400, 5A/383, 5A/368.



[bookmark: _MON_1447137160][bookmark: _MON_1447137187]
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Introduction

At the 10th meeting of WP 5A (Geneva, 5-15 November 2012), work progressed on the working document towards a preliminary draft new Report ITU-R M.[HF‑SPECTRAL OCCUPANCY] - Spectral occupancy within the band 5 250-5 450 kHz as observed near Ottawa, Ontario, Canada (Annex 12 of Document 5A/198).  Furthermore, some questions were noted.  This input document provides responses to those questions, received at the 10th meeting of WP 5A.

It appears that the information contained in Annexes 11 and 12 of Document 5A/198 are related and could be merged into one preliminary draft new Report through the use of Annexes.  An example of such integration can be found in the Report ITU-R M.2080 Consideration of sharing conditions and usage in the 4-10 MHz band, which was prepared for WRC-07 Agenda item 1.13.  Therefore, it seems beneficial to suppress the draft new Report ITU-R M.[HF-SPECTRAL OCCUPANCY] and move its contents into a new Annex of the draft new Report ITU-R M.[5 MHz COMPAT]  




Proposal

[bookmark: dtitle2]Canada proposes WP 5A consider: 

· Attachment 1 for the clarification of questions raised at the 10th meeting of WP 5A; and

· Attachment 2 as a new annex to the working document towards a PDNR ITU-R 
M.[5 MHz COMPAT] - Compatibility analysis of possible amateur systems with fixed, land mobile, radiolocation and maritime mobile services in the frequency band 5 250‑5 450 kHz;

· Suppression of the working document towards a preliminary draft new Report ITU-R M.[HF‑SPECTRAL OCCUPANCY] - Spectral occupancy within the band 5 250‑5 450 kHz as observed near Ottawa, Ontario, Canada (Annex 12 of Document 5A/198).



Attachments:	1	Clarification of Questions raised in Annex 12 of Document 5A/198 ITU-R M.[HF-SPECTRAL OCCUPANCY]

		2	A new annex for the working document towards a PDNR ITU-R 
M.[5 MHz COMPAT]


ATTACHMENT 1

Clarification of questions raised in Annex 12 of Document 5A/198 
ITU-R M.[HF-SPECTRAL OCCUPANCY ]



In this attachment the questions that were noted in document Annex 12 of Document 5A/198 depicted in italics were addressed.  

•	The measurements only recognize received emissions ten dB or more above the measured noise floor, while amateur service operators in the band would recognize use of a frequency at power levels much closer to the noise floor.  Thus, the "listening" represented in the measurements may find far less activity in the band than would that of amateur service operators.

Occupancy statistics measurements used a 10 dB for 1 kHz bandwidth, when 10 dB level is converted to spectral density, the threshold will be 40 dB/Hz. The threshold of 40 dB/Hz level will be able to detect almost all the emissions listed in the Recommendation ITU-R F.339-8 Bandwidths, signal-to-noise ratios and fading allowances in complete systems.

Also, the ITU-R Spectrum monitoring handbook recommends (2011 edition) a threshold of 15 dB, as quoted:

“For the HF bands the situation is completely different.  The noise level is changing during the day and season with big differences over 24 hours.  In that case one should indeed calculate a dynamic threshold versus time. And one should add more dB to the noise level to determine the threshold.  In the Figure 4.10-6 15 dB may be added. 

FIGURE 4.10-6:

Variation of HF-Noise during a day

[image: thresh_HF_BC]



A later change of the threshold value is not expedient since this would require raw data to be registered.”




•	The algorithm for the noise measurement should be clarified, with consideration that the noise level may not be constant across the measurement window of 180 kHz.

In order to demonstrate expected noise variation from 5 250 to 5 450 kHz, the noise levels are predicted for lower and upper edges of this frequency range for the survey location in Ottawa Canada, according to the Recommendation ITU-R P.372-10 Radio noise.  The predictions are presented in Figures 1 to 3, which correspond to the data collection months.  The time blocks (1=0000-0400, 2=0400-0800, 3=0800-1200, 4=1200-1600, 5=1600-2000, 6=2000-2400) represent the 24 hours at local time.  The manmade noise level -144.72 dBW/Hz for residential location is used in these predictions.  The variation between two frequencies are less than 0.5 dB for all three seasons and the time blocks for a 200 kHz frequency range which is 20 kHz more than the 180 kHz noise estimation bandwidth used by the survey system.  For occupancy measurements, a variation of 0.5 dB will not be detectable with for monitored signals in noise, and noise estimation will be valid for 180 kHz bandwidth. 

Figure 1

Predicted noise levels for June, July and August



Figure 2

Predicted noise levels for September, October and November






Figure 3

Predicted noise levels for December, January and February






ATTACHMENT 2

Source:  	Annex 12 to Document 5A/198

A new Annex to working document towards a preliminary 
draft new Report ITU-R M.[5 MHz COMPAT] 



[Editor’s Note:  Track changes are with respect to Annex 12 of Document 5A/198]

Annex

Spectral occupancy within the frequency band 5 250-5 450 kHz 
as observed near Ottawa, Ontario, Canada



Scope

This Report Annex describes ITU-R studies undertaken to determine the spectral occupancy of channels within the frequency band 5 250-5 450 kHz.

Vocabulary

The following definitions apply for the purpose of this study

Busy hour: the hour of the day when a frequency band is most congested.

Congestion: the likelihood that the measured signal power in a selected channel sampled within a frequency band will exceed a specified power threshold.

Occupancy: the percentage of time that the measured signal power exceeds a specified threshold.

Abbreviations[footnoteRef:1] [1: 	Definitions, as they appear in this document, are specific to this document and are not intended to supplement or contradict ITU-R definitions, e.g., those in the ITU-T/ITU-R Terms and Definitions Database.] 


HF		high frequency

VOACAP	Voice of America Coverage Analysis Program[footnoteRef:2] [2: 	http://www.voacap.com.] 


SSN		Sunspot Number

SFI		Solar Flux Index

A		Solar “A” Index

K		Solar “K” Index

UTC		Coordinated Universal Time
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1	Introduction

The high frequency (HF) band is the highest frequency band that supports propagation of radio signals via a reflected path incident on the ionosphere.  This is called ionospheric or sky-wave propagation.  Because of this unique characteristic, an important feature of the HF spectrum is its ability to support long range communications via sky-wave propagation.  However, one disadvantage of long range propagation is the likelihood that noise and interference from distant sources may affect a desired communication.  Therefore, the usability of HF sky-wave communication channels depends on both signal propagation and the absence of excess noise and interference.  While propagation conditions have been studied extensively over several decades, there are relatively few published measurement studies that have looked at noise and interferencespectral occupancy in the HF frequency band 5 250-5 450 kHz.

[bookmark: license]A spectrum monitoring campaign conducted in Europe Report ITU-R M.2080 Consideration of sharing conditions and usage in the 4-10 MHz band (found in Annex 2), shows that the occupancy below 5 800 kHz is very low.  “During daytime, there is very little occupancy recorded in the 5 to 6 MHz band.  This suggests that some geographical reuse and sharing is feasible.  The candidate band identified in Resolution 544 (WRC-03), 5 840-5 900 kHz, already shows significant occupancy by the broadcasting service although it is outside the band allocated to the broadcasting service.  The other candidate band in this range, 5 060-5 250 kHz, shows some occupancy although, as noted earlier, the general level of occupancy is low.”

The ITU-R Handbook Frequency adaptive communication systems and networks in the MF/HF bands 2002 also indicates that “the frequency listing in the Master Register was an inadequate guide to actual occupancy. Moreover, it is well known that some assignments included in the Register have ceased to be used by operational systems and in some cases relate to circuits which have never been put into operation.”  There are 566 licences recorded in the Canadian licence database in the 5 250‑5 450 kHz frequency range.  In order to determine the actual usage and gather occupancy statistics in , a spectrum monitoring campaign was conducted in .

This Report Annex examines congestion and occupancy statistics in the frequency range 5 250‑5 450 kHz to determine how channel availability varies with frequency, hour of the day, season of the year and channel bandwidth.  

2	Data collection procedures

Measurements were taken near Ottawa, Canada (Lat 45.36N Long 75.88W) using a TCI-613N broadband dipole antenna [1].  The antenna was connected, via a band-pass filter, to a Rohde and Schwarz model FSP spectrum analyzer.  The TCI-613N is a passive, horizontally polarized, nearly omni-directional antenna, with nulls at the horizontal elevation angle.  At 3.4 MHz the maximum gain is at vertical, with the elevation angle decreasing to 30° as the frequency increases to 13.6 MHz.  A band-pass filter with cut-off frequencies at 2.5 and 33 MHz and a surge protector were used to protect the input of the spectrum analyzer.

The spectrum analyzer scanned the spectrum between 3 and 30.03 MHz in approximately 2 seconds.  A 180 kHz window was moved up the 3-30 MHz range to estimate the noise floor for every range.  The noise after estimation from 180 kHz was converted to a density and then scaled to 1 kHz (Nk, where k is the kth range), to detect the signal power above or below the threshold in a 1 kHz segment of spectrum. 

Using a sampling period of 8.533 ms for an FFT based spectrum analyzer the frequency resolution (bin size) was 122.7 Hz.  The power for 1 kHz channels was calculated by combining the power observed in nine or ten contiguous bins so as to make up 1 kHz.  If the combined power exceeded 10 dB above Nk,, then the 1 kHz channel was considered occupied.

During the month of August 2011 measurements were taken for approximately 20 minutes each hour resulting in approximately 600 sample traces.  In November 2011 measurements were collected for periods of approximately 10 minutes resulting in approximately 300 sample traces each hour.  In August, between 22 and 28 days of data were collected depending on the hour, and between 25 and 27 days of data were collected in November.  This measurement database is held at the Communications Research Centre Canada (CRC), in Ottawa.

(Editors Note: Canada will provide further information on the January 2012 observations)  

3	Observations

Congestion rates were computed for each hour and then averaged across four hour-time blocks.  Hourly figures for each month are presented in Table 1.

Hourly and seasonal trends variations are apparent in the congestion statistics, which correlate to the diurnal cycles and variation in the hours of daylight.  In Ottawa, during the month of August 2011, sunrise ranges from 09:47 to 10:23 UTC and sunset from 00:31 to 23:43 UTC.  Sunrise in November 2011 ranges from 11:42 to 12:21 UTC, and sunset ranges from 21:50 to 21:22 UTC. Sunrise in January 2012 ranges from 12:43 to 12:26 UTC, and sunset ranges from 22:03 to 22:06 UTC.  Observed sunspot numbers for August 2011, November 2011 and January 2012 were 42.4, 66.1 and 24.7 respectively [42].  The monthly mean Solar Flux Index (SFI)[footnoteRef:3] based on the Dominion Astrophysical Observatory (Penticton) observed 2800 MHz values were 101.7 for August 2011, 153.1 for November 2011 and 133.1 for January 2012. A solar event was reported for 05 August 2011; however, there was no observed impact on radio propagation. [3: 	http://www.ngdc.noaa.gov/nndc/struts/results?op_0=eq&v_0=Penticton_Observed&t=102827&s=4&d=8&d=22&d=9.] 


TABLE 1

Congestion for 1 kHz channel bandwidth
within the frequency range 5 250-5 450 MHz

Local time at Ottawa ON in August 2011 was UTC minus 4 hours (EDT)  and in January 2012 was UTC minus

5 hours (EST). In November 2011 local time was UTC minus 4 hours up to and including 05 November and UTC

minus 5 hours from 6 to 30 November.



Note: Time blocks cover four-hour periods, e.g., 0-3 covers 00:00 to 03:59 UTC.

[image: ]



There is a trend towards moderately higher congestion rates in November 2011 as compared to August 2011.  The congested periods are longer in duration, which is consistent with the shorter daylight hours when D layer absorption limits propagation in these bands.

The “busy hour” was also computed and is included in Table 1. The fact that frequencies are most congested in the early evening hours may be related to time of use patterns, and/or changing propagation conditions allowing long range propagation of signals from other parts of the globe.  Although the monitoring campaigns were conducted in  , propagation conditions allow emissions emanating from  to be taken into account if they were received with a sufficient level at the monitoring station. During daytime, it is possible to receive transmissions in the 5 250 to 5 450 kHz range via either groundwave or skywave propagation originating up to at least 1 500 km from the receiving station. During night-time conditions, reception is possible for transmissions originating from both  and outside the North American region. An analysis of coverage contours using the VOACAP Propagation Prediction tool suggests that likely sources of observed signals at this frequency range are Western Europe, North and Central America.

An objective of this study is to determine the availability of a sequence of adjacent channels in the frequency band 5 250-5 450 kHz that can support available bandwidth for transmission of up to 24 kHz bandwidth.  Table 2 displays percentages which represent the number of observed unoccupied channels in fixed and land mobile allocations in the 5 000-6 000 kHz frequency range, divided by the total number of channels that the frequency range could support assuming no guard space between channels.  An “unoccupied channel” is defined for this study as a 1 kHz channel where the measured occupancy rate is less than 5%, nine days out of ten.  Available 3 kHz, 12 kHz, and 24 kHz channels are determined by contiguous spans of 1 kHz channels that meet this “unoccupied channel” criteria.

[TABLE 2

Percentage of 3, 12 and 24 kHz bandwidths channels that are unoccupied (occupancy < 5%, 9 days out of 10) in fixed and land mobile allocations for 3, 12 and 24 kHz channel bandwidths
within the frequency range 5 000‑6 000 kHz

[image: ]

Note: Time blocks cover four-hour periods, e.g., 0-3 covers 00:00 to 03:59 UTC.

The results in Table 2 show that there are few if any contiguous channels available even with 3 kHz bandwidth during the first time block (0-3 UTC) however, a significant number of channels are available in time block 5 (16-19 UTC) corresponding to about noon local time.  The lack of wideband (24 kHz) channels available at night is more severe in the August data.  At some intervals of time and frequency where there are some smaller bandwidth channels (e.g. 3 kHz) available, but few or no wider-band channels.

[4	Conclusions 

The measurements of this study as observed near Ottawa, Ontario, Canada  indicate that at most times of the daytime locally, there is adequate frequency support for usage of communication channel bandwidths up to 24 kHz in the frequency range 5 250-5 450 kHz.  However, during the local late afternoon and evening hours when congestion is most severe, there are very few contiguous unoccupied channels available in this frequency range. A general conclusion is that observations in  are very similar to the spectrum survey reported in Report ITU-R M.2080 Annex 2.]
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1	Introduction

The high frequency (HF) band is the highest frequency band that supports propagation of radio signals via a reflected path incident on the ionosphere. This is called ionospheric or sky-wave propagation. Because of this unique characteristic, an important feature of the HF spectrum is its ability to support long range communications via sky-wave propagation. However, one disadvantage of long rangesky-wave propagation is the likelihood probability that noise and interference from distant sources may affect a desired communication. Therefore, the usability of HF sky-wave communication channels depends on both signal propagation and the absence of excess noise and interference. While propagation conditions have been studied extensively over several decades, there are relatively few published studies that have looked at noise and interference in the HF band.

This Report examines interference caused by the potential for interference from stations of the amateur service operating in the frequency range 5 250-5 450 kHz  to operation of the systems of fixed, radiolocation, land mobile and maritimeand mobile (except aeronautical mobile) services. This Report also considers potential mitigation techniques, and while gives conclusions relating to compatibility feasibilityevaluating the compatibility of these services.

2	Specific operation of the frequency band 5 250-5 450 MHz

In accordance with Frequency Allocation Table of Radio Regulations tThe frequency band range 5 250‑5 450 kHz is allocatedhas allocations to the fixed and mobile (except aeronautical mobile) services on global primary basis.

The analysis of International Frequency Master Register showed that currently 17 143over 17 000 frequency assignments are notified, but not necessarily operational, in this frequency band. The location of these frequency assignments, as produced by the TerRaQ program, is shown in Figure 1. [The TerRaQ program is updated periodically by the BR.] The notified frequency assignments operate mainly in the fixed and mobile (except aeronautical mobile), land mobile and maritime mobile services. They provide voice and data transmission in telephone and telegraphy modes and can be used for different services, including providing [safety of navigation] and communication in sparsely populated areas and in difficult to access areas.

In Russia this frequency band is heavily used by systems of high, medium and low output power. It is due to territory size where communication shall be provided (in Russia radio path length can be several thousand km). In addition in the territory of the Russian Federation there are large sparsely populated areas, difficult to access and remote areas and also areas of Far North where it is not reasonable to develop traditional mobile network and also satellite communication systems.

FigURE 1

Location of stations operating listed in the International Frequency Master Register 
in the frequency band 5 250-5 450 kHz

 [image: ]

An effective (and in several cases single) solution of providing radiocommunication between these areas can be multihop link in the fixed and land mobile services. At such radio path signal transmission is provided by multiple reflection of electromagnetic wave from the earth surface and ionosphere.

An example of such a communication link is shown in Figure 2.

FigURE 2

An example of multihop link

[image: ]



Currently 557 frequency assignments are notified in Russia in this frequency band. Though this number of assignments does not reflect the actual occupancy of the frequency band 5 250‑5 450 kHz.

The Administration of the Russian Federation continues to submit the existing systems of the fixed and land mobile service to ITU Radiocommunication Bureau to provide protection of the existing frequency assignments.

Taking into account systems of the fixed and mobile services planning for submission the average density of the frequency assignments of medium and high power stations in the considered frequency band is 105 assignments per 10 kHz. It allows to conclude that in Russia approximately 2 000 frequency assignments of medium and high power stations providing communication at distance 3 000-7 000 km are used in the fixed and land mobile services.

Even more frequency assignments are used by stations of low power. According to preliminary evaluation more than 68 000 frequency assignments to stations of low power are operated in the considered frequency band.

3	Technical characteristics and protection criteria of fixed/mobile systems and systems of the radiolocation service operating in the frequency band 5 250-5 450 MHz

3.1	Technical characteristics and protection criteria of fixed systems

Antenna patterns used by fixed service systems are presented in Recommendation ITU-R F.162-3 “Use of directional transmitting antennas in the fixed service operating in bands below about 30 MHz”.

Protection criteria of the fixed service systems operating in the considered frequency band are presented in Recommendation ITU-R F.240-7 “Signal-to-interference protection ratios for various classes of emission in the fixed service below about 30 MHz” and in Recommendation ITU-R F.339-7 “Bandwidths, signal-to-noise ratios and fading allowances in complete systems”. The analysis of these Recommendations showed that depending from the system type and class of emission the required protection ratio can be changed from 1 dB to 60 dB.

The characteristics of the systems in the fixed service required for sharing studies between fixed service and stations of the amateur service are given in Recommendations ITU-R F.1761, ITU-R F.1762 and ITU‑R F.1821. In particular characteristics of the fixed service presented in Recommendation ITU-R F.1761 “Characteristics of HF fixed radiocommunication systems” are given in Table 3.1. 




TABLE 3.1

Typical technical characteristics of HF systems

		Frequency band (MHz)

		2-30



		Type of emission

		Analogue/digital



		System

		



		Channel bandwidth (kHz)

		2-6



		Modulation type

		Single channel suppressed carrier, telephony and telegraphy



		Type of operation

		Simplex/duplex



		Typical data rates

		2.4-9.6 kbit/s



		Typical SINAD

		12 dB (voice only)



		Transmitter

		



		Tx power (dBW)

		22



		Path length (km)

		2 400



		Antenna gain (dBi)

		6



		Antenna height (m)
(Relative to ground level)

		10-60



		Radiation pattern

		Omnidirectional/directional



		Antenna polarization

		Vertical/horizontal



		Total loss (dB)

		1



		Receiver

		



		IF filter bandwidth (kHz)

		3-7



		Sensitivity (dBm)

		–112



		Antenna gain (dBd)

		6



		Antenna pattern

		Omnidirectional/directional (30° beamwidth)







The analysis of Recommendations ITU-R F.1761, ITU-R F.1762 and ITU-R F.1821 showed that for various systems in the fixed service the required value of signal/noise ratio changes in wide range depending from the modulation type, operation mode etc. Therefore the following values of signal/noise ratio were used in the studies:

–	[S/N=24 dB – for high-speed data transmission;

–	S/N=21 dB – for analogue transmission of voice signal;

–	S/N=8 dB – for digital transmission of voice signal.]

The selected values of signal/noise ratio correspond to the technical characteristics of the fixed adaptive system given in Table 4 of Recommendation ITU-R F.1761. In the studies it was assumed that power value of FS transmitter antenna is 37 dBW.

The data presented in Table 3.1 refer to radio paths of 2 400 km. In case of longer radio path it is required to increase transmitter power or to use higher antenna gain in order to provide operation of the system. For example for radio paths of 7 000 km (see Figure 2) transmitter output power in the fixed service station can reach 38 dBW. The receiver sensitivity is the same and determined by external noise.




3.2	Technical characteristics of land mobile systems

The typical technical characteristics of the land mobile systems operating in the considered frequency band are shown in Recommendation ITU-R M.1795 “Technical and operational characteristics of land mobile MF/HF systems”. The characteristics of base stations and mobile components of the HF systems in the considered frequency range are presented in Tables 2 and 3 below. 

TABLE 3.2

Representative technical characteristics of land mobile systems 
in the bands between 2 and 30 MHz

		

		Group A

		Group B

		Group C

		Group D

		Group E



		Type

		Base station

		Base station

		Base station

		Base station

		Base station



		Frequency (MHz)

		1.5-30

		1.5-30

		1.5-30

		1.5-30

		2-30



		Bandwidth (kHz)

		2.8

		2.8

		2.8

		2.8

		2-3



		Transmitter power (dBW)

		30-40

		1-10

		20-25

		1-10

		1-20



		Antenna gain (dBi)

		0

		0

		0

		0

		–2.5-2.5



		Antenna height (m)

		10-60

		10-60

		10-60

		10-60

		10-60



		
Antenna type

		Co-linear, whip, dipole

		Vee

		Fan dipole



		Polarization

		Horizontal and vertical



		Modulation

		Analogue or digital, single-sideband suppressed carrier



		Typical minimum path lengths (km)

		300-350





TABLE 3.3

Representative technical characteristics of mobile component of the land mobile system 
in the bands between 2 and 30 MHz

		

		Group F

		Group G

		Group H

		Group I

		Group J



		Type

		Mobile unit

		Mobile unit

		Mobile unit

		Mobile unit

		Mobile unit



		Frequency (MHz)

		1.6-30

		1.5-30

		1-30

		1.6-30

		2-30



		Bandwidth (kHz)

		2-2.3

		2.8-3

		2.7-3.6

		2-3

		2-3



		Transmitter power (dBW)

		1-13

		10-30

		7

		10-27

		1-10



		Antenna gain (dBi)

		–10-0

		0-2

		2

		0-2

		–10-2



		Antenna height (m)

		3-10

		3-10

		15

		3-10

		10-20



		Antenna type

		Whip

		Vee

		Whip



		Polarization

		Vertical

		Vertical and horizontal

		Vertical

		Vertical and horizontal

		Horizontal



		Modulation

		Analogue or digital, single-sideband suppressed carrier



		Typical minimum path lengths (km)

		300-350





[TBD]

3.3	Technical characteristics of the maritime mobile systems

[TBD]

3.4	Technical characteristics of oceanographic radars 

[TBD]

4	Technical characteristics of the amateur systems

[TBD]

5	Compatibility analysis of the amateur systems with the fixed, land mobile, radiolocation and maritime mobile systems

Recommendation ITU-R P.533 and the associated software model were used for performing required sharing and compatibility studies.

5.1	Compatibility of the amateur systems with the fixed systems

The compatibility analysis of stations in the amateur service with fixed communication links was carried out on the example of single-hop and multihop fixed communication links. Murmansk (68.98 North and 33.08 East) – Moscow (55.9 North, 37.6 East) link of 1 490 km was used in the analysis as a single-hop link and Petropavlovsk-Kamchatski (53 North, 158 East) – Moscow (55.9 North, 37.6 East) link of 6 800 km was used in the analysis as a multihop link. Depending from day time and season transmissions on this link can be either in two or three hops.

As possible interference source for single-hop link possible amateur communication links such as Warsaw-Moscow link of 1 155 km and Berlin-Moscow link of 1 615 km were considered. For multihop fixed communication link Astana-Moscow amateur link of 2 277 km and amateur link of 6 200 km connecting the point at the equator (0 degree North, 37.6 East) with Moscow through the meridian were considered as interference sources. Depending from season and day time Astana‑Moscow link can operate either in one hop or two-hop mode. Equator-Moscow link operates only in multihop mode.

In simulation it was assumed that the power of the amateur station transmitter is 20 dBW. The results presented below were obtained assuming that the minimum signal/noise ratio for the amateur station is equal to the minimum signal/noise ratio of the stations in the fixed service and is 8 dB.

The impact of the considered links of the amateur stations on the fixed link operation was determined in accordance with the following methodology:

–	for the amateur station dependence of S/N [dB] ratio from day time and season was determined for the minimum and maximum sunspot numbers;

–	for the fixed service link dependence of S/N [dB] ratio from day time and season was determined for the minimum and maximum sunspot numbers;

–	dependence of signal/interference [S/I, dB] ratio in the fixed service link from day time and season was determined for different levels of solar activity;

–	the obtained results of S/I were compared with the required value of S/I ratio and it was determined operation modes and time intervals when operation of the fixed service link is feasible.

The simulation results of interference impact to single-hop and multihop fixed communication links are presented below in Tables 5.1-5.20.

Table 5.1 presents the simulation results of propagation conditions on Petropavlovsk-Kamchatski-Moscow path depending from day time and season at low solar activity with 10 sunspots. Here and in next Table cells where the signal/noise ratio exceeds 24 dB are highlighted by green colour and the Table cells where the signal/noise ratio ranges from 21 dB to 24 dB are marked by light green colour and the table cells where the signal/noise ratio ranges from 8 dB to 21 dB are highlighted by blue colour. The Table cells where the signal/noise ratio is less than 8 dB (the operation of the fixed communication link is not feasible) are marked by red colour.

The analysis presented in Table 5.1 showed that in case of no interference from the amateur link operation of Petropavlovsk-Kamchatski-Moscow link is feasible almost at any season. The selection of signal type and its transmission time are determined by month when operation of the link should be ensured however for the worst case of propagation conditions digital voice transmission appears to be feasible.

Table 5.2 contains simulation results of propagation conditions on the Astana-Moscow amateur interfering link at low solar activity. Here the Table cells where the signal/noise ratio exceeds 8 dB are highlighted by yellow colour. The Table cells where the signal/noise ratio is less than 8 dB (the operation of the amateur communication link is not feasible) are highlighted by red colour. Comparing of the results presented in Tables 5.1 and 5.2 showed that time when operation of the amateur communication link is not feasible falls into time interval when operation of the fixed communication link is not feasible.

Table 5.3 presents the simulation results of the signal/interference ratio dependence from the day time and season at low solar activity. The signal/noise ratio value is calculated only for the time when the operation of the amateur communication link is feasible. For time intervals when the operation of the amateur communication link is not feasible values of signal/noise ratio from Table 5.1 were used. 

The analysis of the results presented in Table 5.3 showed that in case of interference from the considered amateur communication link operation of the fixed communication link will be disabled almost at any day time. In case of interference caused by the amateur communication link data transmission between Petropavlovsk-Kamchatski and Moscow will be feasible only for digital voice transmission 2 hours per day during two months (January, February) per year.

Table 5.4 presents the simulation results of propagation conditions on the Equator-Moscow amateur communication link. It is shown that data transmission on this link is feasible mostly at the same time as operation of Petropavlovsk-Kamchatski-Moscow link. Therefore it can be expected that this amateur communication link can influence the operation of the fixed communication link.
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[Table 5.1

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 10 sunspot numbers 

		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB



		Output power 

		5 kW

		SSN

		10

		Signal/noise ratio, dB



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		22

		18

		15

		13

		11

		3

		0

		10

		15

		16

		20.5

		25.5

		29

		30

		34

		29.5

		29

		29

		29.5

		31

		31.5

		31

		25

		24

		22



		February

		17.5

		13

		10

		8

		1

		–8.5

		–14

		–6

		6

		8.5

		12

		18

		24

		27

		29

		33

		29

		29

		29.5

		32

		36.5

		31

		26

		22

		17.5



		March

		14

		5.5

		6

		–5

		–17

		–28

		–32

		–19

		–9

		–2

		2

		7

		12

		19

		23

		28

		31

		31.3

		33

		30

		33

		31

		28

		22

		14



		April

		3

		–3.5

		–10

		–21

		–40

		–59

		–58

		–40

		–25

		–13

		–5

		–1

		4

		10

		17

		23

		27.5

		29

		34

		29

		27

		24

		19

		11

		3



		May

		–7.5

		–15

		–33

		–46

		–79

		–88

		–89

		–80

		–56

		–34

		–45

		–34

		–25

		1.5

		10

		17

		22

		26.5

		26

		23

		20

		15.5

		5

		2

		–7.5



		June

		–33.5

		–42

		–75

		–96

		–117

		–126

		–126

		–115

		–92

		–55

		–70

		–56

		–42

		–28

		–15

		4

		12

		12

		11

		12

		8

		4

		–8

		–18

		–33



		July

		–12

		–29

		–34

		–79

		–89

		–96

		–95

		–84

		–60

		–34

		–19

		–4

		–30

		–18

		8

		13

		24

		22

		19

		15

		15

		7

		4

		–2

		–12



		August

		0

		–11

		–16

		–30

		–44

		–71

		–71

		–47

		–30

		–16

		–8

		–4

		0

		8

		13

		21

		23

		26

		26

		22

		19

		14

		7

		0

		0



		September

		4

		5.5

		–8

		–19

		–25

		–46

		–46

		–37

		–22

		–10

		–2

		2

		9

		16

		21.5

		28

		32

		32

		32

		31

		28

		26

		21

		11

		4



		October

		17

		10

		10.5

		–1.5

		–11

		–18

		–23

		–11

		–2

		2.5

		8

		13

		18

		23

		26

		28.5

		31.5

		33

		33

		32

		31

		30

		27

		23

		17



		November

		20

		15

		16

		17

		6

		–2

		–4

		4

		12

		13

		14

		21.5

		25

		28

		32.5

		29

		30

		30.5

		30

		30.5

		31

		30

		26

		22

		20



		December

		22

		33

		15

		18

		26

		20

		16

		18

		21

		23

		27

		24.5

		28.5

		38.5

		8.5

		3

		22

		28

		29

		35

		35.5

		35

		33

		28

		22





Table 5.2

Propagation conditions on Astana-Moscow link for 10 sunspot numbers 

		Interfering link: Astana-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		10

		Signal/noise ratio, dB



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		42.5

		42.5

		44

		41.5

		34

		25

		19

		8.5

		5

		7

		16

		22.5

		26.5

		33

		37

		37.5

		41

		44

		43

		42

		41

		40.5

		41

		41

		42.5



		February

		45

		46.5

		44.5

		39

		26

		20

		12.5

		–1

		–5

		–2

		4

		15

		22

		27

		30.5

		38

		39

		40

		41.5

		42

		42

		41

		39.5

		42.5

		45



		March

		47

		46

		41

		34

		22

		13.5

		–3.5

		–13

		–17

		–12

		–7

		8.5

		14

		20

		26

		34

		36

		37

		38

		40

		41

		41.5

		42

		47

		47



		April

		44

		42

		34

		24

		17.5

		1

		–9

		–17

		–29

		–28

		–12

		–6

		2

		18

		23

		32

		37

		38

		38

		38

		39

		42

		44

		46

		44



		May

		40

		36

		26

		18.5

		3

		–8

		–21

		–29

		–32

		–31

		–27

		–12

		–7

		3.5

		20

		25

		33

		36

		36

		36

		36

		39.5

		40.5

		40.5

		40



		June

		34

		26

		20

		2

		–9

		–23

		–29.5

		–34

		–36

		–36

		–35

		–29.5

		–16

		–5

		6

		21

		22

		32

		38

		38

		38

		38

		38

		38

		34



		July

		38

		34

		25

		11

		–0.5

		–11

		–24

		–30

		–32

		–31.5

		–27.5

		–15

		–8

		3

		18

		23

		32

		34

		35

		36

		37

		38

		38

		38

		38



		August

		41

		39.5

		28

		22

		13.5

		–4

		–13

		–26

		–30

		–28

		–14

		–8

		0

		16

		22

		31

		33.5

		34.5

		35

		37.5

		38

		38.5

		39

		40

		41



		September

		47

		44

		38.5

		25

		18

		8

		–10

		–16

		–18

		–16

		–10

		–1

		13

		21

		27

		34

		38

		38

		38

		39

		40

		42

		44

		46

		47



		October

		46.5

		45.5

		40.5

		33

		24

		16

		3

		–3.5

		–6

		–3

		9

		15

		21

		26

		34

		38

		38

		38.5

		39

		39.5

		40

		41

		42

		46

		46.5



		November

		46

		47

		43.5

		38

		28

		23

		17

		7.5

		4

		11

		16

		21

		26

		34

		38

		39

		40

		41

		42

		42.5

		40.5

		41

		41.5

		44

		46



		December

		43

		46

		46

		44

		39

		28

		25.5

		20

		17.5

		19

		23

		28

		35

		39

		40

		44

		46

		45

		44

		43

		41.5

		41

		41

		41.5

		43






Table 5.3

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 10 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB 

		Interfering link: Astana-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		

		Output power

		0.1 kW

		SSN

		10

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		−20.5

		–24.5

		–29

		–28.5

		–23

		–22

		–19

		1.5

		15

		16

		4.5

		3

		2.5

		–3

		–3

		–8

		–12

		–15

		–13.5

		–11

		–9.5

		–9.5

		–16

		–17

		–20.5



		February

		–27.5

		–33.5

		–34.5

		–31

		–25

		–28.5

		–26.5

		–6

		6

		8.5

		12

		3

		2

		0

		–1.5

		–5

		–10

		–11

		–12

		–10

		–5.5

		–10

		–13.5

		–20.5

		–27.5



		March

		–33

		–40.5

		–35

		–39

		–39

		–41.5

		–32

		–19

		–9

		–2

		2

		–1.5

		–2

		–1

		–3

		–6

		–5

		–5.7

		–5

		–10

		–8

		–10.5

		–14

		–25

		–33



		April

		–41

		–45.5

		–44

		–45

		–57.5

		–59

		–58

		–40

		–25

		–13

		–5

		–1

		4

		–8

		–6

		–9

		–9.5

		–9

		–4

		–9

		–12

		–18

		–25

		–35

		–41



		May

		–47.5

		–51

		–59

		–64.5

		–79

		–88

		–89

		–80

		–56

		–34

		–45

		–34

		–25

		1.5

		–10

		–8

		–11

		–9.5

		–10

		–13

		–16

		–24

		–35.5

		–38.5

		–47.5



		June

		–67.5

		–68

		–95

		–96

		–117

		–126

		–126

		–115

		–92

		–55

		–70

		–56

		–42

		–28

		–15

		–17

		–10

		–20

		–27

		–26

		–30

		–34

		–46

		–56

		–67



		July

		–50

		–63

		–59

		–90

		–89

		–96

		–95

		–84

		–60

		–34

		–19

		–4

		–30

		–18

		–10

		–10

		–8

		–12

		–16

		–21

		–22

		–31

		–34

		–40

		–50



		August

		–41

		–50.5

		–44

		–52

		–57.5

		–71

		–71

		–47

		–30

		–16

		–8

		–4

		0

		–8

		–9

		–10

		–10.5

		–8.5

		–9

		–15.5

		–19

		–24.5

		–32

		–40

		–41



		September

		–43

		–38.5

		–46.5

		–44

		–43

		–54

		–46

		–37

		–22

		–10

		–2

		2

		–4

		–5

		–5.5

		–6

		–6

		–6

		–6

		–8

		–12

		–16

		–23

		–35

		–43



		October

		–29.5

		–35.5

		–30

		–34.5

		–35

		–34

		–23

		–11

		–2

		2.5

		–1

		–2

		–3

		–3

		–8

		–9.5

		–6.5

		–5.5

		–6

		–7.5

		–9

		–11

		–15

		–23

		–29.5



		November

		–26

		–32

		–27.5

		–21

		–22

		–25

		–21

		4

		12

		2

		–2

		0.5

		–1

		–6

		–5.5

		–10

		–10

		–10.5

		–12

		–12

		–9.5

		–11

		–15.5

		–22

		–26



		December

		–21

		–13

		–31

		–26

		–13

		–8

		–9.5

		–2

		3.5

		4

		4

		–3.5

		–6.5

		–0.5

		–31.5

		–41

		–24

		–17

		–15

		–8

		–6

		–6

		–8

		–13.5

		–21





Table 5.4

Propagation conditions on Equator-Moscow link for 10 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Equator-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		10.0

		9.0

		5.0

		7.0

		6.0

		–20.0

		–55.0

		–103.0

		–161.0

		–200.0

		–202.0

		–163.0

		–101.0

		–51.0

		–19.0

		5.0

		12.0

		12.0

		12.0

		12.0

		13.0

		13.0

		12.0

		12.0

		10.0



		February

		12.0

		10.0

		9.0

		8.0

		–5.0

		–24.0

		–62.0

		–119.0

		–181.0

		–221.0

		–224.0

		–186.0

		–123.0

		–63.0

		–25.0

		–6.0

		11.0

		12.0

		12.0

		13.0

		13.0

		13.0

		12.0

		12.0

		12.0



		March

		13.0

		13.0

		9.0

		9.0

		–5.0

		–28.0

		–72.0

		–137.0

		–202.0

		–245.0

		–248.0

		–209.0

		–147.0

		–82.0

		–35.0

		–12.0

		5.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		13.0



		April

		13.0

		10.0

		9.0

		5.0

		–10.0

		–35.0

		–83.0

		–145.0

		–205.0

		–245.0

		–248.0

		–212.0

		–152.0

		–90.0

		–40.0

		–14.0

		1.0

		14.0

		12.0

		12.0

		12.0

		12.0

		13.0

		13.0

		13.0



		May

		10.0

		10.0

		8.0

		–1.0

		–15.0

		–46.0

		–96.0

		–153.0

		–208.0

		–244.0

		–247.0

		–214.0

		–158.0

		–99.0

		–49.0

		–16.0

		–3.0

		8.0

		12.0

		11.0

		11.0

		11.0

		11.0

		11.0

		10.0



		June

		9.0

		9.0

		6.0

		–7.0

		–34.0

		–61.0

		–109.0

		–162.0

		–211.0

		–243.0

		–247.0

		–217.0

		–165.0

		–109.0

		–59.0

		–22.0

		–7.0

		2.0

		9.0

		9.0

		10.0

		10.0

		9.0

		9.0

		9.0



		July

		9.0

		10.0

		8.0

		–2.0

		–17.0

		–51.0

		–100.0

		–154.0

		–208.0

		–243.0

		–244.0

		–207.0

		–149.0

		–92.0

		–44.0

		–15.0

		–4.0

		6.0

		9.0

		9.0

		10.0

		10.0

		9.0

		9.0

		9.0



		August

		9.0

		10.0

		10.0

		1.0

		–14.0

		–42.0

		–90.0

		–147.0

		–205.0

		–243.0

		–241.0

		–196.0

		–133.0

		–76.0

		–31.0

		–11.0

		1.0

		13.0

		11.0

		9.0

		10.0

		10.0

		9.0

		9.0

		9.0



		September

		13.0

		9.0

		8.0

		3.0

		–12.0

		–36.0

		–82.0

		–141.0

		–202.0

		–243.0

		–238.0

		–186.0

		–119.0

		–60.0

		–21.0

		–7.0

		7.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		13.0



		October

		12.0

		13.0

		9.0

		7.0

		–7.0

		–28.0

		–65.0

		–121.0

		–180.0

		–220.0

		–218.0

		–171.0

		–100.0

		–49.0

		–18.0

		–4.0

		11.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0



		November

		12.0

		9.0

		8.0

		8.0

		4.0

		–23.0

		–56.0

		–104.0

		–161.0

		–200.0

		–199.0

		–156.0

		–92.0

		–45.0

		–16.0

		6.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0



		December

		12.0

		9.0

		5.0

		6.0

		6.0

		–11.0

		–50.0

		–94.0

		–143.0

		–180.0

		–181.0

		–143.0

		–82.0

		–40.0

		–7.0

		9.0

		12.0

		12.0

		12.0

		12.0

		13.0

		13.0

		12.0

		12.0

		12.0






Table 5.5

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 10 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB

		Interfering link: Equator-Moscow, isotropic antenna gain=0 dB



		Output power 

		0.1 kW 

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		12.0

		9.0

		15.0

		13.0

		11.0

		3.0

		0.0

		10.0

		15.0

		16.0

		20.5

		25.5

		29.0

		30.0

		34.0

		29.5

		17.0

		17.0

		17.5

		19.0

		18.5

		18.0

		13.0

		12.0

		12.0



		February

		5.5

		3.0

		1.0

		0.0

		1.0

		–8.5

		–14.0

		–6.0

		6.0

		8.5

		12.0

		18.0

		24.0

		27.0

		29.0

		33.0

		18.0

		17.0

		17.5

		19.0

		23.5

		18.0

		14.0

		10.0

		5.5



		March

		1.0

		–7.5

		–3.0

		–14.0

		–17.0

		–28.0

		–32.0

		–19.0

		–9.0

		–2.0

		2.0

		7.0

		12.0

		19.0

		23.0

		28.0

		31.0

		19.3

		21.0

		18.0

		21.0

		19.0

		16.0

		10.0

		1.0



		April

		–10.0

		–13.5

		–19.0

		–21.0

		–40.0

		–59.0

		–58.0

		–40.0

		–25.0

		–13.0

		–5.0

		–1.0

		4.0

		10.0

		17.0

		23.0

		27.5

		15.0

		22.0

		17.0

		15.0

		12.0

		6.0

		–2.0

		–10.0



		May

		–17.5

		–25.0

		–41.0

		–46.0

		–79.0

		–88.0

		–89.0

		–80.0

		–56.0

		–34.0

		–45.0

		–34.0

		–25.0

		1.5

		10.0

		17.0

		22.0

		18.5

		14.0

		12.0

		9.0

		4.5

		–6.0

		–9.0

		–17.5



		June

		–42.5

		–51.0

		–75.0

		–96.0

		–117.0

		–126.0

		–126.0

		–115.0

		–92.0

		–55.0

		–70.0

		–56.0

		–42.0

		–28.0

		–15.0

		4.0

		12.0

		12.0

		2.0

		3.0

		–2.0

		–6.0

		–17.0

		–27.0

		–42.0



		July

		–21.0

		–39.0

		–42.0

		–79.0

		–89.0

		–96.0

		–95.0

		–84.0

		–60.0

		–34.0

		–19.0

		–4.0

		–30.0

		–18.0

		8.0

		13.0

		24.0

		22.0

		10.0

		6.0

		5.0

		–3.0

		–5.0

		–11.0

		–21.0



		August

		–9.0

		–21.0

		–26.0

		–30.0

		–44.0

		–71.0

		–71.0

		–47.0

		–30.0

		–16.0

		–8.0

		–4.0

		0.0

		8.0

		13.0

		21.0

		23.0

		13.0

		15.0

		13.0

		9.0

		4.0

		–2.0

		–9.0

		–9.0



		September

		–9.0

		–3.5

		–16.0

		–19.0

		–25.0

		–46.0

		–46.0

		–37.0

		–22.0

		–10.0

		–2.0

		2.0

		9.0

		16.0

		21.5

		28.0

		32.0

		20.0

		20.0

		19.0

		16.0

		14.0

		9.0

		–1.0

		–9.0



		October

		5.0

		–3.0

		1.5

		–1.5

		–11.0

		–18.0

		–23.0

		–11.0

		–2.0

		2.5

		8.0

		13.0

		18.0

		23.0

		26.0

		28.5

		20.5

		21.0

		21.0

		20.0

		19.0

		18.0

		15.0

		11.0

		5.0



		November

		8.0

		6.0

		8.0

		9.0

		6.0

		–2.0

		–4.0

		4.0

		12.0

		13.0

		14.0

		21.5

		25.0

		28.0

		32.5

		29.0

		18.0

		18.5

		18.0

		18.5

		19.0

		18.0

		14.0

		10.0

		8.0



		December

		10.0

		24.0

		15.0

		18.0

		26.0

		20.0

		16.0

		18.0

		21.0

		23.0

		27.0

		24.5

		28.5

		38.5

		8.5

		–6.0

		10.0

		16.0

		17.0

		23.0

		22.5

		22.0

		21.0

		16.0

		10.0





Table 5.6

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 80 sunspot numbers 

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB



		Output power 

		5 kW 

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		16

		12.5

		9

		13

		6

		–3

		–7.5

		1

		8

		9

		9.5

		19

		25

		27

		28

		35

		31

		30.5

		30

		31

		34

		27

		24

		22

		17



		February

		9

		3.5

		6

		–3

		–13.5

		–21

		–28

		–19

		–6

		5

		4

		10

		17

		22

		24.5

		27

		28

		28

		29

		36

		31

		23

		22

		16

		9



		March

		–1

		0

		–8

		–1.5

		–30

		–46

		–55

		–49

		–22

		–5

		–8

		–3

		5

		11

		19

		23

		27

		27

		36

		31

		28

		24

		19

		9

		–1



		April

		–4

		–17

		–25

		–39

		–54

		–66

		–62

		–57

		–44

		–29

		–20

		–8

		–4

		2

		11

		18

		23

		30

		28

		23

		17

		17

		18

		10

		–4



		May

		–24

		–33

		–49

		–124

		–135

		–142

		–143

		–135

		–68

		–49

		–33

		–25

		–10

		–9

		1

		11

		20

		19

		17

		10

		17

		10

		0

		–14

		–25



		June

		–52

		–136

		–158

		–178

		–170

		–198

		–192

		–190

		–172

		–80

		–128

		–106

		–82

		–60

		–38

		–20

		2

		4

		–2

		–6

		–4

		–14

		–26

		–36

		–52



		July

		–30

		–47.3

		–125.6

		–141

		–154.2

		–161.5

		–161

		–150

		–112.6

		–54

		–36

		–26.6

		–11.6

		–9.5

		–0.3

		14

		14

		15

		12

		6

		–7

		3.5

		–6

		–22

		–30.6



		August

		–21

		–28

		–42

		–59

		–68

		–129

		–126

		–67

		–50

		–42

		–26

		–49.5

		–34

		–0.5

		8

		15.5

		20

		23

		21

		15

		6.4

		8

		–1.3

		–5

		–21



		September

		–12.5

		–19.6

		–26.5

		–41

		–56.4

		–71

		–61

		–56.4

		–42

		–27

		–16

		–7

		0.5

		8.6

		16

		22

		26

		33

		28

		26

		27

		18

		10

		–1

		–12.5



		October

		1

		4

		–8.5

		–16.6

		–29

		–42

		–46.5

		–29

		–16

		–8

		–1

		5

		11

		17

		22

		26

		28

		28

		34

		30

		17

		17

		17

		9

		1



		November

		12

		7.4

		11.4

		1.5

		–5

		–14

		–17

		–6

		3

		6

		10

		15.5

		20.5

		24

		26

		30.5

		28

		28

		29

		36.5

		30.5

		24.6

		22.5

		18

		12



		December

		21

		18

		15

		14

		17

		12

		5.6

		15

		16.6

		17

		20

		25

		29.5

		31

		29.5

		29

		30

		29

		30

		31.6

		31.5

		32

		22.5

		23.5

		21






Table 5.7

Propagation conditions on Astana-Moscow link for 80 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Астана-Москва, isotropic antenna gain=0 dB



		Output power 

		0.1 kW 

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		 January

		47

		47

		47

		40

		31.5

		22

		15

		1

		–6

		–6

		7

		15

		23

		28

		37

		38

		40

		42

		43

		42.6

		42

		41

		40

		42

		47



		February

		45

		47

		43

		33.6

		23

		14.4

		–1

		–14

		–21

		–20

		–12.5

		6

		15

		23

		28

		36.6

		37.6

		39

		42.3

		43

		43

		41

		41

		42

		45



		March

		41

		40.5

		38

		24

		17

		5

		–16

		–25.5

		–51

		–49

		–40

		–14

		4.4

		14

		22

		32

		36

		36

		36

		37

		37.5

		39

		39.4

		40

		41



		April

		39

		37

		31

		18.5

		8.6

		–13

		–34

		–48

		–55

		–54

		–46

		–33

		–1

		8

		17

		25

		34

		36

		36

		36

		36.5

		38.5

		39

		39

		39



		May

		36

		31.5

		21

		10.3

		–12.5

		–33

		–45.6

		–55.4

		–69

		–68.2

		–54

		–44

		–31

		–9.3

		11.3

		20.5

		30

		35

		35.6

		36

		36

		37.8

		38

		38

		36



		June

		31

		21.4

		13

		–13

		–36

		–48

		–55.6

		–70

		–75

		–75.5

		–71

		–55

		–47

		–32

		–8.5

		13.5

		20

		29

		33.6

		34.7

		35

		36

		36

		34.4

		31



		July

		34

		25

		19.4

		–1.4

		–16

		–38.3

		–51

		–68

		–73.4

		–71.4

		–55

		–45

		–33

		–13

		9.6

		18.5

		27

		32

		34

		34.6

		35

		35.7

		35.7

		35.7

		34



		August

		37

		34.3

		24

		16

		5

		–28.5

		–45

		–56.5

		–61

		–58

		–48.4

		–34.2

		–15

		7

		15

		22.5

		30

		33

		34.2

		34.7

		35

		36

		36.3

		36.4

		37.2



		September

		40

		39

		33

		19

		8.4

		–13

		–25.6

		–54

		–59.3

		–54

		–41

		–13

		4

		12.3

		20.6

		31

		36

		36.5

		36

		36

		36.3

		38.4

		39

		40

		40



		October

		41.7

		40.5

		37

		24

		17

		7

		–10.5

		–21.6

		–26.3

		–22.5

		–13.8

		5

		12.6

		20.5

		26

		34.5

		36.6

		36.6

		36.2

		36.4

		36.5

		38.3

		39

		40

		42



		November

		42

		43

		40

		33

		24

		17.4

		10

		–4

		–11

		–9

		5

		13.4

		20.6

		26.3

		34.7

		37

		37

		38

		37.6

		37.4

		37.1

		39

		39

		40

		42



		December

		42.3

		45

		44.3

		38.4

		34.3

		25.5

		22

		15

		10.2

		10

		15

		22.2

		27.3

		36.3

		37.6

		37.7

		38

		40.3

		42

		42

		41

		39.6

		39.4

		40

		42.3





Table 5.8

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 80 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB

		Interfering link: Астана-Москва, isotropic antenna gain=0 dB



		Output power

		5 kW 

		SSN

		80

		

		Output power

		0.1 kW

		SSN

		80

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		–31

		–34.5

		–38

		–27

		–25.5

		–25

		–22.5

		1

		8

		9

		9.5

		4

		2

		–1

		–9

		–3

		–9

		–11.5

		–13

		–11.6

		–8

		–14

		–16

		–20

		–30



		February

		–36

		–43.5

		–37

		–36.6

		–36.5

		–35.4

		–28

		–19

		–6

		5

		4

		10

		2

		–1

		–3.5

		–9.6

		–9.6

		–11

		–13.3

		–7

		–12

		–18

		–19

		–26

		–36



		March

		–42

		–40.5

		–46

		–25.5

		–47

		–46

		–55

		–49

		–22

		–5

		–8

		–3

		5

		–3

		–3

		–9

		–9

		–9

		0

		–6

		–9.5

		–15

		–20.4

		–31

		–42



		April

		–43

		–54

		–56

		–57.5

		–62.6

		–66

		–62

		–57

		–44

		–29

		–20

		–8

		–4

		–6

		–6

		–7

		–11

		–6

		–8

		–13

		–19.5

		–21.5

		–21

		–29

		–43



		May

		–60

		–64.5

		–70

		–134.3

		–135

		–142

		–143

		–135

		–68

		–49

		–33

		–25

		–10

		–9

		–10.3

		–9.5

		–10

		–16

		–18.6

		–26

		–19

		–27.8

		–38

		–52

		–61



		June

		–83

		–157.4

		–171

		–178

		–170

		–198

		–192

		–190

		–172

		–80

		–128

		–106

		–82

		–60

		–38

		–33.5

		–18

		–25

		–35.6

		–40.7

		–39

		–50

		–62

		–70.4

		–83



		July

		–64

		–72.3

		–145

		–141

		–154.2

		–161.5

		–161

		–150

		–112.6

		–54

		–36

		–26.6

		–11.6

		–9.5

		–9.9

		–4.5

		–13

		–17

		–22

		–28.6

		–42

		–32.2

		–41.7

		–57.7

		–64.6



		August

		–58

		–62.3

		–66

		–75

		–68

		–129

		–126

		–67

		–50

		–42

		–26

		–49.5

		–34

		–0.5

		–7

		–7

		–10

		–10

		–13.2

		–19.7

		–28.6

		–28

		–37.6

		–41.4

		–58.2



		September

		–52.5

		–58.6

		–59.5

		–60

		–64.8

		–71

		–61

		–56.4

		–42

		–27

		–16

		–7

		0.5

		–3.7

		–4.6

		–9

		–10

		–3.5

		–8

		–10

		–9.3

		–20.4

		–29

		–41

		–52.5



		October

		–40.7

		–36.5

		–45.5

		–40.6

		–46

		–42

		–46.5

		–29

		–16

		–8

		–1

		5

		–1.6

		–3.5

		–4

		–8.5

		–8.6

		–8.6

		–2.2

		–6.4

		–19.5

		–21.3

		–22

		–31

		–41



		November

		–30

		–35.6

		–28.6

		–31.5

		–29

		–31.4

		–27

		–6

		3

		6

		10

		2.1

		–0.1

		–2.3

		–8.7

		–6.5

		–9

		–10

		–8.6

		–0.9

		–6.6

		–14.4

		–16.5

		–22

		–30



		December

		–21.3

		–27

		–29.3

		–24.4

		–17.3

		–13.5

		–16.4

		0

		6.4

		7

		5

		2.8

		2.2

		–5.3

		–8.1

		–8.7

		–8

		–11.3

		–12

		–10.4

		–9.5

		–7.6

		–16.9

		–16.5

		–21.3








Table 5.9

Propagation conditions on Equator-Moscow link for 80 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Equator-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		12.0

		12.0

		10.0

		9.0

		3.0

		–28.0

		–76.0

		–159.0

		–244.0

		–301.0

		–302.0

		–245.0

		–130.0

		–74.0

		–30.0

		–3.0

		11.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		12.0



		February

		12.0

		12.0

		20.0

		9.0

		–3.0

		–35.0

		–91.0

		–177.0

		–267.0

		–330.0

		–335.0

		–276.0

		–187.0

		–98.0

		–42.0

		–14.0

		6.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		12.0



		March

		20.0

		20.0

		20.0

		7.0

		–11.0

		–43.0

		–107.0

		–197.0

		–294.0

		–365.0

		–373.0

		–313.0

		–218.0

		–129.0

		–59.0

		–20.0

		–2.0

		11.0

		12.0

		12.0

		12.0

		13.0

		13.0

		13.0

		20.0



		April

		20.0

		20.0

		10.0

		0.0

		–18.0

		–57.0

		–127.0

		–215.0

		–307.0

		–370.0

		–373.0

		–316.0

		–228.0

		–141.0

		–72.0

		–26.0

		–7.0

		8.0

		19.0

		20.0

		20.0

		20.0

		20.0

		20.0

		20.0



		May

		20.0

		11.0

		11.0

		–8.0

		–27.0

		–77.0

		–148.0

		–236.0

		–321.0

		–374.0

		–373.0

		–320.0

		–238.0

		–155.0

		–88.0

		–37.0

		–10.0

		3.0

		13.0

		12.0

		12.0

		12.0

		20.0

		20.0

		20.0



		June

		9.0

		8.0

		5.0

		–17.0

		–55.0

		–100.0

		–173.0

		–258.0

		–335.0

		–379.0

		–373.0

		–323.0

		–249.0

		–172.0

		–105.0

		–52.0

		–16.0

		–2.0

		7.0

		17.0

		11.0

		10.0

		9.0

		9.0

		9.0



		July

		19.0

		10.0

		9.0

		–11.0

		–32.0

		–86.0

		–159.0

		–248.0

		–333.0

		–382.0

		–372.0

		–311.0

		–228.0

		–150.0

		–87.0

		–37.0

		–11.0

		2.0

		12.0

		11.0

		11.0

		11.0

		11.0

		18.0

		19.0



		August

		19.0

		19.0

		13.0

		–6.0

		–23.0

		–72.0

		–146.0

		–239.0

		–332.0

		–385.0

		–370.0

		–299.0

		–209.0

		–131.0

		–69.0

		–25.0

		–8.0

		6.0

		11.0

		11.0

		11.0

		11.0

		11.0

		18.0

		19.0



		September

		20.0

		20.0

		10.0

		–2.0

		–18.0

		–60.0

		–134.0

		–230.0

		–330.0

		–388.0

		–368.0

		–287.0

		–191.0

		–112.0

		–54.0

		–18.0

		–1.0

		11.0

		12.0

		12.0

		12.0

		12.0

		12.0

		20.0

		20.0



		October

		20.0

		20.0

		20.0

		3.0

		–13.0

		–45.0

		–107.0

		–197.0

		–288.0

		–344.0

		–332.0

		–260.0

		–169.0

		–89.0

		–38.0

		–13.0

		5.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		20.0



		November

		12.0

		13.0

		10.0

		11.0

		–2.0

		–34.0

		–87.0

		–168.0

		–253.0

		–307.0

		–300.0

		–237.0

		–127.0

		–71.0

		–29.0

		–4.0

		10.0

		12.0

		12.0

		12.0

		12.0

		20.0

		12.0

		12.0

		12.0



		December

		12.0

		12.0

		12.0

		11.0

		4.0

		–20.0

		–72.0

		–133.0

		–223.0

		–275.0

		–272.0

		–216.0

		–119.0

		–63.0

		–18.0

		4.0

		12.0

		12.0

		13.0

		13.0

		13.0

		13.0

		13.0

		12.0

		12.0





Table 5.10

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 80 sunspot numbers with interference 

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB

		Interfering link: Equator-Moscow, isotropic antenna gain=0 dB



		Output power 

		0.1 kW 

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		4.0

		0.5

		–1.0

		4.0

		6.0

		–3.0

		–7.5

		1.0

		8.0

		9.0

		9.5

		19.0

		25.0

		27.0

		28.0

		35.0

		20.0

		17.5

		17.0

		18.0

		21.0

		14.0

		11.0

		9.0

		5.0



		February

		–3.0

		–8.5

		–14.0

		–12.0

		–13.5

		–21.0

		–28.0

		–19.0

		–6.0

		5.0

		4.0

		10.0

		17.0

		22.0

		24.5

		27.0

		28.0

		15.0

		16.0

		23.0

		18.0

		10.0

		9.0

		3.0

		–3.0



		March

		–21.0

		–20.0

		–28.0

		–1.5

		–30.0

		–46.0

		–55.0

		–49.0

		–22.0

		–5.0

		–8.0

		–3.0

		5.0

		11.0

		19.0

		23.0

		27.0

		16.0

		24.0

		19.0

		16.0

		11.0

		6.0

		–4.0

		–21.0



		April

		–24.0

		–37.0

		–35.0

		–39.0

		–54.0

		–66.0

		–62.0

		–57.0

		–44.0

		–29.0

		–20.0

		–8.0

		–4.0

		2.0

		11.0

		18.0

		23.0

		22.0

		9.0

		3.0

		–3.0

		–3.0

		–2.0

		–10.0

		–24.0



		May

		–44.0

		–44.0

		–60.0

		–124.0

		–135.0

		–142.0

		–143.0

		–135.0

		–68.0

		–49.0

		–33.0

		–25.0

		–10.0

		–9.0

		1.0

		11.0

		20.0

		19.0

		4.0

		–2.0

		5.0

		–2.0

		–20.0

		–34.0

		–45.0



		June

		–61.0

		–144.0

		–158.0

		–178.0

		–170.0

		–198.0

		–192.0

		–190.0

		–172.0

		–80.0

		–128.0

		–106.0

		–82.0

		–60.0

		–38.0

		–20.0

		2.0

		4.0

		–2.0

		–23.0

		–15.0

		–24.0

		–35.0

		–45.0

		–61.0



		July

		–49.0

		–57.3

		–134.6

		–141.0

		–154.2

		–161.5

		–161.0

		–150.0

		–112.6

		–54.0

		–36.0

		–26.6

		–11.6

		–9.5

		–0.3

		14.0

		14.0

		15.0

		0.0

		–5.0

		–18.0

		–7.5

		–17.0

		–40.0

		–49.6



		August

		–40.0

		–47.0

		–55.0

		–59.0

		–68.0

		–129.0

		–126.0

		–67.0

		–50.0

		–42.0

		–26.0

		–49.5

		–34.0

		–0.5

		8.0

		15.5

		20.0

		23.0

		10.0

		4.0

		–4.6

		–3.0

		–12.3

		–23.0

		–40.0



		September

		–32.5

		–39.6

		–36.5

		–41.0

		–56.4

		–71.0

		–61.0

		–56.4

		–42.0

		–27.0

		–16.0

		–7.0

		0.5

		8.6

		16.0

		22.0

		26.0

		22.0

		16.0

		14.0

		15.0

		6.0

		–2.0

		–21.0

		–32.5



		October

		–19.0

		–16.0

		–28.5

		–16.6

		–29.0

		–42.0

		–46.5

		–29.0

		–16.0

		–8.0

		–1.0

		5.0

		11.0

		17.0

		22.0

		26.0

		28.0

		16.0

		22.0

		18.0

		5.0

		5.0

		5.0

		–3.0

		–19.0



		November

		0.0

		–5.6

		1.4

		–9.5

		–5.0

		–14.0

		–17.0

		–6.0

		3.0

		6.0

		10.0

		15.5

		20.5

		24.0

		26.0

		30.5

		18.0

		16.0

		17.0

		24.5

		18.5

		4.6

		10.5

		6.0

		0.0



		December

		9.0

		6.0

		3.0

		3.0

		17.0

		12.0

		5.6

		15.0

		16.6

		17.0

		20.0

		25.0

		29.5

		31.0

		29.5

		29.0

		18.0

		17.0

		17.0

		18.6

		18.5

		19.0

		9.5

		11.5

		9.0






Table 5.11

Propagation conditions on Murmansk-Moscow link for 10 sunspot numbers 

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		66.5

		65.5

		56

		54

		58

		64

		63

		55

		51.5

		49.5

		49.5

		52

		56

		59.5

		62.5

		67

		56

		64

		64

		65

		66.5

		67

		67

		67

		66.5



		February

		65.5

		67.7

		52

		53.5

		61

		63

		59.5

		47

		47

		45

		45.3

		47.5

		50

		56

		58

		63.5

		67.5

		66

		65

		64.5

		65.5

		65.5

		66.5

		66.5

		65.5



		March

		57.5

		57.3

		57

		63.5

		66

		61.5

		51.5

		41

		37

		34.5

		35

		39

		43.5

		47

		52

		56

		58

		58.5

		62

		63

		62.5

		61.5

		61.5

		60.5

		57.5



		April

		65.5

		66

		65.5

		66

		65

		55

		43.5

		37

		35

		31.5

		32

		37

		39

		43

		50

		53

		57

		57.5

		58

		60

		63

		62.7

		62

		65

		65.5



		May

		67.5

		69.5

		65

		63

		51.5

		42

		37.5

		32

		31

		29

		29

		33

		34

		39

		41.5

		46

		54

		56

		57.5

		57

		56.5

		58

		60

		67

		67.5



		June

		66.5

		66

		64

		51.5

		44

		36.5

		32

		29

		26

		25

		25.5

		25.5

		28.5

		31

		32.5

		38

		42

		49.5

		52

		54

		56

		56

		57

		62

		66.5



		July

		65.5

		67

		66.5

		64.7

		55

		47.5

		41.5

		37.5

		34

		32.5

		32

		33

		36

		40

		40.5

		43

		51

		52

		55

		54.3

		58

		59.5

		62.5

		64.5

		65.5



		August

		65.5

		66

		68

		66.5

		65

		57

		43

		37.5

		34.5

		33

		33.3

		34.5

		38

		41.5

		42.5

		52

		53

		53.5

		54

		54.5

		59.5

		63

		62.5

		64

		65.5



		September

		58.5

		58

		56.5

		65

		64

		57.5

		44

		38

		34

		33

		34

		48.5

		42

		46.5

		52

		56

		59

		58

		59

		61.5

		62.5

		62

		61

		60.5

		58.5



		October

		58.5

		57

		46.5

		63.5

		65.5

		62

		50.5

		42.5

		41.7

		40.5

		41

		45

		48

		54.5

		55

		58.5

		59.5

		61

		64

		63.5

		62.5

		61.5

		61

		62

		58.5



		November

		61

		56.5

		52

		53.8

		63

		62.5

		58

		50.3

		47

		45

		45.3

		52

		55

		58

		60

		65

		64

		63

		62

		61.5

		61

		61.2

		61.5

		65

		61



		December

		65.5

		58.5

		49

		44

		50

		46

		64

		61

		59

		56.5

		56

		58

		61

		66.5

		67.5

		66.5

		58

		54

		54.5

		57.5

		62

		65

		65.7

		65.7

		65.6





Table 5.12

Propagation conditions on Warsaw-Moscow link for 10 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Warsaw-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		53

		52

		48

		45

		43

		52

		54

		46

		40

		32

		31

		32.5

		39

		43

		45

		54.5

		54

		52

		52

		52.5

		52.5

		53

		53.2

		53.5

		53



		February

		52

		47

		45

		42.5

		44

		52.5

		52

		40.5

		31.5

		27

		25

		28.5

		31

		39.5

		43

		47.5

		51.5

		53

		53.5

		53

		53

		48

		52

		52

		52



		March

		46

		43.5

		42

		45

		53

		52

		44.5

		36

		23

		18

		17.5

		19

		22.5

		35

		37.5

		41.5

		43

		48

		52

		52.5

		52

		50.5

		49.5

		48

		46



		April

		47.5

		46.5

		48

		53

		54

		50

		42.5

		28

		24

		19.5

		18.5

		20.5

		23

		27

		37.5

		41

		44

		46

		48

		51

		52

		51.5

		51.2

		52.5

		47.5



		May

		54

		54

		53.5

		54

		52.5

		37

		31

		25

		21

		17.5

		17

		19

		22

		25

		29

		33

		42

		45

		45

		45.5

		46

		48

		52.5

		53

		54



		June

		52.5

		53

		54

		52

		48

		33

		27

		22

		19

		15.5

		15

		15.5

		20

		26

		28

		31

		33

		41

		43

		43

		44.5

		45

		48

		52

		52.5



		July

		52.5

		53

		53.5

		54

		52

		41

		34

		28

		24

		20

		18

		20

		25

		30

		32

		37

		44.5

		44.5

		43

		43.5

		44.5

		49

		51.5

		52

		52.5



		August

		52

		51.8

		52.5

		54

		53

		51

		34

		28.5

		23

		20

		19.5

		20

		22.5

		32.5

		44

		43.5

		42

		42

		42.5

		43

		46

		51.5

		50.5

		51

		52



		September

		43.5

		40.5

		38

		44.5

		54

		50.5

		43

		30.5

		21

		18

		18

		20

		22.5

		36.5

		39.5

		44

		46

		47

		49

		51.5

		51.4

		51

		50

		46

		43.5



		October

		48

		46

		44.5

		45.5

		52.5

		51.5

		42.5

		35.5

		28.5

		25

		24.5

		27

		45.5

		38.5

		41

		43

		45.5

		50

		53

		52.5

		51

		50.5

		50

		51.8

		48



		November

		52.5

		48

		45.5

		43.5

		46.5

		52

		51

		41

		38

		31

		30

		36.5

		38.5

		41

		43.5

		49

		52

		52

		51

		46

		44

		45

		47

		51

		52.5



		December

		52.5

		52

		46

		43

		41

		51.5

		53

		52.5

		44

		40.5

		35

		40.8

		43.5

		47.5

		54

		54

		52.5

		43.5

		40.5

		41

		43.5

		47

		52.5

		52.6

		52.5






Table 5.13

Propagation conditions on Murmansk-Moscow link for 10 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB

		Interfering link: Warsaw-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		

		Output power

		0.1 kW

		SSN

		10

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		13.5

		13.5

		8

		9

		15

		12

		9

		9

		11.5

		17.5

		18.5

		19.5

		17

		16.5

		17.5

		12.5

		2

		12

		12

		12.5

		14

		14

		13.8

		13.5

		13.5



		February

		13.5

		20.7

		7

		11

		17

		10.5

		7.5

		6.5

		15.5

		18

		20.3

		19

		19

		16.5

		15

		16

		16

		13

		11.5

		11.5

		12.5

		17.5

		14.5

		14.5

		13.5



		March

		11.5

		13.8

		15

		18.5

		13

		9.5

		7

		5

		14

		16.5

		17.5

		20

		21

		12

		14.5

		14.5

		15

		10.5

		10

		10.5

		10.5

		11

		12

		12.5

		11.5



		April

		18

		19.5

		17.5

		13

		11

		5

		1

		9

		11

		12

		13.5

		16.5

		16

		16

		12.5

		12

		13

		11.5

		10

		9

		11

		11.2

		10.8

		12.5

		18



		May

		13.5

		15.5

		11.5

		9

		-1

		5

		6.5

		7

		10

		11.5

		12

		14

		12

		14

		12.5

		13

		12

		11

		12.5

		11.5

		10.5

		10

		7.5

		14

		13.5



		June

		14

		13

		10

		-0.5

		-4

		3.5

		5

		7

		7

		9.5

		10.5

		10

		8.5

		5

		4.5

		7

		9

		8.5

		9

		11

		11.5

		11

		9

		10

		14



		July

		13

		14

		13

		10.7

		3

		6.5

		7.5

		9.5

		10

		12.5

		14

		13

		11

		10

		8.5

		6

		6.5

		7.5

		12

		10.8

		13.5

		10.5

		11

		12.5

		13



		August

		13.5

		14.2

		15.5

		12.5

		12

		6

		9

		9

		11.5

		13

		13.8

		14.5

		

		9

		-1.5

		8.5

		11

		11.5

		11.5

		11.5

		13.5

		11.5

		12

		13

		13.5



		September

		15

		17.5

		18.5

		20.5

		10

		7

		1

		7.5

		13

		15

		16

		28.5

		19.5

		10

		12.5

		12

		13

		11

		10

		10

		11.1

		11

		11

		14.5

		15



		October

		10.5

		11

		2

		18

		13

		10.5

		8

		7

		13.2

		15.5

		16.5

		18

		2.5

		16

		14

		15.5

		14

		11

		11

		11

		11.5

		11

		11

		10.2

		10.5



		November

		8.5

		8.5

		6.5

		10.3

		16.5

		10.5

		7

		9.3

		9

		14

		15.3

		15.5

		16.5

		17

		16.5

		16

		12

		11

		11

		15.5

		17

		16.2

		14.5

		14

		8.5



		December

		13

		6.5

		3

		1

		9

		-5.5

		11

		8.5

		15

		16

		21

		17.2

		17.5

		19

		13.5

		12.5

		5.5

		10.5

		14

		16.5

		18.5

		18

		13.2

		13.1

		13.1





Table 5.14

Propagation conditions on Berlin-Moscow link for 10 sunspot numbers

		Signal/noise ratio, dB



		Interfering link: Berlin-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		50.5

		50.4

		50

		49.8

		49.1

		49.6

		50.2

		38.5

		33

		27.7

		25

		26.8

		30.5

		35

		39

		42.5

		49

		50

		49.8

		49.5

		50.2

		50.3

		50.4

		50.4

		50.5



		February

		50.5

		50

		49.5

		49

		49.5

		50.5

		44.4

		31.5

		26

		16

		14

		16

		24

		29

		33

		39.5

		43.5

		46

		50

		50

		50.5

		50.5

		50.5

		50.5

		50.5



		March

		49.9

		50.1

		49.5

		49.5

		50.5

		49

		36

		25

		14

		9

		8

		10

		12

		17

		26

		32.5

		39

		41

		42

		46

		48.5

		48.5

		48.5

		50

		49.9



		April

		50

		50.5

		50.5

		51

		50.5

		39

		29.2

		21

		10

		–4

		–6

		–4

		–2

		12

		21

		29

		36.5

		41

		41

		42

		43

		48

		49

		50.2

		50



		May

		50.5

		51

		51.5

		50

		42.5

		29.8

		22

		11

		–2.5

		–7

		–8

		–7

		–4.5

		–1

		12.5

		24

		34

		39

		41.5

		41

		40.5

		41

		41.5

		48

		50.5



		June

		46

		48

		49.8

		43.5

		37.5

		25

		12

		–2

		–6

		–9

		–11

		–10.5

		–9.5

		–5.5

		–3

		11.5

		22

		32

		37

		39

		38.8

		39

		39.5

		42

		46



		July

		49

		49.5

		51

		48

		41

		31

		22

		10

		–3

		–7

		–8.5

		–8

		–6

		–2

		10

		22

		29

		36

		38.5

		38

		39

		40

		41.5

		47

		49



		August

		49

		50

		50.5

		51.5

		49

		39

		26

		15

		–1

		–6

		–7

		–6.5

		–4

		10

		14

		28

		34

		37

		37

		37

		39

		40

		46

		48

		48.5



		September

		49

		49

		48.6

		49

		51

		41

		30

		20.5

		9.5

		8

		7

		–2

		11

		14

		27

		36

		40

		41

		41

		42

		44

		49

		48.5

		49.5

		49



		October

		50

		50.5

		50

		49.7

		51

		47

		37

		29

		23

		13.5

		12

		15

		22

		28

		31

		38

		41

		42.5

		43.5

		45.5

		48

		48

		48

		50

		50



		November

		50

		50.5

		50

		49

		49.2

		49

		41.5

		33

		30.5

		26

		24

		26

		29

		33

		37.5

		41.5

		44

		50

		49.7

		49

		48

		48

		49

		49.5

		50



		December

		50.5

		50

		49.7

		49

		49

		50

		51

		42.5

		36

		32

		30.7

		31.3

		35

		40

		43

		49

		51

		49

		48

		48

		49

		50

		50.5

		50.5

		50.5






Table 5.15

Propagation conditions on Murmansk-Moscow link for 10 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB

		Interfering link: Berlin-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		

		Output power

		0.1 kW

		SSN

		10

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		16

		15.1

		6

		4.2

		8.9

		14.4

		12.8

		16.5

		18.5

		21.8

		24.5

		25.2

		25.5

		24.5

		23.5

		24.5

		7

		14

		14.2

		15.5

		16.3

		16.7

		16.6

		16.6

		16



		February

		15

		17.7

		2.5

		4.5

		11.5

		12.5

		15.1

		15.5

		21

		29

		31.3

		31.5

		26

		27

		25

		24

		24

		20

		15

		14.5

		15

		15

		16

		16

		15



		March

		7.6

		7.2

		7.5

		14

		15.5

		12.5

		15.5

		16

		23

		25.5

		27

		29

		31.5

		30

		26

		23.5

		19

		17.5

		20

		17

		14

		13

		13

		10.5

		7.6



		April

		15.5

		15.5

		15

		15

		14.5

		16

		14.3

		16

		25

		31.5

		32

		37

		39

		31

		29

		24

		20.5

		16.5

		17

		18

		20

		14.7

		13

		14.8

		15.5



		May

		17

		18.5

		13.5

		13

		9

		12.2

		15.5

		21

		31

		29

		29

		33

		34

		39

		29

		22

		20

		17

		16

		16

		16

		17

		18.5

		19

		17



		June

		20.5

		18

		14.2

		8

		6.5

		11.5

		20

		29

		26

		25

		25.5

		25.5

		28.5

		31

		32.5

		26.5

		20

		17.5

		15

		15

		17.2

		17

		17.5

		20

		20.5



		July

		16.5

		17.5

		15.5

		16.7

		14

		16.5

		19.5

		27.5

		34

		32.5

		32

		33

		36

		40

		30.5

		21

		22

		16

		16.5

		16.3

		19

		19.5

		21

		17.5

		16.5



		August

		16.5

		16

		17.5

		15

		16

		18

		17

		22.5

		34.5

		33

		33.3

		34.5

		38

		31.5

		28.5

		24

		19

		16.5

		17

		17.5

		20.5

		23

		16.5

		16

		17



		September

		9.5

		9

		7.9

		16

		13

		16.5

		14

		17.5

		24.5

		25

		34

		48.5

		31

		32.5

		25

		20

		19

		17

		18

		19.5

		18.5

		13

		12.5

		11

		9.5



		October

		8.5

		6.5

		–3.5

		13.8

		14.5

		15

		13.5

		13.5

		18.7

		27

		29

		30

		26

		26.5

		24

		20.5

		18.5

		18.5

		20.5

		18

		14.5

		13.5

		13

		12

		8.5



		November

		11

		6

		2

		4.8

		13.8

		13.5

		16.5

		17.3

		16.5

		19

		21.3

		26

		26

		25

		22.5

		23.5

		20

		13

		12.3

		12.5

		13

		13.2

		12.5

		15.5

		11



		December

		15

		8.5

		–0.7

		–5

		1

		–4

		13

		18.5

		23

		24.5

		25.3

		26.7

		26

		26.5

		24.5

		17.5

		7

		5

		6.5

		9.5

		13

		15

		15.2

		15.2

		15.1





Table 5.16

Propagation conditions on Murmansk-Moscow link for 80 sunspot numbers

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		80

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		67.7

		66.8

		59.3

		59.1

		64.4

		64.6

		58.7

		51.2

		48.8

		45.7

		45.4

		48.4

		54.3

		57.1

		58.1

		60.8

		64.7

		66.7

		66.2

		65.9

		67.7

		67.8

		67.9

		67.8

		67.7



		February

		67.7

		66.8

		63.8

		64.3

		66.3

		62.7

		51.9

		42.4

		41.4

		37.5

		37.6

		41.3

		45.7

		52.9

		54.3

		57.5

		59.4

		61.9

		66.9

		66.7

		67.8

		67.9

		67.9

		67.9

		67.7



		March

		67.4

		67.4

		65.5

		66.6

		64.9

		52.6

		46

		34

		28.7

		24.5

		25.3

		30.4

		35.3

		40.4

		47.5

		51.9

		55.6

		55.4

		56.9

		59.5

		60.7

		62.3

		63.4

		67

		67.3



		April

		67.8

		67.9

		66.6

		63.5

		55.7

		46.8

		35

		26.6

		19.8

		16

		16.2

		21.5

		28.2

		33.3

		38.4

		48.4

		52.7

		55.1

		55.5

		56.2

		57

		58.5

		59.9

		64.6

		67.8



		May

		64.5

		64.5

		59.5

		54.8

		49.3

		33.3

		25.6

		16.1

		13.2

		10.2

		10.1

		14.6

		17.9

		23.1

		30

		37.8

		49.1

		52.4

		55

		56.4

		55.6

		56.4

		57.1

		61.5

		64.5



		June

		59

		58

		55

		43

		34

		25

		15

		10

		8

		6

		5

		6

		9

		13

		16

		27

		34

		45

		49

		52

		56

		56

		56

		59

		59



		July

		61

		62

		60

		56

		43

		34

		23

		16

		12

		10

		11

		13

		16

		21

		27

		35

		45

		49

		52

		54

		55

		55

		56

		59

		61



		August

		66

		67

		67

		62

		55

		41

		32

		21

		16

		14

		15

		19

		26

		30

		33

		45

		49

		51

		53

		53

		55

		56

		59

		63

		66



		September

		67

		67

		66

		65

		58

		47

		34

		26

		24

		15

		22

		29

		33

		38

		42

		51

		55

		56

		56

		57

		58

		59

		62

		67

		67



		October

		67

		67

		65

		66

		64

		52

		46

		37

		34

		31

		32

		38

		43

		50

		51

		54

		57

		56

		56

		58

		58

		60

		61

		67

		67



		November

		67

		67

		65

		65

		66

		59

		52

		48

		44

		41

		41

		46

		52

		55

		55

		57

		58

		60

		64

		64

		63

		63

		63

		67

		67



		December

		68

		68

		65

		65

		65

		64

		59

		54

		56

		53

		53

		55

		58

		60

		58

		60

		63

		67

		67

		67

		68

		68

		68

		68

		68






Table 5.17

Propagation conditions on Warsaw-Moscow link for 80 sunspot numbers

		Signal/noise ratio, dB



		Interfering link: Warsaw-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		53

		49

		45

		43

		45

		53

		53

		40

		36

		26

		24

		27

		36

		40

		43

		46

		50

		54

		53

		52

		53

		53

		53

		54

		53



		February

		54

		53

		49

		47

		53

		54

		44

		35

		24

		17

		16

		19

		24

		36

		39

		43

		45

		48

		54

		54

		54

		53

		54

		54

		54



		March

		54

		54

		53

		54

		54

		48

		38

		23

		12

		6

		5

		9

		13

		21

		32

		38

		42

		44

		45

		50

		52

		52

		52

		54

		54



		April

		54

		54

		54

		55

		51

		41

		34

		17

		10

		4

		3

		5

		9

		15

		30

		35

		40

		44

		44

		45

		47

		49

		52

		54

		54



		May

		55

		55

		55

		52

		44

		36

		20

		11

		6

		-4

		-6

		-4

		5

		10

		16

		33

		37

		42

		44

		44

		44

		46

		47

		50

		55



		June

		50

		52

		51

		46

		39

		22

		14

		7

		-3

		-6

		-8

		-8

		-5

		5

		11

		17

		24

		37

		41

		42

		43

		43

		45

		48

		50



		July

		52

		53

		54

		52

		45

		29

		20

		11

		5

		-5

		-6

		-4

		5

		10

		16

		23

		35

		39

		42

		42

		43

		44

		46

		49

		52



		August

		53

		53

		54

		54

		48

		40

		25

		14

		6

		2

		2

		5

		8

		14

		20

		34

		38

		41

		41

		42

		43

		45

		50

		52

		53



		September

		54

		54

		53

		53

		54

		42

		33

		16

		8

		3

		4

		8

		13

		19

		32

		38

		42

		44

		45

		46

		48

		51

		52

		54

		54



		October

		54

		54

		53

		54

		54

		45

		38

		27

		19

		14

		13

		17

		23

		34

		37

		41

		43

		45

		46

		50

		52

		52

		52

		54

		54



		November

		54

		53

		52

		52

		54

		52

		43

		37

		29

		23

		21

		25

		35

		39

		41

		44

		45

		51

		53

		52

		51

		51

		52

		53

		54



		December

		54

		54

		53

		52

		53

		53

		52

		43

		40

		32

		30

		37

		40

		44

		45

		45

		48

		54

		54

		53

		54

		54

		54

		54

		54





Table 5.18

Propagation conditions on Murmansk– Moscow link for 80 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB

		Interfering link: Warsaw-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		80

		

		Output power

		0.1 kW

		SSN

		80

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		14.7

		17.8

		14.3

		16.1

		19.4

		11.6

		5.7

		11.2

		12.8

		19.7

		21.4

		21.4

		18.3

		17.1

		15.1

		14.8

		14.7

		12.7

		13.2

		13.9

		14.7

		14.8

		14.9

		13.8

		14.7



		February

		13.7

		13.8

		14.8

		17.3

		13.3

		8.7

		7.9

		7.4

		17.4

		20.5

		21.6

		22.3

		21.7

		16.9

		15.3

		14.5

		14.4

		13.9

		12.9

		12.7

		13.8

		14.9

		13.9

		13.9

		13.7



		March

		13.4

		13.4

		12.5

		12.6

		10.9

		4.6

		8

		11

		16.7

		24.5

		25.3

		21.4

		22.3

		19.4

		15.5

		13.9

		13.6

		11.4

		11.9

		9.5

		8.7

		10.3

		11.4

		13

		13.3



		April

		13.8

		13.9

		12.6

		8.5

		4.7

		5.8

		1

		9.6

		9.8

		16

		16.2

		21.5

		19.2

		18.3

		8.4

		13.4

		12.7

		11.1

		11.5

		11.2

		10

		9.5

		7.9

		10.6

		13.8



		May

		9.5

		9.5

		4.5

		2.8

		5.3

		–2.7

		5.6

		5.1

		13.2

		10.2

		10.1

		14.6

		17.9

		13.1

		14

		4.8

		12.1

		10.4

		11

		12.4

		11.6

		10.4

		10.1

		11.5

		9.5



		June

		9

		6

		4

		–3

		–5

		3

		1

		10

		8

		6

		5

		6

		9

		13

		5

		10

		10

		8

		8

		10

		13

		13

		11

		11

		9



		July

		9

		9

		6

		4

		–2

		5

		3

		5

		12

		10

		11

		13

		16

		11

		11

		12

		10

		10

		10

		12

		12

		11

		10

		10

		9



		August

		13

		14

		13

		8

		7

		1

		7

		7

		16

		14

		15

		19

		18

		16

		13

		11

		11

		10

		12

		11

		12

		11

		9

		11

		13



		September

		13

		13

		13

		12

		4

		5

		1

		10

		16

		15

		22

		21

		20

		19

		10

		13

		13

		12

		11

		11

		10

		8

		10

		13

		13



		October

		13

		13

		12

		12

		10

		7

		8

		10

		15

		17

		19

		21

		20

		16

		14

		13

		14

		11

		10

		8

		6

		8

		9

		13

		13



		November

		13

		14

		13

		13

		12

		7

		9

		11

		15

		18

		20

		21

		17

		16

		14

		13

		13

		9

		11

		12

		12

		12

		11

		14

		13



		December

		14

		14

		12

		13

		12

		11

		7

		11

		16

		21

		23

		18

		18

		16

		13

		15

		15

		13

		13

		14

		14

		14

		14

		14

		14






Table 5.19

Propagation conditions on Berlin-Moscow link for 80 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Berlin-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		51

		50

		50

		50

		50

		50

		45

		35

		28

		15

		11

		13

		24

		31

		37

		40

		42

		44

		49

		49

		51

		51

		51

		51

		51



		February

		51

		50

		51

		50

		51

		50

		37

		27

		14

		6

		4

		7

		11

		17

		28

		36

		40

		41

		43

		47

		51

		51

		51

		51

		51



		March

		50

		50

		50

		50

		52

		39

		28

		13

		4

		–21

		–23

		–19

		–15

		7

		12

		26

		35

		40

		39

		40

		42

		43

		45

		48

		50



		April

		46

		51

		50

		51

		42

		33

		22

		6

		–14

		–22

		–25

		–23

		–18

		–12

		10

		20

		32

		37

		40

		40

		39

		40

		42

		45

		46



		May

		44

		45

		45

		42

		37

		23

		7

		–13

		–21

		–27

		–29

		–28

		–25

		–19

		–12

		8

		23

		34

		38

		40

		38

		39

		40

		43

		44



		June

		40

		43

		42

		37

		25

		10

		–11

		–20

		–26

		–30

		–44

		–45

		–31

		–27

		–21

		–12

		7

		22

		33

		36

		38

		37

		37

		39

		40



		July

		41

		43

		45

		42

		36

		22

		–2

		–13

		–23

		–28

		–29

		–29

		–26

		–21

		–14

		5

		19

		31

		35

		37

		37

		37

		37

		39

		41



		August

		45

		47

		50

		46

		40

		29

		15

		–8

		–19

		–25

		–26

		–25

		–20

		–15

		–8

		14

		28

		34

		37

		37

		37

		37

		38

		41

		45



		September

		49

		50

		50

		51

		46

		34

		21

		7

		0

		–24

		–24

		–20

		–15

		7

		11

		24

		34

		40

		39

		40

		39

		41

		43

		47

		49



		October

		49

		50

		50

		50

		51

		38

		29

		20

		8

		2

		1

		5

		9

		14

		25

		33

		37

		39

		40

		40

		41

		43

		44

		47

		49



		November

		50

		50

		50

		50

		50

		47

		37

		29

		23

		10

		8

		11

		22

		28

		34

		37

		39

		40

		43

		48

		47

		47

		47

		50

		50



		December

		51

		50

		51

		51

		51

		49

		44

		38

		34

		28

		24

		26

		31

		38

		40

		41

		41

		43

		48

		49

		51

		51

		51

		51

		51





Table 5.20

Propagation conditions on Murmansk-Moscow link for 80 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB

		Interfering link: Berlin-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		80

		

		Output power

		0.1 kW

		SSN

		10

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		16.7

		16.8

		9.3

		9.1

		14.4

		14.6

		13.7

		16.2

		20.8

		30.7

		34.4

		35.4

		30.3

		26.1

		21.1

		20.8

		22.7

		22.7

		17.2

		16.9

		16.7

		16.8

		16.9

		16.8

		16.7



		February

		16.7

		16.8

		12.8

		14.3

		15.3

		12.7

		14.9

		15.4

		27.4

		37.5

		37.6

		41.3

		34.7

		35.9

		26.3

		21.5

		19.4

		20.9

		23.9

		19.7

		16.8

		16.9

		16.9

		16.9

		16.7



		March

		17.4

		17.4

		15.5

		16.6

		12.9

		13.6

		18

		21

		28.7

		24.5

		25.3

		30.4

		35.3

		40.4

		35.5

		25.9

		20.6

		15.4

		17.9

		19.5

		18.7

		19.3

		18.4

		19

		17.3



		April

		21.8

		16.9

		16.6

		12.5

		13.7

		13.8

		13

		26.6

		19.8

		16

		16.2

		21.5

		28.2

		33.3

		28.4

		28.4

		20.7

		18.1

		15.5

		16.2

		18

		18.5

		17.9

		19.6

		21.8



		May

		20.5

		19.5

		14.5

		12.8

		12.3

		10.3

		25.6

		16.1

		13.2

		10.2

		10.1

		14.6

		17.9

		23.1

		30

		29.8

		26.1

		18.4

		17

		16.4

		17.6

		17.4

		17.1

		18.5

		20.5



		June

		19

		15

		13

		6

		9

		15

		15

		10

		8

		6

		5

		6

		9

		13

		16

		27

		34

		23

		16

		16

		18

		19

		19

		20

		19



		July

		20

		19

		15

		14

		7

		12

		23

		16

		12

		10

		11

		13

		16

		21

		27

		35

		26

		18

		17

		17

		18

		18

		19

		20

		20



		August

		21

		20

		17

		16

		15

		12

		17

		21

		16

		14

		15

		19

		26

		30

		33

		31

		21

		17

		16

		16

		18

		19

		21

		22

		21



		September

		18

		17

		16

		14

		12

		13

		13

		26

		24

		15

		22

		29

		33

		38

		31

		27

		21

		16

		17

		17

		19

		18

		19

		20

		18



		October

		18

		17

		15

		16

		13

		14

		17

		17

		26

		31

		32

		38

		34

		36

		26

		21

		20

		17

		16

		18

		17

		17

		17

		20

		18



		November

		17

		17

		15

		15

		16

		12

		15

		19

		21

		31

		33

		35

		30

		27

		21

		20

		19

		20

		21

		16

		16

		16

		16

		17

		17



		December

		17

		18

		14

		14

		14

		15

		15

		16

		22

		25

		29

		29

		27

		22

		18

		19

		22

		24

		19

		18

		17

		17

		17

		17

		17
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It is shown in Table 5.5 which contains simulation results of signal/interference ratio dependence from day time and season at low solar activity. The analysis of the simulation results showed that in case of interference time intervals when communication between Petropavlovsk-Kamchatski-Moscow is feasible are increased. For other time intervals interference can result in reduction of operation modes used by fixed communication link. 

Tables 5.6-5.10 present simulation results of interference impact on operation of multihop fixed communication links at high solar activity with 80 sunspot number.

Table 5.6 presents simulation results of signal/noise ratio for Petropavlovsk-Kamchatski-Moscow fixed communication link. It is shown that increase of solar activity leads to deterioration of propagation conditions. For example in June increase of solar activity results in impossible operation of the communication link at any day time for any of the considered operation mode. In addition time interval when operation of fixed communication link is feasible is decreased in any of the considered operation mode.

Table 5.7 presents simulation results of propagation conditions on Astana-Moscow amateur radiopath. It is shown that increase of sunspot number leads to deterioration of propagation conditions for the amateur communication link.

Table 5.8 presents simulation results of signal/interference ratio for Petropavlovsk-Kamchatski-Moscow radiopath with interference caused by Astana-Moscow amateur communication link. The obtained results show that interference caused by the amateur communication link will result in blockage of data transmission almost at any daytime.

Table 5.9 presents simulation results of propagation conditions on Equator-Moscow amateur communication link.

Table 5.10 presents simulation results of signal/interference ratio for Petropavlovsk-Kamchatski-Moscow radiopath with interference caused by Equator-Moscow amateur communication link. It is shown that interference caused by the amateur communication link will result in increase of time intervals when operation of Petropavlovsk-Kamchatski-Moscow link is blocked. In other time intervals there is reduction of operation modes used by the radio link.

Tables 5.11-5.15 below present simulation results of single hop amateur communication link impact on operation of the fixed communication link with 10 sunspot numbers.

Table 5.11 contains simulation results of propagation conditions for Murmansk-Moscow fixed communication link. It is shown that without interference communication is feasible between the indicated points at all considered operation modes at any season and daytime.

Table 5.12 contains simulation results of propagation conditions for Warsaw-Moscow amateur communication link. The analysis of the obtained results shows that this amateur communication link can also operate at any season and any daytime.

Table 5.13 presents simulation results of signal/interference ratio for Murmansk-Moscow fixed communication link with interference caused by Warsaw-Moscow amateur communication link. The analysis of the results shows that interference caused by the indicated amateur communication link will result in blockage of fixed communication link operation during significant time interval. In other time intervals there is limitation of operation modes used by the fixed radio link.

Table 5.14 contains simulation results of propagation conditions Berlin-Moscow amateur communication link. The analysis of the obtained simulation results shows that this amateur communication link has interruptions of operation when the signal/noise ratio is less than 8 dB.




Table 5.15 presents simulation results of signal/interference ratio with interference caused by Berlin – Moscow amateur communication link. The analysis of the obtained simulation results shows that in spite of significant increase of distance to interference source the amateur communication link can disable fixed communication link operation at night in spring and autumn. In addition during significant time interval there can be limitations for operation modes of fixed communication link caused by interference impact. 

Table 5.16 contains simulation results of propagation conditions on Murmansk-Moscow fixed communication link with 80 sunspot numbers. It is shown that increase of solar activity leads to reduction of operation mode number with high values of signal/noise ratio in morning and afternoon hours in spring, summer and winter months. In summer (in June) there is an interval when data transmission on the radio path is not feasible.

Table 5.17 contains simulation results of propagation conditions on Warsaw-Moscow amateur communication link with 80 sunspot numbers. The analysis of the obtained simulation results shows that increase of solar activity results in time intervals when data transmission on this radio path is not feasible.

Table 5.18 presents simulation results of signal/interference ratio with interference caused by Warsaw-Moscow amateur communication link at 80 sunspot number. The analysis of the obtained simulation results shows that at high solar activity amateur communication link can block fixed communication link operation at night and in the morning hours in spring, summer and autumn months. In other time there can be limitations for operation modes of fixed communication link caused by interference impact of the amateur communication link. Thus data transmission can be only in digital format except some cases.

Table 5.19 contains simulation results of propagation conditions on Berlin-Moscow amateur communication link with 80 sunspot numbers. The analysis of the obtained simulation results shows that increase of solar activity leads to extension of time intervals when data transmission is not feasible.

Table 5.20 presents simulation results of signal/interference ratio with interference caused by Berlin-Moscow amateur communication link at 80 sunspot number. The analysis of the obtained simulation results shows that interference caused by the amateur communication link results in significant reduction of time intervals when fixed communication link operation is feasible at any of three considered operation modes. Thus the link can operate only for digital voice transmission.

The analysis of the results presented in Tables 5.1-5.20 showed that:

–	for the considered power value of the amateur station transmitter the protection distance required to provide interference free operation of the fixed service link can exceed 6 200 km; 

–	in case the distance between the amateur station transmitter and fixed link receiver is less or equal to 2 280 km then interference caused by single amateur links to fixed links using multihop mode can disable operation of fixed service links almost at any time;

–	in case the distance between the amateur station transmitter and fixed link receiver is from 2 280 km up to 6 200 km then interference caused by the amateur station can disable operation of fixed service links and reduce the number of operation modes used by this link as well;

–	for one-hop communication links interference from stations of the amateur service can disable the fixed links during the time intervals determined by the distance between the amateur station transmitter and the fixed link receiver, their mutual location and solar activity. 

The analysis in Tables 5.1-5.20 does not consider the following:

· Use of omnidirectional antennas is inefficient on longer paths, such as those analysed in the tables.  Use of an antenna with some directionality, such as a horizontal dipole or Yagi, is common practice in both the amateur and fixed services. 

· The methodology presented in this analysis provides an overall assessment of the potential impact to the fixed service from potential amateur operations in the 5 250‑5 450 kHz frequency range.  However, to determine the impact to a specific link at any given time, the use of optimum frequency for the time of day, desired path, season and solar activity must be taken into account. The statistical probability of interference is based on a number of propagation factors and the impact will be strongly determined by link reliability requirements and required signal-to-noise ratios for type of service.

Out of these time intervals interference from stations of the amateur service can result in significant limitation of the operation mode number used by fixed communication links.

It should be noted that interference impact on operation of fixed communication links can be reduced due to usage of directional antennas in the fixed communication links. However analysis of signal/interference ratio deficit for the scenario considered above shows that it can change in wide range and can achieve 28 dB for one-hop and 41 dB for multihop fixed communication links. Such high values of signal/interference ratio deficit cannot be compensated completely by usage of directional antennas such as Yagi antenna with antenna gain from 3 dB to 8 dB in this frequency band.

Therefore compatibility between amateur stations and fixed communication links is quite complicated.

5.2	Compatibility of the amateur systems with the land mobile systems

[TBD]

5.3	Compatibility of the amateur systems with the maritime mobile systems

[TBD]

5.4	Compatibility of the amateur systems with the oceanographic radars

[TBD]Previous ITU-R studies have found amateur service sharing with HF oceanographic radars in the radiolocation service “seems to be difficult . . . .”[footnoteRef:1]  For this reason, a secondary allocation to the amateur service within the frequency band 5 250-5 275 kHz should not be established, in consideration of the allocation to radiolocation established at WRC-12. [1:  	Report of the Conference Preparatory Meeting to the 2012 World Radiocommunication Conference § 2/1.15/3.] 





5.5	Regulatory and operational techniques to mitigate interference and enhance compatibility

Some administrations have accommodated amateur service operations in segments of or in discrete channels within the 5 250-5 450 kHz frequency range, under the provisions of No. 4.4 of the Radio Regulations.  For example, the United States permits amateurs to operate on five discrete channels within this range, with a maximum effective radiated power of 100 watts, and an authorized maximum bandwidth of 2.8 kHz.  Operation utilizing modes less than the authorized bandwidth is confined to the center of the channel.  Interference to incumbent services by amateur stations under these conditions generally does not preclude operation in the incumbent services and is generally resolvable on a case by case basis when it does occur.

6	Conclusions

The protection distance exceeding 6 200 km can be required to provide compatibility between the amateur stations and fixed communication links. Therefore compatibility of amateur stations with the fixed service systems is quite complicated and it can require operational constraints on the amateur stations.

[TBD]]







______________
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[bookmark: dbreak]Introduction

Resolution 649 (WRC-12), WRC-15 Agenda item 1.4 proposes a secondary allocation to the Amateur Radio Service of an appropriate amount of spectrum, not necessarily contiguous, in the frequency range 5 250 to 5 450 kHz.  To address the compatibility of operation of amateur radio stations in this frequency range with existing services, a working document towards a preliminary draft new Report ITU-R M.[5 MHZ COMPAT] was developed at the tenth meeting of WP 5A (Geneva, 15-20 November 2012), Annex 11 to the Chairman’s Report (Document 5A/198). 

In this contribution, additional links to those currently contained in Annex 11 to Document 5A/198 are analysed.  The analysis is done according to the requirements described in WP 5C Liaison statement to WP 5A (Document 5A/77) “Fixed service characteristics, protection criteria and modelling for WRC-15 Agenda item 1.4”.

[bookmark: dtitle2]Proposal

Canada proposes WP 5A consider including, as a new Annex, the compatibility study in Attachment 1 into the working document towards a preliminary draft new Report ITU-R M.[5 MHz COMPAT]. 





Attachment:  	“Compatibility analysis of possible amateur systems with fixed, land mobile, maritime mobile and radiolocation services in the frequency band 5 250‑5 450 kHz”




ATTACHMENT 1

Compatibility analysis of possible amateur systems with fixed, land mobile, maritime mobile and radiolocation services in the
frequency band 5 250-5 450 kHz

[bookmark: _Toc261936316][bookmark: _Toc277241114][bookmark: _Toc284407459]1	Introduction

This Report describes the results of ITU‑R studies on the compatibility between the amateur service and incumbent services in the range 5 250-5 450 kHz.

[bookmark: _Toc239408937][bookmark: _Toc247364142][bookmark: _Toc261936317][bookmark: _Toc277241115][bookmark: _Toc284407460][bookmark: RECOmendations]2	Related ITU‑R Recommendations and Reports

Recommendation ITU-R F.339-8 – Bandwidths, signal-to-noise ratios and fading allowances in HF fixed and land mobile radiocommunication systems 

Recommendation ITU-R P.368-9 – Ground-wave propagation curves for frequencies between 10 kHz and 30 MHz

Recommendation ITU-R P.372-10 – Radio noise

Recommendation ITU-R P.525-2 – Calculation of free-space attenuation

Recommendation ITU-R P.533-11 – Method for the prediction of the performance of HF circuits 

Recommendation ITU-R P.832-3 – World Atlas of Ground Conductivities

Recommendation ITU-R F.1610 – Planning, design and implementation of HF fixed service radio systems

Recommendation ITU-R M.1732-1 − Characteristics of systems operating in the amateur and amateur-satellite services for use in sharing studies

Recommendation ITU-R F.1761 – Characteristics of HF fixed radiocommunication systems 

ITU-R Handbook – Ionosphere and its Effects on Radiowave Propagation Handbook, Edition 1998

[bookmark: _Toc244419877][bookmark: _Toc261522372][bookmark: _Toc276574012][bookmark: _Toc277241116][bookmark: _Toc284407461]3	Abbreviations

AS	Amateur service

FS	Fixed service

SNR	S/N, Signal-to-Noise Ratio 

SNIR	S/(N+I), Signal-to-Noise plus Interference Ratio

SSB	Single-Sideband Suppressed Carrier Analogue Voice Transmission

SSN	Sunspot Number

UTC	Coordinated Universal Time

[bookmark: _Toc239408938][bookmark: _Toc247364143][bookmark: _Toc261936318][bookmark: _Toc277241117][bookmark: _Toc284407462]


4	Background

The frequency range 5 250-5 450 kHz is allocated to fixed and mobile (except aeronautical mobile) services in all three Regions on a primary basis. Radiolocation services are also allocated in the range 5 250 to 5 275 kHz as a secondary service in Regions 1 and 3 and Primary in Region 2.

An allocation on a secondary basis to the Amateur Radio Service would facilitate providing communications in disaster situations and during relief operations at times and for distances which might not be possible using existing amateur allocations.

This report analyses the practicability of amateur operations on a secondary basis in the range 5 250 to 5 450 kHz with respect to the existing primary service users.

It should be noted that there are already a number of administrations who have authorized amateur operations subject to various restrictions in this frequency range under the provisions of Article 4.4, of the Radio Regulations.

5	Executive Summary

Two hypothetical propagation conditions were simulated and analysed following ITU-R recommended procedures, viz., a relatively long 6430 km fixed-link circuit and a shorter 1546 km circuit each with potential interference from amateur service links of comparable length.

Signal-to-Noise (SNR) and Signal-to-Noise-plus-Interference (SNIR) median values were computed for each of the twenty-four hours in each of the twelve months under assumed Sunspot Numbers of 10 and 80.

In both instances interference to the fixed link was shown to be very unlikely and this without necessarily taking account of the amateur radio protocol of “listen before transmitting” and the proposed Secondary Service nature of the sought allocation. 

6	Compatibility of the amateur systems with the fixed systems

The following is a compatibility analysis between stations operating fixed communication links with stations in the amateur radio service.

The received signal strength and Signal-to-Noise Ratios (SNR) from the fixed and amateur links are calculated following the methodology in Recommendation ITU-R P.533-11 as implemented the software program REC533, details are given in Annex 1.

The following analysis assumes operation of both the fixed and the amateur links at 5 300 kHz using Single-Sideband Suppressed-Carrier (SSB) (Emission Designator 2K70J3E) analogue voice employing a nominal bandwidth of 3 kHz.

In accordance with Recommendation ITU-R F.1761, the assumed required signal-to-noise ratio for the fixed link for SSB is taken as 21 dB. For the amateur link the path is considered “useable” with a SNR value of 14 dB[footnoteRef:1] or more (From ITU-R F339-8, Table 1, J3E telephony single-sideband suppressed carrier BW (3 000 Hz) is just usable in a Fading Channel SNR 48 dB-Hz). [1:  	The SNR value of 14 dB is a conservative level due to the fact the intensity fluctuation factor is not included for this performance level as recommended in ITU-R F.339-8.] 





For the periods during which the fixed link (Primary Service) is operating, the amateur service would observe AS SNIR at the receiving end. (Here “I” would be the signal power of the fixed service link). During those time periods when the fixed service is not transmitting the AS would observe only AS S/N.  Both the fixed link and the amateur link are assumed to terminate in Makkovik and, therefore, the noise level (N) is common to both links.

Taking note of the amateur service signal plus interference values (SNIR as tabulated in Tables 1d, 2d, 3d and 4d, if these are such that the 14 dB criterion (in our assumption for 3 kHz SSB) is not attained, then it will be assumed that the secondary service (amateur link) will not transmit. If, on the other hand, these Tables show a predicted SNIR greater than 14 dB and were the secondary service to transmit then these transmissions may reduce the SNIR of the primary service below the threshold (21 dB in our examples using 3 kHz SSB). Time periods when this occurs will be considered to be primary service experiencing interference.

Calculations employing Recommendation ITU-R P.533 were completed for assumed Sunspot Numbers of ten (SSN = 10) and eighty (SSN = 80) and for each of twenty-four hours per day for each month of the year were computed. Values shown in the tables are mean values.

The convention in Tables 1 to 4 is that the hour shown as Hour 1 corresponds to the period 0001 to 0100 UTC, etc.

6.1	Case 1: Lion Rock to Makkovik

The following details an analysis of the interference potential to a fixed service link between Lion Rock, Alaska, (AK) U.S.A. and Makkovik, Newfoundland  and Labrador (NL), and an amateur link from the equator near the Guyana/Brazil border (referred to henceforward as “Equator”) to Makkovik. Table A shows details of the hypothetical stations. In this analysis both links terminate in the same location and the noise level is assumed to be identical for both.

Table A 

Geographic details of the transmitters for Case 1

		Location

		Latitude

		Longitude

		Output Power

		Antenna Gain

		Path Length



		Lion Rock AK (USA)

		53.42° N

		167.14° W

		37 dBW

		0 dB Isotropic

		6430 km



		Makkovik NL (Canada)

		55.15° N

		59.17° W

		37 dBW

		0 dB Isotropic

		NA



		“Equator”

		0.02° N

		59.17° W

		20 dBW

		0 dB Isotropic

		5907 km







Table 1a details the computed S/N values at Makkovik from Lion Rock for the fixed service link assuming a Sunspot Number of ten.

Table 1b details the computed S/N values at Makkovik from Equator for the amateur service link assuming a Sunspot Number of ten. 

Table 1c details the computed SNIR values at Makkovik from Lion Rock for the fixed service link assuming concurrent operation of the amateur service link and a Sunspot Number of ten. The Interference term (I) in SNIR is the received amateur service signal.

Table 1d details the computed SNIR values at Makkovik from Equator for the amateur service link assuming concurrent operation of the fixed service link and a Sunspot Number of ten. The Interference term (I) in SNIR is the received fixed service signal.

Tables 2a, 2b, 2c and 2d which follow repeat the data formats of Tables 1a, 1b, 1c and 1d assuming, however, a Sunspot Number of eighty.

- 4 -
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Table 1a

SNR: Lion Rock > Makkovik for Sunspot Number = 10 (FS)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		4

		11

		14

		18

		18

		19

		19

		18

		18

		18

		22

		20

		13

		8

		4

		-2

		-10

		-14

		-17

		-19

		-21

		-17

		-9

		-2



		February

		-5

		3

		10

		18

		18

		19

		19

		20

		20

		21

		22

		12

		7

		-4

		-11

		-22

		-29

		-34

		-39

		-40

		-40

		-35

		-23

		-14



		March

		-19

		-15

		-3

		4

		11

		14

		19

		22

		23

		21

		16

		5

		-2

		-15

		-27

		-35

		-43

		-46

		-46

		-47

		-47

		-41

		-34

		-31



		April

		-33

		-28

		-18

		-8

		0

		9

		16

		19

		16

		10

		4

		-3

		-15

		-26

		-33

		-38

		-39

		-41

		-43

		-45

		-44

		-46

		-41

		-38



		May

		-49

		-46

		-37

		-24

		-17

		-8

		-1

		1

		-1

		-4

		-12

		-21

		-31

		-38

		-45

		-50

		-55

		-57

		-58

		-60

		-62

		-60

		-56

		-52



		June

		-57

		-52

		-42

		-34

		-27

		-20

		-12

		-8

		-12

		-17

		-25

		-32

		-40

		-47

		-51

		-58

		-63

		-67

		-69

		-68

		-68

		-65

		-241

		-243



		July

		-47

		-42

		-35

		-27

		-22

		-15

		-6

		-3

		-7

		-12

		-19

		-32

		-38

		-45

		-48

		-53

		-56

		-56

		-58

		-57

		-59

		-58

		-57

		-54



		August

		-41

		-35

		-24

		-14

		-8

		-1

		9

		13

		7

		2

		-5

		-18

		-30

		-38

		-43

		-48

		-52

		-52

		-54

		-53

		-52

		-53

		-51

		-46



		September

		-34

		-26

		-14

		-3

		5

		14

		16

		20

		19

		13

		9

		-1

		-10

		-24

		-32

		-40

		-47

		-47

		-51

		-52

		-51

		-53

		-47

		-43



		October

		-15

		-8

		1

		9

		14

		15

		18

		20

		20

		20

		23

		15

		10

		1

		-9

		-21

		-30

		-32

		-34

		-36

		-37

		-35

		-29

		-22



		November

		-2

		1

		11

		14

		14

		15

		16

		19

		20

		20

		22

		21

		16

		11

		4

		-2

		-11

		-15

		-19

		-21

		-21

		-22

		-15

		-9



		December

		5

		11

		17

		18

		9

		3

		4

		12

		20

		21

		21

		24

		18

		11

		7

		1

		-3

		-10

		-18

		-20

		-22

		-13

		-7

		-1





Table 1b

SNR: Equator > Makkovik for Sunspot Number = 10 (AS)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		5

		5

		5

		5

		5

		5

		6

		6

		6

		-1

		-29

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-56

		-18

		1

		6

		6



		February

		6

		5

		8

		5

		6

		6

		6

		6

		6

		-4

		-37

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-58

		-25

		1

		6

		6



		March

		4

		1

		1

		1

		1

		2

		4

		9

		10

		-8

		-49

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-39

		-7

		7

		7



		April

		5

		1

		1

		1

		2

		2

		4

		9

		4

		-16

		-58

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-62

		-22

		0

		7



		May

		5

		1

		1

		1

		2

		2

		4

		8

		-2

		-25

		-64

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-70

		-39

		-10

		3



		June

		4

		3

		2

		1

		0

		-1

		3

		3

		-6

		-30

		-67

		-99

		-240

		-240

		-240

		-240

		-240

		-240

		-117

		-91

		-68

		-40

		-14

		-1



		July

		4

		3

		2

		1

		0

		-1

		3

		4

		-6

		-31

		-71

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-113

		-86

		-63

		-34

		-10

		2



		August

		4

		3

		2

		1

		0

		2

		5

		8

		0

		-22

		-64

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-82

		-55

		-22

		-3

		6



		September

		3

		2

		2

		2

		3

		6

		6

		7

		4

		-11

		-48

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-58

		-22

		2

		4



		October

		3

		5

		2

		2

		3

		3

		4

		7

		5

		0

		-25

		-71

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-48

		-11

		5

		5



		November

		6

		5

		5

		2

		3

		3

		4

		4

		5

		4

		-14

		-57

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-70

		-29

		-4

		5

		5



		December

		8

		7

		7

		5

		5

		5

		5

		6

		6

		3

		-19

		-65

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-63

		-21

		-1

		6

		6





Table 1c

SNIR: Lion Rock > Makkovik for Sunspot Number = 10 (FS + AS Interfering)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		-2

		4

		9

		11

		11

		12

		12

		11

		11

		15

		22

		20

		13

		8

		4

		-2

		-10

		-14

		-17

		-19

		-21

		-21

		-16

		-8



		February

		-12

		-3

		2

		11

		11

		12

		12

		13

		13

		20

		22

		12

		7

		-4

		-11

		-22

		-29

		-34

		-39

		-40

		-40

		-39

		-30

		-21



		March

		-24

		-19

		-7

		1

		7

		10

		14

		12

		13

		20

		16

		5

		-2

		-15

		-27

		-35

		-43

		-46

		-46

		-47

		-47

		-42

		-42

		-39



		April

		-39

		-32

		-22

		-12

		-4

		5

		11

		10

		11

		10

		4

		-3

		-15

		-26

		-33

		-38

		-39

		-41

		-43

		-45

		-44

		-46

		-45

		-46



		May

		-54

		-50

		-41

		-28

		-21

		-12

		-6

		-7

		-3

		-4

		-12

		-21

		-31

		-38

		-45

		-50

		-55

		-57

		-58

		-60

		-62

		-60

		-56

		-57



		June

		-62

		-56

		-46

		-38

		-31

		-23

		-17

		-13

		-13

		-17

		-25

		-32

		-40

		-47

		-51

		-58

		-63

		-67

		-69

		-68

		-68

		-65

		-241

		-245



		July

		-53

		-47

		-39

		-30

		-25

		-18

		-11

		-8

		-8

		-12

		-19

		-32

		-38

		-45

		-48

		-53

		-56

		-56

		-58

		-57

		-59

		-58

		-57

		-58



		August

		-46

		-39

		-29

		-18

		-11

		-5

		3

		3

		4

		2

		-5

		-18

		-30

		-38

		-43

		-48

		-52

		-52

		-54

		-53

		-52

		-53

		-53

		-52



		September

		-39

		-31

		-19

		-8

		0

		8

		9

		12

		14

		13

		9

		-1

		-10

		-24

		-32

		-40

		-47

		-47

		-51

		-52

		-51

		-53

		-51

		-49



		October

		-20

		-14

		-3

		4

		9

		10

		13

		12

		14

		17

		23

		15

		10

		1

		-9

		-21

		-30

		-32

		-34

		-36

		-37

		-35

		-34

		-27



		November

		-9

		-4

		5

		9

		9

		10

		11

		14

		14

		15

		22

		21

		16

		11

		4

		-2

		-11

		-15

		-19

		-21

		-21

		-23

		-21

		-15



		December

		-4

		3

		9

		11

		3

		-3

		-2

		5

		13

		16

		21

		24

		18

		11

		7

		1

		-3

		-10

		-18

		-20

		-22

		-16

		-15

		-7





Table 1d

SNIR: Equator > Makkovik for Sunspot Number = 10 (AS + FS Interfering)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		0

		-5

		-11

		-12

		-12

		-13

		-13

		-12

		-12

		-19

		-51

		-260

		-254

		-249

		-245

		-242

		-240

		-240

		-240

		-56

		-18

		1

		5

		3



		February

		5

		0

		-3

		-12

		-12

		-13

		-13

		-14

		-14

		-25

		-59

		-253

		-248

		-241

		-240

		-240

		-240

		-240

		-240

		-59

		-25

		1

		6

		6



		March

		4

		1

		-1

		-5

		-9

		-12

		-15

		-13

		-13

		-29

		-64

		-246

		-242

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-39

		-7

		7

		7



		April

		5

		1

		1

		1

		-1

		-9

		-12

		-11

		-12

		-26

		-63

		-242

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-62

		-23

		1

		7



		May

		4

		2

		2

		2

		1

		1

		1

		3

		-5

		-26

		-64

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-70

		-39

		-11

		3



		June

		4

		2

		1

		1

		1

		0

		3

		3

		-6

		-30

		-68

		-100

		-240

		-240

		-240

		-240

		-240

		-240

		-117

		-91

		-67

		-41

		-13

		-2



		July

		5

		3

		2

		0

		0

		-1

		3

		2

		-8

		-31

		-71

		-241

		-240

		-240

		-240

		-240

		-240

		-240

		-113

		-86

		-63

		-34

		-11

		2



		August

		4

		2

		3

		2

		-1

		-2

		-5

		-4

		-8

		-25

		-65

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-82

		-56

		-22

		-2

		5



		September

		3

		3

		3

		1

		-3

		-9

		-10

		-13

		-15

		-23

		-59

		-244

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-58

		-22

		2

		5



		October

		3

		4

		-2

		-7

		-11

		-12

		-15

		-13

		-15

		-20

		-48

		-85

		-250

		-244

		-241

		-240

		-240

		-240

		-240

		-240

		-48

		-11

		4

		4



		November

		4

		0

		-6

		-11

		-11

		-12

		-12

		-15

		-15

		-17

		-36

		-79

		-256

		-251

		-245

		-242

		-240

		-240

		-241

		-71

		-29

		-5

		5

		4



		December

		2

		-4

		-10

		-12

		-5

		0

		0

		-6

		-14

		-17

		-41

		-88

		-258

		-251

		-248

		-244

		-242

		-240

		-240

		-63

		-21

		-1

		6

		2





Table 2a

SNR : Lion Rock > Makkovik for Sunspot Number = 80 (FS)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		-8

		4

		15

		17

		17

		18

		18

		17

		17

		17

		21

		18

		10

		3

		-4

		-14

		-24

		-36

		-51

		-51

		-241

		-242

		-243

		-23



		February

		-31

		-12

		3

		14

		17

		18

		18

		17

		17

		17

		18

		9

		0

		-13

		-24

		-42

		-54

		-63

		-68

		-79

		-241

		-242

		-243

		-243



		March

		-245

		-35

		-17

		-3

		7

		13

		16

		18

		20

		17

		10

		0

		-14

		-24

		-43

		-55

		-66

		-72

		-77

		-81

		-77

		-240

		-241

		-242



		April

		-245

		-248

		-38

		-23

		-9

		3

		15

		18

		11

		4

		-3

		-15

		-25

		-42

		-52

		-59

		-67

		-61

		-78

		-87

		-82

		-79

		-72

		-242



		May

		-245

		-248

		-248

		-45

		-30

		-20

		-14

		-8

		-9

		-14

		-21

		-37

		-49

		-59

		-68

		-76

		-65

		-85

		-100

		-110

		-113

		-96

		-241

		-242



		June

		-244

		-246

		-61

		-55

		-44

		-30

		-19

		-20

		-23

		-30

		-39

		-50

		-59

		-68

		-74

		-240

		-82

		-101

		-112

		-117

		-119

		-241

		-241

		-243



		July

		-244

		-246

		-247

		-49

		-35

		-25

		-15

		-15

		-19

		-27

		-37

		-49

		-58

		-68

		-74

		-64

		-86

		-97

		-107

		-111

		-113

		-112

		-241

		-243



		August

		-244

		-246

		-46

		-28

		-19

		-10

		3

		6

		0

		-6

		-16

		-28

		-47

		-59

		-66

		-74

		-81

		-75

		-93

		-97

		-95

		-91

		-241

		-243



		September

		-246

		-247

		-34

		-14

		-2

		12

		15

		16

		16

		7

		2

		-10

		-22

		-37

		-53

		-64

		-73

		-80

		-84

		-87

		-87

		-83

		-243

		-244



		October

		-246

		-29

		-11

		3

		13

		15

		15

		17

		17

		17

		19

		10

		4

		-9

		-20

		-33

		-49

		-57

		-63

		-65

		-65

		-242

		-243

		-244



		November

		-20

		-9

		6

		13

		13

		14

		15

		16

		17

		17

		21

		20

		12

		4

		-8

		-23

		-31

		-240

		-240

		-72

		-241

		-242

		-243

		-244



		December

		-9

		4

		15

		17

		17

		18

		18

		17

		17

		17

		20

		20

		14

		4

		-2

		-15

		-25

		-39

		-56

		-57

		-241

		-242

		-243

		-23





Table 2b

SNR : Equator > Makkovik for Sunspot Number = 80 (AS)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		4

		4

		4

		4

		4

		4

		4

		5

		5

		-4

		-41

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-241

		-2

		4

		4



		February

		4

		4

		4

		4

		4

		4

		5

		5

		5

		-9

		-60

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-241

		-5

		2

		5



		March

		3

		0

		0

		0

		0

		0

		3

		5

		6

		-16

		-77

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-16

		3

		5



		April

		3

		0

		0

		0

		0

		0

		3

		5

		-2

		-26

		-84

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-47

		-3

		5



		May

		3

		0

		0

		0

		0

		1

		3

		3

		-9

		-37

		-89

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-18

		1



		June

		3

		1

		1

		0

		-1

		-2

		2

		-2

		-13

		-44

		-94

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-241

		-27

		-4



		July

		3

		1

		1

		0

		-1

		-2

		2

		-1

		-12

		-45

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-52

		-19

		-2



		August

		3

		2

		1

		0

		-1

		-2

		2

		5

		-7

		-35

		-93

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-83

		-39

		-9

		2



		September

		2

		1

		1

		1

		2

		2

		2

		3

		3

		-22

		-74

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-241

		-38

		0

		3



		October

		2

		1

		1

		1

		1

		2

		2

		3

		3

		-3

		-242

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-241

		-22

		1

		3



		November

		2

		1

		1

		1

		1

		2

		2

		3

		3

		0

		-41

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-241

		-13

		3

		3



		December

		4

		3

		3

		3

		4

		4

		4

		4

		5

		-1

		-241

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-241

		-6

		4

		4





Table 2c

SNIR: Lion Rock > Makkovik for Sunspot Number = 80 (FS+AS interfering)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		-9

		-1

		3

		3

		3

		3

		3

		3

		3

		3

		6

		6

		7

		7

		7

		7

		7

		7

		7

		6

		3

		-235

		-243

		-24



		February

		-32

		-13

		-1

		3

		3

		3

		3

		3

		3

		3

		6

		7

		7

		7

		7

		7

		7

		7

		7

		7

		3

		-232

		-241

		-244



		March

		-246

		-36

		-18

		-6

		-3

		-1

		2

		3

		5

		6

		7

		7

		7

		7

		7

		7

		7

		7

		7

		7

		7

		-217

		-238

		-242



		April

		-246

		-249

		-39

		-24

		-12

		-3

		1

		4

		5

		6

		6

		6

		7

		7

		7

		7

		7

		7

		7

		7

		7

		-25

		-62

		-242



		May

		-246

		-249

		-249

		-46

		-32

		-22

		-16

		-8

		2

		6

		7

		7

		7

		7

		7

		7

		7

		7

		7

		7

		7

		6

		-217

		-238



		June

		-244

		-247

		-62

		-56

		-45

		-31

		-20

		-14

		-5

		6

		7

		7

		7

		7

		7

		4

		7

		7

		7

		7

		7

		3

		-209

		-234



		July

		-244

		-247

		-248

		-50

		-36

		-26

		-16

		-10

		-2

		6

		7

		6

		7

		7

		7

		7

		7

		7

		7

		7

		7

		-54

		-217

		-237



		August

		-244

		-247

		-47

		-29

		-20

		-12

		-2

		1

		4

		7

		7

		7

		7

		7

		8

		7

		7

		7

		7

		7

		-6

		-46

		-226

		-241



		September

		-247

		-248

		-35

		-15

		-5

		0

		1

		1

		2

		3

		5

		7

		7

		7

		7

		7

		7

		7

		7

		6

		6

		-41

		-239

		-244



		October

		-247

		-30

		-12

		-2

		0

		1

		1

		2

		2

		2

		5

		6

		7

		7

		7

		7

		7

		7

		7

		7

		6

		-216

		-241

		-245



		November

		-21

		-11

		-1

		0

		0

		0

		1

		1

		2

		2

		5

		7

		7

		7

		7

		7

		7

		4

		4

		6

		3

		-225

		-243

		-245



		December

		-10

		-1

		3

		3

		3

		3

		3

		4

		3

		3

		5

		6

		7

		7

		7

		7

		7

		7

		7

		6

		3

		-231

		-243

		-23





Table 2d

SNIR: Equator > Makkovik for Sunspot Number = 80 (AS+FS interfering)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		3

		-2

		-11

		-13

		-13

		-14

		-14

		-12

		-12

		-21

		-62

		-259

		-250

		-245

		-241

		-240

		-240

		-240

		-240

		-241

		-241

		-2

		4

		5



		February

		4

		3

		-1

		-10

		-13

		-13

		-13

		-12

		-12

		-26

		-78

		-250

		-243

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-241

		-5

		2

		5



		March

		3

		0

		0

		-2

		-9

		-13

		-13

		-13

		-14

		-33

		-86

		-243

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-16

		3

		5



		April

		3

		0

		-1

		-1

		-1

		-4

		-12

		-12

		-13

		-31

		-87

		-241

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-47

		-4

		5



		May

		3

		0

		0

		0

		0

		1

		3

		3

		-10

		-37

		-88

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-241

		-18

		1



		June

		3

		2

		1

		0

		-2

		-3

		2

		-2

		-14

		-44

		-94

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-241

		-26

		-5



		July

		3

		2

		1

		-1

		-2

		-2

		1

		-1

		-13

		-46

		-240

		-241

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-52

		-18

		-2



		August

		3

		2

		1

		-1

		-2

		-3

		-4

		-3

		-10

		-35

		-93

		-240

		-240

		-240

		-239

		-240

		-240

		-240

		-240

		-240

		-83

		-39

		-9

		2



		September

		2

		1

		1

		1

		0

		-10

		-12

		-13

		-13

		-29

		-78

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-240

		-241

		-241

		-38

		0

		3



		October

		2

		1

		0

		-4

		-12

		-12

		-12

		-13

		-13

		-20

		-261

		-251

		-245

		-241

		-240

		-240

		-240

		-240

		-240

		-240

		-241

		-21

		2

		4



		November

		2

		-1

		-6

		-12

		-12

		-13

		-12

		-13

		-13

		-18

		-62

		-260

		-252

		-245

		-241

		-240

		-240

		-240

		-240

		-241

		-241

		-12

		4

		4



		December

		3

		-2

		-11

		-13

		-13

		-14

		-14

		-12

		-13

		-19

		-262

		-261

		-254

		-245

		-242

		-240

		-240

		-240

		-240

		-241

		-241

		-6

		4

		4
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6.2	Case 2: Pangnirtung NU to Makkovik NL

The following section details an analysis of the interference potential to a fixed service link between Pangnirtung, Nunavut (NU) and Makkovik, Newfoundland and Labrador (NL) and an amateur service link from Moosonee, Ontario (ON) to Makkovik – all in Canada. Table B shows details of the hypothetical stations. In this analysis both links terminate in the same location (Makkovik) and the noise level is assumed to be identical for both.

Table B 

Geographic details of the transmitters for Case 2 

		Location

		Latitude

		Longitude

		Output Power

		Antenna Gain

		Path Length



		Pangnirtung NU (Canada)

		66.68° N

		65.68° W

		37 dBW

		0 dB Isotropic

		1546 km



		Makkovik NL (Canada)

		55.15° N

		59.17° W

		37 dBW

		0 dB Isotropic

		NA



		Moosonee ON (Canada)

		51.28° N

		80.10° W

		20 dBW

		0 dB Isotropic

		1436 km







Table 3a details the computed S/N values at Makkovik from Pangnirtung for the fixed service link assuming a Sunspot Number of ten.

Table 3b details the computed S/N values at Makkovik from Moosonee for the amateur service link assuming a Sunspot Number of ten. 

Table 3c details the computed SNIR values at Makkovik from Pangnirtung for the fixed service link assuming concurrent operation of the amateur service link and a Sunspot Number of ten. The Interference term (I) in SNIR is the received amateur service signal.

Table 3d details the computed SNIR values at Makkovik from Moosonee for the amateur service link assuming concurrent operation of the fixed service link and a Sunspot Number of ten. The Interference term (I) in SNIR is the received fixed service signal.

Tables 4a, 4b, 4c and 4d which follow repeat the data formats of Tables 3a, 3b, 3c and 3d assuming, however, a Sunspot Number of eighty.
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Table 3a

SNR - Pangnirtung > Makkovik for Sunspot Number = 10 (FS)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		30

		32

		32

		32

		31

		31

		22

		8

		8

		12

		27

		25

		22

		31

		30

		30

		31

		32

		34

		33

		38

		36

		32

		31



		February

		30

		31

		29

		29

		27

		23

		19

		7

		7

		12

		25

		19

		19

		28

		27

		27

		28

		29

		31

		30

		35

		38

		32

		31



		March

		27

		19

		19

		19

		17

		14

		15

		13

		21

		26

		12

		12

		10

		22

		21

		21

		25

		26

		27

		28

		30

		34

		33

		30



		April

		28

		20

		19

		14

		18

		17

		20

		25

		25

		21

		12

		11

		10

		22

		21

		21

		25

		25

		26

		26

		28

		29

		29

		30



		May

		25

		19

		19

		19

		26

		25

		27

		22

		21

		20

		10

		9

		8

		20

		20

		19

		23

		24

		24

		24

		25

		27

		24

		25



		June

		26

		26

		25

		25

		26

		24

		26

		29

		27

		27

		24

		23

		22

		23

		23

		23

		24

		24

		25

		24

		25

		26

		24

		24



		July

		27

		26

		26

		24

		25

		24

		27

		28

		27

		27

		24

		23

		22

		23

		23

		23

		24

		24

		25

		24

		25

		26

		24

		26



		August

		29

		29

		27

		26

		27

		26

		28

		31

		30

		28

		25

		24

		23

		24

		24

		23

		24

		25

		25

		25

		26

		27

		27

		29



		September

		26

		21

		21

		21

		23

		20

		18

		13

		22

		20

		10

		10

		9

		21

		20

		20

		24

		24

		25

		25

		26

		28

		26

		28



		October

		26

		21

		21

		21

		28

		20

		16

		11

		17

		24

		17

		15

		13

		25

		24

		24

		27

		28

		29

		29

		32

		33

		30

		28



		November

		26

		20

		20

		21

		28

		23

		18

		11

		12

		20

		19

		19

		16

		27

		26

		25

		29

		30

		31

		33

		35

		35

		28

		27



		December

		30

		32

		28

		32

		31

		27

		20

		9

		8

		9

		27

		26

		24

		31

		30

		29

		30

		31

		33

		34

		38

		35

		32

		31





Table 3b

SNR - Moosonee > Makkovik for Sunspot Number = 10 (AS)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		11

		10

		14

		14

		14

		14

		14

		5

		-7

		-7

		7

		7

		2

		-1

		8

		7

		7

		9

		11

		14

		15

		20

		16

		12



		February

		11

		10

		7

		6

		7

		7

		5

		2

		-10

		-9

		7

		6

		2

		0

		8

		8

		8

		10

		12

		14

		14

		18

		18

		12



		March

		10

		6

		1

		1

		-8

		-4

		-3

		-2

		-4

		9

		10

		0

		-3

		-5

		2

		1

		1

		4

		5

		7

		8

		13

		17

		15



		April

		12

		6

		1

		-8

		-11

		-5

		-4

		-1

		7

		10

		5

		-2

		-4

		-6

		1

		0

		0

		2

		3

		5

		5

		8

		12

		13



		May

		8

		7

		2

		2

		2

		10

		12

		14

		9

		6

		4

		-4

		-5

		-7

		0

		0

		0

		2

		3

		4

		4

		6

		7

		8



		June

		10

		10

		10

		9

		7

		8

		11

		13

		14

		11

		9

		3

		1

		0

		2

		1

		1

		3

		4

		5

		2

		4

		6

		8



		July

		11

		11

		10

		8

		7

		8

		11

		13

		14

		10

		9

		3

		1

		0

		2

		1

		1

		3

		4

		5

		3

		4

		6

		9



		August

		13

		11

		9

		8

		6

		4

		3

		6

		17

		14

		11

		4

		3

		1

		3

		3

		2

		4

		5

		7

		4

		6

		9

		12



		September

		10

		7

		3

		-5

		-10

		-3

		-5

		-7

		-7

		7

		6

		-2

		-4

		-6

		1

		0

		0

		2

		3

		4

		4

		5

		10

		12



		October

		8

		7

		3

		3

		0

		1

		-3

		-5

		-8

		2

		12

		5

		1

		-2

		4

		3

		3

		5

		6

		8

		8

		12

		15

		11



		November

		8

		6

		-2

		3

		3

		11

		4

		0

		-6

		-4

		12

		8

		3

		0

		6

		5

		4

		7

		8

		10

		12

		15

		14

		10



		December

		11

		2

		2

		4

		7

		9

		10

		9

		-5

		-9

		0

		9

		5

		0

		8

		7

		6

		9

		10

		13

		13

		18

		16

		12





Table 3c

SNIR: Pangnirtung > Makkovik for Sunspot Number = 10 (FS + AS interfering)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		19

		21

		18

		18

		17

		17

		8

		2

		7

		11

		18

		17

		18

		28

		21

		22

		23

		22

		23

		19

		24

		17

		16

		20



		February

		19

		21

		22

		22

		18

		15

		13

		3

		7

		11

		16

		13

		15

		25

		18

		18

		19

		19

		19

		16

		21

		20

		14

		18



		March

		17

		13

		15

		15

		16

		12

		13

		11

		20

		16

		2

		9

		8

		21

		17

		17

		21

		21

		21

		20

		21

		22

		16

		15



		April

		15

		13

		15

		13

		18

		16

		19

		23

		17

		11

		5

		9

		9

		21

		17

		18

		22

		21

		21

		20

		22

		20

		16

		17



		May

		16

		10

		14

		15

		22

		15

		15

		9

		11

		13

		5

		7

		7

		19

		17

		16

		20

		20

		19

		19

		20

		20

		15

		16



		June

		16

		16

		15

		15

		17

		14

		15

		16

		14

		16

		14

		18

		18

		20

		19

		19

		20

		19

		20

		18

		20

		20

		18

		16



		July

		16

		15

		16

		15

		18

		14

		15

		15

		12

		17

		14

		18

		18

		20

		19

		19

		20

		19

		20

		18

		20

		21

		17

		17



		August

		16

		19

		17

		18

		20

		21

		24

		23

		13

		13

		14

		18

		18

		20

		19

		18

		20

		20

		19

		17

		21

		20

		17

		18



		September

		16

		13

		16

		20

		23

		18

		17

		12

		21

		12

		3

		8

		8

		20

		16

		17

		21

		20

		20

		19

		21

		21

		16

		17



		October

		17

		13

		16

		16

		25

		16

		14

		10

		16

		20

		5

		9

		9

		23

		19

		19

		22

		22

		21

		19

		23

		20

		15

		16



		November

		17

		13

		18

		16

		23

		12

		12

		8

		11

		19

		6

		10

		11

		24

		19

		19

		24

		22

		22

		23

		23

		20

		15

		17



		December

		19

		27

		24

		27

		23

		17

		10

		0

		7

		8

		24

		16

		18

		28

		21

		21

		23

		21

		22

		20

		25

		16

		17

		19





Table 3d

SNIR: Moosonee > Makkovik for Sunspot Number = 10 (AS + FS interfering)



		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		-19

		-21

		-18

		-18

		-17

		-17

		-8

		-4

		-16

		-19

		-19

		-18

		-20

		-32

		-22

		-23

		-24

		-23

		-23

		-19

		-24

		-17

		-16

		-20



		February

		-19

		-21

		-23

		-23

		-19

		-16

		-14

		-7

		-18

		-20

		-17

		-14

		-17

		-28

		-19

		-19

		-20

		-19

		-19

		-16

		-21

		-20

		-14

		-19



		March

		-18

		-14

		-18

		-17

		-25

		-17

		-18

		-15

		-25

		-17

		-2

		-12

		-13

		-27

		-19

		-20

		-24

		-22

		-22

		-21

		-22

		-22

		-16

		-15



		April

		-15

		-14

		-18

		-21

		-28

		-21

		-25

		-27

		-18

		-11

		-6

		-13

		-14

		-28

		-20

		-21

		-25

		-23

		-23

		-21

		-23

		-21

		-16

		-17



		May

		-17

		-11

		-16

		-18

		-24

		-16

		-15

		-9

		-12

		-14

		-6

		-13

		-14

		-27

		-20

		-19

		-24

		-22

		-21

		-20

		-21

		-21

		-16

		-17



		June

		-16

		-17

		-15

		-16

		-18

		-15

		-15

		-16

		-14

		-16

		-14

		-20

		-21

		-23

		-21

		-22

		-22

		-21

		-21

		-19

		-22

		-21

		-19

		-17



		July

		-16

		-15

		-16

		-16

		-19

		-15

		-15

		-15

		-12

		-17

		-15

		-20

		-21

		-23

		-21

		-22

		-23

		-21

		-21

		-19

		-22

		-22

		-18

		-18



		August

		-16

		-19

		-18

		-19

		-21

		-23

		-26

		-24

		-13

		-13

		-14

		-19

		-20

		-23

		-20

		-20

		-22

		-21

		-20

		-18

		-22

		-21

		-18

		-18



		September

		-16

		-14

		-18

		-26

		-33

		-23

		-23

		-20

		-29

		-13

		-4

		-12

		-14

		-27

		-19

		-20

		-24

		-22

		-22

		-20

		-22

		-22

		-16

		-17



		October

		-18

		-14

		-18

		-18

		-28

		-19

		-18

		-15

		-25

		-22

		-5

		-10

		-12

		-27

		-20

		-21

		-24

		-23

		-22

		-20

		-24

		-20

		-15

		-16



		November

		-18

		-14

		-23

		-18

		-25

		-12

		-13

		-11

		-18

		-24

		-6

		-11

		-13

		-27

		-20

		-20

		-25

		-23

		-23

		-23

		-23

		-20

		-15

		-18



		December

		-19

		-29

		-26

		-28

		-24

		-18

		-10

		-2

		-15

		-18

		-28

		-17

		-19

		-31

		-22

		-22

		-24

		-22

		-22

		-20

		-25

		-16

		-17

		-19





Table 4a

SNR - Pangnirtung – Makkovik for Sunspot Number = 80 (FS)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		32

		32

		32

		33

		32

		31

		31

		22

		20

		22

		27

		24

		19

		27

		25

		25

		26

		27

		29

		30

		39

		37

		34

		33



		February

		32

		33

		33

		33

		32

		32

		31

		22

		22

		22

		23

		18

		15

		23

		22

		22

		23

		25

		26

		26

		31

		39

		34

		33



		March

		29

		21

		21

		21

		28

		27

		29

		26

		27

		25

		10

		8

		6

		17

		16

		16

		20

		21

		22

		23

		26

		30

		33

		32



		April

		30

		21

		21

		21

		28

		28

		30

		24

		24

		19

		8

		6

		5

		17

		16

		16

		19

		20

		21

		22

		24

		26

		24

		27



		May

		20

		17

		19

		20

		27

		26

		26

		20

		19

		16

		5

		4

		3

		14

		14

		13

		17

		18

		19

		19

		20

		22

		20

		22



		June

		23

		21

		23

		23

		24

		23

		25

		26

		24

		23

		19

		18

		17

		17

		17

		16

		17

		18

		19

		18

		20

		21

		20

		21



		July

		24

		23

		25

		25

		25

		22

		25

		26

		24

		23

		19

		18

		16

		17

		17

		16

		17

		18

		19

		18

		20

		21

		20

		22



		August

		28

		30

		29

		27

		28

		27

		28

		29

		27

		24

		21

		19

		17

		18

		17

		17

		18

		19

		20

		20

		21

		23

		24

		26



		September

		27

		22

		22

		22

		29

		28

		29

		24

		21

		18

		6

		5

		4

		15

		14

		14

		18

		19

		20

		20

		21

		24

		21

		29



		October

		27

		22

		22

		22

		29

		29

		29

		24

		24

		26

		16

		12

		10

		21

		19

		19

		23

		24

		25

		25

		27

		31

		31

		29



		November

		27

		22

		22

		22

		29

		29

		29

		23

		24

		25

		20

		15

		12

		23

		21

		21

		24

		25

		27

		28

		33

		36

		30

		29



		December

		32

		33

		33

		33

		32

		32

		31

		22

		22

		22

		27

		25

		19

		26

		24

		24

		25

		26

		29

		30

		38

		37

		33

		33





Table 4b

SNR - Moosonee > Makkovik for Sunspot Number = 80 (AS)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		13

		11

		14

		14

		14

		14

		14

		14

		5

		-5

		7

		6

		-2

		-6

		2

		1

		1

		3

		5

		9

		10

		20

		17

		14



		February

		13

		12

		15

		15

		15

		15

		14

		14

		5

		5

		6

		4

		-2

		-5

		3

		2

		2

		5

		7

		10

		9

		15

		19

		14



		March

		11

		7

		3

		3

		3

		11

		12

		14

		11

		12

		8

		-4

		-8

		-11

		-4

		-5

		-5

		-3

		-1

		2

		4

		8

		14

		16



		April

		13

		8

		3

		3

		3

		11

		13

		15

		11

		8

		2

		-7

		-10

		-12

		-6

		-7

		-7

		-5

		-3

		-1

		0

		4

		7

		9



		May

		6

		8

		4

		3

		3

		11

		13

		13

		7

		4

		-1

		-9

		-11

		-13

		-7

		-7

		-8

		-5

		-4

		-2

		-2

		1

		3

		5



		June

		7

		8

		10

		9

		8

		9

		12

		12

		12

		7

		4

		-3

		-5

		-7

		-5

		-6

		-6

		-4

		-3

		-1

		-4

		-1

		1

		4



		July

		6

		10

		11

		9

		8

		9

		12

		13

		12

		7

		4

		-3

		-5

		-7

		-5

		-6

		-6

		-4

		-3

		-1

		-3

		-1

		2

		5



		August

		13

		11

		10

		9

		8

		8

		12

		14

		15

		12

		7

		-1

		-3

		-5

		-4

		-5

		-5

		-3

		-1

		1

		-1

		1

		4

		7



		September

		10

		8

		4

		4

		4

		12

		12

		12

		8

		6

		3

		-7

		-10

		-12

		-6

		-7

		-7

		-5

		-3

		-1

		-1

		1

		5

		11



		October

		10

		8

		4

		4

		4

		13

		12

		12

		8

		9

		12

		2

		-3

		-7

		-1

		-2

		-3

		0

		1

		4

		4

		7

		14

		12



		November

		10

		8

		4

		4

		4

		13

		12

		12

		8

		9

		12

		6

		-1

		-5

		1

		0

		-1

		2

		3

		5

		7

		14

		15

		11



		December

		12

		11

		14

		15

		15

		15

		15

		14

		5

		5

		7

		9

		0

		-6

		2

		0

		0

		3

		4

		8

		9

		19

		17

		13





Table 4c

SNIR: Pangnirtung > Makkovik for Sunspot Number = 80 (FS + AS interfering)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		19

		21

		18

		18

		17

		17

		8

		2

		7

		11

		18

		17

		18

		28

		21

		22

		23

		22

		23

		19

		24

		17

		16

		20



		February

		19

		21

		22

		22

		18

		15

		13

		3

		7

		11

		16

		13

		15

		25

		18

		18

		19

		19

		19

		16

		21

		20

		14

		19



		March

		17

		13

		15

		15

		16

		12

		13

		11

		20

		16

		2

		9

		8

		21

		17

		17

		21

		21

		21

		20

		21

		22

		16

		15



		April

		15

		13

		15

		13

		18

		16

		19

		23

		17

		11

		5

		9

		9

		21

		17

		18

		22

		21

		21

		20

		22

		20

		16

		17



		May

		16

		10

		14

		15

		22

		15

		15

		9

		11

		13

		5

		7

		7

		19

		17

		16

		20

		20

		19

		19

		20

		20

		15

		16



		June

		16

		16

		15

		15

		17

		14

		15

		16

		14

		16

		14

		18

		18

		20

		19

		19

		20

		19

		20

		18

		20

		20

		18

		16



		July

		16

		15

		16

		15

		18

		14

		15

		15

		12

		17

		14

		18

		18

		20

		19

		19

		20

		19

		20

		18

		20

		21

		17

		17



		August

		16

		19

		17

		18

		20

		21

		24

		23

		13

		13

		14

		18

		18

		20

		19

		18

		20

		20

		19

		17

		21

		20

		17

		18



		September

		16

		13

		16

		20

		23

		18

		17

		12

		21

		12

		3

		8

		8

		20

		16

		17

		21

		20

		20

		19

		21

		21

		16

		17



		October

		17

		13

		16

		16

		25

		16

		14

		10

		16

		20

		5

		9

		9

		23

		19

		19

		22

		22

		21

		19

		23

		20

		15

		16



		November

		17

		13

		18

		16

		23

		12

		12

		8

		11

		19

		6

		10

		11

		24

		19

		19

		24

		22

		22

		23

		23

		20

		15

		17



		December

		19

		27

		24

		27

		23

		17

		10

		0

		7

		8

		24

		16

		18

		28

		21

		21

		23

		21

		22

		20

		25

		16

		17

		19





Table 4d

SNIR – Moosonee > Makkovik for Sunspot Number = 80 (AS + FS interfering)

		UTC

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		-19

		-21

		-18

		-18

		-17

		-17

		-8

		-4

		-16

		-19

		-19

		-18

		-20

		-32

		-22

		-23

		-24

		-23

		-23

		-19

		-24

		-17

		-16

		-20



		February

		-19

		-21

		-23

		-23

		-19

		-16

		-14

		-7

		-18

		-20

		-17

		-14

		-17

		-28

		-19

		-19

		-20

		-19

		-19

		-16

		-21

		-20

		-14

		-19



		March

		-18

		-14

		-18

		-17

		-25

		-17

		-18

		-15

		-25

		-17

		-2

		-12

		-13

		-27

		-19

		-20

		-24

		-22

		-22

		-21

		-22

		-22

		-16

		-15



		April

		-15

		-14

		-18

		-21

		-28

		-21

		-25

		-27

		-18

		-11

		-6

		-13

		-14

		-28

		-20

		-21

		-25

		-23

		-23

		-21

		-23

		-21

		-16

		-17



		May

		-17

		-11

		-16

		-18

		-24

		-16

		-15

		-9

		-12

		-14

		-6

		-13

		-14

		-27

		-20

		-19

		-24

		-22

		-21

		-20

		-21

		-21

		-16

		-17



		June

		-16

		-17

		-15

		-16

		-18

		-15

		-15

		-16

		-14

		-16

		-14

		-20

		-21

		-23

		-21

		-22

		-22

		-21

		-21

		-19

		-22

		-21

		-19

		-17



		July

		-16

		-15

		-16

		-16

		-19

		-15

		-15

		-15

		-12

		-17

		-15

		-20

		-21

		-23

		-21

		-22

		-23

		-21

		-21

		-19

		-22

		-22

		-18

		-18



		August

		-16

		-19

		-18

		-19

		-21

		-23

		-26

		-24

		-13

		-13

		-14

		-19

		-20

		-23

		-20

		-20

		-22

		-21

		-20

		-18

		-22

		-21

		-18

		-18



		September

		-16

		-14

		-18

		-26

		-33

		-23

		-23

		-20

		-29

		-13

		-4

		-12

		-14

		-27

		-19

		-20

		-24

		-22

		-22

		-20

		-22

		-22

		-16

		-17



		October

		-18

		-14

		-18

		-18

		-28

		-19

		-18

		-15

		-25

		-22

		-5

		-10

		-12

		-27

		-20

		-21

		-24

		-23

		-22

		-20

		-24

		-20

		-15

		-16



		November

		-18

		-14

		-23

		-18

		-25

		-12

		-13

		-11

		-18

		-24

		-6

		-11

		-13

		-27

		-20

		-20

		-25

		-23

		-23

		-23

		-23

		-20

		-15

		-18



		December

		-19

		-29

		-26

		-28

		-24

		-18

		-10

		-2

		-15

		-18

		-28

		-17

		-19

		-31

		-22

		-22

		-24

		-22

		-22

		-20

		-25

		-16

		-17

		-19
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7	Analysis of the results

The SNR values for the Fixed Link are first inspected for hourly time periods that meet or exceed the criterion of 21 dB. These are Tables 1a and 3a for the SSN=10 analyses and Tables 2a and 4a for the SSN=80 analyses.

Respecting the “Listen before Transmit” protocol used by radio amateurs it can be assumed that communication on the “Equator” > Makkovik amateur link (in the case of Case No. 1 or the Moosonee > Makkovik amateur link in Case No. 2) would not be initiated in these time periods, as the amateur service link will not have sufficient SNIR to establish radio communications

For example, in Case 1 for the month of January in the SSN=10 circumstance, there is one time slot when the Lion Rock > Makkovik fixed link meets or exceeds 21 dB (Table 1a). Of these, the amateur link does not meet or exceed 14 dB in any co-incident time slot (Table 1b).

Inspection of the data in other months and for the SSN=80 circumstance will identify other instances where the amateur link would not be operable when the fixed link is transmitting, or would be operable but would not degrade the SNIR below the 21 dB threshold as well as instances when the amateur link could degrade satisfactory operation of the fixed link.

For perspective, the following points are re-stated:

· all data shown in Tables 1a through 4d are mean values theoretically prevailing 50% of the time;

· the Amateur Radio Service follows a “Listen before Transmit” protocol and would not knowingly initiate communication on an occupied channel; and

· the proposed amateur allocation in 5 250 to 5 450 kHz is for a Secondary Allocation.

8	Conclusion

An analysis has been performed utilizing Recommendation ITU-R P.533-11 HF propagation prediction method to calculate the signal, noise and interference levels for the incumbent service and proposed amateur service at 5 300 kHz. This report demonstrates that an amateur service link operating under the secondary allocation no interference condition has a very low probability of interference to existing Primary Service users.




ANNEX 1

REC533 parameters

(Version 12.07221)

The REC533 input parameters used in the sample calculations (Specific Example: Lion Rock > Makkovik and “Equator” > Makkovik) are listed in this Annex[footnoteRef:2].  [2: 	The parameters in this Annex are shown in the same format as in the REC533 program.] 


1)	Method: 6

2)	Year: XXXX 

3)	Coefficients: CCIR 

4)	Time: 0100, 0200, 0300 --------2400 UT

5)	Months: 01, 02, 03---------12 

6)	Sunspot numbers: 10, 80

7)	Fixed site locations, same geographic coordinates assumed for hypothetical transmitter and receiver sites: 

TABLE 1

Geographic details of the transmitters 

		Location

		Latitude

		Longitude

		Power (kW)

		Distance to Rx (km)



		Makkovik receiver

		55.15 N

		59.17 W

		-

		-



		Fixed service Lion Rock

		53.42 N

		167.14 W

		5

		6430



		Amateur service Equator 

		0.02 N

		59.17 W

		0.1

		5907







8)	Short or long path: Short 

9)	Frequency 5.3, MHz 

10)	Noise power at 3 MHz: The man-made noise level at the receiver in –dBW (decibels below 1 Watt) in a 1 Hertz bandwidth at 3 MHz, all sites: –156 dBW 

11)	Minimum take-off angle: 3 degrees

12)	Require circuit reliability 50%

13)	Receiver bandwidth 3 000 Hz

14)	Required signal/noise per Hz: high-speed data transmission 56 (dB/Hz)

15)	Transmitter antenna and transmitter power:

	Frequency range 2-30 MHz default Isotropic antenna gain 0 dBi

	Antenna input power = 5 kW for fixed service and 0.1 kW for amateur service

Transmit antenna with main beam of antenna always directed toward receiver site.




16)	Receiving antenna:

	Same as transmit antenna with main beam of receiving antenna always directed toward transmitter site. 

15)	Electrical properties of the ground:

	All computed radiation patterns for antennas located on land is on poor ground (conductivity = .001 mS/, dielectric = 4).







______________
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In accordance with WRC-15 Agenda item 1.4, it is proposed to consider possible new allocation to amateur service on the secondary basis in the frequency band 5 250-5 450 kHz. To satisfy this Agenda item it is required to carry out compatibility studies of amateur service with services already having allocations in the considered frequency band. At last ITU-R WP 5A meeting in Nov. 2012, the work on development of PDNR ITU-R М.[5 MHz COMPAT] on sharing issues of the stations in the amateur service was progressed. 

This document proposes another method to evaluate the impact of possible amateur systems on the fixed service systems operating in the frequency range 5 250-5 450 kHz.

2	Proposal

China proposes to amend the working document towards a PDNR ITU-R M.[5 MHz COMPAT] by including the studies in the annex. 
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aNnEX

Impact of signals from possible systems in the amateur service on stations
in the fixed service in the frequency band 5 250-5 450 KHz

1	Methodology

This analysis evaluated the impact of signals from one possible amateur station on fixed service stations on a global basis. The amateur station is assumed to be located in Beijing, China, and the fixed stations are located on the crosspoints of a 180×180 grid equally spaced in the latitude and the longitude.(Figure 1).

FIGURE 1

Location of the amateur station and the fixed service station grid

[image: ]

The calculation of the interference via the ionospheric sky-wave propagation is based on the NTIA/ITS[footnoteRef:1] HF propagation model ICEAREA, which predicts the expected performance of HF systems for any month, different sunspot activities, hours of the day, and geographic location. [1: 	National Telecommunications and Information Administration, Institute for Telecommunication Sciences, USA.] 


As stated in Report ITU-R M.2234, the external noise is the dominant limiting factor for HF communications. The calculation of the external noise at the fixed stations is based on the software NOISEDAT developed by ITU-R SG 3, which enables one to calculate man-made noise, galactic noise, atmospheric noise, and the overall external noise.

As a common preferred protection criteria, the I/N ratio of -6 dB is used as the interference threshold for fixed systems.

To each location on the fixed service station grid, the received I/Ns on various date and time are calculated at 5 350 kHz. Of all the I/N values at each location, some of them may exceed the specified -6 dB interference threshold, and the time ratio of I/N values exceeding the specified interference threshold is displayed on the world map.

2	Technical characteristics of fixed systems

The characteristics of stations in the fixed service for this sharing study are:

−	Receiver bandwidth: 3 kHz;

−	Receiver antenna gain: 0 dBi. 

3	Technical characteristics of possible amateur systems in the Band 5 250-5 450 kHz

The characteristics of possible amateur systems in the band 5 250-5 450 kHz are assumed:

−	Transmitting power: 20 dBW;

−	Transmitting bandwidth: 3 kHz;

−	Transmit antenna: omni-directional vertical dipole antenna.

4	Calculation of noise

Recommendation ITU-R P.372-10 provides data of radio noise external to the radio receiving system which derives mainly from three causes: man-made noise, galactic noise, and atmospheric noise. 

Man-made noise depends on the frequency and the environment. Section 5 in Recommendation ITU-R P.372-10 details how to derive median values of man-made noise Nman  in various environments:

Nman = c-d log f-204 (dBW/Hz)

Where f (MHz) is the operating frequency, and c and d are environment -dependent parameters (Table 1). 

TABLE 1

Values of the constants c and d

		Environmental category

		C

		d



		﻿City

		76.8

		27.7



		Residential

		72.5

		27.7



		Rural 

		67.2

		27.7



		Quiet rural

		53.6

		28.6





The “rural” and “quiet rural” environment will be considered in this study.

As the man-made noise, Galactic noise Ngal can also be obtained by the above formula, where c=52.0, d=23.0. The galactic noise component will not be observed at frequencies below the ionospheric critical frequency foF2.

Atmospheric noise Natm depends on frequency, time and date, and its value is given by a series of charts in section 7 of Recommendation ITU-R P.372-10.

Therefore the external noise N can be obtained: 

N=10*log10 (10Ngal/10+10Nman/10+10Natm/10)

Examples of external noise power in 3 kHz bandwidth in rural and quiet rural environment at each fixed station is presented in Figure 2 and Figure 3.

FIGURE 2

External noise at each fixed station at 5 350 kHz in rural environment (Winter, 1600-2000UT) 

[image: ]

FIGURE 3

External noise at each fixed station at 5 350 kHz in quiet rural environment (Winter, 1600-2000UT)

[image: ]

5	Calculation of interference from amateur station

The interference power I received by the fixed systems can be calculated as:

I = PT + GT – L + GR 

Where:

	PT is the transmission power from the amateur station, 20dBW;

	GT is the transmitter antenna gain of the amateur station, 0dBi;

	L is the sky wave propagation loss, dB;

	GR is the receiver antenna gain of the fixed system, 0dBi. 

The sky wave propagation loss L is calculated based on the NTIA/ITS HF propagation model ICEAREA, which predicts the expected performance of HF systems under various conditions of  geographic location,  frequency, time, date, sunspot number (SSN) and geomagnetic index (Qindex). It is assumed that the frequency is 5 350 kHz, the sunspot number (SSN) is 100, the Qindex is 1, the time is one of the 4-hour-time blocks in a day (00:00-04:00, 04:00-08:00, 08:00‑12:00, 12:00-16:00, 16:00-20:00, 20:00-24:00), the date is one of the first 10 days of each season (i.e. 40 days in a year), 

Figure 4 displays an example of worldwide propagation loss via ionosphere layer from Beijing at 5 350 kHz. It is showed that the propagation loss decreases as the distance increases, the minimum value of the propagation loss is 100.9 dB and the maximum value is 672.5 dB.

FIGURE 4

The propagation loss at 5 350 kHz (February 15, 1800UT, SSN=100, Qindex=1) (dB)

[image: ]

An example of the interference received by fixed stations distributed on the grid is presented in Figure 5. It is showed that the maximum interference power from the amateur station is about ‑70 dBm and occurs at the vicinity of the amateur station.

FIGURE 5

Example of the calculated interference received by fixed stations at frequency 5 350kHz (February 15, 1800UT, SSN=100, Qindex=1) (dBm)

[image: ]

6	Results 

Based on the interference and noise calculated in sections 4 and 5, the I/N values at each fixed station in the grid can be derived.

Figure 6 shows the I/N results at each fixed station in the grid on 1800UT, February 15 in rural environment. It is showed that the maximum I/N is about 27dB.

FIGURE 6

I/N at each fixed station in the grid in rural(February 15, 1800UT, SSN=100, Qindex=1)

[image: ]

The time ratio of I/Ns that exceed -6dB to total I/Ns at each fixed station in the grid can be derived. Figure 7 and Figure 8 shows the time ratio results in rural and quiet rural environments.

FIGURE 7

Time ratio of I/Ns exceeding -6dB at each fixed station in rural environment

[image: ]

FIGURE 8

Time ratio of I/Ns exceeding -6dB at each fixed station in quiet rural environment

[image: ]



Figure 7 and Figure 8 show that:

1)	the most severely impacted region is approximately from 0 to 2 000 kilometers away from the location of amateur station, which is Beijing in this case; 

2)	in rural environment, fixed stations in the east-Asia countries and several southeast-Asia countries will be interfered more than 30% of time by the possible amateur station located in Beijing;

3)	in quiet rural environment, fixed stations in the majority of Asian countries and the Russia Federation will be interfered more than 30% of time by the possible amateur station located in Beijing.

7	Conclusions

This study shows that signals from possible amateur stations operating in the frequency band 5 250‑5 450 kHz will interfere with incumbent fixed service stations in some countries on co‑frequency basis.

To protect incumbent stations in fixed service, appropriate interference mitigation measures such as emission power reduction, frequency separation, transmitting time limitation, etc., are needed and should be studied further.

This study only considered single amateur transmitter scenario, and the aggregated interference from multi-amateur-transmitter should be studied further.





______________

M:\BRSGD\TEXT2013\SG05\WP5A\200\280e.docx	15.05.13	15.05.13

M:\BRSGD\TEXT2013\SG05\WP5A\200\280e.docx	15.05.13	15.05.13

image3.emf

 


 


-180 -150 -100 -50 0 50 100 150 180


-90


-50


0


50


90


-100


-95


-90


-85


-80


External Noise Power (dBm, Rural)


Latitude


Longitude


+


Beijing




image4.emf

 


 


-180 -150 -100 -50 0 50 100 150 180


-90


-50


0


50


90


-100


-95


-90


-85


-80


External Noise Power (dBm, Quiet Rural)


Latitude


Longitude


+


Beijing




image5.png

GEOGRAPHIC LATITUDE (DEGREES NORTH)

Version 080121W

L = ICEPAC

Tt System Loss
S EF =l ey

y )
;:(» Hy >

. = Eome

- >

a >0
/ Y % 1 > 120
[t

[

i
X

% Min= 100,50

Q Nam 612,30
XA met costricienes
181x161 grideize
- L] [
| k1 . T

GEOGRAPHIC LONGITUDE (DEGREES EAST)
NTIA/ITS






image6.emf

 


 


-180 -150 -100 -50 0 50 100 150 180


-90


-50


0


50


90


-600


-500


-400


-300


-200


-100


Interference Power (dBm)


Latitude


Longitude


+


Beijing




image7.emf

 


 


-180 -150 -100 -50 0 50 100 150 180


-90


-50


0


50


90


-500


-400


-300


-200


-100


0


I/N (dB, Rural)


Latitude


Longitude


+


Beijing




image8.emf

 


 


-180 -150 -100 -50 0 50 100 150 180


-90


-50


0


50


90


0%


20%


40%


60%


80%


100%


Time Ratio of I/Ns Exceeding -6dB (Rural)


Latitude


Longitude


+


Beijing




image9.emf

 


 


-180 -150 -100 -50 0 50 100 150 180


-90


-50


0


50


90


0%


20%


40%


60%


80%


100%


Time Ratio of I/Ns Exceeding -6dB (Quiet Rural)


Latitude


Longitude


+


Beijing




image1.png







image2.png

WK LI T
{ i z /
At o [Pl
[V S AN )
£ Ry {
¢ / 3
RPN s
AT [
HZEREPER0 {
AranL i anie i
LT@ S I
¥ f |
% = i
AL ol X
LN Ld [,
7 R FC ]
il
Il
G - !
#1% ,









M: \ BRSGD \ TEXT2013 \ SG05 \ WP5A \ 200 \ 280E.DOCX   15.05.13   15.05.13     1   Introduction   In accordance with WRC - 15 Agenda item 1.4, it is proposed to consider possible new allocation to  amateur service on the secondary basis in the frequency band 5   250 - 5   450 kHz. To satisfy this  Agenda item it is required to carry out compatibility studies of  amateur service with services  already  having allocations in the considered frequency band.  At last ITU - R WP   5A meeting   in  Nov.   2012,   the work on development of  PDNR  ITU - R  М.[ 5 MHz COMPAT ]  on   sharing issues of  the stations  in the amateur service was  progress ed.     This document  proposes   another method to  evalua te the   impact   of  possible  amateur systems  on   the  fixed service  systems  operating in the frequency range 5   250 - 5   450 kHz.   2   Proposal   China proposes   to  amend the   working document towards a PDNR   ITU - R M. [ 5 MHz COMPAT ]   by  including  the  studies in the  annex .          Annex :   1        


Radiocommunication Study Groups   


  


  


Received:   13 May   2013   Subject:   WRC - 1 5   Agenda item 1. 4   Resolution  649   (WRC - 12 )  Document 5A/280 - E  


15 May 2013  


English only  


China   (People's Republic of)  


PROPOSED AMENDMENTS  TO  WORKING DOCUMENT TOW ARDS A  PRELIMINARY D RAFT NEW REPORT ITU - R M. [ 5 MHZ COMPAT ]  


Impact of  s ignals from   p ossible  s ystems   in the  a mateur  s ervice   on   s tations   in the  f ixed  s ervice  in the  f requency  b and 5   250 - 5   450  K H z  



image38.emf
289e.docx


289e.docx
- 30 -
5A/289-E



- 31 -

5A/289-E



		Radiocommunication Study Groups

		[bookmark: ditulogo][image: ]



		

		



		

		



		[bookmark: recibido][bookmark: dnum]Received:	13 May 2013

Source:  Annex 11 to Document 5A/198

		Document 5A/289-E



		[bookmark: ddate]

		15 May 2013



		[bookmark: dorlang]

		English only



		[bookmark: dsource]United Kingdom of Great Britain and Northern Ireland, 
Netherlands (Kingdom of the), Norway



		[bookmark: drec]Revision of Working document towardS a preliminary
draft new Report ITU-R М.[5 MHz COMPAT]



		[bookmark: dtitle1]Compatibility analysis of possible amateur systems with fixed, land mobile, radiolocation and maritime mobile and radiolocation services in the frequency band 5 250-5 450 kHz





[bookmark: dbreak]Summary

At the November 2012 Working Party 5A meeting Document WP5A/198, annex 11, was attached to the Chairman’s report and provides a first working document towards a preliminary draft new report (ITU-R M.[5 MHz COMPAT]). This document is welcomed as it provides a sound overall framework of the report together with technical information which may be used as a basis for further development.

There are no prescribed methods for estimating compatibility at HF. Compatibility needs to be defined, in an appropriate way for the variable conditions, and the procedure used and the way in which the statistics of signal and noise variability are included needs to be specified.

Calculations undertaken in the UK have not been able to reproduce those in annex 11, and the opportunity for a detailed examination of the source of the differences will be welcomed.

Based on annex 11, the text below is intended to take the preparation of the PDN Report further.



Attachment: 1




ATTACHMENT

revision of Working document towardS a preliminary
draft new Report ITU-R М.[5 MHz COMPAT]

Compatibility analysis of possible amateur systems with fixed, land mobile, radiolocation and maritime mobile and radiolocation services in the
frequency band 5 250-5 450 kHz

1	Introduction

The frequency band 5 250-5 450 kHz is allocated to the fixed and mobile services excluding aeronautical mobile), and in the band 5 250-5 275 kHz to the radiolocation service for oceanographic radar purposes on a non-interference basis to the allocated services in accordance with Resolution 612 (Rev.WRC-12).

Resolution 807 (WRC-12) includes, as Agenda item 1.4 for WRC-15 “1.4 to consider possible new allocation to the amateur service on a secondary basis within the band 5 250-5 450 kHz in accordance with Resolution 649 (WRC-12)”.

This Report discusses compatibility aspects for frequency use in this band.

2	Characteristics of use of this frequency band

The high frequency (HF) band, in general, is the highest frequency band that supports propagation of radio signals via a reflected path incident on the ionosphere. This is called ionospheric or sky-wave propagation. Because of this unique characteristic, an important feature of the HF spectrum is its ability to support long range communications via sky-wave propagation. However, one the disadvantages of long range propagation is are the need to change the operating frequency with time of day and season, etc., in response to variations in ionospheric characteristics  and the possibility the likelihood that noise and interference from distant sources may affect a desired communication. Therefore, the usability of HF sky-wave communication channels depends on both signal propagation and the absence of excess noise and interference. While propagation conditions have been studied extensively over several decades, there are relatively few published studies that have looked at noise and interference in the HF band.

This Report examines interference caused by stations of the amateur service to operation of the systems of fixed, radiolocation, land mobile and maritime mobile services and gives conclusions relating to compatibility feasibility of these services.

3	System operational considerations

3.1.	Introduction

Due to the extreme variability of the ionosphere (with variations within the hour, from hour to hour and from day to day, with season and solar activity and with location), and since the probability of ionospheric support for an HF communication circuit depends also on the path length, the frequency range over which performance meeting specified requirements is limited and vary variable. This frequency range is often described in terms of the MUF or OWF[footnoteRef:1], which state the highest frequency, for that time and for specified parameters , which is predicted to give satisfactory  performance; and the LUF which states the lowest frequency. These terms are defined in ITU-R Recommendation P.373.   [1:  The optimum working frequency, OWF or FOT, is not well named since better performance may often be experienced at somewhat higher frequencies. The best frequency having the best signal/noise ratio and the least multipath distortion should be found at frequencies a little lower than the MUF at the time. However frequency schedules would be based on predictions of the monthly median MUF for the circuit, and a frequency lower than this would be needed to ensure communication through the month because of day to day variability. The OWF is intended for this purpose and represents the lower decile of the typical day to day variation. Traditionally the OWF has been taken as 85% of the monthly median MUF. More detailed tabulations of this variation are given in ITU-R Recommendation P.1239.] 


The well understood way of responding to these variations is to provide each circuit with a suitably selected set of frequency assignments which are used, changing operating frequency from time to time to maintain operation at frequencies just below the MUF or OWF, where the best performance is expected and where, for example, the minimum power will be needed, thus improving overall spectrum utilisation.

3.2	Frequency selection methods

3.2.1	Frequency adaptive systems

The ways in which system and network adaptivity may be employed are described in ITU-R Recommendation SM.1266. Of the methods listed, that most often applied is frequency adaptivity, using cognitive radio technologies. This includes methods described as automatic link establishment, and example techniques are given in ITU-R Recommendation F.1110. The Radio Regulations include provision for the notification of frequency adaptive circuits, where the upper and lower limits for bands which may be used adaptively by that circuit, without specifying discrete assignments. Resolution 729  (WRC-07) sets out the advantages of adaptive operation and indicates the available frequency bands and some operational considerations such as the way in which operation avoids causing interference by evaluation the channel before and during transmission. 

3.2.2	Manually operated systems

Equipments, antennas and management software are available enabling economic and effective adaptive frequency management, giving the best performance for the conditions at the time. However, older systems, and perhaps systems which only have a requirement for modest reliability, may employ operators or the user selection of the best frequency from the frequency assignments made available for the circuit. It has generally been the usage to assign at least 4 frequencies for a circuit to provide a usable service across most occasions, taking account of the variations in the prediction of diurnal, seasonal and solar cycle ionospheric support. More frequencies may be assigned when the requirement is for better performance and more sustained communication.  

3.2.3	Selected frequencies

The actual frequency in use cannot be known when making compatibility assessments, since this choice will be made in real time using either automatic or manual methods. Accordingly, a necessary first step in a compatibility assessment is to only include frequencies for wanted circuits for which the specified performance is predicted to be achieved, and for which the operating frequency is at least, say, 70% of the monthly median MUF. This margin being allowed since it may not always  be practically  possible to have frequencies available which are closer to the OWF.

3.3.	Compatibility assessments

3.3.1	Compatibility

 An unwanted transmission may be considered to be compatible with a wanted transmission when the predicted ratio (wanted signal to the combination of unwanted signal and noise) exceeds the specification for the wanted signal. The wanted signal, the unwanted signal and the external noise will each be subject to independent variation and the appropriate statistical allowance should be made for the required availability. 

3.3.2	Prediction methods

Methods for such predictions are given in:

ITU-R Recommendation P.533- for received signal field strength or available received power

This includes ionospheric mapping from ITU-R Recommendations P.1239 and P.1240

ITU-R Recommendation P.372 - for external radio noise 

ITU-R Recommendation F.162- for the use of directional antennas, including the directivity of minimum and economic standard antennas and details for rhombic antennas

ITU-R Recommendation BS.705- for antenna directivity patterns particularly for arrays of dipoles (with provision for the addition of other patterns).

These methods are combined in the Computer program REC533. This program has now been rewritten with modern code. Since the program name may lead to uncertainty about its content it has been decided to rename the program ITUHFPROP.

In addition the way to treat the statistical variations for the compatibility of wanted and unwanted signals are given in ITU-R Recommendation P.842.

3.3	System parameters

Appropriate system parameters for the wanted signal must be taken into account.

Signal to noise ratios are given for some modulation methods in ITU-R Recommendation F.339 “Bandwidths, signal-to-noise ratios and fading allowances in complete systems”. Note that this Recommendation is in terms of a normalised reference bandwidth of 1 Hz. Predictions may be made using this reference bandwidth or an appropriate correction should be included to allow for the necessary bandwidth for the modulation in use.

Protection criteria of the fixed service systems operating in the considered frequency band are presented in Recommendation ITU-R F.240-7 “Signal-to-interference protection ratios for various classes of emission in the fixed service below about 30 MHz” 

The antenna gains should also be included, and this should also take into account the need to use an appropriate directional antenna, suitable for the path length, so as to ensure that best overall spectrum utilisation.

2	Specific operation of the frequency band 5 250-5 450 MHz

In accordance with Frequency Allocation Table of Radio Regulations the frequency band 5 250‑5 450 kHz is allocated to fixed and mobile (except aeronautical mobile) services on global primary basis.

The analysis of International Frequency Master Register showed that currently 17 143 frequency assignments are notified in this frequency band. The location of these frequency assignments, as produced by the TerRaQ program, is shown in Figure 1. [The TerRaQ program is updated periodically by the BR.] The notified frequency assignments operate mainly in the fixed, land mobile and maritime mobile services. They provide voice and data transmission in telephone and telegraphy modes and can be used for different services including providing [safety of navigation] and communication in sparsely populated areas and in difficult to access areas.

In Russia this frequency band is heavily used by systems of high, medium and low output power. It is due to territory size where communication shall be provided (in Russia radio path length can be several thousand km). In addition in the  of the  there are large sparsely populated areas, difficult to access and remote areas and also areas of Far North where it is not reasonable to develop traditional mobile network and also satellite communication systems.

FigURE 1

Location of stations operating in the frequency band 5 250-5 450 kHz

 [image: ]

An effective (and in several cases single) solution of providing radiocommunication between these areas can be multihop link in the fixed and land mobile services. At such radio path signal transmission is provided by multiple reflection of electromagnetic wave from the earth surface and ionosphere.

An example of such a communication link is shown in Figure 2.

FigURE 2

An example of multihop link

[image: ]

Currently 557 frequency assignments are notified in  in this frequency band. Though this number of assignments does not reflect the actual occupancy of the frequency band 5 250‑5 450 kHz.

The Administration of the Russian Federation continues to submit the existing systems of the fixed and land mobile service to ITU Radiocommunication Bureau to provide protection of the existing frequency assignments.

Taking into account systems of the fixed and mobile services planning for submission the average density of the frequency assignments of medium and high power stations in the considered frequency band is 105 assignments per 10 kHz. It allows to conclude that in  approximately 2 000 frequency assignments of medium and high power stations providing communication at distance 3 000-7 000 km are used in the fixed and land mobile services.

Even more frequency assignments are used by stations of low power. According to preliminary evaluation more than 68 000 frequency assignments to stations of low power are operated in the considered frequency band.

34	Technical characteristics and protection criteria of fixed/mobile systems and systems of the radiolocation service operating in the frequency band 5 250-5 450 MHz

43.1	Technical characteristics and protection criteria of fixed systems

Antenna patterns used by fixed service systems are presented in Recommendation ITU-R F.162-3 “Use of directional transmitting antennas in the fixed service operating in bands below about 30 MHz”.

Protection criteria of the fixed service systems operating in the considered frequency band are presented in Recommendation ITU-R F.240-7 “Signal-to-interference protection ratios for various classes of emission in the fixed service below about 30 MHz” and in Recommendation ITU-R F.339-7 “Bandwidths, signal-to-noise ratios and fading allowances in complete systems”. The analysis of these Recommendations showed that depending from the system type and class of emission the required protection ratio can be changed from 1 dB to 60 dB.

The characteristics of the systems in the fixed service required for sharing studies between fixed service and stations of the amateur service are given in Recommendations ITU-R F.1761, 
ITU-R F.1762 and ITU‑R F.1821. In particular characteristics of the fixed service presented in Recommendation ITU-R F.1761 “Characteristics of HF fixed radiocommunication systems” are given in Table 43.1. 

TABLE4 3.1

Typical technical characteristics of HF systems

		Frequency band (MHz)

		2-30



		Type of emission

		Analogue/digital



		System

		



		Channel bandwidth (kHz)

		2-6



		Modulation type

		Single channel suppressed carrier, telephony and telegraphy



		Type of operation

		Simplex/duplex



		Typical data rates

		2.4-9.6 kbit/s



		Typical SINAD

		12 dB (voice only)



		Transmitter

		



		Tx power (dBW)

		22



		Path length (km)

		2 400



		Antenna gain (dBi)

		6



		Antenna height (m)
(Relative to ground level)

		10-60



		Radiation pattern

		directional (Recommendation F.162)Omnidirectional/directional



		Antenna polarization

		Vertical/horizontal



		Total loss (dB)

		1



		Receiver

		



		IF filter bandwidth (kHz)

		3-7



		Sensitivity (dBm)

		–112



		Antenna gain (dBd)

		6



		Antenna pattern

		Omnidirectional/directional (Recommendation F.162) (30° beamwidth)





The analysis of Recommendations ITU-R F.1761, ITU-R F.1762 and ITU-R F.1821 showed that for various systems in the fixed service the required value of signal/noise ratio changes in wide range depending from the modulation type, operation mode etc. Therefore the following values of signal/noise ratio were used in the studies:

–	[S/N=24 dB – for high-speed data transmission; with necessary bandwidth [TBD];

–	S/N=21 dB – for analogue transmission of voice signal; with necessary bandwidth [TBD];

–	S/N=8 dB – for digital transmission of voice signal.]; with necessary bandwidth [TBD];

The selected values of signal/noise ratio correspond to the technical characteristics of the fixed adaptive system given in Table 4 of Recommendation ITU-R F.1761. In the studies it was assumed that power value of FS transmitter antenna is 37 dBW.

The data presented in Table 43.1 refer to radio paths of 2 400 km. In case of longer radio path it is required to increase transmitter power or to use higher antenna gain in order to provide operation of the system. For example for radio paths of 7 000 km (see Figure 2) transmitter output power in the fixed service station can reach 38 dBW. The receiver sensitivity is the same and determined by external noise.

43.2	Technical characteristics of land mobile systems

The typical technical characteristics of the land mobile systems operating in the considered frequency band are shown in Recommendation ITU-R M.1795 “Technical and operational characteristics of land mobile MF/HF systems”. The characteristics of base stations and mobile components of the HF systems in the considered frequency range are presented in Tables 4.2 and 4.3 below. 

TABLE 34.2

Representative technical characteristics of land mobile systems 
in the bands between 2 and 30 MHz

		

		Group A

		Group B

		Group C

		Group D

		Group E



		Type

		Base station

		Base station

		Base station

		Base station

		Base station



		Frequency (MHz)

		1.5-30

		1.5-30

		1.5-30

		1.5-30

		2-30



		Bandwidth (kHz)

		2.8

		2.8

		2.8

		2.8

		2-3



		Transmitter power (dBW)

		30-40

		1-10

		20-25

		1-10

		1-20



		Antenna gain (dBi)

		0

		0

		0

		0

		–2.5-2.5



		Antenna height (m)

		10-60

		10-60

		10-60

		10-60

		10-60



		
Antenna type

		Co-linear, whip, dipole

		Vee

		Fan dipole



		Polarization

		Horizontal and vertical



		Modulation

		Analogue or digital, single-sideband suppressed carrier



		Typical minimum path lengths (km)

		300-350





TABLE 3.4.3

Representative technical characteristics of mobile component of the land mobile system 
in the bands between 2 and 30 MHz

		

		Group F

		Group G

		Group H

		Group I

		Group J



		Type

		Mobile unit

		Mobile unit

		Mobile unit

		Mobile unit

		Mobile unit



		Frequency (MHz)

		1.6-30

		1.5-30

		1-30

		1.6-30

		2-30



		Bandwidth (kHz)

		2-2.3

		2.8-3

		2.7-3.6

		2-3

		2-3



		Transmitter power (dBW)

		1-13

		10-30

		7

		10-27

		1-10



		Antenna gain (dBi)

		–10-0

		0-2

		2

		0-2

		–10-2



		Antenna height (m)

		3-10

		3-10

		15

		3-10

		10-20



		Antenna type

		Whip

		Vee

		Whip



		Polarization

		Vertical

		Vertical and horizontal

		Vertical

		Vertical and horizontal

		Horizontal



		Modulation

		Analogue or digital, single-sideband suppressed carrier



		Typical minimum path lengths (km)

		300-350





[TBD]

43.3	Technical characteristics of the maritime mobile systems

[TBD]

43.4	Technical characteristics of oceanographic radars 

[TBD]

54	Technical characteristics of the amateur systems

[TBD, based on Doc 5A/198 annex 10 ]

65	Compatibility analysis of the amateur systems with the fixed, land mobile, radiolocation and maritime mobile systems

6.1	Compatibility analysis method	

[The compatibility analysis will need to be undertaken in 4 stages:

a)	determination of the ionospheric support (i.e the relationship of 5.3 MHz to the monthly median MUF at the time), so as to assess whether the frequency would be actively in use 

b)	determination that the required grade of service would be obtained taking account of external noise only

c)	determination of the effect of co- and adjacent-channel interference from currently operating applications.

d)	determination of the additional effect of interference from amateur service applications ]

6.2	Compatibility of the amateur systems with the land mobile systems

6.3	Compatibility of the amateur systems with the maritime mobile systems

[TBD]

6.4	Compatibility of the amateur systems with the oceanographic radars

[TBD]

7.	Current occupancy of the band

One administration has reported intensive use of the band 5 250 to 5 450 kHz for fixed service applications, amounting typically to 105 assignments in a 10 kHz bandwidth. Allowing for the need to change frequency with time in response to ionospheric conditions it might be assumed that on average about one fifth of these assignments would be in use at any one time. On this basis there would be on average 2 active assignments per kHz, implying the need for skilled or automatic frequency management and that the applications operate in the presence of significant interference.

8	Conclusions

[TBD]]

]

As much of the following information is relevant to one administration, it would seem useful to retain some of this content in an Annex to the report, where it could reflect the situation in other administrations as well. Although a review of the specific analysis would be required, where the parameters/compatibility resulted in different results to those presented.

{Recommendation ITU-R P.533 and the associated software model were used for performing required sharing and compatibility studies.

5.1	Compatibility of the amateur systems with the fixed systems

The compatibility analysis of stations in the amateur service with fixed communication links was carried out on the example of single-hop and multihop fixed communication links. Murmansk (68.98 North and 33.08 East) – Moscow (55.9 North, 37.6 East) link of 1 490 km was used in the analysis as a single-hop link and Petropavlovsk-Kamchatski (53 North, 158 East) – Moscow (55.9 North, 37.6 East) link of 6 800 km was used in the analysis as a multihop link. Depending from day time and season transmissions on this link can be either in two or three hops.

As possible interference source for single-hop link possible amateur communication links such as Warsaw-Moscow link of 1 155 km and Berlin-Moscow link of 1 615 km were considered. For multihop fixed communication link Astana-Moscow amateur link of 2 277 km and amateur link of 6 200 km connecting the point at the equator (0 degree North, 37.6 East) with Moscow through the meridian were considered as interference sources. Depending from season and day time Astana‑Moscow link can operate either in one hop or two-hop mode. Equator-Moscow link operates only in multihop mode.

In simulation it was assumed that the power of the amateur station transmitter is 20 dBW. The results presented below were obtained assuming that the minimum signal/noise ratio for the amateur station is equal to the minimum signal/noise ratio of the stations in the fixed service and is 8 dB.

The impact of the considered links of the amateur stations on the fixed link operation was determined in accordance with the following methodology:

–	for the amateur station dependence of S/N [dB] ratio from day time and season was determined for the minimum and maximum sunspot numbers;

–	for the fixed service link dependence of S/N [dB] ratio from day time and season was determined for the minimum and maximum sunspot numbers;

–	dependence of signal/interference [S/I, dB] ratio in the fixed service link from day time and season was determined for different levels of solar activity;

–	the obtained results of S/I were compared with the required value of S/I ratio and it was determined operation modes and time intervals when operation of the fixed service link is feasible.

The simulation results of interference impact to single-hop and multihop fixed communication links are presented below in Tables 5.1-5.20.

Table 5.1 presents the simulation results of propagation conditions on Petropavlovsk-Kamchatski-Moscow path depending from day time and season at low solar activity with 10 sunspots. Here and in next Table cells where the signal/noise ratio exceeds 24 dB are highlighted by green colour and the Table cells where the signal/noise ratio ranges from 21 dB to 24 dB are marked by light green colour and the table cells where the signal/noise ratio ranges from 8 dB to 21 dB are highlighted by blue colour. The Table cells where the signal/noise ratio is less than 8 dB (the operation of the fixed communication link is not feasible) are marked by red colour.

The analysis presented in Table 5.1 showed that in case of no interference from the amateur link operation of Petropavlovsk-Kamchatski-Moscow link is feasible almost at any season. The selection of signal type and its transmission time are determined by month when operation of the link should be ensured however for the worst case of propagation conditions digital voice transmission appears to be feasible.

Table 5.2 contains simulation results of propagation conditions on the Astana-Moscow amateur interfering link at low solar activity. Here the Table cells where the signal/noise ratio exceeds 8 dB are highlighted by yellow colour. The Table cells where the signal/noise ratio is less than 8 dB (the operation of the amateur communication link is not feasible) are highlighted by red colour. Comparing of the results presented in Tables 5.1 and 5.2 showed that time when operation of the amateur communication link is not feasible falls into time interval when operation of the fixed communication link is not feasible.

Table 5.3 presents the simulation results of the signal/interference ratio dependence from the day time and season at low solar activity. The signal/noise ratio value is calculated only for the time when the operation of the amateur communication link is feasible. For time intervals when the operation of the amateur communication link is not feasible values of signal/noise ratio from Table 5.1 were used. 

The analysis of the results presented in Table 5.3 showed that in case of interference from the considered amateur communication link operation of the fixed communication link will be disabled almost at any day time. In case of interference caused by the amateur communication link data transmission between Petropavlovsk-Kamchatski and Moscow will be feasible only for digital voice transmission 2 hours per day during two months (January, February) per year.

Table 5.4 presents the simulation results of propagation conditions on the Equator-Moscow amateur communication link. It is shown that data transmission on this link is feasible mostly at the same time as operation of Petropavlovsk-Kamchatski-Moscow link. Therefore it can be expected that this amateur communication link can influence the operation of the fixed communication link.
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[Table 5.1

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 10 sunspot numbers 

		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB



		Output power 

		5 kW

		SSN

		10

		Signal/noise ratio, dB



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		22

		18

		15

		13

		11

		3

		0

		10

		15

		16

		20.5

		25.5

		29

		30

		34

		29.5

		29

		29

		29.5

		31

		31.5

		31

		25

		24

		22



		February

		17.5

		13

		10

		8

		1

		–8.5

		–14

		–6

		6

		8.5

		12

		18

		24

		27

		29

		33

		29

		29

		29.5

		32

		36.5

		31

		26

		22

		17.5



		March

		14

		5.5

		6

		–5

		–17

		–28

		–32

		–19

		–9

		–2

		2

		7

		12

		19

		23

		28

		31

		31.3

		33

		30

		33

		31

		28

		22

		14



		April

		3

		–3.5

		–10

		–21

		–40

		–59

		–58

		–40

		–25

		–13

		–5

		–1

		4

		10

		17

		23

		27.5

		29

		34

		29

		27

		24

		19

		11

		3



		May

		–7.5

		–15

		–33

		–46

		–79

		–88

		–89

		–80

		–56

		–34

		–45

		–34

		–25

		1.5

		10

		17

		22

		26.5

		26

		23

		20

		15.5

		5

		2

		–7.5



		June

		–33.5

		–42

		–75

		–96

		–117

		–126

		–126

		–115

		–92

		–55

		–70

		–56

		–42

		–28

		–15

		4

		12

		12

		11

		12

		8

		4

		–8

		–18

		–33



		July

		–12

		–29

		–34

		–79

		–89

		–96

		–95

		–84

		–60

		–34

		–19

		–4

		–30

		–18

		8

		13

		24

		22

		19

		15

		15

		7

		4

		–2

		–12



		August

		0

		–11

		–16

		–30

		–44

		–71

		–71

		–47

		–30

		–16

		–8

		–4

		0

		8

		13

		21

		23

		26

		26

		22

		19

		14

		7

		0

		0



		September

		4

		5.5

		–8

		–19

		–25

		–46

		–46

		–37

		–22

		–10

		–2

		2

		9

		16

		21.5

		28

		32

		32

		32

		31

		28

		26

		21

		11

		4



		October

		17

		10

		10.5

		–1.5

		–11

		–18

		–23

		–11

		–2

		2.5

		8

		13

		18

		23

		26

		28.5

		31.5

		33

		33

		32

		31

		30

		27

		23

		17



		November

		20

		15

		16

		17

		6

		–2

		–4

		4

		12

		13

		14

		21.5

		25

		28

		32.5

		29

		30

		30.5

		30

		30.5

		31

		30

		26

		22

		20



		December

		22

		33

		15

		18

		26

		20

		16

		18

		21

		23

		27

		24.5

		28.5

		38.5

		8.5

		3

		22

		28

		29

		35

		35.5

		35

		33

		28

		22





Table 5.2

Propagation conditions on Astana-Moscow link for 10 sunspot numbers 

		Interfering link: Astana-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		10

		Signal/noise ratio, dB



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		42.5

		42.5

		44

		41.5

		34

		25

		19

		8.5

		5

		7

		16

		22.5

		26.5

		33

		37

		37.5

		41

		44

		43

		42

		41

		40.5

		41

		41

		42.5



		February

		45

		46.5

		44.5

		39

		26

		20

		12.5

		–1

		–5

		–2

		4

		15

		22

		27

		30.5

		38

		39

		40

		41.5

		42

		42

		41

		39.5

		42.5

		45



		March

		47

		46

		41

		34

		22

		13.5

		–3.5

		–13

		–17

		–12

		–7

		8.5

		14

		20

		26

		34

		36

		37

		38

		40

		41

		41.5

		42

		47

		47



		April

		44

		42

		34

		24

		17.5

		1

		–9

		–17

		–29

		–28

		–12

		–6

		2

		18

		23

		32

		37

		38

		38

		38

		39

		42

		44

		46

		44



		May

		40

		36

		26

		18.5

		3

		–8

		–21

		–29

		–32

		–31

		–27

		–12

		–7

		3.5

		20

		25

		33

		36

		36

		36

		36

		39.5

		40.5

		40.5

		40



		June

		34

		26

		20

		2

		–9

		–23

		–29.5

		–34

		–36

		–36

		–35

		–29.5

		–16

		–5

		6

		21

		22

		32

		38

		38

		38

		38

		38

		38

		34



		July

		38

		34

		25

		11

		–0.5

		–11

		–24

		–30

		–32

		–31.5

		–27.5

		–15

		–8

		3

		18

		23

		32

		34

		35

		36

		37

		38

		38

		38

		38



		August

		41

		39.5

		28

		22

		13.5

		–4

		–13

		–26

		–30

		–28

		–14

		–8

		0

		16

		22

		31

		33.5

		34.5

		35

		37.5

		38

		38.5

		39

		40

		41



		September

		47

		44

		38.5

		25

		18

		8

		–10

		–16

		–18

		–16

		–10

		–1

		13

		21

		27

		34

		38

		38

		38

		39

		40

		42

		44

		46

		47



		October

		46.5

		45.5

		40.5

		33

		24

		16

		3

		–3.5

		–6

		–3

		9

		15

		21

		26

		34

		38

		38

		38.5

		39

		39.5

		40

		41

		42

		46

		46.5



		November

		46

		47

		43.5

		38

		28

		23

		17

		7.5

		4

		11

		16

		21

		26

		34

		38

		39

		40

		41

		42

		42.5

		40.5

		41

		41.5

		44

		46



		December

		43

		46

		46

		44

		39

		28

		25.5

		20

		17.5

		19

		23

		28

		35

		39

		40

		44

		46

		45

		44

		43

		41.5

		41

		41

		41.5

		43





Table 5.3

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 10 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB 

		Interfering link: Astana-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		

		Output power

		0.1 kW

		SSN

		10

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		−20.5

		–24.5

		–29

		–28.5

		–23

		–22

		–19

		1.5

		15

		16

		4.5

		3

		2.5

		–3

		–3

		–8

		–12

		–15

		–13.5

		–11

		–9.5

		–9.5

		–16

		–17

		–20.5



		February

		–27.5

		–33.5

		–34.5

		–31

		–25

		–28.5

		–26.5

		–6

		6

		8.5

		12

		3

		2

		0

		–1.5

		–5

		–10

		–11

		–12

		–10

		–5.5

		–10

		–13.5

		–20.5

		–27.5



		March

		–33

		–40.5

		–35

		–39

		–39

		–41.5

		–32

		–19

		–9

		–2

		2

		–1.5

		–2

		–1

		–3

		–6

		–5

		–5.7

		–5

		–10

		–8

		–10.5

		–14

		–25

		–33



		April

		–41

		–45.5

		–44

		–45

		–57.5

		–59

		–58

		–40

		–25

		–13

		–5

		–1

		4

		–8

		–6

		–9

		–9.5

		–9

		–4

		–9

		–12

		–18

		–25

		–35

		–41



		May

		–47.5

		–51

		–59

		–64.5

		–79

		–88

		–89

		–80

		–56

		–34

		–45

		–34

		–25

		1.5

		–10

		–8

		–11

		–9.5

		–10

		–13

		–16

		–24

		–35.5

		–38.5

		–47.5



		June

		–67.5

		–68

		–95

		–96

		–117

		–126

		–126

		–115

		–92

		–55

		–70

		–56

		–42

		–28

		–15

		–17

		–10

		–20

		–27

		–26

		–30

		–34

		–46

		–56

		–67



		July

		–50

		–63

		–59

		–90

		–89

		–96

		–95

		–84

		–60

		–34

		–19

		–4

		–30

		–18

		–10

		–10

		–8

		–12

		–16

		–21

		–22

		–31

		–34

		–40

		–50



		August

		–41

		–50.5

		–44

		–52

		–57.5

		–71

		–71

		–47

		–30

		–16

		–8

		–4

		0

		–8

		–9

		–10

		–10.5

		–8.5

		–9

		–15.5

		–19

		–24.5

		–32

		–40

		–41



		September

		–43

		–38.5

		–46.5

		–44

		–43

		–54

		–46

		–37

		–22

		–10

		–2

		2

		–4

		–5

		–5.5

		–6

		–6

		–6

		–6

		–8

		–12

		–16

		–23

		–35

		–43



		October

		–29.5

		–35.5

		–30

		–34.5

		–35

		–34

		–23

		–11

		–2

		2.5

		–1

		–2

		–3

		–3

		–8

		–9.5

		–6.5

		–5.5

		–6

		–7.5

		–9

		–11

		–15

		–23

		–29.5



		November

		–26

		–32

		–27.5

		–21

		–22

		–25

		–21

		4

		12

		2

		–2

		0.5

		–1

		–6

		–5.5

		–10

		–10

		–10.5

		–12

		–12

		–9.5

		–11

		–15.5

		–22

		–26



		December

		–21

		–13

		–31

		–26

		–13

		–8

		–9.5

		–2

		3.5

		4

		4

		–3.5

		–6.5

		–0.5

		–31.5

		–41

		–24

		–17

		–15

		–8

		–6

		–6

		–8

		–13.5

		–21





Table 5.4

Propagation conditions on Equator-Moscow link for 10 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Equator-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		10.0

		9.0

		5.0

		7.0

		6.0

		–20.0

		–55.0

		–103.0

		–161.0

		–200.0

		–202.0

		–163.0

		–101.0

		–51.0

		–19.0

		5.0

		12.0

		12.0

		12.0

		12.0

		13.0

		13.0

		12.0

		12.0

		10.0



		February

		12.0

		10.0

		9.0

		8.0

		–5.0

		–24.0

		–62.0

		–119.0

		–181.0

		–221.0

		–224.0

		–186.0

		–123.0

		–63.0

		–25.0

		–6.0

		11.0

		12.0

		12.0

		13.0

		13.0

		13.0

		12.0

		12.0

		12.0



		March

		13.0

		13.0

		9.0

		9.0

		–5.0

		–28.0

		–72.0

		–137.0

		–202.0

		–245.0

		–248.0

		–209.0

		–147.0

		–82.0

		–35.0

		–12.0

		5.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		13.0



		April

		13.0

		10.0

		9.0

		5.0

		–10.0

		–35.0

		–83.0

		–145.0

		–205.0

		–245.0

		–248.0

		–212.0

		–152.0

		–90.0

		–40.0

		–14.0

		1.0

		14.0

		12.0

		12.0

		12.0

		12.0

		13.0

		13.0

		13.0



		May

		10.0

		10.0

		8.0

		–1.0

		–15.0

		–46.0

		–96.0

		–153.0

		–208.0

		–244.0

		–247.0

		–214.0

		–158.0

		–99.0

		–49.0

		–16.0

		–3.0

		8.0

		12.0

		11.0

		11.0

		11.0

		11.0

		11.0

		10.0



		June

		9.0

		9.0

		6.0

		–7.0

		–34.0

		–61.0

		–109.0

		–162.0

		–211.0

		–243.0

		–247.0

		–217.0

		–165.0

		–109.0

		–59.0

		–22.0

		–7.0

		2.0

		9.0

		9.0

		10.0

		10.0

		9.0

		9.0

		9.0



		July

		9.0

		10.0

		8.0

		–2.0

		–17.0

		–51.0

		–100.0

		–154.0

		–208.0

		–243.0

		–244.0

		–207.0

		–149.0

		–92.0

		–44.0

		–15.0

		–4.0

		6.0

		9.0

		9.0

		10.0

		10.0

		9.0

		9.0

		9.0



		August

		9.0

		10.0

		10.0

		1.0

		–14.0

		–42.0

		–90.0

		–147.0

		–205.0

		–243.0

		–241.0

		–196.0

		–133.0

		–76.0

		–31.0

		–11.0

		1.0

		13.0

		11.0

		9.0

		10.0

		10.0

		9.0

		9.0

		9.0



		September

		13.0

		9.0

		8.0

		3.0

		–12.0

		–36.0

		–82.0

		–141.0

		–202.0

		–243.0

		–238.0

		–186.0

		–119.0

		–60.0

		–21.0

		–7.0

		7.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		13.0



		October

		12.0

		13.0

		9.0

		7.0

		–7.0

		–28.0

		–65.0

		–121.0

		–180.0

		–220.0

		–218.0

		–171.0

		–100.0

		–49.0

		–18.0

		–4.0

		11.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0



		November

		12.0

		9.0

		8.0

		8.0

		4.0

		–23.0

		–56.0

		–104.0

		–161.0

		–200.0

		–199.0

		–156.0

		–92.0

		–45.0

		–16.0

		6.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0



		December

		12.0

		9.0

		5.0

		6.0

		6.0

		–11.0

		–50.0

		–94.0

		–143.0

		–180.0

		–181.0

		–143.0

		–82.0

		–40.0

		–7.0

		9.0

		12.0

		12.0

		12.0

		12.0

		13.0

		13.0

		12.0

		12.0

		12.0





Table 5.5

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 10 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB

		Interfering link: Equator-Moscow, isotropic antenna gain=0 dB



		Output power 

		0.1 kW 

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		12.0

		9.0

		15.0

		13.0

		11.0

		3.0

		0.0

		10.0

		15.0

		16.0

		20.5

		25.5

		29.0

		30.0

		34.0

		29.5

		17.0

		17.0

		17.5

		19.0

		18.5

		18.0

		13.0

		12.0

		12.0



		February

		5.5

		3.0

		1.0

		0.0

		1.0

		–8.5

		–14.0

		–6.0

		6.0

		8.5

		12.0

		18.0

		24.0

		27.0

		29.0

		33.0

		18.0

		17.0

		17.5

		19.0

		23.5

		18.0

		14.0

		10.0

		5.5



		March

		1.0

		–7.5

		–3.0

		–14.0

		–17.0

		–28.0

		–32.0

		–19.0

		–9.0

		–2.0

		2.0

		7.0

		12.0

		19.0

		23.0

		28.0

		31.0

		19.3

		21.0

		18.0

		21.0

		19.0

		16.0

		10.0

		1.0



		April

		–10.0

		–13.5

		–19.0

		–21.0

		–40.0

		–59.0

		–58.0

		–40.0

		–25.0

		–13.0

		–5.0

		–1.0

		4.0

		10.0

		17.0

		23.0

		27.5

		15.0

		22.0

		17.0

		15.0

		12.0

		6.0

		–2.0

		–10.0



		May

		–17.5

		–25.0

		–41.0

		–46.0

		–79.0

		–88.0

		–89.0

		–80.0

		–56.0

		–34.0

		–45.0

		–34.0

		–25.0

		1.5

		10.0

		17.0

		22.0

		18.5

		14.0

		12.0

		9.0

		4.5

		–6.0

		–9.0

		–17.5



		June

		–42.5

		–51.0

		–75.0

		–96.0

		–117.0

		–126.0

		–126.0

		–115.0

		–92.0

		–55.0

		–70.0

		–56.0

		–42.0

		–28.0

		–15.0

		4.0

		12.0

		12.0

		2.0

		3.0

		–2.0

		–6.0

		–17.0

		–27.0

		–42.0



		July

		–21.0

		–39.0

		–42.0

		–79.0

		–89.0

		–96.0

		–95.0

		–84.0

		–60.0

		–34.0

		–19.0

		–4.0

		–30.0

		–18.0

		8.0

		13.0

		24.0

		22.0

		10.0

		6.0

		5.0

		–3.0

		–5.0

		–11.0

		–21.0



		August

		–9.0

		–21.0

		–26.0

		–30.0

		–44.0

		–71.0

		–71.0

		–47.0

		–30.0

		–16.0

		–8.0

		–4.0

		0.0

		8.0

		13.0

		21.0

		23.0

		13.0

		15.0

		13.0

		9.0

		4.0

		–2.0

		–9.0

		–9.0



		September

		–9.0

		–3.5

		–16.0

		–19.0

		–25.0

		–46.0

		–46.0

		–37.0

		–22.0

		–10.0

		–2.0

		2.0

		9.0

		16.0

		21.5

		28.0

		32.0

		20.0

		20.0

		19.0

		16.0

		14.0

		9.0

		–1.0

		–9.0



		October

		5.0

		–3.0

		1.5

		–1.5

		–11.0

		–18.0

		–23.0

		–11.0

		–2.0

		2.5

		8.0

		13.0

		18.0

		23.0

		26.0

		28.5

		20.5

		21.0

		21.0

		20.0

		19.0

		18.0

		15.0

		11.0

		5.0



		November

		8.0

		6.0

		8.0

		9.0

		6.0

		–2.0

		–4.0

		4.0

		12.0

		13.0

		14.0

		21.5

		25.0

		28.0

		32.5

		29.0

		18.0

		18.5

		18.0

		18.5

		19.0

		18.0

		14.0

		10.0

		8.0



		December

		10.0

		24.0

		15.0

		18.0

		26.0

		20.0

		16.0

		18.0

		21.0

		23.0

		27.0

		24.5

		28.5

		38.5

		8.5

		–6.0

		10.0

		16.0

		17.0

		23.0

		22.5

		22.0

		21.0

		16.0

		10.0





Table 5.6

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 80 sunspot numbers 

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB



		Output power 

		5 kW 

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		16

		12.5

		9

		13

		6

		–3

		–7.5

		1

		8

		9

		9.5

		19

		25

		27

		28

		35

		31

		30.5

		30

		31

		34

		27

		24

		22

		17



		February

		9

		3.5

		6

		–3

		–13.5

		–21

		–28

		–19

		–6

		5

		4

		10

		17

		22

		24.5

		27

		28

		28

		29

		36

		31

		23

		22

		16

		9



		March

		–1

		0

		–8

		–1.5

		–30

		–46

		–55

		–49

		–22

		–5

		–8

		–3

		5

		11

		19

		23

		27

		27

		36

		31

		28

		24

		19

		9

		–1



		April

		–4

		–17

		–25

		–39

		–54

		–66

		–62

		–57

		–44

		–29

		–20

		–8

		–4

		2

		11

		18

		23

		30

		28

		23

		17

		17

		18

		10

		–4



		May

		–24

		–33

		–49

		–124

		–135

		–142

		–143

		–135

		–68

		–49

		–33

		–25

		–10

		–9

		1

		11

		20

		19

		17

		10

		17

		10

		0

		–14

		–25



		June

		–52

		–136

		–158

		–178

		–170

		–198

		–192

		–190

		–172

		–80

		–128

		–106

		–82

		–60

		–38

		–20

		2

		4

		–2

		–6

		–4

		–14

		–26

		–36

		–52



		July

		–30

		–47.3

		–125.6

		–141

		–154.2

		–161.5

		–161

		–150

		–112.6

		–54

		–36

		–26.6

		–11.6

		–9.5

		–0.3

		14

		14

		15

		12

		6

		–7

		3.5

		–6

		–22

		–30.6



		August

		–21

		–28

		–42

		–59

		–68

		–129

		–126

		–67

		–50

		–42

		–26

		–49.5

		–34

		–0.5

		8

		15.5

		20

		23

		21

		15

		6.4

		8

		–1.3

		–5

		–21



		September

		–12.5

		–19.6

		–26.5

		–41

		–56.4

		–71

		–61

		–56.4

		–42

		–27

		–16

		–7

		0.5

		8.6

		16

		22

		26

		33

		28

		26

		27

		18

		10

		–1

		–12.5



		October

		1

		4

		–8.5

		–16.6

		–29

		–42

		–46.5

		–29

		–16

		–8

		–1

		5

		11

		17

		22

		26

		28

		28

		34

		30

		17

		17

		17

		9

		1



		November

		12

		7.4

		11.4

		1.5

		–5

		–14

		–17

		–6

		3

		6

		10

		15.5

		20.5

		24

		26

		30.5

		28

		28

		29

		36.5

		30.5

		24.6

		22.5

		18

		12



		December

		21

		18

		15

		14

		17

		12

		5.6

		15

		16.6

		17

		20

		25

		29.5

		31

		29.5

		29

		30

		29

		30

		31.6

		31.5

		32

		22.5

		23.5

		21












Table 5.7

Propagation conditions on Astana-Moscow link for 80 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Астана-Москва, isotropic antenna gain=0 dB



		Output power 

		0.1 kW 

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		 January

		47

		47

		47

		40

		31.5

		22

		15

		1

		–6

		–6

		7

		15

		23

		28

		37

		38

		40

		42

		43

		42.6

		42

		41

		40

		42

		47



		February

		45

		47

		43

		33.6

		23

		14.4

		–1

		–14

		–21

		–20

		–12.5

		6

		15

		23

		28

		36.6

		37.6

		39

		42.3

		43

		43

		41

		41

		42

		45



		March

		41

		40.5

		38

		24

		17

		5

		–16

		–25.5

		–51

		–49

		–40

		–14

		4.4

		14

		22

		32

		36

		36

		36

		37

		37.5

		39

		39.4

		40

		41



		April

		39

		37

		31

		18.5

		8.6

		–13

		–34

		–48

		–55

		–54

		–46

		–33

		–1

		8

		17

		25

		34

		36

		36

		36

		36.5

		38.5

		39

		39

		39



		May

		36

		31.5

		21

		10.3

		–12.5

		–33

		–45.6

		–55.4

		–69

		–68.2

		–54

		–44

		–31

		–9.3

		11.3

		20.5

		30

		35

		35.6

		36

		36

		37.8

		38

		38

		36



		June

		31

		21.4

		13

		–13

		–36

		–48

		–55.6

		–70

		–75

		–75.5

		–71

		–55

		–47

		–32

		–8.5

		13.5

		20

		29

		33.6

		34.7

		35

		36

		36

		34.4

		31



		July

		34

		25

		19.4

		–1.4

		–16

		–38.3

		–51

		–68

		–73.4

		–71.4

		–55

		–45

		–33

		–13

		9.6

		18.5

		27

		32

		34

		34.6

		35

		35.7

		35.7

		35.7

		34



		August

		37

		34.3

		24

		16

		5

		–28.5

		–45

		–56.5

		–61

		–58

		–48.4

		–34.2

		–15

		7

		15

		22.5

		30

		33

		34.2

		34.7

		35

		36

		36.3

		36.4

		37.2



		September

		40

		39

		33

		19

		8.4

		–13

		–25.6

		–54

		–59.3

		–54

		–41

		–13

		4

		12.3

		20.6

		31

		36

		36.5

		36

		36

		36.3

		38.4

		39

		40

		40



		October

		41.7

		40.5

		37

		24

		17

		7

		–10.5

		–21.6

		–26.3

		–22.5

		–13.8

		5

		12.6

		20.5

		26

		34.5

		36.6

		36.6

		36.2

		36.4

		36.5

		38.3

		39

		40

		42



		November

		42

		43

		40

		33

		24

		17.4

		10

		–4

		–11

		–9

		5

		13.4

		20.6

		26.3

		34.7

		37

		37

		38

		37.6

		37.4

		37.1

		39

		39

		40

		42



		December

		42.3

		45

		44.3

		38.4

		34.3

		25.5

		22

		15

		10.2

		10

		15

		22.2

		27.3

		36.3

		37.6

		37.7

		38

		40.3

		42

		42

		41

		39.6

		39.4

		40

		42.3












Table 5.8

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 80 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB

		Interfering link: Астана-Москва, isotropic antenna gain=0 dB



		Output power

		5 kW 

		SSN

		80

		

		Output power

		0.1 kW

		SSN

		80

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		–31

		–34.5

		–38

		–27

		–25.5

		–25

		–22.5

		1

		8

		9

		9.5

		4

		2

		–1

		–9

		–3

		–9

		–11.5

		–13

		–11.6

		–8

		–14

		–16

		–20

		–30



		February

		–36

		–43.5

		–37

		–36.6

		–36.5

		–35.4

		–28

		–19

		–6

		5

		4

		10

		2

		–1

		–3.5

		–9.6

		–9.6

		–11

		–13.3

		–7

		–12

		–18

		–19

		–26

		–36



		March

		–42

		–40.5

		–46

		–25.5

		–47

		–46

		–55

		–49

		–22

		–5

		–8

		–3

		5

		–3

		–3

		–9

		–9

		–9

		0

		–6

		–9.5

		–15

		–20.4

		–31

		–42



		April

		–43

		–54

		–56

		–57.5

		–62.6

		–66

		–62

		–57

		–44

		–29

		–20

		–8

		–4

		–6

		–6

		–7

		–11

		–6

		–8

		–13

		–19.5

		–21.5

		–21

		–29

		–43



		May

		–60

		–64.5

		–70

		–134.3

		–135

		–142

		–143

		–135

		–68

		–49

		–33

		–25

		–10

		–9

		–10.3

		–9.5

		–10

		–16

		–18.6

		–26

		–19

		–27.8

		–38

		–52

		–61



		June

		–83

		–157.4

		–171

		–178

		–170

		–198

		–192

		–190

		–172

		–80

		–128

		–106

		–82

		–60

		–38

		–33.5

		–18

		–25

		–35.6

		–40.7

		–39

		–50

		–62

		–70.4

		–83



		July

		–64

		–72.3

		–145

		–141

		–154.2

		–161.5

		–161

		–150

		–112.6

		–54

		–36

		–26.6

		–11.6

		–9.5

		–9.9

		–4.5

		–13

		–17

		–22

		–28.6

		–42

		–32.2

		–41.7

		–57.7

		–64.6



		August

		–58

		–62.3

		–66

		–75

		–68

		–129

		–126

		–67

		–50

		–42

		–26

		–49.5

		–34

		–0.5

		–7

		–7

		–10

		–10

		–13.2

		–19.7

		–28.6

		–28

		–37.6

		–41.4

		–58.2



		September

		–52.5

		–58.6

		–59.5

		–60

		–64.8

		–71

		–61

		–56.4

		–42

		–27

		–16

		–7

		0.5

		–3.7

		–4.6

		–9

		–10

		–3.5

		–8

		–10

		–9.3

		–20.4

		–29

		–41

		–52.5



		October

		–40.7

		–36.5

		–45.5

		–40.6

		–46

		–42

		–46.5

		–29

		–16

		–8

		–1

		5

		–1.6

		–3.5

		–4

		–8.5

		–8.6

		–8.6

		–2.2

		–6.4

		–19.5

		–21.3

		–22

		–31

		–41



		November

		–30

		–35.6

		–28.6

		–31.5

		–29

		–31.4

		–27

		–6

		3

		6

		10

		2.1

		–0.1

		–2.3

		–8.7

		–6.5

		–9

		–10

		–8.6

		–0.9

		–6.6

		–14.4

		–16.5

		–22

		–30



		December

		–21.3

		–27

		–29.3

		–24.4

		–17.3

		–13.5

		–16.4

		0

		6.4

		7

		5

		2.8

		2.2

		–5.3

		–8.1

		–8.7

		–8

		–11.3

		–12

		–10.4

		–9.5

		–7.6

		–16.9

		–16.5

		–21.3








Table 5.9

Propagation conditions on Equator-Moscow link for 80 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Equator-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		12.0

		12.0

		10.0

		9.0

		3.0

		–28.0

		–76.0

		–159.0

		–244.0

		–301.0

		–302.0

		–245.0

		–130.0

		–74.0

		–30.0

		–3.0

		11.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		12.0



		February

		12.0

		12.0

		20.0

		9.0

		–3.0

		–35.0

		–91.0

		–177.0

		–267.0

		–330.0

		–335.0

		–276.0

		–187.0

		–98.0

		–42.0

		–14.0

		6.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		12.0



		March

		20.0

		20.0

		20.0

		7.0

		–11.0

		–43.0

		–107.0

		–197.0

		–294.0

		–365.0

		–373.0

		–313.0

		–218.0

		–129.0

		–59.0

		–20.0

		–2.0

		11.0

		12.0

		12.0

		12.0

		13.0

		13.0

		13.0

		20.0



		April

		20.0

		20.0

		10.0

		0.0

		–18.0

		–57.0

		–127.0

		–215.0

		–307.0

		–370.0

		–373.0

		–316.0

		–228.0

		–141.0

		–72.0

		–26.0

		–7.0

		8.0

		19.0

		20.0

		20.0

		20.0

		20.0

		20.0

		20.0



		May

		20.0

		11.0

		11.0

		–8.0

		–27.0

		–77.0

		–148.0

		–236.0

		–321.0

		–374.0

		–373.0

		–320.0

		–238.0

		–155.0

		–88.0

		–37.0

		–10.0

		3.0

		13.0

		12.0

		12.0

		12.0

		20.0

		20.0

		20.0



		June

		9.0

		8.0

		5.0

		–17.0

		–55.0

		–100.0

		–173.0

		–258.0

		–335.0

		–379.0

		–373.0

		–323.0

		–249.0

		–172.0

		–105.0

		–52.0

		–16.0

		–2.0

		7.0

		17.0

		11.0

		10.0

		9.0

		9.0

		9.0



		July

		19.0

		10.0

		9.0

		–11.0

		–32.0

		–86.0

		–159.0

		–248.0

		–333.0

		–382.0

		–372.0

		–311.0

		–228.0

		–150.0

		–87.0

		–37.0

		–11.0

		2.0

		12.0

		11.0

		11.0

		11.0

		11.0

		18.0

		19.0



		August

		19.0

		19.0

		13.0

		–6.0

		–23.0

		–72.0

		–146.0

		–239.0

		–332.0

		–385.0

		–370.0

		–299.0

		–209.0

		–131.0

		–69.0

		–25.0

		–8.0

		6.0

		11.0

		11.0

		11.0

		11.0

		11.0

		18.0

		19.0



		September

		20.0

		20.0

		10.0

		–2.0

		–18.0

		–60.0

		–134.0

		–230.0

		–330.0

		–388.0

		–368.0

		–287.0

		–191.0

		–112.0

		–54.0

		–18.0

		–1.0

		11.0

		12.0

		12.0

		12.0

		12.0

		12.0

		20.0

		20.0



		October

		20.0

		20.0

		20.0

		3.0

		–13.0

		–45.0

		–107.0

		–197.0

		–288.0

		–344.0

		–332.0

		–260.0

		–169.0

		–89.0

		–38.0

		–13.0

		5.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		20.0



		November

		12.0

		13.0

		10.0

		11.0

		–2.0

		–34.0

		–87.0

		–168.0

		–253.0

		–307.0

		–300.0

		–237.0

		–127.0

		–71.0

		–29.0

		–4.0

		10.0

		12.0

		12.0

		12.0

		12.0

		20.0

		12.0

		12.0

		12.0



		December

		12.0

		12.0

		12.0

		11.0

		4.0

		–20.0

		–72.0

		–133.0

		–223.0

		–275.0

		–272.0

		–216.0

		–119.0

		–63.0

		–18.0

		4.0

		12.0

		12.0

		13.0

		13.0

		13.0

		13.0

		13.0

		12.0

		12.0












Table 5.10

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 80 sunspot numbers with interference 

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB

		Interfering link: Equator-Moscow, isotropic antenna gain=0 dB



		Output power 

		0.1 kW 

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		4.0

		0.5

		–1.0

		4.0

		6.0

		–3.0

		–7.5

		1.0

		8.0

		9.0

		9.5

		19.0

		25.0

		27.0

		28.0

		35.0

		20.0

		17.5

		17.0

		18.0

		21.0

		14.0

		11.0

		9.0

		5.0



		February

		–3.0

		–8.5

		–14.0

		–12.0

		–13.5

		–21.0

		–28.0

		–19.0

		–6.0

		5.0

		4.0

		10.0

		17.0

		22.0

		24.5

		27.0

		28.0

		15.0

		16.0

		23.0

		18.0

		10.0

		9.0

		3.0

		–3.0



		March

		–21.0

		–20.0

		–28.0

		–1.5

		–30.0

		–46.0

		–55.0

		–49.0

		–22.0

		–5.0

		–8.0

		–3.0

		5.0

		11.0

		19.0

		23.0

		27.0

		16.0

		24.0

		19.0

		16.0

		11.0

		6.0

		–4.0

		–21.0



		April

		–24.0

		–37.0

		–35.0

		–39.0

		–54.0

		–66.0

		–62.0

		–57.0

		–44.0

		–29.0

		–20.0

		–8.0

		–4.0

		2.0

		11.0

		18.0

		23.0

		22.0

		9.0

		3.0

		–3.0

		–3.0

		–2.0

		–10.0

		–24.0



		May

		–44.0

		–44.0

		–60.0

		–124.0

		–135.0

		–142.0

		–143.0

		–135.0

		–68.0

		–49.0

		–33.0

		–25.0

		–10.0

		–9.0

		1.0

		11.0

		20.0

		19.0

		4.0

		–2.0

		5.0

		–2.0

		–20.0

		–34.0

		–45.0



		June

		–61.0

		–144.0

		–158.0

		–178.0

		–170.0

		–198.0

		–192.0

		–190.0

		–172.0

		–80.0

		–128.0

		–106.0

		–82.0

		–60.0

		–38.0

		–20.0

		2.0

		4.0

		–2.0

		–23.0

		–15.0

		–24.0

		–35.0

		–45.0

		–61.0



		July

		–49.0

		–57.3

		–134.6

		–141.0

		–154.2

		–161.5

		–161.0

		–150.0

		–112.6

		–54.0

		–36.0

		–26.6

		–11.6

		–9.5

		–0.3

		14.0

		14.0

		15.0

		0.0

		–5.0

		–18.0

		–7.5

		–17.0

		–40.0

		–49.6



		August

		–40.0

		–47.0

		–55.0

		–59.0

		–68.0

		–129.0

		–126.0

		–67.0

		–50.0

		–42.0

		–26.0

		–49.5

		–34.0

		–0.5

		8.0

		15.5

		20.0

		23.0

		10.0

		4.0

		–4.6

		–3.0

		–12.3

		–23.0

		–40.0



		September

		–32.5

		–39.6

		–36.5

		–41.0

		–56.4

		–71.0

		–61.0

		–56.4

		–42.0

		–27.0

		–16.0

		–7.0

		0.5

		8.6

		16.0

		22.0

		26.0

		22.0

		16.0

		14.0

		15.0

		6.0

		–2.0

		–21.0

		–32.5



		October

		–19.0

		–16.0

		–28.5

		–16.6

		–29.0

		–42.0

		–46.5

		–29.0

		–16.0

		–8.0

		–1.0

		5.0

		11.0

		17.0

		22.0

		26.0

		28.0

		16.0

		22.0

		18.0

		5.0

		5.0

		5.0

		–3.0

		–19.0



		November

		0.0

		–5.6

		1.4

		–9.5

		–5.0

		–14.0

		–17.0

		–6.0

		3.0

		6.0

		10.0

		15.5

		20.5

		24.0

		26.0

		30.5

		18.0

		16.0

		17.0

		24.5

		18.5

		4.6

		10.5

		6.0

		0.0



		December

		9.0

		6.0

		3.0

		3.0

		17.0

		12.0

		5.6

		15.0

		16.6

		17.0

		20.0

		25.0

		29.5

		31.0

		29.5

		29.0

		18.0

		17.0

		17.0

		18.6

		18.5

		19.0

		9.5

		11.5

		9.0












Table 5.11

Propagation conditions on Murmansk-Moscow link for 10 sunspot numbers 

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		66.5

		65.5

		56

		54

		58

		64

		63

		55

		51.5

		49.5

		49.5

		52

		56

		59.5

		62.5

		67

		56

		64

		64

		65

		66.5

		67

		67

		67

		66.5



		February

		65.5

		67.7

		52

		53.5

		61

		63

		59.5

		47

		47

		45

		45.3

		47.5

		50

		56

		58

		63.5

		67.5

		66

		65

		64.5

		65.5

		65.5

		66.5

		66.5

		65.5



		March

		57.5

		57.3

		57

		63.5

		66

		61.5

		51.5

		41

		37

		34.5

		35

		39

		43.5

		47

		52

		56

		58

		58.5

		62

		63

		62.5

		61.5

		61.5

		60.5

		57.5



		April

		65.5

		66

		65.5

		66

		65

		55

		43.5

		37

		35

		31.5

		32

		37

		39

		43

		50

		53

		57

		57.5

		58

		60

		63

		62.7

		62

		65

		65.5



		May

		67.5

		69.5

		65

		63

		51.5

		42

		37.5

		32

		31

		29

		29

		33

		34

		39

		41.5

		46

		54

		56

		57.5

		57

		56.5

		58

		60

		67

		67.5



		June

		66.5

		66

		64

		51.5

		44

		36.5

		32

		29

		26

		25

		25.5

		25.5

		28.5

		31

		32.5

		38

		42

		49.5

		52

		54

		56

		56

		57

		62

		66.5



		July

		65.5

		67

		66.5

		64.7

		55

		47.5

		41.5

		37.5

		34

		32.5

		32

		33

		36

		40

		40.5

		43

		51

		52

		55

		54.3

		58

		59.5

		62.5

		64.5

		65.5



		August

		65.5

		66

		68

		66.5

		65

		57

		43

		37.5

		34.5

		33

		33.3

		34.5

		38

		41.5

		42.5

		52

		53

		53.5

		54

		54.5

		59.5

		63

		62.5

		64

		65.5



		September

		58.5

		58

		56.5

		65

		64

		57.5

		44

		38

		34

		33

		34

		48.5

		42

		46.5

		52

		56

		59

		58

		59

		61.5

		62.5

		62

		61

		60.5

		58.5



		October

		58.5

		57

		46.5

		63.5

		65.5

		62

		50.5

		42.5

		41.7

		40.5

		41

		45

		48

		54.5

		55

		58.5

		59.5

		61

		64

		63.5

		62.5

		61.5

		61

		62

		58.5



		November

		61

		56.5

		52

		53.8

		63

		62.5

		58

		50.3

		47

		45

		45.3

		52

		55

		58

		60

		65

		64

		63

		62

		61.5

		61

		61.2

		61.5

		65

		61



		December

		65.5

		58.5

		49

		44

		50

		46

		64

		61

		59

		56.5

		56

		58

		61

		66.5

		67.5

		66.5

		58

		54

		54.5

		57.5

		62

		65

		65.7

		65.7

		65.6












Table 5.12

Propagation conditions on Warsaw-Moscow link for 10 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Warsaw-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		53

		52

		48

		45

		43

		52

		54

		46

		40

		32

		31

		32.5

		39

		43

		45

		54.5

		54

		52

		52

		52.5

		52.5

		53

		53.2

		53.5

		53



		February

		52

		47

		45

		42.5

		44

		52.5

		52

		40.5

		31.5

		27

		25

		28.5

		31

		39.5

		43

		47.5

		51.5

		53

		53.5

		53

		53

		48

		52

		52

		52



		March

		46

		43.5

		42

		45

		53

		52

		44.5

		36

		23

		18

		17.5

		19

		22.5

		35

		37.5

		41.5

		43

		48

		52

		52.5

		52

		50.5

		49.5

		48

		46



		April

		47.5

		46.5

		48

		53

		54

		50

		42.5

		28

		24

		19.5

		18.5

		20.5

		23

		27

		37.5

		41

		44

		46

		48

		51

		52

		51.5

		51.2

		52.5

		47.5



		May

		54

		54

		53.5

		54

		52.5

		37

		31

		25

		21

		17.5

		17

		19

		22

		25

		29

		33

		42

		45

		45

		45.5

		46

		48

		52.5

		53

		54



		June

		52.5

		53

		54

		52

		48

		33

		27

		22

		19

		15.5

		15

		15.5

		20

		26

		28

		31

		33

		41

		43

		43

		44.5

		45

		48

		52

		52.5



		July

		52.5

		53

		53.5

		54

		52

		41

		34

		28

		24

		20

		18

		20

		25

		30

		32

		37

		44.5

		44.5

		43

		43.5

		44.5

		49

		51.5

		52

		52.5



		August

		52

		51.8

		52.5

		54

		53

		51

		34

		28.5

		23

		20

		19.5

		20

		22.5

		32.5

		44

		43.5

		42

		42

		42.5

		43

		46

		51.5

		50.5

		51

		52



		September

		43.5

		40.5

		38

		44.5

		54

		50.5

		43

		30.5

		21

		18

		18

		20

		22.5

		36.5

		39.5

		44

		46

		47

		49

		51.5

		51.4

		51

		50

		46

		43.5



		October

		48

		46

		44.5

		45.5

		52.5

		51.5

		42.5

		35.5

		28.5

		25

		24.5

		27

		45.5

		38.5

		41

		43

		45.5

		50

		53

		52.5

		51

		50.5

		50

		51.8

		48



		November

		52.5

		48

		45.5

		43.5

		46.5

		52

		51

		41

		38

		31

		30

		36.5

		38.5

		41

		43.5

		49

		52

		52

		51

		46

		44

		45

		47

		51

		52.5



		December

		52.5

		52

		46

		43

		41

		51.5

		53

		52.5

		44

		40.5

		35

		40.8

		43.5

		47.5

		54

		54

		52.5

		43.5

		40.5

		41

		43.5

		47

		52.5

		52.6

		52.5












Table 5.13

Propagation conditions on Murmansk-Moscow link for 10 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB

		Interfering link: Warsaw-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		

		Output power

		0.1 kW

		SSN

		10

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		13.5

		13.5

		8

		9

		15

		12

		9

		9

		11.5

		17.5

		18.5

		19.5

		17

		16.5

		17.5

		12.5

		2

		12

		12

		12.5

		14

		14

		13.8

		13.5

		13.5



		February

		13.5

		20.7

		7

		11

		17

		10.5

		7.5

		6.5

		15.5

		18

		20.3

		19

		19

		16.5

		15

		16

		16

		13

		11.5

		11.5

		12.5

		17.5

		14.5

		14.5

		13.5



		March

		11.5

		13.8

		15

		18.5

		13

		9.5

		7

		5

		14

		16.5

		17.5

		20

		21

		12

		14.5

		14.5

		15

		10.5

		10

		10.5

		10.5

		11

		12

		12.5

		11.5



		April

		18

		19.5

		17.5

		13

		11

		5

		1

		9

		11

		12

		13.5

		16.5

		16

		16

		12.5

		12

		13

		11.5

		10

		9

		11

		11.2

		10.8

		12.5

		18



		May

		13.5

		15.5

		11.5

		9

		-1

		5

		6.5

		7

		10

		11.5

		12

		14

		12

		14

		12.5

		13

		12

		11

		12.5

		11.5

		10.5

		10

		7.5

		14

		13.5



		June

		14

		13

		10

		-0.5

		-4

		3.5

		5

		7

		7

		9.5

		10.5

		10

		8.5

		5

		4.5

		7

		9

		8.5

		9

		11

		11.5

		11

		9

		10

		14



		July

		13

		14

		13

		10.7

		3

		6.5

		7.5

		9.5

		10

		12.5

		14

		13

		11

		10

		8.5

		6

		6.5

		7.5

		12

		10.8

		13.5

		10.5

		11

		12.5

		13



		August

		13.5

		14.2

		15.5

		12.5

		12

		6

		9

		9

		11.5

		13

		13.8

		14.5

		

		9

		-1.5

		8.5

		11

		11.5

		11.5

		11.5

		13.5

		11.5

		12

		13

		13.5



		September

		15

		17.5

		18.5

		20.5

		10

		7

		1

		7.5

		13

		15

		16

		28.5

		19.5

		10

		12.5

		12

		13

		11

		10

		10

		11.1

		11

		11

		14.5

		15



		October

		10.5

		11

		2

		18

		13

		10.5

		8

		7

		13.2

		15.5

		16.5

		18

		2.5

		16

		14

		15.5

		14

		11

		11

		11

		11.5

		11

		11

		10.2

		10.5



		November

		8.5

		8.5

		6.5

		10.3

		16.5

		10.5

		7

		9.3

		9

		14

		15.3

		15.5

		16.5

		17

		16.5

		16

		12

		11

		11

		15.5

		17

		16.2

		14.5

		14

		8.5



		December

		13

		6.5

		3

		1

		9

		-5.5

		11

		8.5

		15

		16

		21

		17.2

		17.5

		19

		13.5

		12.5

		5.5

		10.5

		14

		16.5

		18.5

		18

		13.2

		13.1

		13.1












Table 5.14

Propagation conditions on Berlin-Moscow link for 10 sunspot numbers

		Signal/noise ratio, dB



		Interfering link: Berlin-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		50.5

		50.4

		50

		49.8

		49.1

		49.6

		50.2

		38.5

		33

		27.7

		25

		26.8

		30.5

		35

		39

		42.5

		49

		50

		49.8

		49.5

		50.2

		50.3

		50.4

		50.4

		50.5



		February

		50.5

		50

		49.5

		49

		49.5

		50.5

		44.4

		31.5

		26

		16

		14

		16

		24

		29

		33

		39.5

		43.5

		46

		50

		50

		50.5

		50.5

		50.5

		50.5

		50.5



		March

		49.9

		50.1

		49.5

		49.5

		50.5

		49

		36

		25

		14

		9

		8

		10

		12

		17

		26

		32.5

		39

		41

		42

		46

		48.5

		48.5

		48.5

		50

		49.9



		April

		50

		50.5

		50.5

		51

		50.5

		39

		29.2

		21

		10

		–4

		–6

		–4

		–2

		12

		21

		29

		36.5

		41

		41

		42

		43

		48

		49

		50.2

		50



		May

		50.5

		51

		51.5

		50

		42.5

		29.8

		22

		11

		–2.5

		–7

		–8

		–7

		–4.5

		–1

		12.5

		24

		34

		39

		41.5

		41

		40.5

		41

		41.5

		48

		50.5



		June

		46

		48

		49.8

		43.5

		37.5

		25

		12

		–2

		–6

		–9

		–11

		–10.5

		–9.5

		–5.5

		–3

		11.5

		22

		32

		37

		39

		38.8

		39

		39.5

		42

		46



		July

		49

		49.5

		51

		48

		41

		31

		22

		10

		–3

		–7

		–8.5

		–8

		–6

		–2

		10

		22

		29

		36

		38.5

		38

		39

		40

		41.5

		47

		49



		August

		49

		50

		50.5

		51.5

		49

		39

		26

		15

		–1

		–6

		–7

		–6.5

		–4

		10

		14

		28

		34

		37

		37

		37

		39

		40

		46

		48

		48.5



		September

		49

		49

		48.6

		49

		51

		41

		30

		20.5

		9.5

		8

		7

		–2

		11

		14

		27

		36

		40

		41

		41

		42

		44

		49

		48.5

		49.5

		49



		October

		50

		50.5

		50

		49.7

		51

		47

		37

		29

		23

		13.5

		12

		15

		22

		28

		31

		38

		41

		42.5

		43.5

		45.5

		48

		48

		48

		50

		50



		November

		50

		50.5

		50

		49

		49.2

		49

		41.5

		33

		30.5

		26

		24

		26

		29

		33

		37.5

		41.5

		44

		50

		49.7

		49

		48

		48

		49

		49.5

		50



		December

		50.5

		50

		49.7

		49

		49

		50

		51

		42.5

		36

		32

		30.7

		31.3

		35

		40

		43

		49

		51

		49

		48

		48

		49

		50

		50.5

		50.5

		50.5












Table 5.15

Propagation conditions on Murmansk-Moscow link for 10 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB

		Interfering link: Berlin-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		

		Output power

		0.1 kW

		SSN

		10

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		16

		15.1

		6

		4.2

		8.9

		14.4

		12.8

		16.5

		18.5

		21.8

		24.5

		25.2

		25.5

		24.5

		23.5

		24.5

		7

		14

		14.2

		15.5

		16.3

		16.7

		16.6

		16.6

		16



		February

		15

		17.7

		2.5

		4.5

		11.5

		12.5

		15.1

		15.5

		21

		29

		31.3

		31.5

		26

		27

		25

		24

		24

		20

		15

		14.5

		15

		15

		16

		16

		15



		March

		7.6

		7.2

		7.5

		14

		15.5

		12.5

		15.5

		16

		23

		25.5

		27

		29

		31.5

		30

		26

		23.5

		19

		17.5

		20

		17

		14

		13

		13

		10.5

		7.6



		April

		15.5

		15.5

		15

		15

		14.5

		16

		14.3

		16

		25

		31.5

		32

		37

		39

		31

		29

		24

		20.5

		16.5

		17

		18

		20

		14.7

		13

		14.8

		15.5



		May

		17

		18.5

		13.5

		13

		9

		12.2

		15.5

		21

		31

		29

		29

		33

		34

		39

		29

		22

		20

		17

		16

		16

		16

		17

		18.5

		19

		17



		June

		20.5

		18

		14.2

		8

		6.5

		11.5

		20

		29

		26

		25

		25.5

		25.5

		28.5

		31

		32.5

		26.5

		20

		17.5

		15

		15

		17.2

		17

		17.5

		20

		20.5



		July

		16.5

		17.5

		15.5

		16.7

		14

		16.5

		19.5

		27.5

		34

		32.5

		32

		33

		36

		40

		30.5

		21

		22

		16

		16.5

		16.3

		19

		19.5

		21

		17.5

		16.5



		August

		16.5

		16

		17.5

		15

		16

		18

		17

		22.5

		34.5

		33

		33.3

		34.5

		38

		31.5

		28.5

		24

		19

		16.5

		17

		17.5

		20.5

		23

		16.5

		16

		17



		September

		9.5

		9

		7.9

		16

		13

		16.5

		14

		17.5

		24.5

		25

		34

		48.5

		31

		32.5

		25

		20

		19

		17

		18

		19.5

		18.5

		13

		12.5

		11

		9.5



		October

		8.5

		6.5

		–3.5

		13.8

		14.5

		15

		13.5

		13.5

		18.7

		27

		29

		30

		26

		26.5

		24

		20.5

		18.5

		18.5

		20.5

		18

		14.5

		13.5

		13

		12

		8.5



		November

		11

		6

		2

		4.8

		13.8

		13.5

		16.5

		17.3

		16.5

		19

		21.3

		26

		26

		25

		22.5

		23.5

		20

		13

		12.3

		12.5

		13

		13.2

		12.5

		15.5

		11



		December

		15

		8.5

		–0.7

		–5

		1

		–4

		13

		18.5

		23

		24.5

		25.3

		26.7

		26

		26.5

		24.5

		17.5

		7

		5

		6.5

		9.5

		13

		15

		15.2

		15.2

		15.1












Table 5.16

Propagation conditions on Murmansk-Moscow link for 80 sunspot numbers

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		80

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		67.7

		66.8

		59.3

		59.1

		64.4

		64.6

		58.7

		51.2

		48.8

		45.7

		45.4

		48.4

		54.3

		57.1

		58.1

		60.8

		64.7

		66.7

		66.2

		65.9

		67.7

		67.8

		67.9

		67.8

		67.7



		February

		67.7

		66.8

		63.8

		64.3

		66.3

		62.7

		51.9

		42.4

		41.4

		37.5

		37.6

		41.3

		45.7

		52.9

		54.3

		57.5

		59.4

		61.9

		66.9

		66.7

		67.8

		67.9

		67.9

		67.9

		67.7



		March

		67.4

		67.4

		65.5

		66.6

		64.9

		52.6

		46

		34

		28.7

		24.5

		25.3

		30.4

		35.3

		40.4

		47.5

		51.9

		55.6

		55.4

		56.9

		59.5

		60.7

		62.3

		63.4

		67

		67.3



		April

		67.8

		67.9

		66.6

		63.5

		55.7

		46.8

		35

		26.6

		19.8

		16

		16.2

		21.5

		28.2

		33.3

		38.4

		48.4

		52.7

		55.1

		55.5

		56.2

		57

		58.5

		59.9

		64.6

		67.8



		May

		64.5

		64.5

		59.5

		54.8

		49.3

		33.3

		25.6

		16.1

		13.2

		10.2

		10.1

		14.6

		17.9

		23.1

		30

		37.8

		49.1

		52.4

		55

		56.4

		55.6

		56.4

		57.1

		61.5

		64.5



		June

		59

		58

		55

		43

		34

		25

		15

		10

		8

		6

		5

		6

		9

		13

		16

		27

		34

		45

		49

		52

		56

		56

		56

		59

		59



		July

		61

		62

		60

		56

		43

		34

		23

		16

		12

		10

		11

		13

		16

		21

		27

		35

		45

		49

		52

		54

		55

		55

		56

		59

		61



		August

		66

		67

		67

		62

		55

		41

		32

		21

		16

		14

		15

		19

		26

		30

		33

		45

		49

		51

		53

		53

		55

		56

		59

		63

		66



		September

		67

		67

		66

		65

		58

		47

		34

		26

		24

		15

		22

		29

		33

		38

		42

		51

		55

		56

		56

		57

		58

		59

		62

		67

		67



		October

		67

		67

		65

		66

		64

		52

		46

		37

		34

		31

		32

		38

		43

		50

		51

		54

		57

		56

		56

		58

		58

		60

		61

		67

		67



		November

		67

		67

		65

		65

		66

		59

		52

		48

		44

		41

		41

		46

		52

		55

		55

		57

		58

		60

		64

		64

		63

		63

		63

		67

		67



		December

		68

		68

		65

		65

		65

		64

		59

		54

		56

		53

		53

		55

		58

		60

		58

		60

		63

		67

		67

		67

		68

		68

		68

		68

		68












Table 5.17

Propagation conditions on Warsaw-Moscow link for 80 sunspot numbers

		Signal/noise ratio, dB



		Interfering link: Warsaw-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		53

		49

		45

		43

		45

		53

		53

		40

		36

		26

		24

		27

		36

		40

		43

		46

		50

		54

		53

		52

		53

		53

		53

		54

		53



		February

		54

		53

		49

		47

		53

		54

		44

		35

		24

		17

		16

		19

		24

		36

		39

		43

		45

		48

		54

		54

		54

		53

		54

		54

		54



		March

		54

		54

		53

		54

		54

		48

		38

		23

		12

		6

		5

		9

		13

		21

		32

		38

		42

		44

		45

		50

		52

		52

		52

		54

		54



		April

		54

		54

		54

		55

		51

		41

		34

		17

		10

		4

		3

		5

		9

		15

		30

		35

		40

		44

		44

		45

		47

		49

		52

		54

		54



		May

		55

		55

		55

		52

		44

		36

		20

		11

		6

		-4

		-6

		-4

		5

		10

		16

		33

		37

		42

		44

		44

		44

		46

		47

		50

		55



		June

		50

		52

		51

		46

		39

		22

		14

		7

		-3

		-6

		-8

		-8

		-5

		5

		11

		17

		24

		37

		41

		42

		43

		43

		45

		48

		50



		July

		52

		53

		54

		52

		45

		29

		20

		11

		5

		-5

		-6

		-4

		5

		10

		16

		23

		35

		39

		42

		42

		43

		44

		46

		49

		52



		August

		53

		53

		54

		54

		48

		40

		25

		14

		6

		2

		2

		5

		8

		14

		20

		34

		38

		41

		41

		42

		43

		45

		50

		52

		53



		September

		54

		54

		53

		53

		54

		42

		33

		16

		8

		3

		4

		8

		13

		19

		32

		38

		42

		44

		45

		46

		48

		51

		52

		54

		54



		October

		54

		54

		53

		54

		54

		45

		38

		27

		19

		14

		13

		17

		23

		34

		37

		41

		43

		45

		46

		50

		52

		52

		52

		54

		54



		November

		54

		53

		52

		52

		54

		52

		43

		37

		29

		23

		21

		25

		35

		39

		41

		44

		45

		51

		53

		52

		51

		51

		52

		53

		54



		December

		54

		54

		53

		52

		53

		53

		52

		43

		40

		32

		30

		37

		40

		44

		45

		45

		48

		54

		54

		53

		54

		54

		54

		54

		54












Table 5.18

Propagation conditions on Murmansk– Moscow link for 80 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB

		Interfering link: Warsaw-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		80

		

		Output power

		0.1 kW

		SSN

		80

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		14.7

		17.8

		14.3

		16.1

		19.4

		11.6

		5.7

		11.2

		12.8

		19.7

		21.4

		21.4

		18.3

		17.1

		15.1

		14.8

		14.7

		12.7

		13.2

		13.9

		14.7

		14.8

		14.9

		13.8

		14.7



		February

		13.7

		13.8

		14.8

		17.3

		13.3

		8.7

		7.9

		7.4

		17.4

		20.5

		21.6

		22.3

		21.7

		16.9

		15.3

		14.5

		14.4

		13.9

		12.9

		12.7

		13.8

		14.9

		13.9

		13.9

		13.7



		March

		13.4

		13.4

		12.5

		12.6

		10.9

		4.6

		8

		11

		16.7

		24.5

		25.3

		21.4

		22.3

		19.4

		15.5

		13.9

		13.6

		11.4

		11.9

		9.5

		8.7

		10.3

		11.4

		13

		13.3



		April

		13.8

		13.9

		12.6

		8.5

		4.7

		5.8

		1

		9.6

		9.8

		16

		16.2

		21.5

		19.2

		18.3

		8.4

		13.4

		12.7

		11.1

		11.5

		11.2

		10

		9.5

		7.9

		10.6

		13.8



		May

		9.5

		9.5

		4.5

		2.8

		5.3

		–2.7

		5.6

		5.1

		13.2

		10.2

		10.1

		14.6

		17.9

		13.1

		14

		4.8

		12.1

		10.4

		11

		12.4

		11.6

		10.4

		10.1

		11.5

		9.5



		June

		9

		6

		4

		–3

		–5

		3

		1

		10

		8

		6

		5

		6

		9

		13

		5

		10

		10

		8

		8

		10

		13

		13

		11

		11

		9



		July

		9

		9

		6

		4

		–2

		5

		3

		5

		12

		10

		11

		13

		16

		11

		11

		12

		10

		10

		10

		12

		12

		11

		10

		10

		9



		August

		13

		14

		13

		8

		7

		1

		7

		7

		16

		14

		15

		19

		18

		16

		13

		11

		11

		10

		12

		11

		12

		11

		9

		11

		13



		September

		13

		13

		13

		12

		4

		5

		1

		10

		16

		15

		22

		21

		20

		19

		10

		13

		13

		12

		11

		11

		10

		8

		10

		13

		13



		October

		13

		13

		12

		12

		10

		7

		8

		10

		15

		17

		19

		21

		20

		16

		14

		13

		14

		11

		10

		8

		6

		8

		9

		13

		13



		November

		13

		14

		13

		13

		12

		7

		9

		11

		15

		18

		20

		21

		17

		16

		14

		13

		13

		9

		11

		12

		12

		12

		11

		14

		13



		December

		14

		14

		12

		13

		12

		11

		7

		11

		16

		21

		23

		18

		18

		16

		13

		15

		15

		13

		13

		14

		14

		14

		14

		14

		14












Table 5.19

Propagation conditions on Berlin-Moscow link for 80 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Berlin-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		51

		50

		50

		50

		50

		50

		45

		35

		28

		15

		11

		13

		24

		31

		37

		40

		42

		44

		49

		49

		51

		51

		51

		51

		51



		February

		51

		50

		51

		50

		51

		50

		37

		27

		14

		6

		4

		7

		11

		17

		28

		36

		40

		41

		43

		47

		51

		51

		51

		51

		51



		March

		50

		50

		50

		50

		52

		39

		28

		13

		4

		–21

		–23

		–19

		–15

		7

		12

		26

		35

		40

		39

		40

		42

		43

		45

		48

		50



		April

		46

		51

		50

		51

		42

		33

		22

		6

		–14

		–22

		–25

		–23

		–18

		–12

		10

		20

		32

		37

		40

		40

		39

		40

		42

		45

		46



		May

		44

		45

		45

		42

		37

		23

		7

		–13

		–21

		–27

		–29

		–28

		–25

		–19

		–12

		8

		23

		34

		38

		40

		38

		39

		40

		43

		44



		June

		40

		43

		42

		37

		25

		10

		–11

		–20

		–26

		–30

		–44

		–45

		–31

		–27

		–21

		–12

		7

		22

		33

		36

		38

		37

		37

		39

		40



		July

		41

		43

		45

		42

		36

		22

		–2

		–13

		–23

		–28

		–29

		–29

		–26

		–21

		–14

		5

		19

		31

		35

		37

		37

		37

		37

		39

		41



		August

		45

		47

		50

		46

		40

		29

		15

		–8

		–19

		–25

		–26

		–25

		–20

		–15

		–8

		14

		28

		34

		37

		37

		37

		37

		38

		41

		45



		September

		49

		50

		50

		51

		46

		34

		21

		7

		0

		–24

		–24

		–20

		–15

		7

		11

		24

		34

		40

		39

		40

		39

		41

		43

		47

		49



		October

		49

		50

		50

		50

		51

		38

		29

		20

		8

		2

		1

		5

		9

		14

		25

		33

		37

		39

		40

		40

		41

		43

		44

		47

		49



		November

		50

		50

		50

		50

		50

		47

		37

		29

		23

		10

		8

		11

		22

		28

		34

		37

		39

		40

		43

		48

		47

		47

		47

		50

		50



		December

		51

		50

		51

		51

		51

		49

		44

		38

		34

		28

		24

		26

		31

		38

		40

		41

		41

		43

		48

		49

		51

		51

		51

		51

		51












Table 5.20

Propagation conditions on Murmansk-Moscow link for 80 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB

		Interfering link: Berlin-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		80

		

		Output power
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		13.7

		16.2

		20.8

		30.7

		34.4

		35.4

		30.3

		26.1

		21.1

		20.8

		22.7

		22.7

		17.2

		16.9

		16.7

		16.8

		16.9

		16.8

		16.7



		February

		16.7

		16.8

		12.8

		14.3

		15.3

		12.7

		14.9

		15.4

		27.4

		37.5

		37.6

		41.3

		34.7

		35.9

		26.3

		21.5

		19.4

		20.9

		23.9

		19.7

		16.8

		16.9

		16.9

		16.9

		16.7



		March

		17.4

		17.4

		15.5

		16.6
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It is shown in Table 5.5 which contains simulation results of signal/interference ratio dependence from day time and season at low solar activity. The analysis of the simulation results showed that in case of interference time intervals when communication between Petropavlovsk-Kamchatski-Moscow is feasible are increased. For other time intervals interference can result in reduction of operation modes used by fixed communication link. 

Tables 5.6-5.10 present simulation results of interference impact on operation of multihop fixed communication links at high solar activity with 80 sunspot number.

Table 5.6 presents simulation results of signal/noise ratio for Petropavlovsk-Kamchatski-Moscow fixed communication link. It is shown that increase of solar activity leads to deterioration of propagation conditions. For example in June increase of solar activity results in impossible operation of the communication link at any day time for any of the considered operation mode. In addition time interval when operation of fixed communication link is feasible is decreased in any of the considered operation mode.

Table 5.7 presents simulation results of propagation conditions on Astana-Moscow amateur radiopath. It is shown that increase of sunspot number leads to deterioration of propagation conditions for the amateur communication link.

Table 5.8 presents simulation results of signal/interference ratio for Petropavlovsk-Kamchatski-Moscow radiopath with interference caused by Astana-Moscow amateur communication link. The obtained results show that interference caused by the amateur communication link will result in blockage of data transmission almost at any daytime.

Table 5.9 presents simulation results of propagation conditions on Equator-Moscow amateur communication link.

Table 5.10 presents simulation results of signal/interference ratio for Petropavlovsk-Kamchatski-Moscow radiopath with interference caused by Equator-Moscow amateur communication link. It is shown that interference caused by the amateur communication link will result in increase of time intervals when operation of Petropavlovsk-Kamchatski-Moscow link is blocked. In other time intervals there is reduction of operation modes used by the radio link.

Tables 5.11-5.15 below present simulation results of single hop amateur communication link impact on operation of the fixed communication link with 10 sunspot numbers.

Table 5.11 contains simulation results of propagation conditions for Murmansk-Moscow fixed communication link. It is shown that without interference communication is feasible between the indicated points at all considered operation modes at any season and daytime.

Table 5.12 contains simulation results of propagation conditions for Warsaw-Moscow amateur communication link. The analysis of the obtained results shows that this amateur communication link can also operate at any season and any daytime.

Table 5.13 presents simulation results of signal/interference ratio for Murmansk-Moscow fixed communication link with interference caused by Warsaw-Moscow amateur communication link. The analysis of the results shows that interference caused by the indicated amateur communication link will result in blockage of fixed communication link operation during significant time interval. In other time intervals there is limitation of operation modes used by the fixed radio link.

Table 5.14 contains simulation results of propagation conditions Berlin-Moscow amateur communication link. The analysis of the obtained simulation results shows that this amateur communication link has interruptions of operation when the signal/noise ratio is less than 8 dB.

Table 5.15 presents simulation results of signal/interference ratio with interference caused by Berlin – Moscow amateur communication link. The analysis of the obtained simulation results shows that in spite of significant increase of distance to interference source the amateur communication link can disable fixed communication link operation at night in spring and autumn. In addition during significant time interval there can be limitations for operation modes of fixed communication link caused by interference impact. 

Table 5.16 contains simulation results of propagation conditions on Murmansk-Moscow fixed communication link with 80 sunspot numbers. It is shown that increase of solar activity leads to reduction of operation mode number with high values of signal/noise ratio in morning and afternoon hours in spring, summer and winter months. In summer (in June) there is an interval when data transmission on the radio path is not feasible.

Table 5.17 contains simulation results of propagation conditions on Warsaw-Moscow amateur communication link with 80 sunspot numbers. The analysis of the obtained simulation results shows that increase of solar activity results in time intervals when data transmission on this radio path is not feasible.

Table 5.18 presents simulation results of signal/interference ratio with interference caused by Warsaw-Moscow amateur communication link at 80 sunspot number. The analysis of the obtained simulation results shows that at high solar activity amateur communication link can block fixed communication link operation at night and in the morning hours in spring, summer and autumn months. In other time there can be limitations for operation modes of fixed communication link caused by interference impact of the amateur communication link. Thus data transmission can be only in digital format except some cases.

Table 5.19 contains simulation results of propagation conditions on Berlin-Moscow amateur communication link with 80 sunspot numbers. The analysis of the obtained simulation results shows that increase of solar activity leads to extension of time intervals when data transmission is not feasible.

Table 5.20 presents simulation results of signal/interference ratio with interference caused by Berlin-Moscow amateur communication link at 80 sunspot number. The analysis of the obtained simulation results shows that interference caused by the amateur communication link results in significant reduction of time intervals when fixed communication link operation is feasible at any of three considered operation modes. Thus the link can operate only for digital voice transmission.

The analysis of the results presented in Tables 5.1-5.20 showed that:

–	for the considered power value of the amateur station transmitter the protection distance required to provide interference free operation of the fixed service link can exceed 6 200 km; 

–	in case the distance between the amateur station transmitter and fixed link receiver is less or equal to 2 280 km then interference caused by single amateur links to fixed links using multihop mode can disable operation of fixed service links almost at any time;

–	in case the distance between the amateur station transmitter and fixed link receiver is from 2 280 km up to 6 200 km then interference caused by the amateur station can disable operation of fixed service links and reduce the number of operation modes used by this link as well;

–	for one-hop communication links interference from stations of the amateur service can disable the fixed links during the time intervals determined by the distance between the amateur station transmitter and the fixed link receiver, their mutual location and solar activity. 

Out of these time intervals interference from stations of the amateur service can result in significant limitation of the operation mode number used by fixed communication links.

It should be noted that interference impact on operation of fixed communication links can be reduced due to usage of directional antennas in the fixed communication links. However analysis of signal/interference ratio deficit for the scenario considered above shows that it can change in wide range and can achieve 28 dB for one-hop and 41 dB for multihop fixed communication links. Such high values of signal/interference ratio deficit cannot be compensated completely by usage of directional antennas such as Yagi antenna with antenna gain from 3 dB to 8 dB in this frequency band.

Therefore compatibility between amateur stations and fixed communication links is quite complicated.

5.2	Compatibility of the amateur systems with the land mobile systems

[TBD]

5.3	Compatibility of the amateur systems with the maritime mobile systems

[TBD]

5.4	Compatibility of the amateur systems with the oceanographic radars

[TBD]

6	Conclusions

The protection distance exceeding 6 200 km can be required to provide compatibility between the amateur stations and fixed communication links. Therefore compatibility of amateur stations with the fixed service systems is quite complicated and it can require operational constraints on the amateur stations.

[TBD]]]
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At the second ITU-R WP 5A meeting Russian Federation presents its contribution “Compatibility studies of possible stations in the amateur service with stations in the fixed service in the frequency band 5 250-5 450 kHz”. This Document considers the compatibility study results between the fixed service radiolinks and the amateur service radiolinks operating in single and multihop modes.

The presented results were obtained based on the technical characteristics and protection criteria of the fixed service radiolinks given in Recommendation ITU-R F.1821 which is indicated in reply liaison statement from WP 5C. However while considering the presented study results the issues of their interpretation and application of Recommendation ITU-R F.339-7 were raised. Therefore the Russian Federation carried out the studies of interference impact from the stations in the amateur service to the fixed service radiolinks using 300HF1В signal (the protection criteria are given in Recommendation ITU-R F.339-7). Moreover in further studies on WRC-15 Agenda item 1.4 the Russian Federation came to the conclusion that there is a need to improve the interference impact scenario used in the compatibility studies.

2	Improvement of interference impact scenario to the radiolinks of the fixed service 

In the studies given in Doc. 5A/155 it was assumed that the fixed service receiver and the amateur service receiver are located in the same point. Therefore signal/interference ratio for the fixed service radiolink was calculated only for the period when the signal/interference ratio for the amateur service radiolink exceeds the threshold level. For all other periods it was assumed that there is no interference caused by amateur service transmitters. 

This approach does not completely describe the possible interference impact from the amateur service transmitters to the fixed service radiolinks. For example there is a case when the amateur service transmitter provides communication with the station located significantly closer than the fixed service receiver. In this case the signal/noise ratio in the amateur receiver location will exceed the threshold value required for operation of the amateur service radiolink. Moreover the signal to noise ratio level of the amateur transmitter in the fixed service receiver location will be less than the threshold level. However there will be interference caused to the fixed receiver. It was decided to use the interference scenario given in Fig. 1 in the further compatibility studies in order to take into account the above mentioned.

The compatibility analysis of the station in the amateur service with the radio links in the fixed service was carried out on the example of single and multihop links of the fixed service. Murmansk (68.98 North 33.08 East)-Moscow (55.9 North, 37.6 East) link was considered as a single hop link of the fixed service of 1490 km and Petropavlovsk- Kamchatski (53 North, 158 East) – Moscow (55.9 North, 37.6 East) link of 6800 km was used in the analysis as a multihop link.

Figure 1

Interference scenario for the fixed service radiolink





Depending on the time of the day and season the transmission on this link can be feasible in two hopes or in three hops mode. The possible amateur service transmitters located in Kotka city (60.47 North, 26.95 East) and in Kirkenes (69.72 North, 30.05 East) were considered as possible interference sources for single hop radiolink; transmitters located in Astana city (the interfering path length is 2277 km) and in the point with coordinates 0 degree North, 37.6 East located in the Equator (the interfering path length is 6200 km) are considered as an interference source for the multihop fixed service link. Depending on season and daytime interference propagation in Astana-Moscow radiopath can be in single hop and two hops mode as well, in Equator-Moscow path only in multihop mode.

3	Fixed service transmission link characteristics used in the compatibility studies

The technical characteristics of FS stations operating in the frequency band 5 250-5 450 kHz are given in Recommendations ITU-R F.1761, ITU -R F.1762 and ITU -R F.1821.The protection criteria of FS stations for different signal types are given in Recommendations ITU-R F.240 and ITU-R F.339. The protection criteria for the fixed service link operating with signal of 300HF1В emission class used in this study were taken from Recommendation ITU-R F.339. They are presented in Table 1.

Table 1

		300HF1В Signal



		Bit error rate

		Band, Hz

		Protection criterion S/N, (dB/Hz)



		0,01

		300

		26



		0,001

		300

		27



		0,0001

		300

		29







Similar signal is used in Petropavlovsk- Kamchatski-Moscow FS link, entered in MIFR (ID 081080602, emission class 280HF1В).



It should be noted the interference/noise ratio specified in Table 1 is given for bandwidth of 1 Hz (see Rec. ITU-R F.339). The criteria for frequency band  can be obtained by the following equation:



		

In the studies it was assumed that the FS transmitter antenna power is 37 dBW.

Two antenna types isotropic antenna and Yagi antenna with antenna gain of 13.4 dB were considered as possible FS antenna. 

4	Amateur service station characteristics

Currently WP 5A is developing draft report ITU-R M.[5 MHz CHAR] which contains the list of possible amateur service station parameters in this frequency band. In accordance with this draft Report the majority of commercial amateur equipment has output power of 100-150 W and uses near-omnidirectional antennae. 

Therefore in the compatibility study it was assumed that amateur station uses omnidirectional antenna and transmitter with output power of 100 W (20 dBW).

5	Methodology of interference impact assessment from amateur service stations proposed by WP 5C 

The impact of the considered amateur station transmission links on operation of the fixed service links is determined in accordance with the method recommended by WP 5C:

- 	for the amateur station the dependence of S/N ratio [dB] from daytime and season is determined for minimum and maximum sunspot numbers;

- 	for the fixed service links the dependence of S/N ratio [dB] from daytime and season is also determined for minimum and maximum sunspot numbers;

- 	for the fixed service links the dependence of signal/interference ratio [S/I, dB] from daytime and season is also determined for various levels of solar activity;

-	the obtained dependence of S/I ratio is compared with the required S/N value and the operation modes and period of time are defined when operation of the fixed service links is feasible.

The calculations of signal/noise and interference/noise ratios are performed in accordance with the method given Recommendation ITU-R Р.533. In accordance with the protection criteria specified in Recommendation ITU-R F.339 the calculation of the indicated values is carried out for the reference bandwidth of 1 Hz.

6	Analysis of the study results

The compatibility studies are carried out for 10 sunspot numbers. The signal/interference ratio for the considered links is defined for each month with interval of 1 hour. The calculation results for Petropavlovsk- Kamchatski-Moscow multihop link using omnidirectional antennae are presented in Table 2-Table 6.

Table 2

Propagation conditions on Petropavlovsk-Kamchatski – Moscow link, using omnidirectional antennae

		Signal/noise ratio, dB



		Wanted link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB 



		Output power

		5 kW

		SSN

		10
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		45

		45
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Table 3

Propagation conditions on Astana– Moscow interfering link 

		Interference/noise ratio, dB



		Interfering link: Astana - Moscow, isotropic antenna gain=0 dB
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Table 4

Propagation conditions on Petropavlovsk-Kamchatski – Moscow link with interference 
caused by the amateur service transmitter located in Astana 

		Signal/interference ratio, dB



		Wanted link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB



		Output power
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		SSN
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		Interfering link: Astana - Moscow, isotropic antenna gain=0 dB



		Output power
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		April

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		-6

		-5

		-4

		-3

		-7

		-14

		 

		 

		 

		 



		May

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		June

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		July

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		August

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		September

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		-1

		-3

		2

		3

		-1

		-7

		 

		 

		 

		 



		October

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		2

		2

		1

		2

		2

		4

		3

		4

		0

		-6

		-13

		 



		November

		-10

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		9

		7

		6

		1

		2

		4

		4

		5

		5

		5

		7

		2

		-4

		-10



		December

		-8

		 

		 

		 

		 

		 

		 

		 

		 

		15

		18

		13

		12

		5

		1

		-10

		-6

		5

		4

		4

		3

		4

		3

		-3

		-8







Table 5

Propagation conditions on Equator– Moscow interfering link 

		Interference/noise ratio, dB



		Interfering link:equator -Moscow, isotropic antenna gain=0 dB



		Output power

		0,1 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		28

		28

		29

		28

		14

		-24

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-59

		-28

		15

		25

		28

		28

		28

		28

		28

		28

		28

		28



		February

		29

		29

		29

		29

		6

		-41

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		11

		26

		29

		29

		29

		29

		29

		29

		29

		29



		March

		29

		29

		29

		27

		-5

		-58

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-8

		23

		28

		28

		28

		28

		28

		29

		29

		29



		April

		29

		29

		29

		16

		-16

		-62

		-104

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-29

		8

		26

		28

		28

		29

		29

		29

		29

		29



		May

		29

		29

		24

		10

		-25

		-66

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-5

		16

		28

		29

		29

		29

		29

		29

		29



		June

		28

		28

		21

		4

		-29

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-95

		-60

		-221

		-9

		12

		24

		27

		27

		27

		27

		27

		28



		July

		28

		28

		22

		5

		-33

		-74

		-220

		-220

		-134

		-220

		-220

		-220

		-220

		-93

		-54

		-33

		-3

		15

		25

		27

		27

		27

		27

		27

		28



		August

		28

		29

		28

		12

		-23

		-72

		-108

		-220

		-220

		-220

		-220

		-220

		-220

		-91

		-220

		-221

		5

		22

		27

		27

		27

		27

		27

		27

		28



		September

		29

		29

		29

		24

		-3

		-51

		-97

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-22

		17

		28

		28

		28

		28

		28

		29

		29

		29



		October

		29

		29

		29

		29

		12

		-34

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-16

		25

		28

		28

		28

		28

		28

		29

		29

		29



		November

		29

		29

		29

		29

		19

		-13

		-52

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		2

		26

		28

		28

		28

		28

		28

		28

		29

		29



		December

		28

		28

		29

		31

		21

		-11

		-60

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		11

		25

		28

		28

		28

		28

		28

		28

		28

		28





Table 6

Propagation conditions on Petropavlovsk-Kamchatski – Moscow link with interference 
caused by the amateur service transmitter located on Equator 

		Signal/interference ratio, dB



		Wanted link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		



		Interfering link:equator -Moscow, isotropic antenna gain=0 dB



		Output power

		0,1 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		1

		

		

		

		

		

		

		

		

		

		248

		253

		258

		103

		73

		30

		20

		17

		17

		17

		17

		17

		13

		6

		1



		February

		

		

		

		

		

		

		

		

		

		

		

		

		251

		257

		264

		34

		19

		16

		16

		15

		15

		11

		4

		

		



		March

		

		

		

		

		

		

		

		

		

		

		

		

		

		246

		253

		46

		21

		16

		17

		16

		11

		4

		

		

		



		April

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		55

		24

		12

		11

		6

		-2

		

		

		

		



		May

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		June

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		July

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		August

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		September

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		54

		22

		16

		17

		12

		5

		

		

		

		



		October

		

		

		

		

		

		

		

		

		

		

		

		

		

		250

		250

		46

		5

		2

		2

		2

		2

		2

		1

		-2

		



		November

		1

		

		

		

		

		

		

		

		

		

		

		250

		254

		260

		263

		42

		18

		16

		16

		16

		16

		19

		14

		7

		1



		December

		4

		

		

		

		

		

		

		

		

		246

		251

		252

		260

		264

		263

		19

		9

		17

		17

		17

		16

		17

		17

		10

		4







Here and below the cells are highlighted in red colour where the signal/noise ratio is less than 26 dB i.e. operation of the fixed service link is not feasible. The cells highlighted in dark green colour where the signal/noise ratio is greater or equal to 29 dB, i.e. the bit error rate is 0.0001. The cells highlighted in light green colour where the signal/noise ratio is from 27 dB to 29 dB, i.e. the bit error rate in the fixed service link is 0.001. The cells highlighted in light blue colour where the signal/interference ratio is from 26 dB to 27 dB. The cells highlighted in yellow colour where the signal/interference ratio is less than 26 dB, i.e. interference impact makes operation of the fixed service link unfeasible.

Table 2 contains simulation results of propagation conditions on Petropavlovsk-Kamchatski – Moscow link, using omnidirectional antennae. The analysis of the obtained results shows that when there is no interference caused by the amateur service link the operation of the considered fixed service link is feasible during 8 months per year (excluding May and all summer months). This defect of the considered link can be eliminated by application of directional antennae on the receiving and transmitting link ends or by increase of transmitter power of the fixed service link.

Table 3 contains simulation results of propagation conditions on Astana– Moscow link of 2277 km.

Table 4 shows the impact of the amateur service transmitter, located in Astana on operation of Petropavlovsk-Kamchatski – Moscow link.  The analysis of the obtained results shows that the considered amateur service transmitter, located at distance of 2277 km from the fixed service receiver will cause unacceptable interference to its operation in any daytime (see Table 4).

Table 5 presents simulation results of propagation conditions on Equator– Moscow link, using omnidirectional antennae.

Table 6 shows the impact of the amateur service transmitter, located on Equator on operation of Petropavlovsk-Kamchatski – Moscow fixed link. The analysis of the obtained results shows that increasing distance between the interfering amateur service transmitter and the fixed service receiver up to 6200 km will not allow to provide protection for the fixed service receiver since time period available for operation of fixed link is decreased due to interference caused by the amateur service link by more than 50%.

Further impact assessment of the directional antennae on Petropavlovsk-Kamchatski – Moscow link was carried out. It was assumed that the transmitter and receiver of the fixed service link use Yagi antennae of 5 elements with antenna gain of 13.4 dB. The calculation results are presented in Table 7-Table 11. 




Table 7

Propagation conditions on Petropavlovsk-Kamchatski – 
Moscow link, using directional antennae 

		Signal/noise ratio, dB



		Wanted link: Petropavlovsk-Kamchatski-Moscow, Yagi antenna gain=13.4 dB transmission and receiving



		Output power

		5 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		53

		47

		40

		40

		38

		35

		34

		38

		41

		45

		52

		57

		61

		66

		67

		67

		67

		67

		66

		66

		66

		66

		62

		58

		53



		February

		35

		29

		19

		15

		14

		14

		15

		15

		12

		24

		35

		46

		54

		60

		66

		67

		67

		67

		67

		67

		66

		63

		56

		47

		35



		March

		22

		14

		10

		4

		1

		0

		0

		2

		2

		7

		18

		29

		38

		49

		56

		61

		66

		66

		67

		66

		62

		55

		46

		35

		22



		April

		11

		4

		-1

		-6

		-10

		-12

		-12

		-15

		-12

		-7

		1

		8

		21

		29

		40

		49

		56

		59

		60

		57

		50

		44

		33

		19

		11



		May

		-1

		-8

		-220

		-220

		-23

		-26

		-27

		-26

		-24

		-19

		-13

		-7

		0

		7

		20

		30

		38

		43

		44

		38

		31

		25

		14

		6

		-1



		June

		-17

		-22

		-27

		-220

		-220

		-33

		-30

		-32

		-28

		-24

		-19

		-13

		-7

		0

		6

		16

		25

		30

		31

		28

		21

		10

		3

		-11

		-17



		July

		-8

		-13

		-17

		-19

		-21

		-18

		-22

		-20

		-17

		-19

		-15

		-8

		4

		6

		17

		26

		33

		36

		37

		32

		24

		17

		6

		-2

		-8



		August

		-1

		-6

		-11

		-15

		-18

		-20

		-21

		-18

		-20

		-15

		-10

		-2

		7

		20

		29

		39

		45

		49

		47

		44

		35

		28

		15

		6

		-1



		September

		15

		7

		1

		-5

		-9

		-11

		-12

		-16

		-13

		-6

		3

		18

		26

		36

		46

		55

		60

		65

		66

		61

		56

		47

		40

		30

		15



		October

		38

		32

		22

		16

		13

		12

		14

		14

		11

		19

		29

		35

		44

		53

		59

		64

		66

		66

		67

		66

		66

		63

		58

		49

		38



		November

		52

		48

		41

		38

		34

		33

		34

		34

		37

		41

		48

		53

		58

		62

		65

		66

		66

		66

		67

		66

		66

		66

		64

		59

		52



		December

		56

		41

		36

		41

		42

		41

		42

		45

		47

		50

		54

		56

		61

		66

		65

		52

		57

		67

		67

		67

		67

		67

		65

		61

		56





Table 8

Propagation conditions on Astana– Moscow interfering link

		Interference/noise ratio, dB



		Interfering link: Astana (isotropic antenna gain=0 dB) – Moscow, Yagi directional antenna 



		Output power

		0,1 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		37

		38

		37

		34

		29

		21

		12

		8

		7

		8

		11

		18

		27

		35

		39

		38

		36

		37

		37

		37

		37

		38

		38

		38

		37



		February

		38

		39

		38

		30

		26

		15

		11

		8

		7

		7

		10

		15

		23

		32

		39

		39

		38

		36

		37

		38

		38

		37

		37

		37

		38



		March

		39

		38

		36

		27

		19

		10

		7

		5

		4

		5

		7

		10

		14

		23

		31

		38

		38

		38

		37

		36

		37

		38

		38

		39

		39



		April

		37

		36

		29

		21

		12

		8

		5

		3

		2

		3

		4

		7

		10

		14

		22

		31

		36

		39

		38

		37

		37

		37

		38

		38

		37



		May

		36

		29

		24

		16

		9

		6

		4

		2

		1

		2

		3

		5

		7

		10

		15

		24

		30

		34

		38

		38

		38

		38

		38

		37

		36



		June

		30

		26

		21

		12

		8

		5

		2

		0

		0

		0

		1

		3

		5

		8

		12

		20

		26

		28

		34

		36

		36

		37

		36

		32

		30



		July

		30

		27

		22

		15

		8

		5

		2

		0

		0

		0

		1

		3

		5

		9

		16

		22

		28

		31

		35

		37

		36

		37

		36

		35

		30



		August

		36

		30

		25

		18

		10

		7

		4

		2

		1

		1

		3

		5

		7

		11

		19

		26

		30

		36

		37

		36

		36

		36

		36

		35

		36



		September

		39

		38

		31

		24

		15

		8

		5

		3

		2

		2

		4

		6

		9

		14

		25

		31

		38

		38

		38

		37

		37

		37

		38

		39

		39



		October

		39

		38

		38

		33

		27

		17

		13

		10

		8

		9

		10

		13

		17

		26

		32

		39

		38

		38

		37

		37

		36

		37

		37

		38

		39



		November

		38

		38

		37

		37

		33

		26

		17

		13

		11

		12

		13

		17

		25

		33

		38

		38

		36

		36

		36

		36

		36

		37

		37

		37

		38



		December

		37

		38

		39

		36

		35

		25

		17

		9

		7

		7

		10

		17

		27

		37

		38

		37

		39

		38

		38

		38

		37

		38

		38

		37

		37










Table 9

Propagation conditions on Petropavlovsk-Kamchatski – Moscow link with interference 
caused by the amateur service transmitter located in Astana 

		Signal/interference ratio, dB



		Wanted link: Petropavlovsk-Kamchatski-Moscow, Yagi antenna gain=13.4 dB transmitting and receiving



		Output power

		5 kW

		SSN

		10

		 



		Interfering link: Astana (isotropic antenna gain=0 dB) – Moscow, directional antenna



		Output power

		0,1 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		16

		9

		3

		6

		9

		14

		22

		30

		34

		37

		41

		39

		34

		31

		28

		29

		31

		30

		29

		29

		29

		28

		24

		20

		16



		February

		-3

		-10

		 

		 

		 

		 

		 

		 

		 

		 

		25

		31

		31

		28

		27

		28

		29

		31

		30

		29

		28

		26

		19

		10

		-3



		March

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		19

		24

		26

		25

		23

		28

		28

		30

		30

		25

		17

		8

		-4

		 



		April

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		15

		18

		18

		20

		20

		22

		20

		13

		7

		-5

		 

		 



		May

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		6

		8

		9

		6

		0

		-7

		 

		 

		 

		 



		June

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		2

		-3

		-8

		 

		 

		 

		 

		 



		July

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		4

		5

		5

		2

		-5

		 

		 

		 

		 

		 



		August

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		10

		13

		15

		13

		10

		8

		-1

		-8

		 

		 

		 



		September

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		17

		22

		21

		24

		22

		27

		28

		24

		19

		10

		2

		-9

		 



		October

		-1

		-6

		 

		 

		 

		 

		 

		 

		 

		 

		19

		22

		27

		27

		27

		25

		28

		28

		30

		29

		30

		26

		21

		11

		-1



		November

		14

		10

		4

		1

		1

		7

		17

		21

		26

		29

		35

		36

		33

		29

		27

		28

		30

		30

		31

		30

		30

		29

		27

		22

		14



		December

		19

		3

		-3

		5

		7

		16

		25

		36

		40

		43

		44

		39

		34

		29

		27

		15

		18

		29

		29

		29

		30

		29

		27

		24

		19





Table 10

Propagation conditions on Equator– Moscow interfering link

		Interference/noise ratio, dB



		Interfering link: Equator (isotropic antenna gain=0 dB) – Moscow, Yagi directional antenna 



		Output power

		0,1 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		26

		27

		28

		27

		15

		-23

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-57

		-27

		15

		24

		25

		26

		27

		27

		27

		26

		26

		26



		February

		26

		27

		28

		27

		7

		-40

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		12

		24

		25

		26

		27

		27

		27

		27

		26

		26



		March

		26

		27

		28

		26

		-4

		-57

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-7

		23

		24

		25

		26

		26

		26

		26

		26

		26



		April

		27

		27

		27

		17

		-15

		-61

		-103

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-28

		9

		24

		25

		26

		26

		26

		26

		26

		27



		May

		27

		27

		25

		11

		-24

		-65

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-4

		17

		25

		25

		26

		26

		26

		27

		27



		June

		26

		26

		22

		5

		-28

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-95

		-59

		-221

		-8

		13

		22

		24

		24

		24

		25

		25

		26



		July

		26

		27

		23

		6

		-31

		-73

		-220

		-220

		-135

		-220

		-220

		-220

		-220

		-92

		-53

		-31

		-2

		16

		23

		24

		25

		25

		25

		25

		26



		August

		26

		28

		27

		13

		-21

		-71

		-108

		-220

		-220

		-220

		-220

		-220

		-220

		-90

		-220

		-221

		6

		21

		23

		24

		25

		25

		25

		25

		26



		September

		27

		28

		28

		24

		-2

		-50

		-96

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-21

		17

		24

		25

		26

		26

		27

		27

		27

		27



		October

		27

		27

		28

		26

		12

		-33

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-15

		23

		25

		25

		26

		26

		27

		27

		26

		27



		November

		26

		27

		28

		27

		20

		-12

		-51

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		3

		24

		26

		26

		27

		27

		27

		27

		26

		26



		December

		26

		27

		28

		28

		21

		-10

		-58

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		12

		24

		26

		26

		27

		27

		27

		26

		26

		26







Table 11

Propagation conditions on Petropavlovsk-Kamchatski – Moscow link with interference 
caused by the amateur service transmitter located in Equator

		Signal/interference ratio, dB



		Wanted link: Wanted link: Petropavlovsk-Kamchatski-Moscow, Yagi antenna gain=13.4 dB transmitting and receiving



		Output power

		5 kW

		SSN

		10

		 



		Interfering link: Terminator (equator) (isotropic antenna gain=0 dB) – Moscow, directional antenna 



		Output power

		0,1 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		27

		20

		12

		13

		23

		58

		254

		258

		261

		265

		272

		277

		281

		123

		94

		52

		43

		42

		40

		39

		39

		39

		36

		32

		27



		February

		9

		2

		

		

		

		

		

		

		

		

		255

		266

		274

		280

		286

		55

		43

		42

		41

		40

		39

		36

		29

		21

		9



		March

		

		

		

		

		

		

		

		

		

		

		

		249

		258

		269

		276

		68

		43

		42

		42

		40

		36

		29

		20

		9

		



		April

		

		

		

		

		

		

		

		

		

		

		

		

		

		249

		260

		77

		47

		35

		35

		31

		24

		18

		7

		

		



		May

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		250

		42

		26

		19

		13

		5

		

		

		

		



		June

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		17

		9

		4

		

		

		

		

		



		July

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		57

		35

		20

		14

		8

		

		

		

		

		



		August

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		249

		260

		39

		28

		24

		20

		10

		3

		

		

		



		September

		

		

		

		

		

		

		

		

		

		

		

		

		246

		256

		266

		76

		43

		41

		41

		35

		30

		20

		13

		3

		



		October

		11

		5

		

		

		

		

		

		

		

		

		249

		255

		264

		273

		279

		79

		43

		41

		42

		40

		40

		36

		31

		23

		11



		November

		26

		21

		13

		11

		14

		45

		85

		254

		257

		261

		268

		273

		278

		282

		285

		63

		42

		40

		41

		39

		39

		39

		37

		33

		26



		December

		30

		14

		8

		13

		21

		51

		100

		265

		267

		270

		274

		276

		281

		286

		285

		40

		33

		41

		41

		40

		40

		40

		39

		35

		30







Table 7 presents assessment results of propagation conditions on Petropavlovsk-Kamchatski – Moscow fixed service link, using transmitting and receiving directional antennae. The analysis of the obtained results show that application of directional antennae allows to increase significantly time period when this fixed service link can be used for data transmission. Thus unlike the omnidirectional antennae application of Yagi antennae allows to ensure operation of the fixed service link during the whole year.

Table 8 contains simulation results of propagation conditions on Astana-Moscow interfering link. 

In calculations it was assumed that signal of omnidirectional antennae of the amateur service transmitter located in Astana influences on the fixed service receiver located in Moscow and using directional antennae.

Table 9 presents results of impact assessment of the amateur service transmitter located in Astana and using omnidirectional antenna on operation of the Petropavlovsk-Kamchatski – Moscow fixed service link receiver, using directional antennae. The analysis of the obtained results shows that in spite of application of directional antennae interference caused by the amateur service transmitter can prevent operation of the fixed service link by more than 50%of the available time period and significantly increase the bit error rate of the message.

Table 10 presents simulation results of propagation conditions of interference caused by transmitter located on the Equator and using omnidirectional antenna.  

Table 11 presents simulation results of interference impact from the amateur service transmitter located on the Equator to Petropavlovsk-Kamchatski – Moscow fixed service link. The analysis of the obtained results shows that application of the directional antennae do not allow to avoid the transmitter influence located at the distance of 6200 km from the fixed service link receiver. It can be concluded that it is quite complicated to use separation distances to ensure compatibility between the amateur service transmitters and the fixed link.

Moreover the influence of the amateur transmitter on the fixed service single hop link using directional antenna was considered. The calculation results for 10 sunspot numbers are presented in Tables 12-16.

Table 12 presents calculation results for Murmansk-Moscow link using directional transmitting and receiving antennae. The analysis of the obtained results shows that if there is no interference this link can be operated without limitations. 

Table 13 contains simulation results of propagation conditions on Kotka-Moscow link. It was assumed that omnidirectional antenna is used for transmission and Yagi antenna with antenna gain of 13.4 dB is used for receiving signals.

Table 14 presents interference impact from the amateur service transmitter located in Kotka on Murmansk-Moscow fixed service link. The analysis of the obtained results shows that at 49% of time the fixed service link cannot be available due to interference impact. At 6% of time interference impact can lead to increase of bit error rate in decoding.

Table 12

Propagation conditions on Murmansk – Moscow link with directional antennae

		Signal/noise ratio, dB



		Wanted link: Murmansk-Moscow, Yagi antenna gain=13.4 dB transmitting and receiving



		Output power

		5 kW

		SSN =

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		78

		70

		62

		60

		65

		77

		74

		70

		69

		68

		68

		70

		72

		75

		78

		81

		83

		71

		70

		73

		77

		83

		83

		83

		78



		February

		68

		63

		58

		61

		66

		74

		68

		60

		64

		62

		63

		65

		67

		70

		77

		78

		81

		83

		76

		71

		70

		70

		73

		73

		68



		March

		63

		63

		65

		69

		77

		59

		60

		58

		59

		58

		58

		61

		63

		65

		66

		74

		74

		78

		79

		80

		78

		68

		64

		65

		63



		April

		70

		72

		77

		76

		62

		59

		58

		56

		58

		58

		58

		60

		61

		63

		62

		64

		73

		76

		75

		79

		79

		79

		72

		71

		70



		May

		80

		79

		75

		72

		61

		56

		55

		54

		56

		55

		55

		58

		59

		60

		59

		60

		62

		64

		74

		71

		73

		75

		76

		80

		80



		June

		76

		75

		74

		63

		62

		59

		58

		57

		57

		57

		57

		57

		58

		58

		56

		57

		58

		60

		68

		71

		69

		71

		71

		77

		76



		July

		77

		76

		75

		62

		61

		58

		57

		56

		57

		56

		57

		57

		57

		58

		56

		57

		58

		60

		70

		72

		71

		73

		74

		77

		77



		August

		79

		79

		77

		74

		62

		60

		58

		57

		58

		57

		57

		58

		58

		59

		57

		59

		60

		70

		68

		72

		76

		78

		78

		80

		79



		September

		64

		64

		63

		69

		74

		59

		57

		56

		57

		56

		56

		59

		60

		62

		62

		64

		74

		73

		78

		79

		79

		78

		67

		66

		64



		October

		64

		63

		62

		68

		80

		74

		64

		62

		63

		62

		62

		65

		66

		68

		68

		77

		77

		79

		79

		80

		78

		71

		66

		67

		64



		November

		66

		62

		59

		61

		68

		77

		75

		66

		67

		66

		66

		68

		70

		76

		78

		78

		80

		80

		69

		65

		64

		66

		68

		70

		66



		December

		69

		63

		56

		54

		57

		64

		76

		72

		73

		68

		68

		70

		75

		80

		80

		74

		63

		58

		59

		61

		66

		70

		73

		72

		69










Table 13 

Propagation conditions on Kotka – Moscow link 

		Interference/noise ratio, dB



		Interfering link: Kotka (isotropic antenna gain=0 dB)- Moscow



		Output power=

		0,1 kW

		SSN =

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		27

		23

		20

		18

		21

		29

		46

		47

		48

		47

		47

		48

		49

		51

		52

		51

		35

		26

		23

		22

		25

		26

		28

		29

		27



		February

		22

		18

		16

		17

		25

		44

		47

		45

		45

		44

		44

		45

		47

		50

		51

		53

		50

		36

		28

		23

		22

		22

		24

		24

		22



		March

		17

		16

		17

		25

		46

		45

		44

		42

		42

		41

		41

		42

		44

		46

		46

		48

		50

		49

		46

		34

		24

		21

		19

		19

		17



		April

		20

		22

		28

		46

		48

		44

		42

		41

		42

		41

		41

		42

		43

		44

		44

		46

		47

		50

		49

		45

		44

		29

		23

		21

		20



		May

		36

		40

		46

		47

		46

		42

		40

		39

		40

		39

		39

		40

		41

		42

		42

		43

		45

		47

		49

		50

		48

		46

		45

		40

		36



		June

		47

		48

		48

		47

		45

		43

		42

		41

		40

		39

		39

		39

		40

		41

		39

		41

		42

		44

		45

		47

		48

		47

		45

		44

		47



		July

		37

		44

		45

		47

		45

		43

		42

		41

		40

		39

		39

		39

		40

		41

		40

		41

		42

		44

		45

		47

		47

		45

		44

		41

		37



		August

		26

		28

		44

		44

		47

		45

		43

		42

		41

		40

		40

		40

		41

		42

		41

		42

		43

		45

		47

		48

		46

		43

		35

		29

		26



		September

		16

		16

		21

		30

		44

		44

		42

		40

		41

		40

		40

		41

		42

		43

		44

		46

		47

		49

		47

		45

		35

		26

		20

		18

		16



		October

		18

		17

		18

		21

		34

		48

		47

		45

		45

		44

		43

		45

		46

		47

		47

		49

		49

		47

		46

		34

		26

		22

		19

		20

		18



		November

		20

		18

		17

		17

		22

		34

		48

		47

		47

		46

		45

		47

		48

		49

		49

		48

		39

		29

		22

		19

		16

		17

		19

		22

		20



		December

		23

		20

		17

		15

		17

		26

		37

		47

		49

		47

		47

		47

		49

		51

		51

		34

		23

		15

		13

		15

		18

		21

		24

		25

		23





Table14

Interference impact caused by the amateur service transmitter in Kotka city to Murmansk – 
Moscow  fixed service link 

		Signal/noise ratio, dB



		Wanted link: Murmansk-Moscow, Yagi antenna gain=13.4 dB transmitting and receiving / Kotka interfering station  omnidirectional antenna



		Output power

		5 kW

		SSN =

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		51

		47

		42

		42

		44

		48

		28

		23

		21

		21

		21

		22

		23

		24

		26

		30

		48

		45

		47

		51

		52

		57

		55

		54

		51



		February

		46

		45

		42

		44

		41

		30

		21

		15

		19

		18

		19

		20

		20

		20

		26

		25

		31

		47

		48

		48

		48

		48

		49

		49

		46



		March

		46

		47

		48

		44

		31

		14

		16

		16

		17

		17

		17

		19

		19

		19

		20

		26

		24

		29

		33

		46

		54

		47

		45

		46

		46



		April

		50

		50

		49

		30

		14

		15

		16

		15

		16

		17

		17

		18

		18

		19

		18

		18

		26

		26

		26

		34

		35

		50

		49

		50

		50



		May

		44

		39

		29

		25

		15

		14

		15

		15

		16

		16

		16

		18

		18

		18

		17

		17

		17

		17

		25

		21

		25

		29

		31

		40

		44



		June

		29

		27

		26

		16

		17

		16

		16

		16

		17

		18

		18

		18

		18

		17

		17

		16

		16

		16

		23

		24

		21

		24

		26

		33

		29



		July

		40

		32

		30

		15

		16

		15

		15

		15

		17

		17

		18

		18

		17

		17

		16

		16

		16

		16

		25

		25

		24

		28

		30

		36

		40



		August

		53

		51

		33

		30

		15

		15

		15

		15

		17

		17

		17

		18

		17

		17

		16

		17

		17

		25

		21

		24

		30

		35

		43

		51

		53



		September

		48

		48

		42

		39

		30

		15

		15

		16

		16

		16

		16

		18

		18

		19

		18

		18

		27

		24

		31

		34

		44

		52

		47

		48

		48



		October

		46

		46

		44

		47

		46

		26

		17

		17

		18

		18

		19

		20

		20

		21

		21

		28

		28

		32

		33

		46

		52

		49

		47

		47

		46



		November

		46

		44

		42

		44

		46

		43

		27

		19

		20

		20

		21

		21

		22

		27

		29

		30

		41

		51

		47

		46

		48

		49

		49

		48

		46



		December

		46

		43

		39

		39

		40

		38

		39

		25

		24

		21

		21

		23

		26

		29

		29

		40

		40

		43

		46

		46

		48

		49

		49

		47

		46










Table 15

Propagation conditions on Kirkenes – Moscow link 

		Interference/noise ratio, dB



		Interfering link: Kirkenes - Moscow (isotropic antenna gain=0 dB)



		Output power

		0,1 kW

		SSN =

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		54

		43

		34

		32

		36

		48

		45

		42

		42

		41

		41

		43

		45

		47

		51

		52

		54

		44

		43

		45

		52

		54

		54

		54

		54



		February

		41

		35

		30

		32

		39

		45

		35

		34

		37

		36

		36

		38

		40

		43

		48

		53

		52

		53

		53

		44

		42

		43

		46

		46

		41



		March

		35

		35

		36

		42

		47

		34

		34

		32

		34

		33

		33

		36

		37

		39

		39

		45

		49

		50

		50

		50

		49

		42

		37

		37

		35



		April

		43

		45

		49

		47

		37

		34

		33

		31

		33

		32

		32

		35

		36

		37

		37

		38

		41

		47

		47

		50

		49

		50

		49

		44

		43



		May

		51

		49

		46

		43

		36

		32

		30

		29

		31

		31

		30

		33

		34

		35

		34

		35

		37

		38

		44

		43

		45

		47

		47

		51

		51



		June

		47

		46

		45

		38

		37

		34

		33

		32

		32

		32

		32

		32

		32

		33

		31

		32

		33

		34

		36

		42

		40

		43

		43

		48

		47



		July

		47

		47

		45

		38

		37

		34

		33

		32

		32

		32

		32

		32

		33

		33

		31

		32

		33

		35

		40

		43

		43

		44

		45

		48

		47



		August

		50

		49

		48

		45

		38

		35

		34

		33

		33

		32

		32

		33

		33

		34

		32

		33

		35

		41

		44

		44

		48

		49

		49

		51

		50



		September

		37

		36

		35

		41

		44

		34

		32

		31

		32

		31

		31

		34

		35

		36

		36

		38

		45

		45

		50

		50

		49

		49

		40

		38

		37



		October

		36

		35

		35

		40

		51

		45

		38

		36

		37

		36

		36

		39

		40

		41

		41

		48

		49

		50

		50

		50

		49

		45

		39

		39

		36



		November

		39

		35

		31

		33

		39

		48

		46

		40

		40

		39

		39

		42

		43

		45

		49

		50

		51

		51

		41

		37

		36

		38

		41

		44

		39



		December

		41

		36

		28

		26

		28

		34

		47

		43

		43

		42

		41

		43

		44

		51

		51

		49

		35

		30

		31

		33

		38

		42

		45

		45

		41





Table 16

Interference impact caused by the amateur service transmitter in Kirkenes city to Murmansk – 
Moscow fixed service link 

		Signal/noise ratio, dB



		Wanted link: Murmansk-Moscow, Yagi antenna gain=13.4 dB transmitting and receiving / Kirkenes interfering station omnidirectional antenna



		Output power

		5 kW

		SSN =

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		24

		27

		28

		28

		29

		29

		29

		28

		27

		27

		27

		27

		27

		28

		27

		29

		29

		27

		27

		28

		25

		29

		29

		29

		24



		February

		27

		28

		28

		29

		27

		29

		33

		26

		27

		26

		27

		27

		27

		27

		29

		25

		29

		30

		23

		27

		28

		27

		27

		27

		27



		March

		28

		28

		29

		27

		30

		25

		26

		26

		25

		25

		25

		25

		26

		26

		27

		29

		25

		28

		29

		30

		29

		26

		27

		28

		28



		April

		27

		27

		28

		29

		25

		25

		25

		25

		25

		26

		26

		25

		25

		26

		25

		26

		32

		29

		28

		29

		30

		29

		23

		27

		27



		May

		29

		30

		29

		29

		25

		24

		25

		25

		25

		24

		25

		25

		25

		25

		25

		25

		25

		26

		30

		28

		28

		28

		29

		29

		29



		June

		29

		29

		29

		25

		25

		25

		25

		25

		25

		25

		25

		25

		26

		25

		25

		25

		25

		26

		32

		29

		29

		28

		28

		29

		29



		July

		30

		29

		30

		24

		24

		24

		24

		24

		25

		24

		25

		25

		24

		25

		25

		25

		25

		25

		30

		29

		28

		29

		29

		29

		30



		August

		29

		30

		29

		29

		24

		25

		24

		24

		25

		25

		25

		25

		25

		25

		25

		26

		25

		29

		24

		28

		28

		29

		29

		29

		29



		September

		27

		28

		28

		28

		30

		25

		25

		25

		25

		25

		25

		25

		25

		26

		26

		26

		29

		28

		28

		29

		30

		29

		27

		28

		27



		October

		28

		28

		27

		28

		29

		29

		26

		26

		26

		26

		26

		26

		26

		27

		27

		29

		28

		29

		29

		30

		29

		26

		27

		28

		28



		November

		27

		27

		28

		28

		29

		29

		29

		26

		27

		27

		27

		26

		27

		31

		29

		28

		29

		29

		28

		28

		28

		28

		27

		26

		27



		December

		28

		27

		28

		28

		29

		30

		29

		29

		30

		26

		27

		27

		31

		29

		29

		25

		28

		28

		28

		28

		28

		28

		28

		27

		28







Table 15 contains simulation results of propagation conditions on Kirkenes -Moscow link. 




It was assumed that omnidirectional antenna is used for transmission and Yagi antenna with antenna gain of 13.4 dB is used for receiving signals.

Table 16 presents assessment results of propagation conditions on Murmansk – Moscow fixed service link, using directional antennae with antenna gain of 13.4 dB with interference caused by the amateur service transmitter located in Kirkenes using omnidirectional antenna. The analysis of the obtained results shows that in spite of increase of the distance between the interference source and the fixed service receiver during 28.4% of link operation time it cannot be available. At 42% of time interference impact from the amateur station transmitter can lead to increase of bit error rate in decoding.

The above mentioned results allow to make the following conclusions:

- 	for the considered transmitter power of the amateur station the protection distance required to ensure interference-free operation of the fixed link exceeds 6200 km;

- 	interference caused by the amateur station transmitter can result in operation failure of the fixed station link and degradation of wanted signal propagation conditions;

-	for single hop links interference from the station in the amateur service can prevent operation of the fixed links at the time intervals defined by the distance between the amateur station transmitter and fixed receiver and their mutual location. Out of these time intervals interference caused by the station in the amateur service can lead to significant degradation of the fixed signal receiving.

The interference impact on the fixed link operation can be partially reduced by application of directional antennae in the fixed links. However application of antennae with gain of 13.4 dB in the fixed receivers and transmitters can lead only to partial reduction of interference which is unacceptable for the fixed links at the significant time percentage.

It allows to conclude that compatibility between the amateur stations and fixed links appears to be quite complicated.

7	Proposals

It is proposed to reflect the obtained results in section 4 of the Draft CPM Text for WRC-15 Agenda item 1.4. Proposals for updating of Draft CPM Text for WRC-15 Agenda item 1.4 are presented in Annex 1. In addition it is proposed to update the results of the compatibility studies between the stations in the amateur service and stations in the fixed service given in the Working Document towards preliminary draft new Report ITU-R M.[5 MHz CОМРАТ]. These proposals are presented in Annex 2. 




Annex 1



Working document towards the Draft CPM text for WRC-15 Agenda item 1.4



1.4	to consider possible new allocation to the amateur service on a secondary basis within the band 5 250-5 450 kHz in accordance with Resolution 649 (WRC‑12);

Resolution 649 (WRC‑12): Possible allocation to the amateur service on a secondary basis at around 5 300 kHz

1/1.4/1	Executive Summary

[Text of the executive summary, not more than half a page of text]

[TBD]

1/1.4/2	Background

[Editor’s Note: A half page of text is recommended by the chapter rapporteur as the ideal outcome.]

[Pursuant to noting b of Resolution 649 (WRC-12), an allocation of an appropriate amount of spectrum, not necessarily contiguous, to the amateur service at around 5 300 kHz would be adequate to better satisfy its needs associated with use for providing communications in disaster situations and during relief operations.

Recognizing that the band 5 250-5 450 kHz is used by stations in the fixed and mobile (except aeronautical mobile) services in many countries, a range of possible allocations to the amateur service may be proposed such that administrations might determine how much accommodation can be made to the amateur service.]

Based on the recommendation of the 1978 CCIR Special Preparatory Meeting, WARC-79 accepted the principle that, like other high-frequency radio services, the amateur service should have access to a family of frequency bands such that communications can be maintained as propagation conditions change.

The amateur radio service has access to allocations in the vicinity of 3 500 and 7 000 kHz; however, there are frequent occasions when ionospheric conditions render either or both of these allocations unsatisfactory for communications over the [desired distances] [Editor’s note: quantification of “desired distances” to be considered].

Depending on the time of day, season and other propagation factors including the progress of the sunspot cycle, propagation conditions are often such that access to spectrum around 5 300 kHz is essential for operation of amateur stations.  [A number of administrations [Ed. Note: further quantify?]] have authorized, subject to the provisions of No. 4.4 of the Radio Regulations, operation by amateur radio licensees within the 5 250 – 5 450 kHz frequency range.

[Ed. Note: Discussion of amateur service spectrum requirements to be inserted.]

Therefore, to be equipped to provide communications at any time, including in times of emergency and disaster-relief, radio amateurs require access to frequencies in the vicinity of 5 300 kHz. Depending upon the results of studies as requested by Resolution 649 (WRC-12), several possible methods by which this might be accomplished are set out in Section 1/1.4/5.

1/1.4/3	Summary of technical and operational studies, including a list of relevant ITU-R Recommendations and Reports

[NOC]

1/1.4/4	Analysis of the results of studies

[bookmark: _1/1.4/5_Method(s)_to]1/1.4/4.1	Compatibility with stations in the fixed service 

The compatibility analysis of the station in the amateur service with the radio links in the fixed service was carried out on the example of single and multihop links of the fixed service. Murmansk (68.98 North 33.08 East)-Moscow (55.9 North, 37.6 East) link was considered as a single hop link of the fixed service of 1490 km and Petropavlovsk- Kamchatski (53 North, 158 East) – Moscow (55.9 North, 37.6 East) link of 6800 km was used in the analysis as a multihop link.

The possible amateur service transmitters with emission power of 20 dBW and with isotropic antennae were used as possible interference sources for the fixed radiolinks. In the studies it was assumed that the interference sources are in the following points:

-	in Astana city (the interfering path length is 2277 km) and in the point with coordinates 0 degree North, 37.6 East located in the Equator (the interfering path length is 6200 km) for the multihop link;

- 	in Kotka city (60.47 North, 26.95 East) and in Kirkenes (69.72 North, 30.05 East) and in Kirkenes (69.72 North, 30.05 East) for single hop radiolink.

The study results showed that: 

- 	for the typical transmitter power of the amateur station (20 dBW) the protection distance required to ensure interference-free operation of the fixed link can exceed 6200 km;

- 	interference caused by the amateur station transmitter can result in operation failure of the fixed station link and degradation of wanted signal propagation conditions;

-	for single hop links interference from the station in the amateur service can prevent operation of the fixed links at the time intervals defined by the distance between the amateur station transmitter and fixed receiver and their mutual location. Out of these time intervals interference caused by the station in the amateur service can lead to significant degradation of the fixed signal receiving.

The interference impact on the fixed link operation can be partially reduced by application of directional antennae in the fixed links. However application of antennae with gain of 13.4 dB in the fixed receivers and transmitters can lead only to partial reduction of interference which is unacceptable for the fixed links at the significant time percentage.

It allows to conclude that compatibility between the amateur stations and fixed links appears to be quite complicated.

1/1.4/4.2	Compatibility with stations in the mobile service 

[TBD]

[bookmark: _1/1.4/6_Methods_to]1/1.4/5	Methods to satisfy the agenda item

[TBD]

1/1.4/6	Regulatory and procedural considerations

[NOC]

Annex 2

Working document towardS a preliminary
draft new Report ITU-R М.[5 MHz COMPAT]

Compatibility analysis of possible amateur systems with fixed, land mobile, radiolocation and maritime mobile services in the
frequency band 5 250-5 450 kHz

1	Introduction

[NOC]

2	Specific operation of the frequency band 5 250-5 450 kHzMHZ 

[NOC]

3	Technical characteristics and protection criteria of fixed/mobile systems and systems of the radiolocation service operating in the frequency band 5 250-5 450 MHzkHz 

3.1	Technical characteristics and protection criteria of fixed systems

[NOC]

The analysis of Recommendations ITU-R F.1761, ITU-R F.1762 and ITU-R F.1821 showed that for various systems in the fixed service the required value of signal/noise ratio changes in wide range depending from the modulation type, operation mode etc. To avoid ambiguity the protection criteria for the study were taken from Recommendation ITU-R F.339. The protection criteria for the fixed service link operating with signal of 300HF1В emission class used in this study were taken from the indicated Recommendation. They are presented in Table 3.1a.

Table 3.1а

Protection criteria for 300HF1В signal

		300HF1В Signal



		Bit error rate

		Band, Hz

		Protection criterion S/N, (dB/Hz)



		0,01

		300

		26



		0,001

		300

		27



		0,0001

		300

		29







Similar signal is used in Petropavlovsk- Kamchatski-Moscow FS link, entered in MIFR (ID 081080602, emission class 280HF1В).



It should be noted the interference/noise ratio specified in Table 3.1a is given for bandwidth of 1 Hz (see Rec. ITU-R F.339). The criteria for frequency band  can be obtained by the following equation:



		

Therefore the following values of signal/noise ratio were used in the studies:

–	[S/N=24 dB – for high-speed data transmission;

–	S/N=21 dB – for analogue transmission of voice signal;

–	S/N=8 dB – for digital transmission of voice signal.]

The selected values of signal/noise ratio correspond to the technical characteristics of the fixed adaptive system given in Table 4 of Recommendation ITU-R F.1761. In the studies it was assumed that power value of FS transmitter antenna is 37 dBW.

The data presented in Table 3.1 refer to radio paths of 2 400 km. In case of longer radio path it is required to increase transmitter power or to use higher antenna gain in order to provide operation of the system. For example for radio paths of 7 000 km (see Figure 2) transmitter output power in the fixed service station can reach 38 dBW. The receiver sensitivity is the same and determined by external noise.

3.2	Technical characteristics of land mobile systems

[NOC]

3.3	Technical characteristics of the maritime mobile systems

[TBD]

3.4	Technical characteristics of oceanographic radars 

[TBD]

4	Technical characteristics of the amateur systems

[TBD]

5	Compatibility analysis of the amateur systems with the fixed, land mobile, radiolocation and maritime mobile systems 

Recommendation ITU-R P.533 and the associated software model were used for performing required sharing and compatibility studies.

5.1	Compatibility of the amateur systems with the fixed systems

The compatibility analysis of stations in the amateur service with fixed communication links was carried out on the example of single-hop and multihop fixed communication links. Murmansk (68.98 North and 33.08 East) – Moscow (55.9 North, 37.6 East) link of 1 490 km was used in the analysis as a single-hop link and Petropavlovsk-Kamchatski (53 North, 158 East) – Moscow (55.9 North, 37.6 East) link of 6 800 km was used in the analysis as a multihop link. Depending from day time and season transmissions on this link can be either in two or three hops.

Taken into account the interference impact from the stations in the amateur service it was considered the case when the amateur service transmitter provides communication with the station located significantly closer than the fixed service receiver. In this case the signal/noise ratio in the amateur receiver location will exceed the threshold value required for operation of the amateur service radiolink. Moreover the signal to noise ratio level of the amateur transmitter in the fixed service receiver location will be less than the threshold level. However there will be interference caused to the fixed receiver. It was decided to use the interference scenario given in Fig. 1 in the further compatibility studies in order to take into account the above mentioned.

Figure 1

Interference scenario for the fixed service radiolink







As possible interference source for single-hop link possible amateur communication links such as Warsaw-Moscow link of 1 155 km and Berlin-Moscow link of 1 615 km the possible amateur service transmitters located in Kotka city (60.47 North, 26.95 East) (the interfering path length is  km) and in Kirkenes (69.72 North, 30.05 East) (the interfering path length is  km) were considered. 

For multihop fixed communication link Astana-Moscow amateur link of 2 277 km and amateur link of 6 200 km connecting the point at the equator (0 degree North, 37.6 East) with Moscow through the meridian were considered as interference sources. transmitters located in Astana city (the interfering path length is 2277 km) and in the point with coordinates 0 degree North, 37.6 East located in the Equator (the interfering path length is 6200 km) were considered as interference sources.

Depending from season and day time Astana‑Moscow link can operate either in one hop or two-hop mode. Equator-Moscow link operates only in multihop mode.

In simulation it was assumed that the power of the amateur station transmitter is 20 dBW. The results presented below were obtained assuming that the minimum signal/noise ratio for the amateur station is equal to the minimum signal/noise ratio of the stations in the fixed service and is 8 dB. 

The impact of the considered links of the amateur stations on the fixed link operation was determined in accordance with the following methodology:

–	for the amateur station dependence of S/N [dB] ratio from day time and season was determined for the minimum and maximum sunspot numbers;

–	for the fixed service link dependence of S/N [dB] ratio from day time and season was determined for the minimum and maximum sunspot numbers;

–	dependence of signal/interference [S/I, dB] ratio in the fixed service link from day time and season was determined for different levels of solar activity;

–	the obtained results of S/I were compared with the required value of S/I ratio and it was determined operation modes and time intervals when operation of the fixed service link is feasible.

The simulation results of interference impact to single-hop and multihop fixed communication links are presented below in Tables 5.1-5.20.

Table 5.1 presents the simulation results of propagation conditions on Petropavlovsk-Kamchatski-Moscow path depending from day time and season at low solar activity with 10 sunspots. Here and in next Table cells where the signal/noise ratio exceeds 24 dB are highlighted by green colour and the Table cells where the signal/noise ratio ranges from 21 dB to 24 dB are marked by light green colour and the table cells where the signal/noise ratio ranges from 8 dB to 21 dB are highlighted by blue colour. The Table cells where the signal/noise ratio is less than 8 dB (the operation of the fixed communication link is not feasible) are marked by red colour.

The analysis presented in Table 5.1 showed that in case of no interference from the amateur link operation of Petropavlovsk-Kamchatski-Moscow link is feasible almost at any season. The selection of signal type and its transmission time are determined by month when operation of the link should be ensured however for the worst case of propagation conditions digital voice transmission appears to be feasible.

Table 5.2 contains simulation results of propagation conditions on the Astana-Moscow amateur interfering link at low solar activity. Here the Table cells where the signal/noise ratio exceeds 8 dB are highlighted by yellow colour. The Table cells where the signal/noise ratio is less than 8 dB (the operation of the amateur communication link is not feasible) are highlighted by red colour. Comparing of the results presented in Tables 5.1 and 5.2 showed that time when operation of the amateur communication link is not feasible falls into time interval when operation of the fixed communication link is not feasible.

Table 5.3 presents the simulation results of the signal/interference ratio dependence from the day time and season at low solar activity. The signal/noise ratio value is calculated only for the time when the operation of the amateur communication link is feasible. For time intervals when the operation of the amateur communication link is not feasible values of signal/noise ratio from Table 5.1 were used. 

The analysis of the results presented in Table 5.3 showed that in case of interference from the considered amateur communication link operation of the fixed communication link will be disabled almost at any day time. In case of interference caused by the amateur communication link data transmission between Petropavlovsk-Kamchatski and Moscow will be feasible only for digital voice transmission 2 hours per day during two months (January, February) per year.

Table 5.4 presents the simulation results of propagation conditions on the Equator-Moscow amateur communication link. It is shown that data transmission on this link is feasible mostly at the same time as operation of Petropavlovsk-Kamchatski-Moscow link. Therefore it can be expected that this amateur communication link can influence the operation of the fixed communication link.
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[Table 5.1

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 10 sunspot numbers

		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB



		Output power 

		5 kW

		SSN

		10

		Signal/noise ratio, dB



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		22

		18

		15

		13

		11

		3

		0

		10

		15

		16

		20.5

		25.5

		29

		30

		34

		29.5

		29

		29

		29.5

		31

		31.5

		31

		25

		24

		22



		February

		17.5

		13

		10

		8

		1

		–8.5

		–14

		–6

		6

		8.5

		12

		18

		24

		27

		29

		33

		29

		29

		29.5

		32

		36.5

		31

		26

		22

		17.5



		March

		14

		5.5

		6

		–5

		–17

		–28

		–32

		–19

		–9

		–2

		2

		7

		12

		19

		23

		28

		31

		31.3

		33

		30

		33

		31

		28

		22

		14



		April

		3

		–3.5

		–10

		–21

		–40

		–59

		–58

		–40

		–25

		–13

		–5

		–1

		4

		10

		17

		23

		27.5

		29

		34

		29

		27

		24

		19

		11

		3



		May

		–7.5

		–15

		–33

		–46

		–79

		–88

		–89

		–80

		–56

		–34

		–45

		–34

		–25

		1.5

		10

		17

		22

		26.5

		26

		23

		20

		15.5

		5

		2

		–7.5



		June

		–33.5

		–42

		–75

		–96

		–117

		–126

		–126

		–115

		–92

		–55

		–70

		–56

		–42

		–28

		–15

		4

		12

		12

		11

		12

		8

		4

		–8

		–18

		–33



		July

		–12

		–29

		–34

		–79

		–89

		–96

		–95

		–84

		–60

		–34

		–19

		–4

		–30

		–18

		8

		13

		24

		22

		19

		15

		15

		7

		4

		–2

		–12



		August

		0

		–11

		–16

		–30

		–44

		–71

		–71

		–47

		–30

		–16

		–8

		–4

		0

		8

		13

		21

		23

		26

		26

		22

		19

		14

		7

		0

		0



		September

		4

		5.5

		–8

		–19

		–25

		–46

		–46

		–37

		–22

		–10

		–2

		2

		9

		16

		21.5

		28

		32

		32

		32

		31

		28

		26

		21

		11

		4



		October

		17

		10

		10.5

		–1.5

		–11

		–18

		–23

		–11

		–2

		2.5

		8

		13

		18

		23

		26

		28.5

		31.5

		33

		33

		32

		31

		30

		27

		23

		17



		November

		20

		15

		16

		17

		6

		–2

		–4

		4

		12

		13

		14

		21.5

		25

		28

		32.5

		29

		30

		30.5

		30

		30.5

		31

		30

		26

		22

		20



		December

		22

		33

		15

		18

		26

		20

		16

		18

		21

		23

		27

		24.5

		28.5

		38.5

		8.5

		3

		22

		28

		29

		35

		35.5

		35

		33

		28

		22





Table 5.2

Propagation conditions on Astana-Moscow link for 10 sunspot numbers 

		Interfering link: Astana-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		10

		Signal/noise ratio, dB



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		42.5

		42.5

		44

		41.5

		34

		25

		19

		8.5

		5

		7

		16

		22.5

		26.5

		33

		37

		37.5

		41

		44

		43

		42

		41

		40.5

		41

		41

		42.5



		February

		45

		46.5

		44.5

		39

		26

		20

		12.5

		–1

		–5

		–2

		4

		15

		22

		27

		30.5

		38

		39

		40

		41.5

		42

		42

		41

		39.5

		42.5

		45



		March

		47

		46

		41

		34

		22

		13.5

		–3.5

		–13

		–17

		–12

		–7

		8.5

		14

		20

		26

		34

		36

		37

		38

		40

		41

		41.5

		42

		47

		47



		April

		44

		42

		34

		24

		17.5

		1

		–9

		–17

		–29

		–28

		–12

		–6

		2

		18

		23

		32

		37

		38

		38

		38

		39

		42

		44

		46

		44



		May

		40

		36

		26

		18.5

		3

		–8

		–21

		–29

		–32

		–31

		–27

		–12

		–7

		3.5

		20

		25

		33

		36

		36

		36

		36

		39.5

		40.5

		40.5

		40



		June

		34

		26

		20

		2

		–9

		–23

		–29.5

		–34

		–36

		–36

		–35

		–29.5

		–16

		–5

		6

		21

		22

		32

		38

		38

		38

		38

		38

		38

		34



		July

		38

		34

		25

		11

		–0.5

		–11

		–24

		–30

		–32

		–31.5

		–27.5

		–15

		–8

		3

		18

		23

		32

		34

		35

		36

		37

		38

		38

		38

		38



		August

		41

		39.5

		28

		22

		13.5

		–4

		–13

		–26

		–30

		–28

		–14

		–8

		0

		16

		22

		31

		33.5

		34.5

		35

		37.5

		38

		38.5

		39

		40

		41



		September

		47

		44

		38.5

		25

		18

		8

		–10

		–16

		–18

		–16

		–10

		–1

		13

		21

		27

		34

		38

		38

		38

		39

		40

		42

		44

		46

		47



		October

		46.5

		45.5

		40.5

		33

		24

		16

		3

		–3.5

		–6

		–3

		9

		15

		21

		26

		34

		38

		38

		38.5

		39

		39.5

		40

		41

		42

		46

		46.5



		November

		46

		47

		43.5

		38

		28

		23

		17

		7.5

		4

		11

		16

		21

		26

		34

		38

		39

		40

		41

		42

		42.5

		40.5

		41

		41.5

		44

		46



		December

		43

		46

		46

		44

		39

		28

		25.5

		20

		17.5

		19

		23

		28

		35

		39

		40

		44

		46

		45

		44

		43

		41.5

		41

		41

		41.5

		43





Table 5.3

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 10 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB 

		Interfering link: Astana-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		

		Output power

		0.1 kW

		SSN

		10

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		−20.5

		–24.5

		–29

		–28.5

		–23

		–22

		–19

		1.5

		15

		16

		4.5

		3

		2.5

		–3

		–3

		–8

		–12

		–15

		–13.5

		–11

		–9.5

		–9.5

		–16

		–17

		–20.5



		February

		–27.5

		–33.5

		–34.5

		–31

		–25

		–28.5

		–26.5

		–6

		6

		8.5

		12

		3

		2

		0

		–1.5

		–5

		–10

		–11

		–12

		–10

		–5.5

		–10

		–13.5

		–20.5

		–27.5



		March

		–33

		–40.5

		–35

		–39

		–39

		–41.5

		–32

		–19

		–9

		–2

		2

		–1.5

		–2

		–1

		–3

		–6

		–5

		–5.7

		–5

		–10

		–8

		–10.5

		–14

		–25

		–33



		April

		–41

		–45.5

		–44

		–45

		–57.5

		–59

		–58

		–40

		–25

		–13

		–5

		–1

		4

		–8

		–6

		–9

		–9.5

		–9

		–4

		–9

		–12

		–18

		–25

		–35

		–41



		May

		–47.5

		–51

		–59

		–64.5

		–79

		–88

		–89

		–80

		–56

		–34

		–45

		–34

		–25

		1.5

		–10

		–8

		–11

		–9.5

		–10

		–13

		–16

		–24

		–35.5

		–38.5

		–47.5



		June

		–67.5

		–68

		–95

		–96

		–117

		–126

		–126

		–115

		–92

		–55

		–70

		–56

		–42

		–28

		–15

		–17

		–10

		–20

		–27

		–26

		–30

		–34

		–46

		–56

		–67



		July

		–50

		–63

		–59

		–90

		–89

		–96

		–95

		–84

		–60

		–34

		–19

		–4

		–30

		–18

		–10

		–10

		–8

		–12

		–16

		–21

		–22

		–31

		–34

		–40

		–50



		August

		–41

		–50.5

		–44

		–52

		–57.5

		–71

		–71

		–47

		–30

		–16

		–8

		–4

		0

		–8

		–9

		–10

		–10.5

		–8.5

		–9

		–15.5

		–19

		–24.5

		–32

		–40

		–41



		September

		–43

		–38.5

		–46.5

		–44

		–43

		–54

		–46

		–37

		–22

		–10

		–2

		2

		–4

		–5

		–5.5

		–6

		–6

		–6

		–6

		–8

		–12

		–16

		–23

		–35

		–43



		October

		–29.5

		–35.5

		–30

		–34.5

		–35

		–34

		–23

		–11

		–2

		2.5

		–1

		–2

		–3

		–3

		–8

		–9.5

		–6.5

		–5.5

		–6

		–7.5

		–9

		–11

		–15

		–23

		–29.5



		November

		–26

		–32

		–27.5

		–21

		–22

		–25

		–21

		4

		12

		2

		–2

		0.5

		–1

		–6

		–5.5

		–10

		–10

		–10.5

		–12

		–12

		–9.5

		–11

		–15.5

		–22

		–26



		December

		–21

		–13

		–31

		–26

		–13

		–8

		–9.5

		–2

		3.5

		4

		4

		–3.5

		–6.5

		–0.5

		–31.5

		–41

		–24

		–17

		–15

		–8

		–6

		–6

		–8

		–13.5

		–21





Table 5.4

Propagation conditions on Equator-Moscow link for 10 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Equator-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		10.0

		9.0

		5.0

		7.0

		6.0

		–20.0

		–55.0

		–103.0

		–161.0

		–200.0

		–202.0

		–163.0

		–101.0

		–51.0

		–19.0

		5.0

		12.0

		12.0

		12.0

		12.0

		13.0

		13.0

		12.0

		12.0

		10.0



		February

		12.0

		10.0

		9.0

		8.0

		–5.0

		–24.0

		–62.0

		–119.0

		–181.0

		–221.0

		–224.0

		–186.0

		–123.0

		–63.0

		–25.0

		–6.0

		11.0

		12.0

		12.0

		13.0

		13.0

		13.0

		12.0

		12.0

		12.0



		March

		13.0

		13.0

		9.0

		9.0

		–5.0

		–28.0

		–72.0

		–137.0

		–202.0

		–245.0

		–248.0

		–209.0

		–147.0

		–82.0

		–35.0

		–12.0

		5.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		13.0



		April

		13.0

		10.0

		9.0

		5.0

		–10.0

		–35.0

		–83.0

		–145.0

		–205.0

		–245.0

		–248.0

		–212.0

		–152.0

		–90.0

		–40.0

		–14.0

		1.0

		14.0

		12.0

		12.0

		12.0

		12.0

		13.0

		13.0

		13.0



		May

		10.0

		10.0

		8.0

		–1.0

		–15.0

		–46.0

		–96.0

		–153.0

		–208.0

		–244.0

		–247.0

		–214.0

		–158.0

		–99.0

		–49.0

		–16.0

		–3.0

		8.0

		12.0

		11.0

		11.0

		11.0

		11.0

		11.0

		10.0



		June

		9.0

		9.0

		6.0

		–7.0

		–34.0

		–61.0

		–109.0

		–162.0

		–211.0

		–243.0

		–247.0

		–217.0

		–165.0

		–109.0

		–59.0

		–22.0

		–7.0

		2.0

		9.0

		9.0

		10.0

		10.0

		9.0

		9.0

		9.0



		July

		9.0

		10.0

		8.0

		–2.0

		–17.0

		–51.0

		–100.0

		–154.0

		–208.0

		–243.0

		–244.0

		–207.0

		–149.0

		–92.0

		–44.0

		–15.0

		–4.0

		6.0

		9.0

		9.0

		10.0

		10.0

		9.0

		9.0

		9.0



		August

		9.0

		10.0

		10.0

		1.0

		–14.0

		–42.0

		–90.0

		–147.0

		–205.0

		–243.0

		–241.0

		–196.0

		–133.0

		–76.0

		–31.0

		–11.0

		1.0

		13.0

		11.0

		9.0

		10.0

		10.0

		9.0

		9.0

		9.0



		September

		13.0

		9.0

		8.0

		3.0

		–12.0

		–36.0

		–82.0

		–141.0

		–202.0

		–243.0

		–238.0

		–186.0

		–119.0

		–60.0

		–21.0

		–7.0

		7.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		13.0



		October

		12.0

		13.0

		9.0

		7.0

		–7.0

		–28.0

		–65.0

		–121.0

		–180.0

		–220.0

		–218.0

		–171.0

		–100.0

		–49.0

		–18.0

		–4.0

		11.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0



		November

		12.0

		9.0

		8.0

		8.0

		4.0

		–23.0

		–56.0

		–104.0

		–161.0

		–200.0

		–199.0

		–156.0

		–92.0

		–45.0

		–16.0

		6.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0



		December

		12.0

		9.0

		5.0

		6.0

		6.0

		–11.0

		–50.0

		–94.0

		–143.0

		–180.0

		–181.0

		–143.0

		–82.0

		–40.0

		–7.0

		9.0

		12.0

		12.0

		12.0

		12.0

		13.0

		13.0

		12.0

		12.0

		12.0





Table 5.5

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 10 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB

		Interfering link: Equator-Moscow, isotropic antenna gain=0 dB



		Output power 

		0.1 kW 

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		12.0

		9.0

		15.0

		13.0

		11.0

		3.0

		0.0

		10.0

		15.0

		16.0

		20.5

		25.5

		29.0

		30.0

		34.0

		29.5

		17.0

		17.0

		17.5

		19.0

		18.5

		18.0

		13.0

		12.0

		12.0



		February

		5.5

		3.0

		1.0

		0.0

		1.0

		–8.5

		–14.0

		–6.0

		6.0

		8.5

		12.0

		18.0

		24.0

		27.0

		29.0

		33.0

		18.0

		17.0

		17.5

		19.0

		23.5

		18.0

		14.0

		10.0

		5.5



		March

		1.0

		–7.5

		–3.0

		–14.0

		–17.0

		–28.0

		–32.0

		–19.0

		–9.0

		–2.0

		2.0

		7.0

		12.0

		19.0

		23.0

		28.0

		31.0

		19.3

		21.0

		18.0

		21.0

		19.0

		16.0

		10.0

		1.0



		April

		–10.0

		–13.5

		–19.0

		–21.0

		–40.0

		–59.0

		–58.0

		–40.0

		–25.0

		–13.0

		–5.0

		–1.0

		4.0

		10.0

		17.0

		23.0

		27.5

		15.0

		22.0

		17.0

		15.0

		12.0

		6.0

		–2.0

		–10.0



		May

		–17.5

		–25.0

		–41.0

		–46.0

		–79.0

		–88.0

		–89.0

		–80.0

		–56.0

		–34.0

		–45.0

		–34.0

		–25.0

		1.5

		10.0

		17.0

		22.0

		18.5

		14.0

		12.0

		9.0

		4.5

		–6.0

		–9.0

		–17.5



		June

		–42.5

		–51.0

		–75.0

		–96.0

		–117.0

		–126.0

		–126.0

		–115.0

		–92.0

		–55.0

		–70.0

		–56.0

		–42.0

		–28.0

		–15.0

		4.0

		12.0

		12.0

		2.0

		3.0

		–2.0

		–6.0

		–17.0

		–27.0

		–42.0



		July

		–21.0

		–39.0

		–42.0

		–79.0

		–89.0

		–96.0

		–95.0

		–84.0

		–60.0

		–34.0

		–19.0

		–4.0

		–30.0

		–18.0

		8.0

		13.0

		24.0

		22.0

		10.0

		6.0

		5.0

		–3.0

		–5.0

		–11.0

		–21.0



		August

		–9.0

		–21.0

		–26.0

		–30.0

		–44.0

		–71.0

		–71.0

		–47.0

		–30.0

		–16.0

		–8.0

		–4.0

		0.0

		8.0

		13.0

		21.0

		23.0

		13.0

		15.0

		13.0

		9.0

		4.0

		–2.0

		–9.0

		–9.0



		September

		–9.0

		–3.5

		–16.0

		–19.0

		–25.0

		–46.0

		–46.0

		–37.0

		–22.0

		–10.0

		–2.0

		2.0

		9.0

		16.0

		21.5

		28.0

		32.0

		20.0

		20.0

		19.0

		16.0

		14.0

		9.0

		–1.0

		–9.0



		October

		5.0

		–3.0

		1.5

		–1.5

		–11.0

		–18.0

		–23.0

		–11.0

		–2.0

		2.5

		8.0

		13.0

		18.0

		23.0

		26.0

		28.5

		20.5

		21.0

		21.0

		20.0

		19.0

		18.0

		15.0

		11.0

		5.0



		November

		8.0

		6.0

		8.0

		9.0

		6.0

		–2.0

		–4.0

		4.0

		12.0

		13.0

		14.0

		21.5

		25.0

		28.0

		32.5

		29.0

		18.0

		18.5

		18.0

		18.5

		19.0

		18.0

		14.0

		10.0

		8.0



		December

		10.0

		24.0

		15.0

		18.0

		26.0

		20.0

		16.0

		18.0

		21.0

		23.0

		27.0

		24.5

		28.5

		38.5

		8.5

		–6.0

		10.0

		16.0

		17.0

		23.0

		22.5

		22.0

		21.0

		16.0

		10.0





Table 5.6

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 80 sunspot numbers 

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB



		Output power 

		5 kW 

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		16

		12.5

		9

		13

		6

		–3

		–7.5

		1

		8

		9

		9.5

		19

		25

		27

		28

		35

		31

		30.5

		30

		31

		34

		27

		24

		22

		17



		February

		9

		3.5

		6

		–3

		–13.5

		–21

		–28

		–19

		–6

		5

		4

		10

		17

		22

		24.5

		27

		28

		28

		29

		36

		31

		23

		22

		16

		9



		March

		–1

		0

		–8

		–1.5

		–30

		–46

		–55

		–49

		–22

		–5

		–8

		–3

		5

		11

		19

		23

		27

		27

		36

		31

		28

		24

		19

		9

		–1



		April

		–4

		–17

		–25

		–39

		–54

		–66

		–62

		–57

		–44

		–29

		–20

		–8

		–4

		2

		11

		18

		23

		30

		28

		23

		17

		17

		18

		10

		–4



		May

		–24

		–33

		–49

		–124

		–135

		–142

		–143

		–135

		–68

		–49

		–33

		–25

		–10

		–9

		1

		11

		20

		19

		17

		10

		17

		10

		0

		–14

		–25



		June

		–52

		–136

		–158

		–178

		–170

		–198

		–192

		–190

		–172

		–80

		–128

		–106

		–82

		–60

		–38

		–20

		2

		4

		–2

		–6

		–4

		–14

		–26

		–36

		–52



		July

		–30

		–47.3

		–125.6

		–141

		–154.2

		–161.5

		–161

		–150

		–112.6

		–54

		–36

		–26.6

		–11.6

		–9.5

		–0.3

		14

		14

		15

		12

		6

		–7

		3.5

		–6

		–22

		–30.6



		August

		–21

		–28

		–42

		–59

		–68

		–129

		–126

		–67

		–50

		–42

		–26

		–49.5

		–34

		–0.5

		8

		15.5

		20

		23

		21

		15

		6.4

		8

		–1.3

		–5

		–21



		September

		–12.5

		–19.6

		–26.5

		–41

		–56.4

		–71

		–61

		–56.4

		–42

		–27

		–16

		–7

		0.5

		8.6

		16

		22

		26

		33

		28

		26

		27

		18

		10

		–1

		–12.5



		October

		1

		4

		–8.5

		–16.6

		–29

		–42

		–46.5

		–29

		–16

		–8

		–1

		5

		11

		17

		22

		26

		28

		28

		34

		30

		17

		17

		17

		9

		1



		November

		12

		7.4

		11.4

		1.5

		–5

		–14

		–17

		–6

		3

		6

		10

		15.5

		20.5

		24

		26

		30.5

		28

		28

		29

		36.5

		30.5

		24.6

		22.5

		18

		12



		December

		21

		18

		15

		14

		17

		12

		5.6

		15

		16.6

		17

		20

		25

		29.5

		31

		29.5

		29

		30

		29

		30

		31.6

		31.5

		32

		22.5

		23.5

		21





Table 5.7

Propagation conditions on Astana-Moscow link for 80 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Астана-Москва, isotropic antenna gain=0 dB



		Output power 

		0.1 kW 

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		 January

		47

		47

		47

		40

		31.5

		22

		15

		1

		–6

		–6

		7

		15

		23

		28

		37

		38

		40

		42

		43

		42.6

		42

		41

		40

		42

		47



		February

		45

		47

		43

		33.6

		23

		14.4

		–1

		–14

		–21

		–20

		–12.5

		6

		15

		23

		28

		36.6

		37.6

		39

		42.3

		43

		43

		41

		41

		42

		45



		March

		41

		40.5

		38

		24

		17

		5

		–16

		–25.5

		–51

		–49

		–40

		–14

		4.4

		14

		22

		32

		36

		36

		36

		37

		37.5

		39

		39.4

		40

		41



		April

		39

		37

		31

		18.5

		8.6

		–13

		–34

		–48

		–55

		–54

		–46

		–33

		–1

		8

		17

		25

		34

		36

		36

		36

		36.5

		38.5

		39

		39

		39



		May

		36

		31.5

		21

		10.3

		–12.5

		–33

		–45.6

		–55.4

		–69

		–68.2

		–54

		–44

		–31

		–9.3

		11.3

		20.5

		30

		35

		35.6

		36

		36

		37.8

		38

		38

		36



		June

		31

		21.4

		13

		–13

		–36

		–48

		–55.6

		–70

		–75

		–75.5

		–71

		–55

		–47

		–32

		–8.5

		13.5

		20

		29

		33.6

		34.7

		35

		36

		36

		34.4

		31



		July

		34

		25

		19.4

		–1.4

		–16

		–38.3

		–51

		–68

		–73.4

		–71.4

		–55

		–45

		–33

		–13

		9.6

		18.5

		27

		32

		34

		34.6

		35

		35.7

		35.7

		35.7

		34



		August

		37

		34.3

		24

		16

		5

		–28.5

		–45

		–56.5

		–61

		–58

		–48.4

		–34.2

		–15

		7

		15

		22.5

		30

		33

		34.2

		34.7

		35

		36

		36.3

		36.4

		37.2



		September

		40

		39

		33

		19

		8.4

		–13

		–25.6

		–54

		–59.3

		–54

		–41

		–13

		4

		12.3

		20.6

		31

		36

		36.5

		36

		36

		36.3

		38.4

		39

		40

		40



		October

		41.7

		40.5

		37

		24

		17

		7

		–10.5

		–21.6

		–26.3

		–22.5

		–13.8

		5

		12.6

		20.5

		26

		34.5

		36.6

		36.6

		36.2

		36.4

		36.5

		38.3

		39

		40

		42



		November

		42

		43

		40

		33

		24

		17.4

		10

		–4

		–11

		–9

		5

		13.4

		20.6

		26.3

		34.7

		37

		37

		38

		37.6

		37.4

		37.1

		39

		39

		40

		42



		December

		42.3

		45

		44.3

		38.4

		34.3

		25.5

		22

		15

		10.2

		10

		15

		22.2

		27.3

		36.3

		37.6

		37.7

		38

		40.3

		42

		42

		41

		39.6

		39.4

		40

		42.3





Table 5.8

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 80 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB

		Interfering link: Астана-Москва, isotropic antenna gain=0 dB



		Output power

		5 kW 

		SSN

		80

		

		Output power

		0.1 kW

		SSN

		80

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		–31

		–34.5

		–38

		–27

		–25.5

		–25

		–22.5

		1

		8

		9

		9.5

		4

		2

		–1

		–9

		–3

		–9

		–11.5

		–13

		–11.6

		–8

		–14

		–16

		–20

		–30



		February

		–36

		–43.5

		–37

		–36.6

		–36.5

		–35.4

		–28

		–19

		–6

		5

		4

		10

		2

		–1

		–3.5

		–9.6

		–9.6

		–11

		–13.3

		–7

		–12

		–18

		–19

		–26

		–36



		March

		–42

		–40.5

		–46

		–25.5

		–47

		–46

		–55

		–49

		–22

		–5

		–8

		–3

		5

		–3

		–3

		–9

		–9

		–9

		0

		–6

		–9.5

		–15

		–20.4

		–31

		–42



		April

		–43

		–54

		–56

		–57.5

		–62.6

		–66

		–62

		–57

		–44

		–29

		–20

		–8

		–4

		–6

		–6

		–7

		–11

		–6

		–8

		–13

		–19.5

		–21.5

		–21

		–29

		–43



		May

		–60

		–64.5

		–70

		–134.3

		–135

		–142

		–143

		–135

		–68

		–49

		–33

		–25

		–10

		–9

		–10.3

		–9.5

		–10

		–16

		–18.6

		–26

		–19

		–27.8

		–38

		–52

		–61



		June

		–83

		–157.4

		–171

		–178

		–170

		–198

		–192

		–190

		–172

		–80

		–128

		–106

		–82

		–60

		–38

		–33.5

		–18

		–25

		–35.6

		–40.7

		–39

		–50

		–62

		–70.4

		–83



		July

		–64

		–72.3

		–145

		–141

		–154.2

		–161.5

		–161

		–150

		–112.6

		–54

		–36

		–26.6

		–11.6

		–9.5

		–9.9

		–4.5

		–13

		–17

		–22

		–28.6

		–42

		–32.2

		–41.7

		–57.7

		–64.6



		August

		–58

		–62.3

		–66

		–75

		–68

		–129

		–126

		–67

		–50

		–42

		–26

		–49.5

		–34

		–0.5

		–7

		–7

		–10

		–10

		–13.2

		–19.7

		–28.6

		–28

		–37.6

		–41.4

		–58.2



		September

		–52.5

		–58.6

		–59.5

		–60

		–64.8

		–71

		–61

		–56.4

		–42

		–27

		–16

		–7

		0.5

		–3.7

		–4.6

		–9

		–10

		–3.5

		–8

		–10

		–9.3

		–20.4

		–29

		–41

		–52.5



		October

		–40.7

		–36.5

		–45.5

		–40.6

		–46

		–42

		–46.5

		–29

		–16

		–8

		–1

		5

		–1.6

		–3.5

		–4

		–8.5

		–8.6

		–8.6

		–2.2

		–6.4

		–19.5

		–21.3

		–22

		–31

		–41



		November

		–30

		–35.6

		–28.6

		–31.5

		–29

		–31.4

		–27

		–6

		3

		6

		10

		2.1

		–0.1

		–2.3

		–8.7

		–6.5

		–9

		–10

		–8.6

		–0.9

		–6.6

		–14.4

		–16.5

		–22

		–30



		December

		–21.3

		–27

		–29.3

		–24.4

		–17.3

		–13.5

		–16.4

		0

		6.4

		7

		5

		2.8

		2.2

		–5.3

		–8.1

		–8.7

		–8

		–11.3

		–12

		–10.4

		–9.5

		–7.6

		–16.9

		–16.5

		–21.3







Table 5.9

Propagation conditions on Equator-Moscow link for 80 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Equator-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		12.0

		12.0

		10.0

		9.0

		3.0

		–28.0

		–76.0

		–159.0

		–244.0

		–301.0

		–302.0

		–245.0

		–130.0

		–74.0

		–30.0

		–3.0

		11.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		12.0



		February

		12.0

		12.0

		20.0

		9.0

		–3.0

		–35.0

		–91.0

		–177.0

		–267.0

		–330.0

		–335.0

		–276.0

		–187.0

		–98.0

		–42.0

		–14.0

		6.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		12.0



		March

		20.0

		20.0

		20.0

		7.0

		–11.0

		–43.0

		–107.0

		–197.0

		–294.0

		–365.0

		–373.0

		–313.0

		–218.0

		–129.0

		–59.0

		–20.0

		–2.0

		11.0

		12.0

		12.0

		12.0

		13.0

		13.0

		13.0

		20.0



		April

		20.0

		20.0

		10.0

		0.0

		–18.0

		–57.0

		–127.0

		–215.0

		–307.0

		–370.0

		–373.0

		–316.0

		–228.0

		–141.0

		–72.0

		–26.0

		–7.0

		8.0

		19.0

		20.0

		20.0

		20.0

		20.0

		20.0

		20.0



		May

		20.0

		11.0

		11.0

		–8.0

		–27.0

		–77.0

		–148.0

		–236.0

		–321.0

		–374.0

		–373.0

		–320.0

		–238.0

		–155.0

		–88.0

		–37.0

		–10.0

		3.0

		13.0

		12.0

		12.0

		12.0

		20.0

		20.0

		20.0



		June

		9.0

		8.0

		5.0

		–17.0

		–55.0

		–100.0

		–173.0

		–258.0

		–335.0

		–379.0

		–373.0

		–323.0

		–249.0

		–172.0

		–105.0

		–52.0

		–16.0

		–2.0

		7.0

		17.0

		11.0

		10.0

		9.0

		9.0

		9.0



		July

		19.0

		10.0

		9.0

		–11.0

		–32.0

		–86.0

		–159.0

		–248.0

		–333.0

		–382.0

		–372.0

		–311.0

		–228.0

		–150.0

		–87.0

		–37.0

		–11.0

		2.0

		12.0

		11.0

		11.0

		11.0

		11.0

		18.0

		19.0



		August

		19.0

		19.0

		13.0

		–6.0

		–23.0

		–72.0

		–146.0

		–239.0

		–332.0

		–385.0

		–370.0

		–299.0

		–209.0

		–131.0

		–69.0

		–25.0

		–8.0

		6.0

		11.0

		11.0

		11.0

		11.0

		11.0

		18.0

		19.0



		September

		20.0

		20.0

		10.0

		–2.0

		–18.0

		–60.0

		–134.0

		–230.0

		–330.0

		–388.0

		–368.0

		–287.0

		–191.0

		–112.0

		–54.0

		–18.0

		–1.0

		11.0

		12.0

		12.0

		12.0

		12.0

		12.0

		20.0

		20.0



		October

		20.0

		20.0

		20.0

		3.0

		–13.0

		–45.0

		–107.0

		–197.0

		–288.0

		–344.0

		–332.0

		–260.0

		–169.0

		–89.0

		–38.0

		–13.0

		5.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		12.0

		20.0



		November

		12.0

		13.0

		10.0

		11.0

		–2.0

		–34.0

		–87.0

		–168.0

		–253.0

		–307.0

		–300.0

		–237.0

		–127.0

		–71.0

		–29.0

		–4.0

		10.0

		12.0

		12.0

		12.0

		12.0

		20.0

		12.0

		12.0

		12.0



		December

		12.0

		12.0

		12.0

		11.0

		4.0

		–20.0

		–72.0

		–133.0

		–223.0

		–275.0

		–272.0

		–216.0

		–119.0

		–63.0

		–18.0

		4.0

		12.0

		12.0

		13.0

		13.0

		13.0

		13.0

		13.0

		12.0

		12.0





Table 5.10

Propagation conditions on Petropavlovsk-Kamchatski-Moscow link for 80 sunspot numbers with interference 

		Signal/noise ratio, dB



		Useful link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB

		Interfering link: Equator-Moscow, isotropic antenna gain=0 dB



		Output power 

		0.1 kW 

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		4.0

		0.5

		–1.0

		4.0

		6.0

		–3.0

		–7.5

		1.0

		8.0

		9.0

		9.5

		19.0

		25.0

		27.0

		28.0

		35.0

		20.0

		17.5

		17.0

		18.0

		21.0

		14.0

		11.0

		9.0

		5.0



		February

		–3.0

		–8.5

		–14.0

		–12.0

		–13.5

		–21.0

		–28.0

		–19.0

		–6.0

		5.0

		4.0

		10.0

		17.0

		22.0

		24.5

		27.0

		28.0

		15.0

		16.0

		23.0

		18.0

		10.0

		9.0

		3.0

		–3.0



		March

		–21.0

		–20.0

		–28.0

		–1.5

		–30.0

		–46.0

		–55.0

		–49.0

		–22.0

		–5.0

		–8.0

		–3.0

		5.0

		11.0

		19.0

		23.0

		27.0

		16.0

		24.0

		19.0

		16.0

		11.0

		6.0

		–4.0

		–21.0



		April

		–24.0

		–37.0

		–35.0

		–39.0

		–54.0

		–66.0

		–62.0

		–57.0

		–44.0

		–29.0

		–20.0

		–8.0

		–4.0

		2.0

		11.0

		18.0

		23.0

		22.0

		9.0

		3.0

		–3.0

		–3.0

		–2.0

		–10.0

		–24.0



		May

		–44.0

		–44.0

		–60.0

		–124.0

		–135.0

		–142.0

		–143.0

		–135.0

		–68.0

		–49.0

		–33.0

		–25.0

		–10.0

		–9.0

		1.0

		11.0

		20.0

		19.0

		4.0

		–2.0

		5.0

		–2.0

		–20.0

		–34.0

		–45.0



		June

		–61.0

		–144.0

		–158.0

		–178.0

		–170.0

		–198.0

		–192.0

		–190.0

		–172.0

		–80.0

		–128.0

		–106.0

		–82.0

		–60.0

		–38.0

		–20.0

		2.0

		4.0

		–2.0

		–23.0

		–15.0

		–24.0

		–35.0

		–45.0

		–61.0



		July

		–49.0

		–57.3

		–134.6

		–141.0

		–154.2

		–161.5

		–161.0

		–150.0

		–112.6

		–54.0

		–36.0

		–26.6

		–11.6

		–9.5

		–0.3

		14.0

		14.0

		15.0

		0.0

		–5.0

		–18.0

		–7.5

		–17.0

		–40.0

		–49.6



		August

		–40.0

		–47.0

		–55.0

		–59.0

		–68.0

		–129.0

		–126.0

		–67.0

		–50.0

		–42.0

		–26.0

		–49.5

		–34.0

		–0.5

		8.0

		15.5

		20.0

		23.0

		10.0

		4.0

		–4.6

		–3.0

		–12.3

		–23.0

		–40.0



		September

		–32.5

		–39.6

		–36.5

		–41.0

		–56.4

		–71.0

		–61.0

		–56.4

		–42.0

		–27.0

		–16.0

		–7.0

		0.5

		8.6

		16.0

		22.0

		26.0

		22.0

		16.0

		14.0

		15.0

		6.0

		–2.0

		–21.0

		–32.5



		October

		–19.0

		–16.0

		–28.5

		–16.6

		–29.0

		–42.0

		–46.5

		–29.0

		–16.0

		–8.0

		–1.0

		5.0

		11.0

		17.0

		22.0

		26.0

		28.0

		16.0

		22.0

		18.0

		5.0

		5.0

		5.0

		–3.0

		–19.0



		November

		0.0

		–5.6

		1.4

		–9.5

		–5.0

		–14.0

		–17.0

		–6.0

		3.0

		6.0

		10.0

		15.5

		20.5

		24.0

		26.0

		30.5

		18.0

		16.0

		17.0

		24.5

		18.5

		4.6

		10.5

		6.0

		0.0



		December

		9.0

		6.0

		3.0

		3.0

		17.0

		12.0

		5.6

		15.0

		16.6

		17.0

		20.0

		25.0

		29.5

		31.0

		29.5

		29.0

		18.0

		17.0

		17.0

		18.6

		18.5

		19.0

		9.5

		11.5

		9.0





Table 5.11

Propagation conditions on Murmansk-Moscow link for 10 sunspot numbers 

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		66.5

		65.5

		56

		54

		58

		64

		63

		55

		51.5

		49.5

		49.5

		52

		56

		59.5

		62.5

		67

		56

		64

		64

		65

		66.5

		67

		67

		67

		66.5



		February

		65.5

		67.7

		52

		53.5

		61

		63

		59.5

		47

		47

		45

		45.3

		47.5

		50

		56

		58

		63.5

		67.5

		66

		65

		64.5

		65.5

		65.5

		66.5

		66.5

		65.5



		March

		57.5

		57.3

		57

		63.5

		66

		61.5

		51.5

		41

		37

		34.5

		35

		39

		43.5

		47

		52

		56

		58

		58.5

		62

		63

		62.5

		61.5

		61.5

		60.5

		57.5



		April

		65.5

		66

		65.5

		66

		65

		55

		43.5

		37

		35

		31.5

		32

		37

		39

		43

		50

		53

		57

		57.5

		58

		60

		63

		62.7

		62

		65

		65.5



		May

		67.5

		69.5

		65

		63

		51.5

		42

		37.5

		32

		31

		29

		29

		33

		34

		39

		41.5

		46

		54

		56

		57.5

		57

		56.5

		58

		60

		67

		67.5



		June

		66.5

		66

		64

		51.5

		44

		36.5

		32

		29

		26

		25

		25.5

		25.5

		28.5

		31

		32.5

		38

		42

		49.5

		52

		54

		56

		56

		57

		62

		66.5



		July

		65.5

		67

		66.5

		64.7

		55

		47.5

		41.5

		37.5

		34

		32.5

		32

		33

		36

		40

		40.5

		43

		51

		52

		55

		54.3

		58

		59.5

		62.5

		64.5

		65.5



		August

		65.5

		66

		68

		66.5

		65

		57

		43

		37.5

		34.5

		33

		33.3

		34.5

		38

		41.5

		42.5

		52

		53

		53.5

		54

		54.5

		59.5

		63

		62.5

		64

		65.5



		September

		58.5

		58

		56.5

		65

		64

		57.5

		44

		38

		34

		33

		34

		48.5

		42

		46.5

		52

		56

		59

		58

		59

		61.5

		62.5

		62

		61

		60.5

		58.5



		October

		58.5

		57

		46.5

		63.5

		65.5

		62

		50.5

		42.5

		41.7

		40.5

		41

		45

		48

		54.5

		55

		58.5

		59.5

		61

		64

		63.5

		62.5

		61.5

		61

		62

		58.5



		November

		61

		56.5

		52

		53.8

		63

		62.5

		58

		50.3

		47

		45

		45.3

		52

		55

		58

		60

		65

		64

		63

		62

		61.5

		61

		61.2

		61.5

		65

		61



		December

		65.5

		58.5

		49

		44

		50

		46

		64

		61

		59

		56.5

		56

		58

		61

		66.5

		67.5

		66.5

		58

		54

		54.5

		57.5

		62

		65

		65.7

		65.7

		65.6





Table 5.12

Propagation conditions on Warsaw-Moscow link for 10 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Warsaw-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		53

		52

		48

		45

		43

		52

		54

		46

		40

		32

		31

		32.5

		39

		43

		45

		54.5

		54

		52

		52

		52.5

		52.5

		53

		53.2

		53.5

		53



		February

		52

		47

		45

		42.5

		44

		52.5

		52

		40.5

		31.5

		27

		25

		28.5

		31

		39.5

		43

		47.5

		51.5

		53

		53.5

		53

		53

		48

		52

		52

		52



		March

		46

		43.5

		42

		45

		53

		52

		44.5

		36

		23

		18

		17.5

		19

		22.5

		35

		37.5

		41.5

		43

		48

		52

		52.5

		52

		50.5

		49.5

		48

		46



		April

		47.5

		46.5

		48

		53

		54

		50

		42.5

		28

		24

		19.5

		18.5

		20.5

		23

		27

		37.5

		41

		44

		46

		48

		51

		52

		51.5

		51.2

		52.5

		47.5



		May

		54

		54

		53.5

		54

		52.5

		37

		31

		25

		21

		17.5

		17

		19

		22

		25

		29

		33

		42

		45

		45

		45.5

		46

		48

		52.5

		53

		54



		June

		52.5

		53

		54

		52

		48

		33

		27

		22

		19

		15.5

		15

		15.5

		20

		26

		28

		31

		33

		41

		43

		43

		44.5

		45

		48

		52

		52.5



		July

		52.5

		53

		53.5

		54

		52

		41

		34

		28

		24

		20

		18

		20

		25

		30

		32

		37

		44.5

		44.5

		43

		43.5

		44.5

		49

		51.5

		52

		52.5



		August

		52

		51.8

		52.5

		54

		53

		51

		34

		28.5

		23

		20

		19.5

		20

		22.5

		32.5

		44

		43.5

		42

		42

		42.5

		43

		46

		51.5

		50.5

		51

		52



		September

		43.5

		40.5

		38

		44.5

		54

		50.5

		43

		30.5

		21

		18

		18

		20

		22.5

		36.5

		39.5

		44

		46

		47

		49

		51.5

		51.4

		51

		50

		46

		43.5



		October

		48

		46

		44.5

		45.5

		52.5

		51.5

		42.5

		35.5

		28.5

		25

		24.5

		27

		45.5

		38.5

		41

		43

		45.5

		50

		53

		52.5

		51

		50.5

		50

		51.8

		48



		November

		52.5

		48

		45.5

		43.5

		46.5

		52

		51

		41

		38

		31

		30

		36.5

		38.5

		41

		43.5

		49

		52

		52

		51

		46

		44

		45

		47

		51

		52.5



		December

		52.5

		52

		46

		43

		41

		51.5

		53

		52.5

		44

		40.5

		35

		40.8

		43.5

		47.5

		54

		54

		52.5

		43.5

		40.5

		41

		43.5

		47

		52.5

		52.6

		52.5





Table 5.13

Propagation conditions on Murmansk-Moscow link for 10 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB

		Interfering link: Warsaw-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		

		Output power

		0.1 kW

		SSN

		10

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		13.5

		13.5

		8

		9

		15

		12

		9

		9

		11.5

		17.5

		18.5

		19.5

		17

		16.5

		17.5

		12.5

		2

		12

		12

		12.5

		14

		14

		13.8

		13.5

		13.5



		February

		13.5

		20.7

		7

		11

		17

		10.5

		7.5

		6.5

		15.5

		18

		20.3

		19

		19

		16.5

		15

		16

		16

		13

		11.5

		11.5

		12.5

		17.5

		14.5

		14.5

		13.5



		March

		11.5

		13.8

		15

		18.5

		13

		9.5

		7

		5

		14

		16.5

		17.5

		20

		21

		12

		14.5

		14.5

		15

		10.5

		10

		10.5

		10.5

		11

		12

		12.5

		11.5



		April

		18

		19.5

		17.5

		13

		11

		5

		1

		9

		11

		12

		13.5

		16.5

		16

		16

		12.5

		12

		13

		11.5

		10

		9

		11

		11.2

		10.8

		12.5

		18



		May

		13.5

		15.5

		11.5

		9

		-1

		5

		6.5

		7

		10

		11.5

		12

		14

		12

		14

		12.5

		13

		12

		11

		12.5

		11.5

		10.5

		10

		7.5

		14

		13.5



		June

		14

		13

		10

		-0.5

		-4

		3.5

		5

		7

		7

		9.5

		10.5

		10

		8.5

		5

		4.5

		7

		9

		8.5

		9

		11

		11.5

		11

		9

		10

		14



		July

		13

		14

		13

		10.7

		3

		6.5

		7.5

		9.5

		10

		12.5

		14

		13

		11

		10

		8.5

		6

		6.5

		7.5

		12

		10.8

		13.5

		10.5

		11

		12.5

		13



		August

		13.5

		14.2

		15.5

		12.5

		12

		6

		9

		9

		11.5

		13

		13.8

		14.5

		

		9

		-1.5

		8.5

		11

		11.5

		11.5

		11.5

		13.5

		11.5

		12

		13

		13.5



		September

		15

		17.5

		18.5

		20.5

		10

		7

		1

		7.5

		13

		15

		16

		28.5

		19.5

		10

		12.5

		12

		13

		11

		10

		10

		11.1

		11

		11

		14.5

		15



		October

		10.5

		11

		2

		18

		13

		10.5

		8

		7

		13.2

		15.5

		16.5

		18

		2.5

		16

		14

		15.5

		14

		11

		11

		11

		11.5

		11

		11

		10.2

		10.5



		November

		8.5

		8.5

		6.5

		10.3

		16.5

		10.5

		7

		9.3

		9

		14

		15.3

		15.5

		16.5

		17

		16.5

		16

		12

		11

		11

		15.5

		17

		16.2

		14.5

		14

		8.5



		December

		13

		6.5

		3

		1

		9

		-5.5

		11

		8.5

		15

		16

		21

		17.2

		17.5

		19

		13.5

		12.5

		5.5

		10.5

		14

		16.5

		18.5

		18

		13.2

		13.1

		13.1





Table 5.14

Propagation conditions on Berlin-Moscow link for 10 sunspot numbers

		Signal/noise ratio, dB



		Interfering link: Berlin-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		10

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		50.5

		50.4

		50

		49.8

		49.1

		49.6

		50.2

		38.5

		33

		27.7

		25

		26.8

		30.5

		35

		39

		42.5

		49

		50

		49.8

		49.5

		50.2

		50.3

		50.4

		50.4

		50.5



		February

		50.5

		50

		49.5

		49

		49.5

		50.5

		44.4

		31.5

		26

		16

		14

		16

		24

		29

		33

		39.5

		43.5

		46

		50

		50

		50.5

		50.5

		50.5

		50.5

		50.5



		March

		49.9

		50.1

		49.5

		49.5

		50.5

		49

		36

		25

		14

		9

		8

		10

		12

		17

		26

		32.5

		39

		41

		42

		46

		48.5

		48.5

		48.5

		50

		49.9



		April

		50

		50.5

		50.5

		51

		50.5

		39

		29.2

		21

		10

		–4

		–6

		–4

		–2

		12

		21

		29

		36.5

		41

		41

		42

		43

		48

		49

		50.2

		50



		May

		50.5

		51

		51.5

		50

		42.5

		29.8

		22

		11

		–2.5

		–7

		–8

		–7

		–4.5

		–1

		12.5

		24

		34

		39

		41.5

		41

		40.5

		41

		41.5

		48

		50.5



		June

		46

		48

		49.8

		43.5

		37.5

		25

		12

		–2

		–6

		–9

		–11

		–10.5

		–9.5

		–5.5

		–3

		11.5

		22

		32

		37

		39

		38.8

		39

		39.5

		42

		46



		July

		49

		49.5

		51

		48

		41

		31

		22

		10

		–3

		–7

		–8.5

		–8

		–6

		–2

		10

		22

		29

		36

		38.5

		38

		39

		40

		41.5

		47

		49



		August

		49

		50

		50.5

		51.5

		49

		39

		26

		15

		–1

		–6

		–7

		–6.5

		–4

		10

		14

		28

		34

		37

		37

		37

		39

		40

		46

		48

		48.5



		September

		49

		49

		48.6

		49

		51

		41

		30

		20.5

		9.5

		8

		7

		–2

		11

		14

		27

		36

		40

		41

		41

		42

		44

		49

		48.5

		49.5

		49



		October

		50

		50.5

		50

		49.7

		51

		47

		37

		29

		23

		13.5

		12

		15

		22

		28

		31

		38

		41

		42.5

		43.5

		45.5

		48

		48

		48

		50

		50



		November

		50

		50.5

		50

		49

		49.2

		49

		41.5

		33

		30.5

		26

		24

		26

		29

		33

		37.5

		41.5

		44

		50

		49.7

		49

		48

		48

		49

		49.5

		50



		December

		50.5

		50

		49.7

		49

		49

		50

		51

		42.5

		36

		32

		30.7

		31.3

		35

		40

		43

		49

		51

		49

		48

		48

		49

		50

		50.5

		50.5

		50.5





Table 5.15

Propagation conditions on Murmansk-Moscow link for 10 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB

		Interfering link: Berlin-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		

		Output power

		0.1 kW

		SSN

		10

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		16

		15.1

		6

		4.2

		8.9

		14.4

		12.8

		16.5

		18.5

		21.8

		24.5

		25.2

		25.5

		24.5

		23.5

		24.5

		7

		14

		14.2

		15.5

		16.3

		16.7

		16.6

		16.6

		16



		February

		15

		17.7

		2.5

		4.5

		11.5

		12.5

		15.1

		15.5

		21

		29

		31.3

		31.5

		26

		27

		25

		24

		24

		20

		15

		14.5

		15

		15

		16

		16

		15



		March

		7.6

		7.2

		7.5

		14

		15.5

		12.5

		15.5

		16

		23

		25.5

		27

		29

		31.5

		30

		26

		23.5

		19

		17.5

		20

		17

		14

		13

		13

		10.5

		7.6



		April

		15.5

		15.5

		15

		15

		14.5

		16

		14.3

		16

		25

		31.5

		32

		37

		39

		31

		29

		24

		20.5

		16.5

		17

		18

		20

		14.7

		13

		14.8

		15.5



		May

		17

		18.5

		13.5

		13

		9

		12.2

		15.5

		21

		31

		29

		29

		33

		34

		39

		29

		22

		20

		17

		16

		16

		16

		17

		18.5

		19

		17



		June

		20.5

		18

		14.2

		8

		6.5

		11.5

		20

		29

		26

		25

		25.5

		25.5

		28.5

		31

		32.5

		26.5

		20

		17.5

		15

		15

		17.2

		17

		17.5

		20

		20.5



		July

		16.5

		17.5

		15.5

		16.7

		14

		16.5

		19.5

		27.5

		34

		32.5

		32

		33

		36

		40

		30.5

		21

		22

		16

		16.5

		16.3

		19

		19.5

		21

		17.5

		16.5



		August

		16.5

		16

		17.5

		15

		16

		18

		17

		22.5

		34.5

		33

		33.3

		34.5

		38

		31.5

		28.5

		24

		19

		16.5

		17

		17.5

		20.5

		23

		16.5

		16

		17



		September

		9.5

		9

		7.9

		16

		13

		16.5

		14

		17.5

		24.5

		25

		34

		48.5

		31

		32.5

		25

		20

		19

		17

		18

		19.5

		18.5

		13

		12.5

		11

		9.5



		October

		8.5

		6.5

		–3.5

		13.8

		14.5

		15

		13.5

		13.5

		18.7

		27

		29

		30

		26

		26.5

		24

		20.5

		18.5

		18.5

		20.5

		18

		14.5

		13.5

		13

		12

		8.5



		November

		11

		6

		2

		4.8

		13.8

		13.5

		16.5

		17.3

		16.5

		19

		21.3

		26

		26

		25

		22.5

		23.5

		20

		13

		12.3

		12.5

		13

		13.2

		12.5

		15.5

		11



		December

		15

		8.5

		–0.7

		–5

		1

		–4

		13

		18.5

		23

		24.5

		25.3

		26.7

		26

		26.5

		24.5

		17.5

		7

		5

		6.5

		9.5

		13

		15

		15.2

		15.2

		15.1





Table 5.16

Propagation conditions on Murmansk-Moscow link for 80 sunspot numbers

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		80

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		67.7

		66.8

		59.3

		59.1

		64.4

		64.6

		58.7

		51.2

		48.8

		45.7

		45.4

		48.4

		54.3

		57.1

		58.1

		60.8

		64.7

		66.7

		66.2

		65.9

		67.7

		67.8

		67.9

		67.8

		67.7



		February

		67.7

		66.8

		63.8

		64.3

		66.3

		62.7

		51.9

		42.4

		41.4

		37.5

		37.6

		41.3

		45.7

		52.9

		54.3

		57.5

		59.4

		61.9

		66.9

		66.7

		67.8

		67.9

		67.9

		67.9

		67.7



		March

		67.4

		67.4

		65.5

		66.6

		64.9

		52.6

		46

		34

		28.7

		24.5

		25.3

		30.4

		35.3

		40.4

		47.5

		51.9

		55.6

		55.4

		56.9

		59.5

		60.7

		62.3

		63.4

		67

		67.3



		April

		67.8

		67.9

		66.6

		63.5

		55.7

		46.8

		35

		26.6

		19.8

		16

		16.2

		21.5

		28.2

		33.3

		38.4

		48.4

		52.7

		55.1

		55.5

		56.2

		57

		58.5

		59.9

		64.6

		67.8



		May

		64.5

		64.5

		59.5

		54.8

		49.3

		33.3

		25.6

		16.1

		13.2

		10.2

		10.1

		14.6

		17.9

		23.1

		30

		37.8

		49.1

		52.4

		55

		56.4

		55.6

		56.4

		57.1

		61.5

		64.5



		June

		59

		58

		55

		43

		34

		25

		15

		10

		8

		6

		5

		6

		9

		13

		16

		27

		34

		45

		49

		52

		56

		56

		56

		59

		59



		July

		61

		62

		60

		56

		43

		34

		23

		16

		12

		10

		11

		13

		16

		21

		27

		35

		45

		49

		52

		54

		55

		55

		56

		59

		61



		August

		66

		67

		67

		62

		55

		41

		32

		21

		16

		14

		15

		19

		26

		30

		33

		45

		49

		51

		53

		53

		55

		56

		59

		63

		66



		September

		67

		67

		66

		65

		58

		47

		34

		26

		24

		15

		22

		29

		33

		38

		42

		51

		55

		56

		56

		57

		58

		59

		62

		67

		67



		October

		67

		67

		65

		66

		64

		52

		46

		37

		34

		31

		32

		38

		43

		50

		51

		54

		57

		56

		56

		58

		58

		60

		61

		67

		67



		November

		67

		67

		65

		65

		66

		59

		52

		48

		44

		41

		41

		46

		52

		55

		55

		57

		58

		60

		64

		64

		63

		63

		63

		67

		67



		December

		68

		68

		65

		65

		65

		64

		59

		54

		56

		53

		53

		55

		58

		60

		58

		60

		63

		67

		67

		67

		68

		68

		68

		68

		68





Table 5.17

Propagation conditions on Warsaw-Moscow link for 80 sunspot numbers

		Signal/noise ratio, dB



		Interfering link: Warsaw-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		53

		49

		45

		43

		45

		53

		53

		40

		36

		26

		24

		27

		36

		40

		43

		46

		50

		54

		53

		52

		53

		53

		53

		54

		53



		February

		54

		53

		49

		47

		53

		54

		44

		35

		24

		17

		16

		19

		24

		36

		39

		43

		45

		48

		54

		54

		54

		53

		54

		54

		54



		March

		54

		54

		53

		54

		54

		48

		38

		23

		12

		6

		5

		9

		13

		21

		32

		38

		42

		44

		45

		50

		52

		52

		52

		54

		54



		April

		54

		54

		54

		55

		51

		41

		34

		17

		10

		4

		3

		5

		9

		15

		30

		35

		40

		44

		44

		45

		47

		49

		52

		54

		54



		May

		55

		55

		55

		52

		44

		36

		20

		11

		6

		-4

		-6

		-4

		5

		10

		16

		33

		37

		42

		44

		44

		44

		46

		47

		50

		55



		June

		50

		52

		51

		46

		39

		22

		14

		7

		-3

		-6

		-8

		-8

		-5

		5

		11

		17

		24

		37

		41

		42

		43

		43

		45

		48

		50



		July

		52

		53

		54

		52

		45

		29

		20

		11

		5

		-5

		-6

		-4

		5

		10

		16

		23

		35

		39

		42

		42

		43

		44

		46

		49

		52



		August

		53

		53

		54

		54

		48

		40

		25

		14

		6

		2

		2

		5

		8

		14

		20

		34

		38

		41

		41

		42

		43

		45

		50

		52

		53



		September

		54

		54

		53

		53

		54

		42

		33

		16

		8

		3

		4

		8

		13

		19

		32

		38

		42

		44

		45

		46

		48

		51

		52

		54

		54



		October

		54

		54

		53

		54

		54

		45

		38

		27

		19

		14

		13

		17

		23

		34

		37

		41

		43

		45

		46

		50

		52

		52

		52

		54

		54



		November

		54

		53

		52

		52

		54

		52

		43

		37

		29

		23

		21

		25

		35

		39

		41

		44

		45

		51

		53

		52

		51

		51

		52

		53

		54



		December

		54

		54

		53

		52

		53

		53

		52

		43

		40

		32

		30

		37

		40

		44

		45

		45

		48

		54

		54

		53

		54

		54

		54

		54

		54





Table 5.18

Propagation conditions on Murmansk– Moscow link for 80 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB

		Interfering link: Warsaw-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		80

		

		Output power

		0.1 kW

		SSN

		80

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		14.7

		17.8

		14.3

		16.1

		19.4

		11.6

		5.7

		11.2

		12.8

		19.7

		21.4

		21.4

		18.3

		17.1

		15.1

		14.8

		14.7

		12.7

		13.2

		13.9

		14.7

		14.8

		14.9

		13.8

		14.7



		February

		13.7

		13.8

		14.8

		17.3

		13.3

		8.7

		7.9

		7.4

		17.4

		20.5

		21.6

		22.3

		21.7

		16.9

		15.3

		14.5

		14.4

		13.9

		12.9

		12.7

		13.8

		14.9

		13.9

		13.9

		13.7



		March

		13.4

		13.4

		12.5

		12.6

		10.9

		4.6

		8

		11

		16.7

		24.5

		25.3

		21.4

		22.3

		19.4

		15.5

		13.9

		13.6

		11.4

		11.9

		9.5

		8.7

		10.3

		11.4

		13

		13.3



		April

		13.8

		13.9

		12.6

		8.5

		4.7

		5.8

		1

		9.6

		9.8

		16

		16.2

		21.5

		19.2

		18.3

		8.4

		13.4

		12.7

		11.1

		11.5

		11.2

		10

		9.5

		7.9

		10.6

		13.8



		May

		9.5

		9.5

		4.5

		2.8

		5.3

		–2.7

		5.6

		5.1

		13.2

		10.2

		10.1

		14.6

		17.9

		13.1

		14

		4.8

		12.1

		10.4

		11

		12.4

		11.6

		10.4

		10.1

		11.5

		9.5



		June

		9

		6

		4

		–3

		–5

		3

		1

		10

		8

		6

		5

		6

		9

		13

		5

		10

		10

		8

		8

		10

		13

		13

		11

		11

		9



		July

		9

		9

		6

		4

		–2

		5

		3

		5

		12

		10

		11

		13

		16

		11

		11

		12

		10

		10

		10

		12

		12

		11

		10

		10

		9



		August

		13

		14

		13

		8

		7

		1

		7

		7

		16

		14

		15

		19

		18

		16

		13

		11

		11

		10

		12

		11

		12

		11

		9

		11

		13



		September

		13

		13

		13

		12

		4

		5

		1

		10

		16

		15

		22

		21

		20

		19

		10

		13

		13

		12

		11

		11

		10

		8

		10

		13

		13



		October

		13

		13

		12

		12

		10

		7

		8

		10

		15

		17

		19

		21

		20

		16

		14

		13

		14

		11

		10

		8

		6

		8

		9

		13

		13



		November

		13

		14

		13

		13

		12

		7

		9

		11

		15

		18

		20

		21

		17

		16

		14

		13

		13

		9

		11

		12

		12

		12

		11

		14

		13



		December

		14

		14

		12

		13

		12

		11

		7

		11

		16

		21

		23

		18

		18

		16

		13

		15

		15

		13

		13

		14

		14

		14

		14

		14

		14





Table 5.19

Propagation conditions on Berlin-Moscow link for 80 sunspot numbers 

		Signal/noise ratio, dB



		Interfering link: Berlin-Moscow, isotropic antenna gain=0 dB



		Output power

		0.1 kW

		SSN

		80

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		51

		50

		50

		50

		50

		50

		45

		35

		28

		15

		11

		13

		24

		31

		37

		40

		42

		44

		49

		49

		51

		51

		51

		51

		51



		February

		51

		50

		51

		50

		51

		50

		37

		27

		14

		6

		4

		7

		11

		17

		28

		36

		40

		41

		43

		47

		51

		51

		51

		51

		51



		March

		50

		50

		50

		50

		52

		39

		28

		13

		4

		–21

		–23

		–19

		–15

		7

		12

		26

		35

		40

		39

		40

		42

		43

		45

		48

		50



		April

		46

		51

		50

		51

		42

		33

		22

		6

		–14

		–22

		–25

		–23

		–18

		–12

		10

		20

		32

		37

		40

		40

		39

		40

		42

		45

		46



		May

		44

		45

		45

		42

		37

		23

		7

		–13

		–21

		–27

		–29

		–28

		–25

		–19

		–12

		8

		23

		34

		38

		40

		38

		39

		40

		43

		44



		June

		40

		43

		42

		37

		25

		10

		–11

		–20

		–26

		–30

		–44

		–45

		–31

		–27

		–21

		–12

		7

		22

		33

		36

		38

		37

		37

		39

		40



		July

		41

		43

		45

		42

		36

		22

		–2

		–13

		–23

		–28

		–29

		–29

		–26

		–21

		–14

		5

		19

		31

		35

		37

		37

		37

		37

		39

		41



		August

		45

		47

		50

		46

		40

		29

		15

		–8

		–19

		–25

		–26

		–25

		–20

		–15

		–8

		14

		28

		34

		37

		37

		37

		37

		38

		41

		45



		September

		49

		50

		50

		51

		46

		34

		21

		7

		0

		–24

		–24

		–20

		–15

		7

		11

		24

		34

		40

		39

		40

		39

		41

		43

		47

		49



		October

		49

		50

		50

		50

		51

		38

		29

		20

		8

		2

		1

		5

		9

		14

		25

		33

		37

		39

		40

		40

		41

		43

		44

		47

		49



		November

		50

		50

		50

		50

		50

		47

		37

		29

		23

		10

		8

		11

		22

		28

		34

		37

		39

		40

		43

		48

		47

		47

		47

		50

		50



		December

		51

		50

		51

		51

		51

		49

		44

		38

		34

		28

		24

		26

		31

		38

		40

		41

		41

		43

		48

		49

		51

		51

		51

		51

		51





Table 5.20

Propagation conditions on Murmansk-Moscow link for 80 sunspot numbers with interference

		Signal/noise ratio, dB



		Useful link: Murmansk-Moscow, isotropic antenna gain=0 dB

		Interfering link: Berlin-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		80

		

		Output power

		0.1 kW

		SSN

		10

		

		

		

		

		

		



		

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		16.7

		16.8

		9.3

		9.1

		14.4

		14.6

		13.7

		16.2

		20.8

		30.7

		34.4

		35.4

		30.3

		26.1

		21.1

		20.8

		22.7

		22.7

		17.2

		16.9

		16.7

		16.8

		16.9

		16.8

		16.7



		February

		16.7

		16.8

		12.8

		14.3

		15.3

		12.7

		14.9

		15.4

		27.4

		37.5

		37.6

		41.3

		34.7

		35.9

		26.3

		21.5

		19.4

		20.9

		23.9

		19.7

		16.8

		16.9

		16.9

		16.9

		16.7



		March

		17.4

		17.4

		15.5

		16.6

		12.9

		13.6

		18

		21

		28.7

		24.5

		25.3

		30.4

		35.3

		40.4

		35.5

		25.9

		20.6

		15.4

		17.9

		19.5

		18.7

		19.3

		18.4

		19

		17.3



		April

		21.8

		16.9

		16.6

		12.5

		13.7

		13.8

		13

		26.6

		19.8

		16

		16.2

		21.5

		28.2

		33.3

		28.4

		28.4

		20.7

		18.1

		15.5

		16.2

		18

		18.5

		17.9

		19.6

		21.8



		May

		20.5

		19.5

		14.5

		12.8

		12.3

		10.3

		25.6

		16.1

		13.2

		10.2

		10.1

		14.6

		17.9

		23.1

		30

		29.8

		26.1

		18.4

		17

		16.4

		17.6

		17.4

		17.1

		18.5

		20.5



		June

		19

		15

		13

		6

		9

		15

		15

		10

		8

		6

		5

		6

		9

		13

		16

		27

		34

		23

		16

		16

		18

		19

		19

		20

		19



		July

		20

		19

		15

		14

		7

		12

		23

		16

		12

		10

		11

		13

		16

		21

		27

		35

		26

		18

		17

		17

		18

		18

		19

		20

		20



		August

		21

		20

		17

		16

		15

		12

		17

		21

		16

		14

		15

		19

		26

		30

		33

		31

		21

		17

		16

		16

		18

		19

		21

		22

		21



		September

		18

		17

		16

		14

		12

		13

		13

		26

		24

		15

		22

		29

		33

		38

		31

		27

		21

		16

		17

		17

		19

		18

		19

		20

		18



		October

		18

		17

		15

		16

		13

		14

		17

		17

		26

		31

		32

		38

		34

		36

		26

		21

		20

		17

		16

		18

		17

		17

		17

		20

		18



		November

		17

		17

		15

		15

		16

		12

		15

		19

		21

		31

		33

		35

		30

		27

		21

		20

		19

		20

		21

		16

		16

		16

		16

		17

		17



		December

		17

		18

		14

		14

		14

		15

		15

		16

		22

		25

		29

		29

		27

		22

		18

		19

		22

		24

		19

		18

		17

		17

		17

		17

		17
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It is shown in Table 5.5 which contains simulation results of signal/interference ratio dependence from day time and season at low solar activity. The analysis of the simulation results showed that in case of interference time intervals when communication between Petropavlovsk-Kamchatski-Moscow is feasible are increased. For other time intervals interference can result in reduction of operation modes used by fixed communication link. 

Tables 5.6-5.10 present simulation results of interference impact on operation of multihop fixed communication links at high solar activity with 80 sunspot number.

Table 5.6 presents simulation results of signal/noise ratio for Petropavlovsk-Kamchatski-Moscow fixed communication link. It is shown that increase of solar activity leads to deterioration of propagation conditions. For example in June increase of solar activity results in impossible operation of the communication link at any day time for any of the considered operation mode. In addition time interval when operation of fixed communication link is feasible is decreased in any of the considered operation mode.

Table 5.7 presents simulation results of propagation conditions on Astana-Moscow amateur radiopath. It is shown that increase of sunspot number leads to deterioration of propagation conditions for the amateur communication link.

Table 5.8 presents simulation results of signal/interference ratio for Petropavlovsk-Kamchatski-Moscow radiopath with interference caused by Astana-Moscow amateur communication link. The obtained results show that interference caused by the amateur communication link will result in blockage of data transmission almost at any daytime.

Table 5.9 presents simulation results of propagation conditions on Equator-Moscow amateur communication link.

Table 5.10 presents simulation results of signal/interference ratio for Petropavlovsk-Kamchatski-Moscow radiopath with interference caused by Equator-Moscow amateur communication link. It is shown that interference caused by the amateur communication link will result in increase of time intervals when operation of Petropavlovsk-Kamchatski-Moscow link is blocked. In other time intervals there is reduction of operation modes used by the radio link.

Tables 5.11-5.15 below present simulation results of single hop amateur communication link impact on operation of the fixed communication link with 10 sunspot numbers.

Table 5.11 contains simulation results of propagation conditions for Murmansk-Moscow fixed communication link. It is shown that without interference communication is feasible between the indicated points at all considered operation modes at any season and daytime.

Table 5.12 contains simulation results of propagation conditions for Warsaw-Moscow amateur communication link. The analysis of the obtained results shows that this amateur communication link can also operate at any season and any daytime.

Table 5.13 presents simulation results of signal/interference ratio for Murmansk-Moscow fixed communication link with interference caused by Warsaw-Moscow amateur communication link. The analysis of the results shows that interference caused by the indicated amateur communication link will result in blockage of fixed communication link operation during significant time interval. In other time intervals there is limitation of operation modes used by the fixed radio link.

Table 5.14 contains simulation results of propagation conditions Berlin-Moscow amateur communication link. The analysis of the obtained simulation results shows that this amateur communication link has interruptions of operation when the signal/noise ratio is less than 8 dB.

Table 5.15 presents simulation results of signal/interference ratio with interference caused by Berlin – Moscow amateur communication link. The analysis of the obtained simulation results shows that in spite of significant increase of distance to interference source the amateur communication link can disable fixed communication link operation at night in spring and autumn. In addition during significant time interval there can be limitations for operation modes of fixed communication link caused by interference impact. 

Table 5.16 contains simulation results of propagation conditions on Murmansk-Moscow fixed communication link with 80 sunspot numbers. It is shown that increase of solar activity leads to reduction of operation mode number with high values of signal/noise ratio in morning and afternoon hours in spring, summer and winter months. In summer (in June) there is an interval when data transmission on the radio path is not feasible.

Table 5.17 contains simulation results of propagation conditions on Warsaw-Moscow amateur communication link with 80 sunspot numbers. The analysis of the obtained simulation results shows that increase of solar activity results in time intervals when data transmission on this radio path is not feasible.

Table 5.18 presents simulation results of signal/interference ratio with interference caused by Warsaw-Moscow amateur communication link at 80 sunspot number. The analysis of the obtained simulation results shows that at high solar activity amateur communication link can block fixed communication link operation at night and in the morning hours in spring, summer and autumn months. In other time there can be limitations for operation modes of fixed communication link caused by interference impact of the amateur communication link. Thus data transmission can be only in digital format except some cases.

Table 5.19 contains simulation results of propagation conditions on Berlin-Moscow amateur communication link with 80 sunspot numbers. The analysis of the obtained simulation results shows that increase of solar activity leads to extension of time intervals when data transmission is not feasible.

Table 5.20 presents simulation results of signal/interference ratio with interference caused by Berlin-Moscow amateur communication link at 80 sunspot number. The analysis of the obtained simulation results shows that interference caused by the amateur communication link results in significant reduction of time intervals when fixed communication link operation is feasible at any of three considered operation modes. Thus the link can operate only for digital voice transmission

The compatibility study results for 10 sunspot numbers are presented below. The signal/interference ratio for the considered links are defined for each month with interval of 1 hour. The calculation results for Petropavlovsk- Kamchatski-Moscow multihop link using omnidirectional antennae are presented in Tables 5.1-5.5.




Table 5.1

Propagation conditions on Petropavlovsk-Kamchatski – 
Moscow link, using omnidirectional antennae

		Signal/noise ratio, dB



		Wanted link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB 



		Output power

		5 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		29

		24

		18

		17

		14

		11

		10

		15

		18

		23

		28

		33

		38

		44

		45

		45

		45

		45

		45

		45

		45

		45

		41

		34

		29



		February

		14

		7

		-3

		-7

		-9

		-9

		-8

		-8

		-11

		2

		13

		23

		31

		37

		44

		45

		45

		45

		45

		44

		44

		40

		33

		24

		14



		March

		1

		-7

		-10

		-16

		-20

		-21

		-21

		-19

		-18

		-14

		-2

		9

		17

		26

		33

		38

		44

		44

		45

		44

		39

		32

		23

		15

		1



		April

		-8

		-15

		-19

		-24

		-28

		-30

		-31

		-33

		-31

		-26

		-19

		-11

		1

		10

		18

		26

		32

		38

		39

		34

		27

		21

		13

		0

		-8



		May

		-19

		-26

		-220

		-220

		-41

		-45

		-45

		-42

		-40

		-36

		-31

		-25

		-20

		-13

		-1

		8

		14

		19

		20

		15

		11

		4

		-5

		-12

		-19



		June

		-32

		-37

		-41

		-220

		-220

		-52

		-47

		-47

		-44

		-40

		-37

		-31

		-25

		-19

		-15

		-6

		3

		7

		8

		5

		0

		-9

		-16

		-27

		-32



		July

		-25

		-29

		-32

		-34

		-36

		-35

		-39

		-35

		-33

		-34

		-30

		-25

		-15

		-13

		-3

		4

		9

		13

		13

		10

		3

		-3

		-12

		-18

		-25



		August

		-19

		-24

		-28

		-32

		-35

		-37

		-38

		-36

		-37

		-33

		-28

		-21

		-12

		0

		8

		16

		22

		25

		24

		20

		14

		7

		-4

		-13

		-19



		September

		-5

		-13

		-18

		-24

		-28

		-31

		-32

		-35

		-33

		-26

		-17

		-2

		5

		14

		23

		32

		39

		44

		45

		40

		33

		25

		18

		9

		-5



		October

		16

		10

		0

		-6

		-9

		-10

		-9

		-9

		-12

		-3

		7

		14

		23

		30

		36

		43

		44

		44

		45

		44

		44

		40

		34

		27

		16



		November

		30

		25

		18

		16

		11

		10

		11

		11

		14

		18

		25

		30

		34

		40

		43

		44

		44

		44

		44

		44

		44

		47

		42

		36

		30



		December

		32

		18

		13

		18

		18

		17

		19

		21

		23

		26

		31

		32

		40

		44

		43

		30

		34

		45

		45

		45

		44

		45

		45

		38

		32





Table 5.2

Propagation conditions on Astana– Moscow interfering link 

		Interference/noise ratio, dB



		Interfering link: Astana - Moscow, isotropic antenna gain=0 dB



		Output power

		0,1 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		40

		40

		40

		39

		30

		23

		16

		12

		11

		11

		14

		20

		28

		37

		43

		42

		40

		40

		41

		41

		41

		42

		42

		42

		40



		February

		40

		40

		40

		32

		28

		19

		15

		12

		11

		12

		14

		18

		25

		34

		41

		43

		42

		41

		41

		41

		41

		41

		41

		40

		40



		March

		40

		41

		38

		29

		22

		15

		11

		9

		8

		9

		11

		14

		18

		25

		33

		40

		42

		42

		41

		39

		39

		40

		40

		40

		40



		April

		40

		38

		31

		24

		16

		12

		10

		8

		7

		7

		9

		11

		14

		18

		25

		32

		37

		42

		42

		41

		41

		40

		40

		40

		40



		May

		38

		31

		27

		19

		14

		10

		8

		6

		6

		6

		7

		9

		11

		15

		19

		26

		31

		35

		41

		42

		42

		43

		42

		41

		38



		June

		32

		29

		24

		17

		12

		9

		6

		5

		4

		4

		5

		7

		9

		13

		17

		22

		28

		30

		35

		40

		40

		41

		39

		34

		32



		July

		32

		29

		25

		19

		13

		9

		7

		5

		4

		4

		5

		8

		10

		14

		19

		25

		30

		33

		39

		40

		40

		41

		40

		37

		32



		August

		38

		32

		27

		21

		15

		11

		8

		6

		6

		6

		7

		9

		11

		16

		22

		28

		32

		37

		41

		40

		40

		40

		40

		39

		38



		September

		40

		40

		32

		26

		18

		12

		9

		7

		6

		7

		8

		10

		13

		18

		26

		33

		42

		42

		42

		41

		40

		40

		40

		40

		40



		October

		40

		40

		42

		35

		29

		21

		17

		14

		13

		13

		14

		17

		21

		28

		34

		42

		42

		42

		41

		41

		40

		40

		40

		40

		40



		November

		40

		40

		40

		41

		35

		28

		21

		17

		15

		16

		17

		21

		27

		34

		42

		42

		40

		40

		39

		39

		39

		40

		40

		40

		40



		December

		40

		40

		40

		39

		37

		27

		19

		13

		11

		11

		13

		19

		28

		39

		42

		40

		40

		40

		41

		41

		41

		41

		42

		41

		40










Table 5.3

Propagation conditions on Petropavlovsk-Kamchatski – Moscow link with interference 
caused by the amateur service transmitter located in Astana 

		Signal/interference ratio, dB



		Wanted link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		 



		Interfering link: Astana - Moscow, isotropic antenna gain=0 dB



		Output power

		0,1 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		-11

		 

		 

		 

		 

		 

		 

		 

		 

		 

		14

		13

		10

		7

		2

		3

		5

		5

		4

		4

		4

		3

		-1

		-8

		-11



		February

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		6

		3

		3

		2

		3

		4

		4

		3

		3

		-1

		-8

		 

		 



		March

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		1

		0

		-2

		2

		2

		4

		5

		0

		-8

		 

		 

		 



		April

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		-6

		-5

		-4

		-3

		-7

		-14

		 

		 

		 

		 



		May

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		June

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		July

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		August

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		September

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		-1

		-3

		2

		3

		-1

		-7

		 

		 

		 

		 



		October

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		2

		2

		1

		2

		2

		4

		3

		4

		0

		-6

		-13

		 



		November

		-10

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		9

		7

		6

		1

		2

		4

		4

		5

		5

		5

		7

		2

		-4

		-10



		December

		-8

		 

		 

		 

		 

		 

		 

		 

		 

		15

		18

		13

		12

		5

		1

		-10

		-6

		5

		4

		4

		3

		4

		3

		-3

		-8





Table 5.4

Propagation conditions on Equator– Moscow interfering link 

		Interference/noise ratio, dB



		Interfering link:equator -Moscow, isotropic antenna gain=0 dB



		Output power

		0,1 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		28

		28

		29

		28

		14

		-24

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-59

		-28

		15

		25

		28

		28

		28

		28

		28

		28

		28

		28



		February

		29

		29

		29

		29

		6

		-41

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		11

		26

		29

		29

		29

		29

		29

		29

		29

		29



		March

		29

		29

		29

		27

		-5

		-58

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-8

		23

		28

		28

		28

		28

		28

		29

		29

		29



		April

		29

		29

		29

		16

		-16

		-62

		-104

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-29

		8

		26

		28

		28

		29

		29

		29

		29

		29



		May

		29

		29

		24

		10

		-25

		-66

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-5

		16

		28

		29

		29

		29

		29

		29

		29



		June

		28

		28

		21

		4

		-29

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-95

		-60

		-221

		-9

		12

		24

		27

		27

		27

		27

		27

		28



		July

		28

		28

		22

		5

		-33

		-74

		-220

		-220

		-134

		-220

		-220

		-220

		-220

		-93

		-54

		-33

		-3

		15

		25

		27

		27

		27

		27

		27

		28



		August

		28

		29

		28

		12

		-23

		-72

		-108

		-220

		-220

		-220

		-220

		-220

		-220

		-91

		-220

		-221

		5

		22

		27

		27

		27

		27

		27

		27

		28



		September

		29

		29

		29

		24

		-3

		-51

		-97

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-22

		17

		28

		28

		28

		28

		28

		29

		29

		29



		October

		29

		29

		29

		29

		12

		-34

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-16

		25

		28

		28

		28

		28

		28

		29

		29

		29



		November

		29

		29

		29

		29

		19

		-13

		-52

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		2

		26

		28

		28

		28

		28

		28

		28

		29

		29



		December

		28

		28

		29

		31

		21

		-11

		-60

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		11

		25

		28

		28

		28

		28

		28

		28

		28

		28







TABLE 5.5

Propagation conditions on Petropavlovsk-Kamchatski – Moscow link with interference 
caused by the amateur service transmitter located on Equator 

		Signal/interference ratio, dB



		Wanted link: Petropavlovsk-Kamchatski-Moscow, isotropic antenna gain=0 dB



		Output power

		5 kW

		SSN

		10

		



		Interfering link:equator -Moscow, isotropic antenna gain=0 dB



		Output power

		0,1 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		1

		

		

		

		

		

		

		

		

		

		248

		253

		258

		103

		73

		30

		20

		17

		17

		17

		17

		17

		13

		6

		1



		February

		

		

		

		

		

		

		

		

		

		

		

		

		251

		257

		264

		34

		19

		16

		16

		15

		15

		11

		4

		

		



		March

		

		

		

		

		

		

		

		

		

		

		

		

		

		246

		253

		46

		21

		16

		17

		16

		11

		4

		

		

		



		April

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		55

		24

		12

		11

		6

		-2

		

		

		

		



		May

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		June

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		July

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		August

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		September

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		54

		22

		16

		17

		12

		5

		

		

		

		



		October

		

		

		

		

		

		

		

		

		

		

		

		

		

		250

		250

		46

		5

		2

		2

		2

		2

		2

		1

		-2

		



		November

		1

		

		

		

		

		

		

		

		

		

		

		250

		254

		260

		263

		42

		18

		16

		16

		16

		16

		19

		14

		7

		1



		December

		4

		

		

		

		

		

		

		

		

		246

		251

		252

		260

		264

		263

		19

		9

		17

		17

		17

		16

		17

		17

		10

		4







Here and below the cells are highlighted in red colour where the signal/noise ratio is less than 26 dB i.e. operation of the fixed service link is not feasible. The cells highlighted in dark green colour where the signal/noise ratio is greater or equal to 29 dB, i.e. the bit error rate is 0.0001. The cells highlighted in light green colour where the signal/noise ratio is from 27 dB to 29 dB, i.e. the bit error rate in the fixed service link is 0.001. The cells highlighted in light blue colour where the signal/interference ratio is from 26 dB to 27 dB. The cells highlighted in yellow colour where the signal/interference ratio is less than 26 dB, i.e. interference impact makes operation of the fixed service link unfeasible.

Table 5.1 contains simulation results of propagation conditions on Petropavlovsk-Kamchatski – Moscow link, using omnidirectional antennae. The analysis of the obtained results shows that when there is no interference caused by the amateur service link the operation of the considered fixed service link is feasible during 8 months per year (excluding May and all summer months). This defect of the considered link can be eliminated by application of directional antennae on the receiving and transmitting link ends or by increase of transmitter power of the fixed service link.

Table 5.2 contains simulation results of propagation conditions on Astana– Moscow link of 2277 km. Table 5.3 shows the impact of the amateur service transmitter, located in Astana on operation of 

Petropavlovsk-Kamchatski – Moscow link.  The analysis of the obtained results shows that the considered amateur service transmitter, located at distance of 2277 km from the fixed service receiver will cause unacceptable interference to its operation in any daytime (see Table 4).

Table 5.4 presents simulation results of propagation conditions on Equator– Moscow link, using omnidirectional antennae.

Table 5.5 shows the impact of the amateur service transmitter, located on Equator on operation of Petropavlovsk-Kamchatski – Moscow fixed link. The analysis of the obtained results shows that increasing distance between the interfering amateur service transmitter and the fixed service receiver up to 6200 km will not allow to provide protection for the fixed service receiver since time period available for operation of fixed link is decreased due to interference caused by the amateur service link by more than 50%.

Further impact assessment of the directional antennae on Petropavlovsk-Kamchatski – Moscow link was carried out. It was assumed that the transmitter and receiver of the fixed service link use Yagi antennae of 5 elements with antenna gain of 13.4 dB. The calculation results are presented in Tables 5.6- 5.10.

TABLE 5.6

Propagation conditions on Petropavlovsk-Kamchatski – Moscow link, using directional antennae 

		Signal/noise ratio, dB



		Wanted link: Petropavlovsk-Kamchatski-Moscow, Yagi antenna gain=13.4 dB transmission and receiving



		Output power

		5 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		53

		47

		40

		40

		38

		35

		34

		38

		41

		45

		52

		57

		61

		66

		67

		67

		67

		67

		66

		66

		66

		66

		62

		58

		53



		February

		35

		29

		19

		15

		14

		14

		15

		15

		12

		24

		35

		46

		54

		60

		66

		67

		67

		67

		67

		67

		66

		63

		56

		47

		35



		March

		22

		14

		10

		4

		1

		0

		0

		2

		2

		7

		18

		29

		38

		49

		56

		61

		66

		66

		67

		66

		62

		55

		46

		35

		22



		April

		11

		4

		-1

		-6

		-10

		-12

		-12

		-15

		-12

		-7

		1

		8

		21

		29

		40

		49

		56

		59

		60

		57

		50

		44

		33

		19

		11



		May

		-1

		-8

		-220

		-220

		-23

		-26

		-27

		-26

		-24

		-19

		-13

		-7

		0

		7

		20

		30

		38

		43

		44

		38

		31

		25

		14

		6

		-1



		June

		-17

		-22

		-27

		-220

		-220

		-33

		-30

		-32

		-28

		-24

		-19

		-13

		-7

		0

		6

		16

		25

		30

		31

		28

		21

		10

		3

		-11

		-17



		July

		-8

		-13

		-17

		-19

		-21

		-18

		-22

		-20

		-17

		-19

		-15

		-8

		4

		6

		17

		26

		33

		36

		37

		32

		24

		17

		6

		-2

		-8



		August

		-1

		-6

		-11

		-15

		-18

		-20

		-21

		-18

		-20

		-15

		-10

		-2

		7

		20

		29

		39

		45

		49

		47

		44

		35

		28

		15

		6

		-1



		September

		15

		7

		1

		-5

		-9

		-11

		-12

		-16

		-13

		-6

		3

		18

		26

		36

		46

		55

		60

		65

		66

		61

		56

		47

		40

		30

		15



		October

		38

		32

		22

		16

		13

		12

		14

		14

		11

		19

		29

		35

		44

		53

		59

		64

		66

		66

		67

		66

		66

		63

		58

		49

		38



		November

		52

		48

		41

		38

		34

		33

		34

		34

		37

		41

		48

		53

		58

		62

		65

		66

		66

		66

		67

		66

		66

		66

		64

		59

		52



		December

		56

		41

		36

		41

		42

		41

		42

		45

		47

		50

		54

		56

		61

		66

		65

		52

		57

		67

		67

		67

		67

		67

		65

		61

		56










TABLE 5.7

Propagation conditions on Astana– Moscow interfering link 

		Interference/noise ratio, dB



		Interfering link: Astana (isotropic antenna gain=0 dB) – Moscow, Yagi directional antenna 



		Output power

		0,1 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		37

		38

		37

		34

		29

		21

		12

		8

		7

		8

		11

		18

		27

		35

		39

		38

		36

		37

		37

		37

		37

		38

		38

		38

		37



		February

		38

		39

		38

		30

		26

		15

		11

		8

		7

		7

		10

		15

		23

		32

		39

		39

		38

		36

		37

		38

		38

		37

		37

		37

		38



		March

		39

		38

		36

		27

		19

		10

		7

		5

		4

		5

		7

		10

		14

		23

		31

		38

		38

		38

		37

		36

		37

		38

		38

		39

		39



		April

		37

		36

		29

		21

		12

		8

		5

		3

		2

		3

		4

		7

		10

		14

		22

		31

		36

		39

		38

		37

		37

		37

		38

		38

		37



		May

		36

		29

		24

		16

		9

		6

		4

		2

		1

		2

		3

		5

		7

		10

		15

		24

		30

		34

		38

		38

		38

		38

		38

		37

		36



		June

		30

		26

		21

		12

		8

		5

		2

		0

		0

		0

		1

		3

		5

		8

		12

		20

		26

		28

		34

		36

		36

		37

		36

		32

		30



		July

		30

		27

		22

		15

		8

		5

		2

		0

		0

		0

		1

		3

		5

		9

		16

		22

		28

		31

		35

		37

		36

		37

		36

		35

		30



		August

		36

		30

		25

		18

		10

		7

		4

		2

		1

		1

		3

		5

		7

		11

		19

		26

		30

		36

		37

		36

		36

		36

		36

		35

		36



		September

		39

		38

		31

		24

		15

		8

		5

		3

		2

		2

		4

		6

		9

		14

		25

		31

		38

		38

		38

		37

		37

		37

		38

		39

		39



		October

		39

		38

		38

		33

		27

		17

		13

		10

		8

		9

		10

		13

		17

		26

		32

		39

		38

		38

		37

		37

		36

		37

		37

		38

		39



		November

		38

		38

		37

		37

		33

		26

		17

		13

		11

		12

		13

		17

		25

		33

		38

		38

		36

		36

		36

		36

		36

		37

		37

		37

		38



		December

		37

		38

		39

		36

		35

		25

		17

		9

		7

		7

		10

		17

		27

		37

		38

		37

		39

		38

		38

		38

		37

		38

		38

		37

		37





TABLE 5.8

Propagation conditions on Petropavlovsk-Kamchatski – Moscow link with interference 
caused by the amateur service transmitter located in Astana 

		Signal/interference ratio, dB



		Wanted link: Petropavlovsk-Kamchatski-Moscow, Yagi antenna gain=13.4 dB transmitting and receiving



		Output power

		5 kW

		SSN

		10

		 



		Interfering link: Astana (isotropic antenna gain=0 dB) – Moscow, directional antenna



		Output power

		0,1 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		16

		9

		3

		6

		9

		14

		22

		30

		34

		37

		41

		39

		34

		31

		28

		29

		31

		30

		29

		29

		29

		28

		24

		20

		16



		February

		-3

		-10

		 

		 

		 

		 

		 

		 

		 

		 

		25

		31

		31

		28

		27

		28

		29

		31

		30

		29

		28

		26

		19

		10

		-3



		March

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		19

		24

		26

		25

		23

		28

		28

		30

		30

		25

		17

		8

		-4

		 



		April

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		15

		18

		18

		20

		20

		22

		20

		13

		7

		-5

		 

		 



		May

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		6

		8

		9

		6

		0

		-7

		 

		 

		 

		 



		June

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		2

		-3

		-8

		 

		 

		 

		 

		 



		July

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		4

		5

		5

		2

		-5

		 

		 

		 

		 

		 



		August

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		10

		13

		15

		13

		10

		8

		-1

		-8

		 

		 

		 



		September

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		17

		22

		21

		24

		22

		27

		28

		24

		19

		10

		2

		-9

		 



		October

		-1

		-6

		 

		 

		 

		 

		 

		 

		 

		 

		19

		22

		27

		27

		27

		25

		28

		28

		30

		29

		30

		26

		21

		11

		-1



		November

		14

		10

		4

		1

		1

		7

		17

		21

		26

		29

		35

		36

		33

		29

		27

		28

		30

		30

		31

		30

		30

		29

		27

		22

		14



		December

		19

		3

		-3

		5

		7

		16

		25

		36

		40

		43

		44

		39

		34

		29

		27

		15

		18

		29

		29

		29

		30

		29

		27

		24

		19










TABLE 5.9

Propagation conditions on Equator– Moscow interfering link 

		Interference/noise ratio, dB



		Interfering link: Equator (isotropic antenna gain=0 dB) – Moscow, Yagi directional antenna 



		Output power

		0,1 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		26

		27

		28

		27

		15

		-23

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-57

		-27

		15

		24

		25

		26

		27

		27

		27

		26

		26

		26



		February

		26

		27

		28

		27

		7

		-40

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		12

		24

		25

		26

		27

		27

		27

		27

		26

		26



		March

		26

		27

		28

		26

		-4

		-57

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-7

		23

		24

		25

		26

		26

		26

		26

		26

		26



		April

		27

		27

		27

		17

		-15

		-61

		-103

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-28

		9

		24

		25

		26

		26

		26

		26

		26

		27



		May

		27

		27

		25

		11

		-24

		-65

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-4

		17

		25

		25

		26

		26

		26

		27

		27



		June

		26

		26

		22

		5

		-28

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-95

		-59

		-221

		-8

		13

		22

		24

		24

		24

		25

		25

		26



		July

		26

		27

		23

		6

		-31

		-73

		-220

		-220

		-135

		-220

		-220

		-220

		-220

		-92

		-53

		-31

		-2

		16

		23

		24

		25

		25

		25

		25

		26



		August

		26

		28

		27

		13

		-21

		-71

		-108

		-220

		-220

		-220

		-220

		-220

		-220

		-90

		-220

		-221

		6

		21

		23

		24

		25

		25

		25

		25

		26



		September

		27

		28

		28

		24

		-2

		-50

		-96

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-21

		17

		24

		25

		26

		26

		27

		27

		27

		27



		October

		27

		27

		28

		26

		12

		-33

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-15

		23

		25

		25

		26

		26

		27

		27

		26

		27



		November

		26

		27

		28

		27

		20

		-12

		-51

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		3

		24

		26

		26

		27

		27

		27

		27

		26

		26



		December

		26

		27

		28

		28

		21

		-10

		-58

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		-220

		12

		24

		26

		26

		27

		27

		27

		26

		26

		26





TABLE 5.10

Propagation conditions on Petropavlovsk-Kamchatski – Moscow link with interference 
caused by the amateur service transmitter located in Equator 

		Signal/interference ratio, dB



		Wanted link: Wanted link: Petropavlovsk-Kamchatski-Moscow, Yagi antenna gain=13.4 dB transmitting and receiving



		Output power

		5 kW

		SSN

		10

		 



		Interfering link: Terminator (equator) (isotropic antenna gain=0 dB) – Moscow, directional antenna 



		Output power

		0,1 kW

		SSN

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		27

		20

		12

		13

		23

		58

		254

		258

		261

		265

		272

		277

		281

		123

		94

		52

		43

		42

		40

		39

		39

		39

		36

		32

		27



		February

		9

		2

		

		

		

		

		

		

		

		

		255

		266

		274

		280

		286

		55

		43

		42

		41

		40

		39

		36

		29

		21

		9



		March

		

		

		

		

		

		

		

		

		

		

		

		249

		258

		269

		276

		68

		43

		42

		42

		40

		36

		29

		20

		9

		



		April

		

		

		

		

		

		

		

		

		

		

		

		

		

		249

		260

		77

		47

		35

		35

		31

		24

		18

		7

		

		



		May

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		250

		42

		26

		19

		13

		5

		

		

		

		



		June

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		17

		9

		4

		

		

		

		

		



		July

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		57

		35

		20

		14

		8

		

		

		

		

		



		August

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		249

		260

		39

		28

		24

		20

		10

		3

		

		

		



		September

		

		

		

		

		

		

		

		

		

		

		

		

		246

		256

		266

		76

		43

		41

		41

		35

		30

		20

		13

		3

		



		October

		11

		5

		

		

		

		

		

		

		

		

		249

		255

		264

		273

		279

		79

		43

		41

		42

		40

		40

		36

		31

		23

		11



		November

		26

		21

		13

		11

		14

		45

		85

		254

		257

		261

		268

		273

		278

		282

		285

		63

		42

		40

		41

		39

		39

		39

		37

		33

		26



		December

		30

		14

		8

		13

		21

		51

		100

		265

		267

		270

		274

		276

		281

		286

		285

		40

		33

		41

		41

		40

		40

		40

		39

		35

		30







Table 5.6 presents assessment results of propagation conditions on Petropavlovsk-Kamchatski – Moscow fixed service link, using transmitting and receiving directional antennae. The analysis of the obtained results show that application of directional antennae allows to increase significantly time period when this fixed service link can be used for data transmission. Thus unlike the omnidirectional antennae application of Yagi antennae allows to ensure operation of the fixed service link during the whole year.

Table 5.7 contains simulation results of propagation conditions on Astana-Moscow interfering link. 

In calculations it was assumed that signal of omnidirectional antennae of the amateur service transmitter located in Astana influences on the fixed service receiver located in Moscow and using directional antennae.

Table 5.8 presents results of impact assessment of the amateur service transmitter located in Astana and using omnidirectional antenna on operation of the Petropavlovsk-Kamchatski – Moscow fixed service link receiver, using directional antennae. The analysis of the obtained results shows that in spite of application of directional antennae interference caused by the amateur service transmitter can prevent operation of the fixed service link by more than 50% of the available time period and significantly increase the bit error rate of the message.

Table 5.9 presents simulation results of propagation conditions of interference caused by transmitter located on the Equator and using omnidirectional antenna.  

Table 5.10 presents simulation results of interference impact from the amateur service transmitter located on the Equator to Petropavlovsk-Kamchatski – Moscow fixed service link. The analysis of the obtained results shows that application of the directional antennae do not allow to avoid the transmitter influence located at the distance of 6200 km from the fixed service link receiver. It can be concluded that it is quite complicated to use separation distances to ensure compatibility between the amateur service transmitters and the fixed link.

Moreover the influence of the amateur transmitter on the fixed service single hop link using directional antenna was considered. The calculation results for 10 sunspot numbers are presented in Tables 5.11-5.15.

Table 5.11 presents calculation results for Murmansk-Moscow link using directional transmitting and receiving antennae. The analysis of the obtained results shows that if there is no interference this link can be operated without limitations. 

Table 5.12 contains simulation results of propagation conditions on Kotka-Moscow link. It was assumed that omnidirectional antenna is used for transmission and Yagi antenna with antenna gain of 13.4 dB is used for receiving signals.

Table 5.13 presents interference impact from the amateur service transmitter located in Kotka on Murmansk-Moscow fixed service link. The analysis of the obtained results shows that at 49% of time the fixed service link cannot be available due to interference impact. 




TABLE 5.11

Propagation conditions on Murmansk – Moscow link with directional antennae 

		Signal/noise ratio, dB



		Wanted link: Murmansk-Moscow, Yagi antenna gain=13.4 dB transmitting and receiving



		Output power

		5 kW

		SSN =

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		78

		70

		62

		60

		65

		77

		74

		70

		69

		68

		68

		70

		72

		75

		78

		81

		83

		71

		70

		73

		77

		83

		83

		83

		78



		February

		68

		63

		58

		61

		66

		74

		68

		60

		64

		62

		63

		65

		67

		70

		77

		78

		81

		83

		76

		71

		70

		70

		73

		73

		68



		March

		63

		63

		65

		69

		77

		59

		60

		58

		59

		58

		58

		61

		63

		65

		66

		74

		74

		78

		79

		80

		78

		68

		64

		65

		63



		April

		70

		72

		77

		76

		62

		59

		58

		56

		58

		58

		58

		60

		61

		63

		62

		64

		73

		76

		75

		79

		79

		79

		72

		71

		70



		May

		80

		79

		75

		72

		61

		56

		55

		54

		56

		55

		55

		58

		59

		60

		59

		60

		62

		64

		74

		71

		73

		75

		76

		80

		80



		June

		76

		75

		74

		63

		62

		59

		58

		57

		57

		57

		57

		57

		58

		58

		56

		57

		58

		60

		68

		71

		69

		71

		71

		77

		76



		July

		77

		76

		75

		62

		61

		58

		57

		56

		57

		56

		57

		57

		57

		58

		56

		57

		58

		60

		70

		72

		71

		73

		74

		77

		77



		August

		79

		79

		77

		74

		62

		60

		58

		57

		58

		57

		57

		58

		58

		59

		57

		59

		60

		70

		68

		72

		76

		78

		78

		80

		79



		September

		64

		64

		63

		69

		74

		59

		57

		56

		57

		56

		56

		59

		60

		62

		62

		64

		74

		73

		78

		79

		79

		78

		67

		66

		64



		October

		64

		63

		62

		68

		80

		74

		64

		62

		63

		62

		62

		65

		66

		68

		68

		77

		77

		79

		79

		80

		78

		71

		66

		67

		64



		November

		66

		62

		59

		61

		68

		77

		75

		66

		67

		66

		66

		68

		70

		76

		78

		78

		80

		80

		69

		65

		64

		66

		68

		70

		66



		December

		69

		63

		56

		54

		57

		64

		76

		72

		73

		68

		68

		70

		75

		80

		80

		74

		63

		58

		59

		61

		66

		70

		73

		72

		69





TABLE 5.12 

Propagation conditions on Kotka – Moscow link 

		Interference/noise ratio, dB



		Interfering link: Kotka (isotropic antenna gain=0 dB)- Moscow



		Output power=

		0,1 kW

		SSN =

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		27

		23

		20

		18

		21

		29

		46

		47

		48

		47

		47

		48

		49

		51

		52

		51

		35

		26

		23

		22

		25

		26

		28

		29

		27



		February

		22

		18

		16

		17

		25

		44

		47

		45

		45

		44

		44

		45

		47

		50

		51

		53

		50

		36

		28

		23

		22

		22

		24

		24

		22



		March

		17

		16

		17

		25

		46

		45

		44

		42

		42

		41

		41

		42

		44

		46

		46

		48

		50

		49

		46

		34

		24

		21

		19

		19

		17



		April

		20

		22

		28

		46

		48

		44

		42

		41

		42

		41

		41

		42

		43

		44

		44

		46

		47

		50

		49

		45

		44

		29

		23

		21

		20



		May

		36

		40

		46

		47

		46

		42

		40

		39

		40

		39

		39

		40

		41

		42

		42

		43

		45

		47

		49

		50

		48

		46

		45

		40

		36



		June

		47

		48

		48

		47

		45

		43

		42

		41

		40

		39

		39

		39

		40

		41

		39

		41

		42

		44

		45

		47

		48

		47

		45

		44

		47



		July

		37

		44

		45

		47

		45

		43

		42

		41

		40

		39

		39

		39

		40

		41

		40

		41

		42

		44

		45

		47

		47

		45

		44

		41

		37



		August

		26

		28

		44

		44

		47

		45

		43

		42

		41

		40

		40

		40

		41

		42

		41

		42

		43

		45

		47

		48

		46

		43

		35

		29

		26



		September

		16

		16

		21

		30

		44

		44

		42

		40

		41

		40

		40

		41

		42

		43

		44

		46

		47

		49

		47

		45

		35

		26

		20

		18

		16



		October

		18

		17

		18

		21

		34

		48

		47

		45

		45

		44

		43

		45

		46

		47

		47

		49

		49

		47

		46

		34

		26

		22

		19

		20

		18



		November

		20

		18

		17

		17

		22

		34

		48

		47

		47

		46

		45

		47

		48

		49

		49

		48

		39

		29

		22

		19

		16

		17

		19

		22

		20



		December

		23

		20

		17

		15

		17

		26

		37

		47

		49

		47

		47

		47

		49

		51

		51

		34

		23

		15

		13

		15

		18

		21

		24

		25

		23










TABLE 5.13

Interference impact caused by the amateur service transmitter in Kotka city to Murmansk – 
Moscow  fixed service link 

		Signal/noise ratio, dB



		Wanted link: Murmansk-Moscow, Yagi antenna gain=13.4 dB transmitting and receiving / Kotka interfering station  omnidirectional antenna



		Output power

		5 kW

		SSN =

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		51

		47

		42

		42

		44

		48

		28

		23

		21

		21

		21

		22

		23

		24

		26

		30

		48

		45

		47

		51

		52

		57

		55

		54

		51



		February

		46

		45

		42

		44

		41

		30

		21

		15

		19

		18

		19

		20

		20

		20

		26

		25

		31

		47

		48

		48

		48

		48

		49

		49

		46



		March

		46

		47

		48

		44

		31

		14

		16

		16

		17

		17

		17

		19

		19

		19

		20

		26

		24

		29

		33

		46

		54

		47

		45

		46

		46



		April

		50

		50

		49

		30

		14

		15

		16

		15

		16

		17

		17

		18

		18

		19

		18

		18

		26

		26

		26

		34

		35

		50

		49

		50

		50



		May

		44

		39

		29

		25

		15

		14

		15

		15

		16

		16

		16

		18

		18

		18

		17

		17

		17

		17

		25

		21

		25

		29

		31

		40

		44



		June

		29

		27

		26

		16

		17

		16

		16

		16

		17

		18

		18

		18

		18

		17

		17

		16

		16

		16

		23

		24

		21

		24

		26

		33

		29



		July

		40

		32

		30

		15

		16

		15

		15

		15

		17

		17

		18

		18

		17

		17

		16

		16

		16

		16

		25

		25

		24

		28

		30

		36

		40



		August

		53

		51

		33

		30

		15

		15

		15

		15

		17

		17

		17

		18

		17

		17

		16

		17

		17

		25

		21

		24

		30

		35

		43

		51

		53



		September

		48

		48

		42

		39

		30

		15

		15

		16

		16

		16

		16

		18

		18

		19

		18

		18

		27

		24

		31

		34

		44

		52

		47

		48

		48



		October

		46

		46

		44

		47

		46

		26

		17

		17

		18

		18

		19

		20

		20

		21

		21

		28

		28

		32

		33

		46

		52

		49

		47

		47

		46



		November

		46

		44

		42

		44

		46

		43

		27

		19

		20

		20

		21

		21

		22

		27

		29

		30

		41

		51

		47

		46

		48

		49

		49

		48

		46



		December

		46

		43

		39

		39

		40

		38

		39

		25

		24

		21

		21

		23

		26

		29

		29

		40

		40

		43

		46

		46

		48

		49

		49

		47

		46





TABLE 5.14

Propagation conditions on Kirkeness – Moscow link 

		Отношение помеха/шум, дБ



		Мешающая линия: Киркинес – Москва, изотропная антенна КУ=0 дБ



		Выходная мощность

		0,1 кВт

		SSN =

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		январь

		54

		43

		34

		32

		36

		48

		45

		42

		42

		41

		41

		43

		45

		47

		51

		52

		54

		44

		43

		45

		52

		54

		54

		54

		54



		февраль

		41

		35

		30

		32

		39

		45

		35

		34

		37

		36

		36

		38

		40

		43

		48

		53

		52

		53

		53

		44

		42

		43

		46

		46

		41



		март

		35

		35

		36

		42

		47

		34

		34

		32

		34

		33

		33

		36

		37

		39

		39

		45

		49

		50

		50

		50

		49

		42

		37

		37

		35



		апрель

		43

		45

		49

		47

		37

		34

		33

		31

		33

		32

		32

		35

		36

		37

		37

		38

		41

		47

		47

		50

		49

		50

		49

		44

		43



		май

		51

		49

		46

		43

		36

		32

		30

		29

		31

		31

		30

		33

		34

		35

		34

		35

		37

		38

		44

		43

		45

		47

		47

		51

		51



		июнь

		47

		46

		45

		38

		37

		34

		33

		32

		32

		32

		32

		32

		32

		33

		31

		32

		33

		34

		36

		42

		40

		43

		43

		48

		47



		июль

		47

		47

		45

		38

		37

		34

		33

		32

		32

		32

		32

		32

		33

		33

		31

		32

		33

		35

		40

		43

		43

		44

		45

		48

		47



		август

		50

		49

		48

		45

		38

		35

		34

		33

		33

		32

		32

		33

		33

		34

		32

		33

		35

		41

		44

		44

		48

		49

		49

		51

		50



		сентябрь

		37

		36

		35

		41

		44

		34

		32

		31

		32

		31

		31

		34

		35

		36

		36

		38

		45

		45

		50

		50

		49

		49

		40

		38

		37



		октябрь

		36

		35

		35

		40

		51

		45

		38

		36

		37

		36

		36

		39

		40

		41

		41

		48

		49

		50

		50

		50

		49

		45

		39

		39

		36



		ноябрь

		39

		35

		31

		33

		39

		48

		46

		40

		40

		39

		39

		42

		43

		45

		49

		50

		51

		51

		41

		37

		36

		38

		41

		44

		39



		декабрь

		41

		36

		28

		26

		28

		34

		47

		43

		43

		42

		41

		43

		44

		51

		51

		49

		35

		30

		31

		33

		38

		42

		45

		45

		41










TABLE 5.15

Interference impact caused by the amateur service transmitter in Kirkeness city to Murmansk – 
Moscow fixed service link 

		Signal/noise ratio, dB



		Wanted link: Murmansk-Moscow, Yagi antenna gain=13.4 dB transmitting and receiving / Kirkenes interfering station omnidirectional antenna



		Output power

		5 kW

		SSN =

		10

		 



		 

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		24

		27

		28

		28

		29

		29

		29

		28

		27

		27

		27

		27

		27

		28

		27

		29

		29

		27

		27

		28

		25

		29

		29

		29

		24



		February

		27

		28

		28

		29

		27

		29

		33

		26

		27

		26

		27

		27

		27

		27

		29

		25

		29

		30

		23

		27

		28

		27

		27

		27

		27



		March

		28

		28

		29

		27

		30

		25

		26

		26

		25

		25

		25

		25

		26

		26

		27

		29

		25

		28

		29

		30

		29

		26

		27

		28

		28



		April

		27

		27

		28

		29

		25

		25

		25

		25

		25

		26

		26

		25

		25

		26

		25

		26

		32

		29

		28

		29

		30

		29

		23

		27

		27



		May

		29

		30

		29

		29

		25

		24

		25

		25

		25

		24

		25

		25

		25

		25

		25

		25

		25

		26

		30

		28

		28

		28

		29

		29

		29



		June

		29

		29

		29

		25

		25

		25

		25

		25

		25

		25

		25

		25

		26

		25

		25

		25

		25

		26

		32

		29

		29

		28

		28

		29

		29



		July

		30

		29

		30

		24

		24

		24

		24

		24

		25

		24

		25

		25

		24

		25

		25

		25

		25

		25

		30

		29

		28

		29

		29

		29

		30



		August

		29

		30

		29

		29

		24

		25

		24

		24

		25

		25

		25

		25

		25

		25

		25

		26

		25

		29

		24

		28

		28

		29

		29

		29

		29



		September

		27

		28

		28

		28

		30

		25

		25

		25

		25

		25

		25

		25

		25

		26

		26

		26

		29

		28

		28

		29

		30

		29

		27

		28

		27



		October

		28

		28

		27

		28

		29

		29

		26

		26

		26

		26

		26

		26

		26

		27

		27

		29

		28

		29

		29

		30

		29

		26

		27

		28

		28



		November

		27

		27

		28

		28

		29

		29

		29

		26

		27

		27

		27

		26

		27

		31

		29

		28

		29

		29

		28

		28

		28

		28

		27

		26

		27



		December

		28

		27

		28

		28

		29

		30

		29

		29

		30

		26

		27

		27

		31

		29

		29

		25

		28

		28

		28

		28

		28

		28

		28

		27

		28







At 6% of time interference impact can lead to increase of bit error rate in decoding.

Table 5.14 contains simulation results of propagation conditions on Kirkenes -Moscow link. 

It was assumed that omnidirectional antenna is used for transmission and Yagi antenna with antenna gain of 13.4 dB is used for receiving signals.

Table 5.15 presents assessment results of propagation conditions on Murmansk – Moscow fixed service link, using directional antennae with antenna gain of 13.4 dB with interference caused by the amateur service transmitter located in Kirkenes using omnidirectional antenna. The analysis of the obtained results shows that in spite of increase of the distance between the interference source and the fixed service receiver during 28.4% of link operation time it cannot be available. At 42% of time interference impact from the amateur station transmitter can lead to increase of bit error rate in decoding.

The analysis of the results presented in Tables 5.1-5.1520 showed that:

–	for the considered power value of the amateur station transmitter the protection distance required to provide interference free operation of the fixed service link can exceed 6 200 km; 

–	in case the distance between the amateur station transmitter and fixed link receiver is less or equal to 2 280 km then interference caused by single amateur links to fixed links using multihop mode can disable operation of fixed service links almost at any time;

–	in case the distance between the amateur station transmitter and fixed link receiver is from 2 280 km up to 6 200 km then interference caused by the amateur station can disable operation of fixed service links and reduce the number of operation modes used by this link as well;

–	for one-hop communication links interference from stations of the amateur service can disable the fixed links during the time intervals determined by the distance between the amateur station transmitter and the fixed link receiver, their mutual location and solar activity. 

Out of these time intervals interference from stations of the amateur service can result in significant limitation of the operation mode number used by fixed communication links.

It should be noted that interference impact on operation of fixed communication links can be reduced due to usage of directional antennas in the fixed communication links. However analysis of signal/interference ratio deficit for the scenario considered above shows that it can change in wide range and can achieve 28 dB for one-hop and 41 dB for multihop fixed communication links. Such high values of signal/interference ratio deficit cannot be compensated completely by usage of directional antennas such as Yagi antenna with antenna gain from 3 dB to 8 dB in this frequency band.

Therefore compatibility between amateur stations and fixed communication links is quite complicated.

5.2	Compatibility of the amateur systems with the land mobile systems

[TBD]

5.3	Compatibility of the amateur systems with the maritime mobile systems

[TBD]

5.4	Compatibility of the amateur systems with the oceanographic radars

[TBD]

6	Conclusions

The protection distance exceeding 6 200 km can be required to provide compatibility between the amateur stations and fixed communication links. Therefore compatibility of amateur stations with the fixed service systems is quite complicated and it can require operational constraints on the amateur stations.

[TBD]





______________
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-   1   -   5A/237 - E   M : \ BRSGD \ TEXT2013 \ SG05 \ WP5A \ 200 \ 237E.DOCX   ( )   09.05.13   21.02.08   1   Introduction   At the second ITU - R WP 5A meeting Russian Federation presents its contribution  “Compatibility  studies of possible stations in the  amateur service with stations in the fixed service in the frequency  band 5   250 - 5   450 kHz” . This Document considers the compatibility study results between the fixed  service radiolinks  and the amateur service  radiolinks operating in single and multihop mode s.   The presented results were obtained based on the technical characteristics and protection criteria of  the fixed service radiolinks given in Recommendation ITU - R F .1821   which is indicated in reply  liaison statement from WP 5C. However while considering t he presented study results the issues of  their interpretation and application of Recommendation ITU - R F .339 - 7   were raised. Therefore   the  Russian   Federation   carried   out   the studies of interference impact from the stations in the amateur  service to the fixed   service radiolinks using  300HF1 В   signal (the protection criteria are given in  Recommendation ITU - R F .339 - 7 ). Moreover in further studies on WRC - 15 Agenda item 1.4 the  Russian Federation came to the conclusion that there is a need to improve the  interference impact  scenario used in the compatibility studies.   2   Improvement of interference impact scenario to the radiolinks of the  fixed service    In the studies given in  Doc.  5A/155   it was assume d that the fixed service receiver and the amateur  service receiver are located in the same point. Therefore signal/interference ratio for the fixed  service radiolink was calculated only for the  period when the signal/interference ratio for the  amateur serv ice radiolink exceeds the threshold level. For all other periods it was assumed that there  is no interference caused by amateur service transmitters.    This approach does not completely describe the possible interference impact from the amateur  service tran smitters to the fixed service radioli nks. For example there is a case when the amateur  service transmitter provides communication with the station located significantly closer than the  fixed service receiver. In this case the signal/noise ratio in the amat eur receiver location will exceed  the threshold value required for operation of the amateur service radiolink. Moreover   the   signal to  noise ratio level of the amateur transmitter in the fixed service receiver location will be less than the 
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Introduction

At the tenth meeting of WP 5A (Geneva, 5-15 November 2012) it was agreed to continue developing the draft CPM document for WRC-15, Agenda item 1.4, seeking a secondary allocation to the Amateur Radio Service in the frequency range 5 250 to 5 450 kHz.

Proposal

[bookmark: dtitle2]Canada proposes the changes and additions appearing in the Attachment as an update to the draft CPM document for WRC-15, Agenda item 1.4, which appears as ITU-R Document 5A/198, Annex 4. 





Attachment:	1




ATTACHMENT

Working document towards the draft CPM text for WRC-15 Agenda item 1.4

[bookmark: dbreak][bookmark: _Toc284401780]1.4	to consider possible new allocation to the amateur service on a secondary basis within the band 5 250-5 450 kHz in accordance with Resolution 649 (WRC‑12);

Resolution 649 (WRC‑12): Possible allocation to the amateur service on a secondary basis at around 5 300 kHz

1/1.4/1	Executive Summary

[Text of the executive summary, not more than half a page of text]

[TBD]

1/1.4/2	Background

[Editor’s Note: A half page of text is recommended by the chapter rapporteur as the ideal outcome.]

N[Pursuant to noting b of Resolution 649 (WRC-12), an allocation of an appropriate amount of spectrum, not necessarily contiguous, to the amateur service at around 5 300 kHz would be adequate to better satisfy its needs associated with use for providing communications in disaster situations and during relief operations.

The frequency range 5 250-5 450 kHz is allocated to fixed and mobile (except aeronautical mobile) services in all three Regions on a primary basis. Radiolocation services are also allocated in the range 5 250 to 5 275 kHz as a secondary service in Regions 1 and 3 and Primary in Region 2. Accordingly, Recognizing that the band 5 250-5 450 kHz is used by stations in the fixed and mobile (except aeronautical mobile) services in many countries, a range of possible allocations to the amateur service may be proposed such that administrations might determine how much accommodation can be made to the amateur service.]

Based on the recommendation of the 1978 CCIR Special Preparatory Meeting, WARC-79 accepted the principle that, like other high-frequency radio services, the amateur service should have access to a family of frequency bands such that communications can be maintained as propagation conditions change.

The amateur radio service has access to allocations in the vicinity of 3 500 and 7 000 kHz; however, there are frequent occasions when ionospheric conditions render either or both of these allocations unsatisfactory for communications over the distances which amateur radio operators are frequently requested to cover in the course of facilitating emergency and disaster relief operations. These distances might be relatively short (less than 1000 km) when providing direct support to first responders or relatively longer (greater than 1000 km) when exchanging information, for example, with international organizations.[desired distances] [Editor’s note: quantification of “desired distances” to be considered].

Depending on the time of day, season and other propagation factors including the progress of the sunspot cycle, propagation conditions are often such that access to spectrum around 5 300 kHz is essential for operation of amateur stations.  [A number of administrations including, e.g. Bahrain, Bangladesh, the Czech Republic, Cayman Islands, the Dominican Republic, Finland, Ireland, Norway, Sweden, the United Kingdom, the United States and others[Ed. Note: further quantify?]] have authorized, subject to the provisions of No. 4.4 of Section II, Article 4.4 of the Radio Regulations, operation by amateur radio licensees within the 5  250 – 5 450 kHz frequency range.

[Ed. Note: Discussion of amateur service spectrum requirements to be inserted.]

Therefore, to be equipped to provide communications at any time, including in times of emergency and disaster-relief, radio amateurs require access to frequencies in the vicinity of 5 300 kHz. While seeking an allocation to the amateur service in this part of the spectrum is driven by emergency and disaster-relief requirements, it is understood that, so as to encourage radio amateurs to acquire equipment and install antennas to obtain operating experience, radio amateurs would conduct routine amateur radio activities in any resulting allocation in times when there is no emergency requirement.

Depending upon the results of studies as requested by Resolution 649 (WRC-12), several possible methods by which an allocationthis might be accomplished are set out in Section 1/1.4/5.

1/1.4/3	Summary of technical and operational studies, including a list of relevant ITU-R Recommendations and Reports

[Editor’s Note: Studies undertaken in support of this Agenda item should identify the nature of the radio transmissions amateurs would typically make should the requested allocation be realized.  Other studies should demonstrate the ability of the amateur service to co-exist in the capacity of a secondary user with other services in the frequency range sought in the agenda item.  In particular, these studies should include an analysis of the occupancy by existing users of individual channels and frequency segments in the spectrum range referenced in the agenda item as a function of location and time-of-day.]

[Relevant ITU Recommendations would include …  

· 	Recommendation ITU-R P.533 Method for the prediction of the performance of HF circuits

· Recommendation ITU-R P.372 Radio noise

· Recommendation ITU-R P.368 Ground-wave propagation curves for frequencies between 10 kHz and 30 MHz

· Recommendation ITU-R F.240-7 Signal-to-interference protection ratios for various classes of emission in the fixed service below about 30 MHz

–	Recommendation ITU-R F.339-7 Bandwidths, signal-to-noise ratios and fading allowances in complete systems

–	Recommendation ITU-R M.1677-1 International Morse code

–	Recommendation ITU-R M.1732-1 Characteristics of systems operating in the amateur and amateur-satellite services for use in sharing studies

–	Recommendation ITU-R F.1761 Characteristics of HF fixed radiocommunication systems

–	Recommendation ITU-R F.1762 Characteristics of enhanced applications for high frequency (HF) radiocommunication systems

–	Recommendation ITU-R F.1821 Characteristics of advanced digital high frequency (HF) radiocommunication systems

–	Recommendation ITU-R.SM.1541-4 Unwanted emissions in the out-of-band domain

–	Report ITU-R M.[HF-SO]

–	Report ITU-R М.[5 MHZ CHAR] 

· –	Report ITU-R М.[5 MHZ COMPAT] 

[Editor’s Note: This statement is for information only it can be removed in the final version.

Procedures to be followed in the conduct of sharing studies will take account of the methodology in the liaison statement provided by WP 5C to WP 5A Document 5A/77 dated 29 May 2012.]

1/1.4/4	Analysis of the results of studies

[bookmark: _1/1.4/5_Method(s)_to][TBD]

[bookmark: _1/1.4/6_Methods_to]1/1.4/5	Methods to satisfy the agenda item

Method 1: An allocation on a secondary basis to the Amateur Radio Service of an appropriate amount of spectrum – not necessarily contiguous in the range 5 250 to 5 450 kHz.

[Editor’s Note: Methods to satisfy the agenda item should be developed and refined pursuant to studies identifying the required protection criteria of the existing users vis-à-vis the proposed secondary allocation.  These methods may include a single contiguous secondary allocation or a few smaller allocations within the frequency range of 5 250 to 5 450 kHz.]

1/1.4/6	Regulatory and procedural considerations

[Editor’s Note: For reference, the applicable portion of the Table of Frequency Allocations, including the modifications made at WRC-12, is provided below.  



5 060-5 680 kHz

		Allocation to services



		Region 1

		Region 2

		Region 3



		. . .



		5 060-5 250	FIXED

				Mobile except aeronautical mobile

				5.133



		5 250-5 275

FIXED

MOBILE except aeronautical mobile

Radiolocation   5.132A

 5.133A

		5 250-5 275

FIXED

MOBILE except aeronautical mobile

RADIOLOCATION  5.132A

		5 250-5 275

FIXED

MOBILE except aeronautical mobile

Radiolocation  5.132A



		5 275-5 450	FIXED

                                                            MOBILE except aeronautical mobile



		5 450-5 480

FIXED

AERONAUTICAL MOBILE (OR)

LAND MOBILE

		5 450-5 480

AERONAUTICAL MOBILE (R)

		5 450-5 480

FIXED

AERONAUTICAL MOBILE (OR)

LAND MOBILE



		5 480-5 680	AERONAUTICAL MOBILE (R)

				5.111  5.115



		. . .










5.111	The carrier frequencies 2 182 kHz, 3 023 kHz, 5 680 kHz, 8 364 kHz and the frequencies 121.5 MHz, 156.525 MHz, 156.8 MHz and 243 MHz may also be used, in accordance with the procedures in force for terrestrial radiocommunication services, for search and rescue operations concerning manned space vehicles. The conditions for the use of the frequencies are prescribed in Article 31.

	The same applies to the frequencies 10 003 kHz, 14 993 kHz and 19 993 kHz, but in each of these cases emissions must be confined in a band of  3 kHz about the frequency.     (WRC‑07)

5.115	The carrier (reference) frequencies 3 023 kHz and 5 680 kHz may also be used, in accordance with Article 31, by stations of the maritime mobile service engaged in coordinated search and rescue operations.  (WRC‑07)

5.132A	Stations in the radiolocation service shall not cause harmful interference to, or claim protection from, stations operating in the fixed or mobile services. Applications of the radiolocation service are limited to oceanographic radars operating in accordance with Resolution 612 (Rev.WRC‑12). (WRC‑12)

5.133	Different category of service:  in Armenia, Azerbaijan, Belarus, the Russian Federation, Georgia, Kazakhstan, Latvia, Lithuania, Moldova, Uzbekistan, Kyrgyzstan, Tajikistan, Turkmenistan and Ukraine, the allocation of the band 5 130-5 250 kHz to the mobile, except aeronautical mobile, service is on a primary basis (see No. 5.33). (WRC‑12)

5.133A	Alternative allocation: in Armenia, Austria, Belarus, Moldova, Uzbekistan and Kyrgyzstan, the frequency bands 5 250-5 275 kHz and 26 200-26 350 kHz are allocated to the fixed and mobile, except aeronautical mobile, services on a primary basis. (WRC‑12)
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The latest three WP 5A meetings have been conducting studies in compatibility of envisaged systems in the amateur service with those in the mobile service in the frequency band 
5250-5450 kHz. By now WP 5A has discussed a number of documents referring to estimation of separation distances required for providing protection of fixed service stations  from interference caused by amateur stations. The presented contribution presents preliminary results of estimating the separation distances required for providing protection of envisioned amateur stations from interference caused by fixed service link emissionsи фиксированной службы.

1	Protection criteria for systems in the amateur service in the frequency band 5250-5450 kHz

Working Party 5A activities associated with WRC-15 agenda item (AI) 1.4 resulted in elaboration of the preliminary draft new Report ITU-R M. [5 MHz CHAR] «Characteristics of amateur radio stations in the frequency band 5250-5450 kHz for studies in sharing » (see Document 5/54). 
The document contains extractions of amateur stations parameters from Recommendation 
ITU-R M.1732. though the draft Report describes transmitter noise figures for different modes of transmission it contains no data related to protection criteria for amateur stations.

Recommendation ITU-R М.1732 analysis shows that it does not contain data reflecting protection criteria for amateur stations. However recommends 2 therein notes that Recommendation 
ITU-R M.1044 should be used as guidance for studies in sharing between systems operating in amateur and amateur-satellite services and systems operating in other services.

Recommendation ITU-R М.1044 notes that Recommendation ITU-R F.240 «Signal-to-interference protection ratios for classes of emission in the fixed service up to 30 MHz » may be used for studies in sharing between services including amateur ones and other services until more detail technical information are available. Analysis of Recommendation ITU-R F.240 shows that it describes minimum required protection ratios for signals of different types. Specifically, in the case when F1B signal is affected by interfering emission in the same frequency band and with the same modulation mode, a minimum protection ratio is 7 dB. Below that value the interference is unacceptable for a given system.

The presented contribution uses that protection ratios value as protection criterion for stations n the amateur service.

2	Interference scenario and system technical characteristics used for sharing studies 

The described studies in effect of interference caused by fixed stations to amateur stations used a scenario shown in Figure 1

Figure 1

Interference scenario for stations in the amateur service 



Amateur service receiver                                         



Amateur service transmitter

Interference



Fixed service transmitter

Fixed service receiver

Ionosphere





In line with this scenario an amateur transmitter is located in point A. It emits a radiowave which is reflected from ionosphere and falls into an amateur receiver deployed in point B. A fixed service receiver is deployed in the vicinity of point B amateur receiver. The FS receiver receives emissions from a fixed service transmitter deployed in point C. As a result the fixed service link causes interference to the amateur service link. The interference may be estimated by calculation of signal-to-interference ratio and by comparing it wsith the threshold value fo 7 dB described in Recommendation ITU-R F.240.

3	Estimation of effect from fixed service links on operation of 
amateur links

Kotka – Moscow amateur service link was used for estimating interference effect on amateur systems. Murmansk – Moscow (1490 km), Sourgut – Moscow (2145 km), Kemerovo – Moscow (2997 km) and Angarsk – Moscow (410 km) radio links were used as interfering FS links.

It was assumed that both amateur and fixed links operated in steady conditions with 300HF1B signal. Estimation of mutual interference-free operability of the links was based on protection criteria specified in Recommendation ITU-R F.339:

		300HF1В signal



		Bit error rate

		Bandwidth, Hz

		S/N protection criterion, (dB/Hz)



		0,01

		300

		26



		0,001

		300

		27



		0,0001

		300

		29





The study used radiowave propagation model described in Recommendation ITU-R Р.533.

Table 1 below presents estimation results for radiowave propagation conditions in Kotka – Moscow amateur link.

TABLE 1

Radiowave propagation conditions in Kotka – Moscow amateur link 

		Signal-to-noise ratio, dB  



		Wanted link:  Kotka - Moscow, isotropic antenna gain of 0 dB, transmit and receive



		Output power

		0.1 kW

		SSN =

		10

		 



		 

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		24

		21

		19

		21

		25

		41

		42

		44

		43

		42

		43

		45

		47

		47

		47

		32

		24

		22

		23

		25

		27

		29

		29

		27



		February

		20

		18

		19

		23

		39

		42

		40

		41

		40

		40

		41

		43

		45

		46

		48

		47

		34

		27

		24

		23

		23

		25

		25

		23



		March

		19

		19

		22

		41

		41

		40

		38

		38

		37

		37

		39

		40

		41

		42

		44

		46

		46

		45

		33

		25

		22

		20

		21

		19



		April

		23

		26

		41

		45

		40

		39

		37

		38

		37

		37

		38

		39

		40

		40

		42

		44

		46

		46

		45

		44

		29

		24

		23

		22



		May

		37

		42

		44

		43

		39

		37

		36

		37

		36

		36

		37

		37

		38

		38

		40

		41

		44

		45

		45

		45

		44

		44

		40

		36



		June

		44

		45

		44

		42

		40

		39

		37

		36

		36

		36

		36

		36

		37

		36

		37

		38

		40

		41

		42

		43

		43

		43

		43

		43



		July

		40

		41

		44

		42

		40

		39

		38

		37

		36

		36

		36

		36

		38

		36

		38

		39

		41

		42

		42

		43

		43

		42

		39

		34



		August

		26

		40

		40

		43

		41

		40

		38

		37

		37

		36

		36

		37

		38

		37

		39

		40

		42

		43

		44

		44

		42

		34

		29

		27



		September

		18

		19

		26

		39

		40

		38

		37

		37

		36

		36

		37

		38

		39

		40

		42

		44

		45

		46

		45

		35

		27

		21

		20

		19



		October

		20

		20

		22

		30

		44

		43

		41

		41

		40

		39

		40

		41

		43

		43

		45

		45

		45

		45

		33

		27

		23

		21

		22

		21



		November

		20

		18

		19

		22

		30

		44

		43

		43

		42

		41

		42

		44

		45

		45

		45

		37

		27

		22

		19

		18

		19

		21

		24

		22



		December

		22

		19

		16

		18

		22

		32

		43

		44

		43

		42

		43

		44

		46

		46

		31

		21

		16

		15

		16

		20

		23

		25

		26

		25





Table 1 and the other tables below reflect dark green time intervals when the communication links could be used for data transfer with bit error rate of 0.001, light green color denotes time intervals when reception bit error rate would be of 0.01. Red color reflects time intervals when operation of radio links with specified bit error rate would be impractical. Yellow color denotes time intervals when FS links could cause unacceptable interference to amateur links. White color reflects time intervals when amateur links could operate under effect by interference from fixed service systems. 

Analysis of data reflected in Table 1 shows that Kotka – Moscow link could support data transfer with bit error rate of 0.0001 except for a small time percentage. 

Table 2 below shows propagation conditions in Murmansk – Moscow FS link, and Table 3 reflects propagation conditions in Kotka – Moscow amateur link with interference caused by Murmansk – Moscow transmission links. Analysis of data presented in Table 2 shows that Murmansk – Moscow FS link could support data transfer with bit error rate of 0.0001 at any moment of time. Therefore, this FS link could cause unacceptable interference to operation of amateur links to result in their unavailability (see Table 3).

Table 4 presents results of simulation related to propagation conditions in Sourgut – Moscow FS link. It is obvious that this link could support data transfer with bit error rate of 0.0001 for 95.1 time percentage.

TABLE 2

Propagation conditions in Murmansk – Moscow FS link

		Signal-to-noise ratio, dB



		Interfering link: Murmansk – Moscow, isotropic antenna gain of 0 dB, transmit and receive, 1490 km



		Output power

		5 kW

		SSN =

		10

		 



		 

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		46

		39

		37

		41

		54

		52

		50

		53

		52

		52

		54

		55

		57

		60

		60

		59

		47

		46

		49

		54

		59

		59

		59

		55



		February

		40

		35

		37

		50

		52

		49

		46

		50

		49

		49

		51

		52

		54

		57

		61

		59

		59

		52

		47

		46

		47

		50

		50

		45



		March

		40

		41

		52

		55

		47

		46

		45

		46

		46

		46

		49

		50

		51

		51

		55

		57

		58

		56

		56

		55

		45

		41

		42

		40



		April

		52

		56

		55

		50

		47

		46

		45

		46

		46

		46

		48

		49

		50

		49

		51

		54

		56

		57

		57

		55

		55

		49

		48

		47



		May

		57

		53

		52

		49

		45

		44

		43

		45

		44

		44

		47

		47

		48

		47

		48

		49

		50

		53

		54

		55

		55

		55

		58

		58



		June

		55

		54

		51

		50

		47

		46

		45

		46

		46

		45

		46

		46

		47

		44

		45

		46

		46

		49

		51

		52

		53

		53

		55

		55



		July

		54

		54

		51

		50

		47

		46

		45

		46

		46

		46

		46

		46

		47

		44

		45

		46

		47

		50

		51

		53

		54

		54

		55

		54



		August

		56

		55

		53

		51

		48

		47

		46

		46

		46

		46

		46

		47

		48

		45

		46

		47

		50

		51

		53

		56

		56

		55

		56

		56



		September

		41

		44

		51

		52

		46

		45

		43

		45

		45

		45

		47

		48

		49

		48

		50

		54

		56

		58

		56

		55

		55

		44

		43

		41



		October

		40

		39

		45

		57

		53

		49

		48

		49

		48

		48

		51

		52

		53

		53

		57

		58

		57

		56

		56

		55

		47

		43

		44

		41



		November

		39

		36

		38

		44

		54

		54

		50

		51

		50

		50

		53

		54

		57

		57

		58

		57

		56

		45

		41

		40

		42

		45

		47

		43



		December

		41

		33

		31

		33

		40

		53

		51

		54

		52

		52

		53

		56

		59

		58

		50

		39

		35

		36

		38

		43

		47

		50

		49

		46





TABLE 3

Signal-to-noise ratio for amateur communication link in the presence of interference from fixed 
service link Murmansk-Moscow

		Signal-to-noise ratio, dB 



		Wanted link: Kotka – Moscow, isotropic antenna gain of 0 dB

		Affecting link: Murmansk–Moscow, isotropic antenna gain of 0 dB 



		Output power

		0.1 kW

		SSN =

		10

		 

		Output power

		5 kW

		SSN

		10

		 

		 

		 

		 

		 

		 



		 

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		-22

		-18

		-18

		-20

		-29

		-11

		-8

		-9

		-9

		-10

		-11

		-10

		-10

		-13

		-13

		-27

		-23

		-24

		-26

		-29

		-32

		-30

		-30

		-28



		February

		-20

		-17

		-18

		-27

		-13

		-7

		-6

		-9

		-9

		-9

		-10

		-9

		-9

		-11

		-13

		-12

		-25

		-25

		-23

		-23

		-24

		-25

		-25

		-22



		March

		-21

		-22

		-30

		-14

		-6

		-6

		-7

		-8

		-9

		-9

		-10

		-10

		-10

		-9

		-11

		-11

		-12

		-11

		-23

		-30

		-23

		-21

		-21

		-21



		April

		-29

		-30

		-14

		-5

		-7

		-7

		-8

		-8

		-9

		-9

		-10

		-10

		-10

		-9

		-9

		-10

		-10

		-11

		-12

		-11

		-26

		-25

		-25

		-25



		May

		-20

		-11

		-8

		-6

		-6

		-7

		-7

		-8

		-8

		-8

		-10

		-10

		-10

		-9

		-8

		-8

		-6

		-8

		-9

		-10

		-11

		-11

		-18

		-22



		June

		-11

		-9

		-7

		-8

		-7

		-7

		-8

		-10

		-10

		-9

		-10

		-10

		-10

		-8

		-8

		-8

		-6

		-8

		-9

		-9

		-10

		-10

		-12

		-12



		July

		-14

		-13

		-7

		-8

		-7

		-7

		-7

		-9

		-10

		-10

		-10

		-10

		-9

		-8

		-7

		-7

		-6

		-8

		-9

		-10

		-11

		-12

		-16

		-20



		August

		-30

		-15

		-13

		-8

		-7

		-7

		-8

		-9

		-9

		-10

		-10

		-10

		-10

		-8

		-7

		-7

		-8

		-8

		-9

		-12

		-14

		-21

		-27

		-29



		September

		-23

		-25

		-25

		-13

		-6

		-7

		-6

		-8

		-9

		-9

		-10

		-10

		-10

		-8

		-8

		-10

		-11

		-12

		-11

		-20

		-28

		-23

		-23

		-22



		October

		-20

		-19

		-23

		-27

		-9

		-6

		-7

		-8

		-8

		-9

		-11

		-11

		-10

		-10

		-12

		-13

		-12

		-11

		-23

		-28

		-24

		-22

		-22

		-20



		November

		-19

		-18

		-19

		-22

		-24

		-10

		-7

		-8

		-8

		-9

		-11

		-10

		-12

		-12

		-13

		-20

		-29

		-23

		-22

		-22

		-23

		-24

		-23

		-21



		December

		-19

		-14

		-15

		-15

		-18

		-21

		-8

		-10

		-9

		-10

		-10

		-12

		-13

		-12

		-19

		-18

		-19

		-21

		-22

		-23

		-24

		-25

		-23

		-21





TABLE 4

Propagation conditions in Sourgut – Moscow FS link

		Signal-to-noise ratio, dB



		Interfering link: Sourgut – Moscow, isotropic antenna gain of 0 dB, 2145 km



		Output power

		5 kW

		SSN =

		10

		 



		 

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		58

		58

		56

		53

		46

		43

		39

		37

		38

		40

		45

		49

		55

		60

		58

		57

		57

		58

		58

		58

		58

		58

		58

		58



		February

		50

		58

		52

		45

		41

		36

		33

		32

		32

		34

		38

		44

		51

		56

		59

		58

		57

		58

		58

		58

		58

		58

		57

		58



		March

		57

		54

		45

		41

		36

		33

		31

		30

		31

		33

		35

		37

		43

		49

		54

		59

		58

		56

		56

		56

		57

		57

		57

		52



		April

		53

		48

		42

		38

		33

		33

		31

		31

		31

		32

		33

		34

		37

		43

		48

		52

		58

		58

		58

		56

		57

		57

		57

		56



		May

		46

		44

		38

		34

		30

		30

		28

		28

		28

		29

		30

		31

		33

		37

		42

		46

		48

		53

		56

		58

		59

		57

		55

		52



		June

		44

		41

		37

		32

		30

		29

		27

		27

		27

		27

		29

		29

		31

		35

		38

		41

		45

		47

		49

		52

		53

		50

		48

		46



		July

		44

		42

		38

		34

		30

		29

		28

		27

		27

		28

		29

		29

		32

		36

		39

		43

		46

		48

		53

		54

		55

		52

		51

		46



		August

		46

		44

		40

		35

		32

		30

		29

		28

		28

		29

		30

		30

		33

		38

		42

		46

		50

		57

		57

		57

		57

		57

		54

		52



		September

		55

		51

		42

		38

		33

		31

		29

		28

		29

		30

		31

		32

		37

		43

		49

		56

		59

		58

		57

		56

		57

		57

		57

		57



		October

		57

		58

		54

		48

		43

		39

		36

		35

		35

		36

		38

		41

		47

		51

		59

		59

		58

		58

		56

		56

		57

		57

		57

		50



		November

		49

		57

		56

		55

		48

		45

		41

		38

		39

		40

		44

		47

		52

		58

		57

		57

		57

		56

		55

		55

		57

		57

		57

		55



		December

		50

		46

		56

		55

		50

		45

		41

		39

		38

		40

		45

		49

		57

		58

		50

		45

		49

		58

		58

		58

		58

		58

		57

		58





Sourgut – Moscow link could support data transfer wth bit error rate of 0.001 for 
the rest 5% of time.

Table 5 presents simulation results for interference effect from Sourgut – Moscow FS links on Kotka – Moscow amateur link. 

TABLE 5

Signal-to-noise ratio for amateur communication link in the presence of interference from fixed
service link Sourgut –Moscow

		Signal-to-interference ratio, dB



		Wanted link: Kotka – Moscow, isotropic antenna gain of 0 dB 

		Affecting link: Sourgut – Moscow, isotropic antenna gain of 0 dB



		Output power

		0.1 kW

		SSN =

		10

		 

		Output power

		5 kW

		SSN

		10

		 

		 

		 

		 

		 

		 



		 

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		-34

		-37

		-37

		-32

		-21

		-2

		3

		7

		5

		2

		-2

		-4

		-8

		-13

		-11

		-25

		-33

		-36

		-35

		-33

		-31

		-29

		-29

		-31



		February

		-30

		-40

		-33

		-22

		-2

		6

		7

		9

		8

		6

		3

		-1

		-6

		-10

		-11

		-11

		-23

		-31

		-34

		-35

		-35

		-33

		-32

		-35



		March

		-38

		-35

		-23

		0

		5

		7

		7

		8

		6

		4

		4

		3

		-2

		-7

		-10

		-13

		-12

		-11

		-23

		-31

		-35

		-37

		-36

		-33



		April

		-30

		-22

		-1

		7

		7

		6

		6

		7

		6

		5

		5

		5

		3

		-3

		-6

		-8

		-12

		-12

		-13

		-12

		-28

		-33

		-34

		-34



		May

		-9

		-2

		6

		9

		9

		7

		8

		9

		8

		7

		7

		6

		5

		1

		-2

		-5

		-4

		-8

		-11

		-13

		-15

		-13

		-15

		-16



		June

		0

		4

		7

		10

		10

		10

		10

		9

		9

		9

		7

		7

		6

		1

		-1

		-3

		-5

		-6

		-7

		-9

		-10

		-7

		-5

		-3



		July

		-4

		-1

		6

		8

		10

		10

		10

		10

		9

		8

		7

		7

		6

		0

		-1

		-4

		-5

		-6

		-11

		-11

		-12

		-10

		-12

		-12



		August

		-20

		-4

		0

		8

		9

		10

		9

		9

		9

		7

		6

		7

		5

		-1

		-3

		-6

		-8

		-14

		-13

		-13

		-15

		-23

		-25

		-25



		September

		-37

		-32

		-16

		1

		7

		7

		8

		9

		7

		6

		6

		6

		2

		-3

		-7

		-12

		-14

		-12

		-12

		-21

		-30

		-36

		-37

		-38



		October

		-37

		-38

		-32

		-18

		1

		4

		5

		6

		5

		3

		2

		0

		-4

		-8

		-14

		-14

		-13

		-13

		-23

		-29

		-34

		-36

		-35

		-29



		November

		-29

		-39

		-37

		-33

		-18

		-1

		2

		5

		3

		1

		-2

		-3

		-7

		-13

		-12

		-20

		-30

		-34

		-36

		-37

		-38

		-36

		-33

		-33



		December

		-28

		-27

		-40

		-37

		-28

		-13

		2

		5

		5

		2

		-2

		-5

		-11

		-12

		-19

		-24

		-33

		-43

		-42

		-38

		-35

		-33

		-31

		-33





Analysis of simulation results shows that FS link transmitter located at a distance of 2145 km 
from an amateur receiver would cause unacceptable interference of the victim receiver for over 
75% of time. 

Table 6 presents simulation results for propagation conditions in Kemerovo – Moscow link 

TABLE 6

Propagation conditions in Kemerovo – Moscow FS link

		Interference-to-noise ratio, dB



		Interfering link: Kemerovo – Moscow, isotropic antenna gain of 0 dB, 2997 km



		Output power

		5 kW

		SSN =

		10

		 



		 

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		55

		55

		48

		43

		35

		31

		29

		29

		30

		33

		38

		46

		54

		54

		52

		55

		55

		57

		57

		53

		53

		52

		57

		55



		February

		55

		42

		44

		36

		31

		28

		26

		26

		27

		30

		34

		41

		51

		55

		54

		52

		57

		57

		56

		57

		57

		57

		56

		55



		March

		46

		46

		38

		32

		28

		26

		25

		24

		26

		28

		30

		33

		40

		48

		53

		54

		53

		56

		55

		54

		55

		55

		55

		55



		April

		46

		40

		34

		30

		27

		25

		24

		24

		25

		26

		28

		30

		34

		39

		46

		51

		54

		54

		53

		56

		56

		55

		55

		49



		May

		39

		34

		30

		27

		24

		23

		22

		21

		22

		23

		25

		26

		29

		33

		37

		43

		46

		52

		54

		54

		54

		52

		49

		45



		June

		34

		31

		27

		24

		23

		21

		20

		20

		20

		21

		23

		26

		29

		31

		33

		37

		39

		46

		49

		50

		48

		46

		43

		39



		July

		35

		31

		28

		25

		22

		21

		20

		20

		20

		21

		23

		26

		29

		32

		34

		40

		42

		48

		51

		51

		50

		47

		44

		40



		August

		40

		34

		30

		26

		24

		23

		22

		21

		21

		23

		25

		28

		31

		35

		39

		43

		50

		53

		52

		52

		52

		50

		47

		44



		September

		47

		43

		34

		29

		26

		24

		22

		22

		23

		24

		26

		28

		32

		39

		46

		53

		54

		54

		53

		56

		56

		55

		55

		54



		October

		55

		51

		47

		39

		34

		31

		30

		29

		30

		31

		34

		37

		43

		48

		54

		54

		53

		52

		56

		56

		56

		55

		55

		55



		November

		55

		56

		52

		47

		39

		35

		32

		32

		33

		34

		38

		43

		50

		53

		52

		56

		56

		56

		56

		56

		56

		56

		55

		55



		December

		55

		55

		54

		46

		37

		32

		29

		28

		29

		32

		37

		47

		52

		55

		55

		55

		55

		55

		57

		57

		57

		56

		56

		55





It is obvious that in case of increasing the distance of the FS link by 852 km a potential duration of its operation would be reduced by 14% to result in increasing the time when an amteur link could operate. Table 7 shows results of estimating effect of interference from Kemerovo – Moscow FS link on Kotka – Moscow amateur link. 7. It is obvious that increasing the distance of the FS link resulted in the fact that FS links would not cause unacceptable interference to amateur links for 
54% of available operation time. The FS link could still cause interference toamateur links for the rest 46% of available time.

TABLE 7

[bookmark: _GoBack]Signal-to-noise ratio for amateur communication link in the presence of interference from fixed
service link Kemerovo –Moscow

		Signal-to-interference ratio, dB



		Wanted link: Kotka – Moscow, isotropic antenna gain of 0 dB 

		Interfering link: Kemerovo – Moscow, isotropic antenna gain of 0 dB 



		Output power

		0.1 kW

		SSN =

		10

		 

		Output power

		5 kW

		SSN

		10

		 

		 

		 

		 

		 

		 



		 

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		-31

		-34

		-29

		-22

		-10

		10

		13

		15

		13

		9

		5

		-1

		-7

		-7

		-5

		-23

		-31

		-35

		-34

		-28

		-26

		-23

		-28

		-28



		February

		-35

		-24

		-25

		-13

		8

		14

		14

		15

		13

		10

		7

		2

		-6

		-9

		-6

		-5

		-23

		-30

		-32

		-34

		-34

		-32

		-31

		-32



		March

		-27

		-27

		-16

		9

		13

		14

		38

		38

		11

		9

		9

		7

		1

		-6

		-9

		-8

		-7

		-11

		-22

		-29

		-33

		-35

		-34

		-36



		April

		-23

		-14

		7

		15

		13

		39

		37

		38

		37

		11

		10

		9

		6

		1

		-4

		-7

		-8

		-8

		-8

		-12

		-27

		-31

		-32

		-27



		May

		-2

		8

		14

		16

		39

		37

		36

		37

		36

		36

		37

		11

		9

		5

		3

		-2

		-2

		-7

		-9

		-9

		-10

		-8

		-9

		-9



		June

		10

		14

		17

		42

		40

		39

		37

		36

		36

		36

		36

		10

		8

		5

		4

		1

		1

		-5

		-7

		-7

		-5

		-3

		0

		4



		July

		5

		10

		16

		42

		40

		39

		38

		37

		36

		36

		36

		10

		9

		4

		4

		-1

		-1

		-6

		-9

		-8

		-7

		-5

		-5

		-6



		August

		-14

		6

		10

		17

		41

		40

		38

		37

		37

		36

		36

		9

		7

		2

		0

		-3

		-8

		-10

		-8

		-8

		-10

		-16

		-18

		-17



		September

		-29

		-24

		-8

		10

		14

		38

		37

		37

		36

		36

		11

		10

		7

		1

		-4

		-9

		-9

		-8

		-8

		-21

		-29

		-34

		-35

		-35



		October

		-35

		-31

		-25

		-9

		10

		12

		11

		12

		10

		8

		6

		4

		0

		-5

		-9

		-9

		-8

		-7

		-23

		-29

		-33

		-34

		-33

		-34



		November

		-35

		-38

		-33

		-25

		-9

		9

		11

		11

		9

		7

		4

		1

		-5

		-8

		-7

		-19

		-29

		-34

		-37

		-38

		-37

		-35

		-31

		-33



		December

		-33

		-36

		-38

		-28

		-15

		0

		14

		16

		14

		10

		6

		-3

		-6

		-9

		-24

		-34

		-39

		-40

		-41

		-37

		-34

		-31

		-30

		-30





Table 8 presents simulation results for propagation conditions in Angarsk – Moscow link 

TABLE 8

Propagation conditions in Angarsk – Moscow link 

		Interference-to-noise ratio, dB



		Interfering link: Angarsk – Moscow, isotropic antenna gain of 0 dB , 4180 km



		Output power

		5 kW

		SSN =

		10

		 



		 

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		49

		38

		23

		10

		1

		-4

		-3

		4

		16

		31

		44

		52

		52

		52

		50

		51

		52

		52

		52

		52

		52

		51

		50

		50



		February

		41

		28

		10

		-5

		-15

		-19

		-16

		-8

		4

		19

		35

		45

		52

		52

		51

		51

		52

		52

		51

		51

		51

		50

		50

		50



		March

		32

		17

		2

		-9

		-16

		-20

		-20

		-15

		-6

		6

		19

		32

		43

		51

		52

		52

		51

		50

		50

		50

		50

		50

		50

		44



		April

		20

		6

		-5

		-14

		-19

		-22

		-23

		-20

		-15

		-8

		2

		15

		29

		38

		47

		52

		52

		52

		51

		51

		52

		50

		44

		33



		May

		9

		-3

		-12

		-19

		-24

		-28

		-29

		-27

		-22

		-15

		-6

		3

		16

		22

		31

		43

		50

		52

		52

		51

		46

		39

		31

		20



		June

		3

		-8

		-16

		-24

		-29

		-32

		-32

		-29

		-24

		-16

		-7

		1

		10

		21

		22

		32

		41

		46

		46

		42

		39

		31

		23

		13



		July

		6

		-3

		-13

		-19

		-24

		-27

		-28

		-26

		-21

		-13

		-4

		5

		15

		24

		29

		38

		47

		49

		49

		45

		41

		33

		25

		15



		August

		10

		-2

		-10

		-17

		-22

		-25

		-27

		-25

		-20

		-10

		-1

		10

		23

		28

		41

		48

		51

		51

		50

		50

		49

		43

		32

		22



		September

		25

		10

		-3

		-12

		-20

		-25

		-27

		-25

		-19

		-9

		4

		19

		29

		45

		51

		52

		52

		52

		51

		51

		51

		51

		48

		37



		October

		43

		30

		16

		3

		-6

		-11

		-12

		-9

		-1

		10

		24

		34

		47

		52

		52

		52

		52

		51

		51

		51

		51

		50

		50

		51



		November

		51

		42

		29

		17

		6

		1

		1

		6

		15

		26

		36

		49

		51

		50

		50

		51

		51

		51

		51

		51

		51

		49

		50

		52



		December

		51

		45

		30

		17

		6

		1

		1

		7

		17

		31

		46

		50

		47

		38

		41

		50

		50

		51

		51

		51

		51

		49

		49

		49





It is obvious that further increasing the distance of the FS link results in decreasing time percentage to 53% when transmission of signals is feasible. It would also results in increasing the time percentage when FS links cause no interference to amateur links.

Table 9 below shows results of estimating effect of interference from Angarsk – Moscow FS link on Kotka – Moscow amateur link. It is obvious that increasing the distance of the FS link resulted in the fact that amateur link could use 63% of operation time. The FS link could still cause interference to amateur links for the rest of available time.

It is to note that the presented results were obtained assuming a FS transmitter using an omnidirectional antenna.  Assuming usage of directional antennas in a FS link would result in increasing the interference in an amateur link and hence in increasing a required protection distance.

TABLE 9

Signal-to-noise ratio for amateur communication link in the presence of interference from fixed
service link Angarsk – Moscow

		Signal-to-interference ratio, dB



		Wanted link: Kotka – Moscow, isotropic antenna gain of 0 dB

		Interfering link: Angarsk – Moscow, isotropic antenna gain of 0 dB 



		Output power

		0.1 kW

		SSN =

		10

		 

		Output power 

		5 kW

		SSN

		10

		 

		 

		 

		 

		 

		 



		 

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



		January

		-25

		-17

		19

		21

		25

		41

		42

		44

		43

		11

		-1

		-7

		-5

		-5

		-3

		-19

		-28

		-30

		-29

		-27

		-25

		-22

		-21

		-23



		February

		-21

		-10

		19

		23

		39

		42

		40

		41

		40

		40

		6

		-2

		-7

		-6

		-3

		-4

		-18

		-25

		-27

		-28

		-28

		-25

		-25

		-27



		March

		-13

		19

		22

		41

		41

		40

		38

		38

		37

		37

		39

		8

		-2

		-9

		-8

		-6

		-5

		-5

		-17

		-25

		-28

		-30

		-29

		-25



		April

		23

		26

		41

		45

		40

		39

		37

		38

		37

		37

		38

		39

		11

		2

		-5

		-8

		-6

		-6

		-6

		-7

		-23

		-26

		-21

		-11



		May

		37

		42

		44

		43

		39

		37

		36

		37

		36

		36

		37

		37

		38

		38

		9

		-2

		-6

		-7

		-7

		-6

		-2

		5

		9

		36



		June

		44

		45

		44

		42

		40

		39

		37

		36

		36

		36

		36

		36

		37

		36

		37

		6

		-1

		-5

		-4

		1

		4

		12

		43

		43



		July

		40

		41

		44

		42

		40

		39

		38

		37

		36

		36

		36

		36

		38

		36

		9

		1

		-6

		-7

		-7

		-2

		2

		9

		39

		34



		August

		26

		40

		40

		43

		41

		40

		38

		37

		37

		36

		36

		37

		38

		9

		-2

		-8

		-9

		-8

		-6

		-6

		-7

		-9

		-3

		27



		September

		18

		19

		26

		39

		40

		38

		37

		37

		36

		36

		37

		38

		10

		-5

		-9

		-8

		-7

		-6

		-6

		-16

		-24

		-30

		-28

		-18



		October

		-23

		-10

		22

		30

		44

		43

		41

		41

		40

		39

		40

		7

		-4

		-9

		-7

		-7

		-7

		-6

		-18

		-24

		-28

		-29

		-28

		-30



		November

		-31

		-24

		-10

		22

		30

		44

		43

		43

		42

		15

		6

		-5

		-6

		-5

		-5

		-14

		-24

		-29

		-32

		-33

		-32

		-28

		-26

		-30



		December

		-29

		-26

		-14

		18

		22

		32

		43

		44

		43

		11

		-3

		-6

		-1

		8

		-10

		-29

		-34

		-36

		-35

		-31

		-28

		-24

		-23

		-24





Effect of interference caused by Petropavlovsk-Kamchatski located FS transmitter on Kotka – Moscow amateur link was also estimated. The estimates show that a FS transmitter deployed at a distance exceeding 6000 km from an amateur link would still cause unacceptable interference to an amateur receiver. Employment of directional antennas in Petropavlovsk-Kamchatski to Moscow FS link would result in significant decreasing of time when the FS links cause no interference to Kotka – Moscow amateur links.

4	Conclusions and Proposals

Results of conducted studies show that fixed service link using omnidirectional antennas could cause unacceptable interference to amateur links at separation distances exceeding 6300 km with imposing significant limitations on their operation time. Usage of directional antennas in FS links would result in increasing the required separation distances and additional reduction of amateur link operation time periods when they would be unaffected by FS interference. Thus a conclusion may be drawn that sharing between amateur service link and FS links in the frequency band 
5250-5450 kHz would be extremely difficult.

Therefore it is proposes:

–	to consider the possibility of inclusion of these results to WD PDNR ITU-R М.[5 MHz COMPAT];

–	to include into CPM text on agenda item 1.4 of WRC-15 Method proposed below:

“NOC in the RR Table of frequency allocations related to the frequency band 5250-5450 kHz”.



______________
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Introduction

Resolution 649 (WRC-12), WRC-15 agenda item 1.4 proposes a secondary allocation to the Amateur Radio Service of an appropriate amount of spectrum, not necessarily contiguous, in the frequency range 5 250 to 5 450 kHz.  To address the compatibility of operation of amateur radio stations in this frequency range with existing services, a working document towards a preliminary draft new Report ITU-R M.[5 MHZ COMPAT] was developed at the eleventh meeting of WP 5A (Geneva, 20-30 May 2013), Annex 10 to the Chairman’s Report (Document 5A/306). 

In this contribution, compatibility with oceanographic  radar and proposed amateur service stations are analysed according to the requirements described in WP 5B Liaison statement to WP 5A (Document 5A/200) “Technical characteristics and protection criteria of the oceanographic radars operating in the frequency range 5 250-5 450 kHz”.

[bookmark: dtitle2]Proposal

Canada proposes WP 5A consider including the compatibility study in the Attachment into the PNDR ITU-R M.[5 MHZ COMPAT] as a new annex. 







Attachment:	“Compatibility analysis of possible amateur systems with fixed, land mobile, maritime mobile and radiolocation services in the frequency band 5 250‑5 450 kHz”





ATTACHMENT

Annex ZZ

Compatibility analysis of possible amateur systems with fixed, land mobile, maritime mobile and radiolocation services in the
frequency band 5 250-5 450 kHz

Summary

The results of the ground-wave analysis showed that separation distances between the oceanographic radar receiver and the amateur transmitter is a function of noise environment, operational frequency, transmitter power, soil type and antenna type. The minimum separation distances are estimated to be for land 50 km and 40 km for sea path. The analysis did not take into account ground cover, vegetation, buildings and other obstructions or variations in elevation. These factors may reduce the separation distances. 

The objective of this Annex is to assess and quantify the potential for the degradation of radiolocations service which could occur as the result of amateur service operations when operating co-channel. 

1	Introduction

There are two typical paths of propagation for HF radio waves (Report ITU-R F.2087)

−	Ground wave: for path up to line-of-sight (LOS) and beyond. This mode is normally used for path lengths up to 50-200 km.

−	Sky wave: for beyond LOS path affected via reflection at the ionosphere, 100-350 km above the Earth. Ranges of several thousands of kilometres are common. 

Ground-wave propagation is the desired propagation mode for oceanographic radars because oceanographic radars sense conditions of the coastal ocean surface via ground-wave propagation. 

2	Related ITU‑R Recommendations and Reports

Recommendation ITU-R P.368-9 - Ground-wave propagation curves for frequencies between 10 kHz and 30 MHz

Recommendation  ITU-R P.341-5 - The  concept of transmission loss for radio links

Recommendation ITU-R M.1461-1 - Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services

Recommendation ITU-R M.1874 - Technical and operational characteristics of oceanographic radars operating in sub-bands within the frequency range 3-50 MHz

Recommendation ITU‑R P.527-3 - Electrical characteristics of the surface of the Earth

Recommendation ITU-R P.372-10 - Radio noise

Report ITU-R F.2087 - Requirements for high frequency (HF) radiocommunication systems in the fixed service

Report ITU-R M.2234 - The feasibility of sharing sub-bands between oceanographic radars operating in the radiolocation service and fixed and mobile services within the frequency 
band 3-50 MHz

3	Oceanographic radar characteristics and protection criteria 

The ITU-R provided information about protection criteria and operational characteristics of oceanographic radars to be used in the WRC-15 agenda item 1.4 studies. In particular, using the values contained in Recommendation ITU-R М.1874 for the technical and operational characteristics of oceanographic radars, and with Recommendation ITU-R М.1461-1 an interference/noise ratio (I/N) of minus 6 dB to be used as the protection criterion.

3.1	Characteristics of oceanographic radars

Recommendation ITU-R M.1874 details the characteristics of HF oceanographic radars to be considered in compatibility studies under WRC-15 agenda item 1.4. A variety of antenna types are currently used with high-frequency oceanographic radar systems. 

Oceanographic radar systems utilize either a 3-element Yagi antenna or a phased-array system to sweep azimuthally with some using multiple sets of Yagi antenna for transmission. The majority of systems use a vertical dipole antenna, either individually or in phased array systems. All of the oceanographic radar systems utilize vertical polarization. The oceanographic radar antennas are always at sea level, the lowest point of the land path. There will be terrain and obstruction losses between the antenna and inland, but it is difficult to give a number that can represent signal reduction due to terrain, building and foliage attenuation. Whatever the antenna type, the antenna gain for ground-wave propagation is typically 0-2 dBi for the main lobe and a value of 0 dBi will be used for omnidirectional signal reception.

4	Theoretical ground-wave analysis 

4.1	Ground-wave propagation model

A ground wave is a radio wave that propagates close to the surface of the Earth. In this mode the radio wave propagates by interacting with the surface of the earth. Ground-wave propagation is the required propagation mode for the operation of oceanographic radars. 

The ground-wave propagation mode is stable and predictable as described in Recommendation ITU‑R P.368-9 for frequencies up to 50 MHz, which provides information on the ground-wave mode over smooth homogeneous Earth for various sets of electrical constants of the ground. A software based implementation of this model, GRWAVE[footnoteRef:1], was used for all ground-wave analysis calculations.  [1: 	GRWAVE is available through ITU-R website http://www.itu.int/dms_pub/itur/oth/0A/04/R0A0400000F0001ZIPE.zip.] 


4.2	Input parameters for GRWAVE based analysis

The path lengths of a ground-wave signal are usually on the order of 50-200 km over land and longer ranges up to 600 km occur over sea paths. In the ground-wave mode, the ultimate range depends on factors such as transmitter power, frequency (lower frequency gives greater distance) and surface conditions (wet ground gives longer distance, with the best conditions for these frequencies being over seawater). Higher conductivity and permittivity values result in longer propagation ranges. The analysis took these factors into account by setting the relative permittivity and conductivity of the surface of the earth from the Recommendation ITU‑R P.527-3:

−	For land path, input parameters are relative permittivity 22 and conductivity set to 0.003 S/m.

−	For sea path (average salinity), input parameters are set relative permittivity 80 and conductivity set to 5 S/m.

4.3	Path loss calculation

Typical amateur stations antenna at 5.3 MHz range is half-wave horizontal antenna and transmitter power of 100 W. Let Pt be the amateur transmitter power towards the radar. The minimum path loss LL necessary for the separation of amateur transmitter in order not to interfere with the receiver is such that: 

		Pr - Lc - LL < Imax	                                                                                          

		[bookmark: _Ref360198410](1)





where;

Imax = The maximum interference level to the oceanographic radar receiver from (4),

Pr = The amateur transmitter power, (20 dBW),

LL =  path loss (dB), from Table 1,

Lc = Transmission line loss, and antenna gains from (2), 

		Lc = Ltr – Ga,

		[bookmark: _Ref360197135](2)





where Ltr combined losses in the transmitting and receiving antenna circuits (7 dB), and Ga is the combined gain of the transmitting and receiving antennas (2 dB).

Ground wave propagation losses over land and sea path for horizontal transmitting antenna are shown at 5.25 MHz in Table 1.

[bookmark: _Ref360197969]Table 1

Ground wave basic transmission losses at 5.25 MHz over land and sea paths

[bookmark: _MON_1393317267] (T=emitter height 3 m, R=receiver height 3 m, horizontal polarization) using GRWAVE

		Distance (km)

		Land loss (dB)

		Sea loss (dB)



		10

		115.23

		119.43



		20

		127.53

		131.74



		30

		134.91

		139.12



		40

		140.27

		144.48



		50

		144.62

		148.83



		60

		148.31

		152.52



		70

		151.56

		155.77



		80

		154.49

		158.71



		90

		157.19

		161.41



		100

		159.71

		163.94



		150

		170.71

		174.95



		200

		180.36

		184.61



		300

		198.27

		202.53



		400

		215.54

		219.82



		500

		232.56

		236.86



		600

		249.42

		253.74








4.4	External noise calculation

The Report ITU-R M.2234 states that, the noise figure of a HF receiver being lower than the external noise (which is the dominant limiting factor for HF communications), studies should refer to Recommendation ITU-R P.372-10 for the radio noise values. Recommendation ITU-R P.372-10 details how to derive median values of noise energy N for a number of environments. The external noise is a combination of three components: man-made noise (Nman), galactic noise (Ngal), and atmospheric noise (Natm). Software NOISEDAT[footnoteRef:2] developed by ITU-R enables one to calculate these three components, and therefore the resulting external noise is given by:  [2: 	NOISEDAT is available through ITU-R website https://www.itu.int/dms_pub/itu-r/oth/0A/04/R0A0400000B0001ZIPE.zip. ] 


				N=10*log10(10^(Ngal/10)+10^(Nman/10)+10^(Natm/10))

		(3)





Man-made noise parameter depends on the environment. The location of oceanographic radar location in assumed to be in a “rural” environment in Region 2 and for analysis located at a hypothetical location (latitude 43°26'58.81"N and longitude 65°28'17.16"W) in Nova Scotia Canada. The galactic noise (Ngal) is negligible for frequencies below 10 MHz. The rural man-made noise (Nman) level at 3 MHz (-dBW/Hz) in 1 Hz bandwidth is 150.02 (dBW/Hz). The noise levels are calculated for all seasons for 24 hours and shown in Table 2.  

[bookmark: _Ref360198096]Table 2

Estimation of external noise level N (dBW/Hz) at 5.25 MHz Nova Scotia Canada

		Local Time block (h)

		Dec, Jan, Feb

		Mar, Apr, May

		Jun, Jul. Aug

		Sep, Oct, Nov



		0000-0400

		-153

		-149

		-147

		-150



		0400-0800

		-153

		-154

		-155

		-151



		0800-1200

		-157

		-157

		-157

		-157



		1200-1600

		-157

		-156

		-156

		-157



		1600-2000

		-155

		-156

		-155

		-154



		2000-2400

		-152

		-149

		-150

		-150





Therefore at 5.25 MHz the “rural” external noise varies from –147 to -157 dBW/Hz and the minimum value for N is estimated from the Table 2 which is -157 dBW/Hz. 

4.5	Maximum interference level

For the external noise N the maximum interference level into an oceanographic radar 25 kHz receiver bandwidth is:

		Imax = N + (I/N) + 10*log10(25000)

		[bookmark: _Ref360182291](4)





With;

−	Imax the maximum interference level in the incumbent oceanographic radar receiver,

−	(I/N) = –6 dB,

−	N the external noise value -157 dBW/Hz, calculated for “rural” environment in Table 2.

The maximum interference level, Imax, is derived from the value of the lowest noise level, which is ‑119 dBW for this location.

5	Results

Separation distances between oceanographic radar system and amateur service transmitter are derived from calculation of the external noise for minimum value of N. The path loss values are taken from the Table 1, and Imax is calculated from equation (4). 

From the expression given in (1), the separation distances between a horizontally polarised amateur transmitter signal and oceanographic radar which are required in order to stay below the maximum interference threshold of I/N=-6 dB are 50 and 40 km for land and sea paths respectively. 
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[bookmark: dbreak]This document presents the results of a study to assess the probability of interference to aeronautical mobile receivers in the 5 450–5 480 kHz frequency band from amateur service transmitters in the 5 250‑5 450 kHz frequency band.

The method models an aircraft flying in a straight line and at a constant altitude between an aeronautical mobile service ground station operating on 5 451 kHz and a hypothetical 100 W amateur transmitter operating on 5 300 kHz with a spurious emission of -50 dBc (1 mW) on 5 451 kHz. 

The study considers the impact of the spurious emission on reception of a wanted signal by calculating the signal-to-noise (SNR) and signal-to-noise plus interference (SNIR) ratios at the aircraft receiver. The resulting signal-to-noise ratio is then compared to the minimum acceptable signal-to-noise ratio. The results show that, depending upon the type of antenna used, if the aircraft is very close to the amateur transmitter the SNIR ratio falls just below the required 22 dB SNR ratio but not far enough to seriously degrade the link.

Because the studied signal is presumed to be within the spurious domain, and the bandwidth of the amateur signal under consideration is under 4 kHz, the boundary between the out-of-band and spurious domains is considered to be 10 kHz from the centre of the necessary bandwidth of the amateur station (RR Appendix 3, Annex 1, Table 1).  The calculations are therefore valid for amateur stations whose necessary bandwidths are not centred above 5 441 kHz (5 451 kHz‑10 kHz).

Calculations indicate that the probability of interference for line of sight propagation will be significantly less than 0.001% per aircraft at any time. Furthermore, as the probability for interference for signals propagated under line of sight conditions is very low, the probability of interference by signals propagated via the ionosphere is even lower.

These results would suggest that an amateur service allocation within the 5 250‑5 441 kHz frequency band is compatible with the aeronautical mobile service allocation in the 5 450‑5 480 kHz frequency band.

To ensure compatibility with this adjacent aeronautical mobile service allocation in the 5 450‑5 480 kHz frequency band, the IARU proposes the upper limit of the requested secondary allocation to the amateur service be set to 5 440 kHz to provide protection against spurious as well as out of band emissions.
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8.1.2	Interference impact assessment on the aeronautical service

8.1.2.1	Background

The proposed new secondary amateur service allocation around 5 300 kHz requires that studies be undertaken to establish if the amateur service can co-exist with incumbent services in the 5 250‑ 5 450 kHz frequency band and is compatible with services in adjacent frequency bands. 

One of the studies that are required is to consider possible interference issues with the aeronautical mobile service in the 5 450‑5 480 kHz frequency band which is adjacent to the 5 250‑5 450 kHz frequency band being considered for the possible amateur service allocation. ITU-R studies need to consider two cases:

1.	‘Line of sight’ (LOS) transmission i.e. considering possible interference to an aircraft receiver by signals received directly and that have not been ‘reflected’ by the ionosphere or ground/ocean.

2.	Conventional ionospheric propagation.

The following pages show the results of the study and the method used to assess the interference potential from an amateur station operating in the 5 250‑5 450 kHz frequency band to an aeronautical mobile service receiver operating in the 5 450‑5 480 kHz frequency band for line of sight transmissions.

Any interference received by aircraft receivers in 5 450‑5 480 kHz frequency band would be caused by spurious emissions from an amateur station operating in the proposed 5 250‑5 450 kHz frequency band, therefore the provisions of Recommendation ITU-R SM.329-12[footnoteRef:1] apply as shown in Table 1 below.  The table indicates that, in general, the amateur service must meet more stringent emission limits than mobile service transmitters around 5 300 kHz. [1: 	Recommendation ITU-R SM.329-12 (09/2012) Unwanted emissions in  the spurious domain.] 


Table 1

Extract from Recommendation ITU-R SM.329-12 showing emission limits
for relevant services below 30 MHz.

		 Service category in accordance
with RR Article 1,
or equipment type(1), (2)

		Attenuation (dB) below the power (W) supplied
to the antenna transmission line



		SSB from mobile stations(9)

		43 dB below PEP



		Amateur services operating below 30 MHz (including with SSB)(9)

		43 + 10 log PEP, or 50 dB, whichever is less stringent



		Services operating below 30 MHz, except space, radiodetermination, broadcast, those using SSB from mobile stations, and amateur(9)

		43 + 10 log X, or 60 dBc, whichever is less stringent

where:
	X = PEP for SSB modulation,
	X = P for other modulation





8.1.2.2	Parameters used in this study

The following parameters are used in this study. The values have been derived from various documents and reports which are given in the appendix and reference section:

Man made noise environments: Quiet rural, rural, residential, city and aircraft.

Atmospheric and galactic noise level: 36 dB above Pn (the thermal noise floor). This value is the minimum natural noise level expected and will be exceeded 99.5 % of the time.

Aeronautical mobile service ground transmitter power: 4 kW[footnoteRef:2] [2: 	From RR No. 26.4.] 


Aeronautical mobile service ground station antenna: Isotropic (0 dBi gain)

Aircraft receiver antenna efficiency: 0 dB and -10 dB

Aircraft receiver frequency: 5 451 kHz

Amateur service spurious emission power: 1 mW (-50 dBc with respect to 100 W)

Amateur service antenna: half-wave dipole 10 m above ground and 10 m high vertical monopole.

Amateur transmission frequency: 5 300 kHz

Minimum usable signal-to-noise plus interference ratio: 22 dB

Reference bandwidth for signal-to-noise ratio calculations: 3 kHz

8.1.2.3	Study Results

The following charts show the signal-to-noise plus interference (SNIR) and signal-to-noise (SNR) ratios for an aircraft flying at either 13 000 m or 2 000 m in a direct line between an aeronautical mobile ground transmitter (TX2) and a hypothetical amateur service transmitter (TX1). The reference bandwidth for the signal-to-noise ratio calculations is 3 kHz.




Figures 1 and 2 show the signal-to-noise ratios for the links without any interference as a function of distance and receiver noise environments. The noise components consist of atmospheric, galactic and man-made noise. The aeronautical mobile service ground station antenna is assumed to have isotropic properties and the receiver antenna has an efficiency of 0 dB with no directional properties. The signal-to-noise ratio shown on the charts will decrease by 10 dB if the receiver antenna has an efficiency of –10 dB.

Figures 3 through 14 show the calculated signal-to-noise plus interference ratio as a function of distance and receiver noise environments for various antenna configurations. The minimum acceptable signal-to-noise ratio for the aeronautical mobile service is shown on each chart and if the calculated signal-to-noise plus interference ratio falls below the specified limit some degradation of the aeronautical mobile service link is possible. The horizontal axis on each chart shows the ground distance from a point directly below the aircraft to the amateur service transmitter.

Figures 3 and 5 indicate that there are circumstances where the required signal-to-noise ratio fall below the recommended value of 22 dB and in these cases the lowest figures is approximately 21 dB. The conditions are that the aircraft is less than 0.5 km (ground distance) from the amateur service transmitter, the aircraft is flying at an altitude of 2 km or less and the amateur transmitter is using an antenna with significant gain. Otherwise, there is no case where the aircraft is subject to interference such that the received signal falls below the required signal-to-noise ratio of 22 dB.

Details of the method and calculations are shown in the appendix.

Figure 1

Calculated signal-to-noise ratio versus distance for undisturbed link when aircraft is flying at an altitude
of 2 000 m at which height the horizon distance is 159 km. The amateur transmitter is located
at distance = 0 km and the aeronautical mobile ground station is at distance = 159 km.






Figure 2

Calculated signal-to-noise ratio versus distance for undisturbed link when aircraft is flying at
an altitude of 13 000 m at which height the horizon distance is 407 km. The amateur
transmitter is located at distance = 0 km and the aeronautical mobile ground
station is at distance = 407 km.



Figure 3

Dipole transmit antenna, receive antenna efficiency = 0 dB. Aircraft altitude = 2 km. 



Figure 4

Dipole transmit antenna, receive antenna efficiency = 0 dB. Aircraft altitude = 13 km. 



Figure 5

Dipole transmit antenna, receive antenna efficiency = -10 dB. Aircraft altitude = 2 km.  



Figure 6

Dipole transmit antenna, receive antenna efficiency = -10 dB. Aircraft altitude = 13 km. 






Figure 7

Vertical transmit antenna, receive antenna efficiency = 0 dB. Aircraft altitude = 2 km. 



Figure 8

Vertical transmit antenna, receive antenna efficiency = 0 dB. Aircraft altitude = 13 km. 





Figure 9

Vertical transmit antenna, receive antenna efficiency = -10 dB. Aircraft altitude = 2 km. 



Figure 10

Vertical transmit antenna, receive antenna efficiency = -10 dB. Aircraft altitude = 13 km. 






Figure 11

Isotropic transmit antenna, receive antenna efficiency = 0 dB. Aircraft altitude = 2 km.



Figure 12

Isotropic transmit antenna, receive antenna efficiency = 0 dB. Aircraft altitude = 13 km. 






Figure 13

Isotropic transmit antenna, receive antenna efficiency = -10 dB. Aircraft altitude = 2 km.



Figure 14

Isotropic transmit antenna, receive antenna efficiency = -10 dB. Aircraft altitude = 13 km. 






8.1.2.4	Probability of interference

Interference depends on a number of factors: noise levels, signal power etc. and whether, or not, the interference coincides in time. That is, if the transmitter is not transmitting when the listener wants/needs to listen, then there is no interference, irrespective of the other factors.

While it is necessary to consider the level of interference from an amateur station that is within line-of-sight of the aircraft, this scenario is most likely to occur when the aircraft is over regions where there are large population numbers. In such cases aircraft communications are likely to favour usage of the VHF band rather than the HF band. Usage of the 5 MHz by aircraft is likely to be during the night at longer distances from major population regions (e.g. trans-Atlantic flights) where there are few or no amateur stations which will reduce the potential for interference.

However to consider a worst-case situation, an estimation of interference probability was derived using the following parameters:

1. Total bandwidth hypothetically available for amateur use: Ba = 200 kHz

2. Channel bandwidth: Bc = 3 kHz

3. Number of simultaneous users worldwide on each channel: nc = 10

4. Maximum number of amateur transmitters operating between 5 250 and 5 450 kHz at any time calculated from:

			(1)

	Note: For these parameters, n = 660 transmitters on air at the same time.

5. Potential interference distance: r = 0.5 km, corresponding to the point at which the SNIR ratio falls below the required level. This value leads to a circular ‘zones of potential interference’ for each transmitter:

			(2)

6. Total number of aircraft in flight at any time worldwide: F = 20 000[footnoteRef:3] [3: 	http://www.boeing.com/news/techissues/pdf/statsum.pdf  indicates that in 2011 there were approximately 21 000 commercial aircraft operational, however this did not include aircraft manufactured in CIS countries or military aircraft, so a reasonable estimate of actual aircraft numbers might be 40 000 and that approximately one half (~20 000) are airborne at any given time.] 


7. Probability that an aircraft wants/needs to receive a signal around 5451 kHz: Qb = 2.5 %

8. Surface area of a spherical earth: es = 5.10064 x 1014 m2

As (4) and (7) are independent and random in time, the probability of simultaneous operation can be calculated. The total surface area subject to potential interference:

			(3)






Figure 15

Diagram showing the interference zones compared to the surface area of the earth and how that affects
the probability of an aircraft being inside area An (Diagram is not to scale).

[image: ]

Note that An  can be no greater than the surface area of the earth es , but may be less. The calculation also assumes that there is no overlap in the interference areas i.e. that amateurs are not clustered together and that amateur stations can be anywhere on the earth’s surface. This is very much a worst case situation; the real situation would likely be significantly less onerous with amateur station confined to more populous regions where HF operation by aircraft is less likely. 

The total number of aircraft (worldwide) wanting/needing to receive around 5 451 kHz and be possibly exposed to interference due to spurious amateur station emissions at any given time is given by:

		 	(4)

Thus the probability of any individual aircraft in flight being possibly subject to interference is calculated from:

		 	(5)

These calculations are conservative and assume amateurs can be located anywhere on the earth’s surface, rather than the more likely scenario of just being on the land area and that aircraft can be flying anywhere over the surface of the earth. The number of aircraft in the air is not accurately known, neither are the likely number of amateur transmitters active around 5 300 kHz or probabilities of operation Qb , however the values are thought to be reasonable. The intent of the calculation is to attempt to set an upper limit on the probability of interference, based on likely operational conditions.

For the parameters used in these calculations the probability of interference per aircraft is



8.1.2.5	Conclusions

1.	Calculations of signal-to-noise plus interference ratios for free space propagation have been made for two common amateur antenna types, two aircraft antenna efficiencies and five receiver noise environments. The calculations show that under some limited circumstances, that spurious emissions from an amateur service transmitter may cause the signal-to-noise ratio of the signal received by the aircraft to fall just below the value of 22 dB. The conditions for this to occur are that the aircraft is approximately less than 0.5 km (ground distance) from the amateur service transmitter, the aircraft is flying at an altitude of 2 km or less above the amateur transmitter and the amateur service transmitter is using an antenna with significant gain.

2.	Probability calculations of possible interference between aircraft and amateur stations indicates that the likelihood of interference from amateur stations operating around 5 300 kHz to any individual aircraft is very small and presents no threat to use of the 5 450‑5 480 kHz frequency band by aircraft. This must be so given the many thousands of existing land-mobile and fixed service users in the 5 250‑5 450 kHz frequency band who might also cause interference to reception of signals in the 5 450‑5 480 kHz frequency band by aircraft. In the unlikely event of interference from an amateur, land‑mobile or fixed station operating at 5 MHz, the effect on aircraft operations is expected to be minimal or non-existent because of the redundancy in the aircraft communications systems.

3.	As the probability of interference for signals propagated under line of sight conditions is very low, the probability of interference by signals propagated via the ionosphere is even lower.










Appendix

Methods and calculations

The following pages present details of the calculations used and further reference material.

A.1	Path geometry

The aircraft is flying at a fixed altitude from point Tx2 across to point Tx1. Tx2 is the aeronautical mobile ground station and Tx1 is the interfering signal. The line of sight distance A from transmitter Tx1 to an aircraft flying at an altitude H can be calculated from the cosine rule. The following figure shows the limiting case:

Figure 16

Limiting case where aircraft is on the distant horizon. (Not to scale)
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Where H = aircraft altitude

	B = radius of earth = 6 371 km

	A = line of sight distance from transmitter to aircraft

	γ = 90 degrees, as aircraft is on the horizon i.e. elevation angle () = 0 degrees

	α = angular distance between Tx1 and Tx2

	S = arc length between Tx1 and Tx2



			(6)

			(7)

			(8)

			(9)

This limiting case determines the distance to the radio horizon as well as the maximum value of angle α and these values are important for the general case. For an aircraft flying at 13 km the line of sight distance to the aircraft on the horizon is 407.2 km and for an aircraft flying at 2 km the line of sight distance to the aircraft on the horizon is 159.6 km .The more general case is shown in the following figure:

Figure 17

General case of aircraft in flight between two transmitters. (Not to scale)
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Where H = aircraft altitude

	B = radius of earth = 6 371 km

	A1 = line of sight distance from Tx1 to aircraft

A2 = line of sight distance from Tx2 to aircraft

1= elevation of aircraft as seen from Tx1

2= elevation of aircraft as seen from Tx2

	γ1 = 90 degrees + elevation 1 of aircraft as seen from Tx1

γ2 = 90 degrees + elevation 2 of aircraft as seen from Tx2

	α1 = angular distance between Tx1 and aircraft

α2 = angular distance between Tx2 and aircraft

S1 = arc length between Tx1 and a point directly below aircraft

S2 = arc length between Tx2 and a point directly below aircraft

			(10)

			(11)

			(12)

			(13)

			(14)

			(15)



Note that these calculation ignore any refraction of radio waves due to the relatively short transmissions distances and that tropospheric propagation affects are considered to be insignificant at 5 MHz.[footnoteRef:4],[footnoteRef:5] [4: 	The RSGB Radio Communication Handbook, 11th edition, ISBN 9781-9050-8674-0, page 12.8. ]  [5: 	See Recommendation ITU-R P.834-6 Table 1 which shows that ray bending is insignificant above elevation angles of 10 degrees.] 


Once the line of sight distances A1 and A2 are known the signal strengths at the aircraft receiver can be calculated from the Friis transmission equation:

			(16)

Where Pr = received power

Gt = numerical gain of transmit antenna

Gr = numerical gain of receiver antenna

	 = Wavelength (m)

	Pt = transmitter power (W)

	r = distance between transmitter and receiver

The received power is calculated for two situations:

P1 = the signal received from TX1 (the spurious emission: Pt = 1 mW) over LOS distance r = A1

P2 = the signal from TX2 (the wanted signal: Pt = 4 kW) over LOS distance r = A2

A.2	Noise sources

In general, noise sources are specified as being some value above the thermal noise level. Thermal noise generated by any resistor can be calculated from[footnoteRef:6]: [6: 	The 2012 ARRL Handbook for Radio Communications, ISBN 978-0-87259-677-1, section 5.8.] 


			(17)

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Where Pn = noise power (W)

	k = Boltzmann constant (1.3806488 × 10-23 J. K-1)

	T = Absolute temperature, taken to be 290 K for this analysis

B = bandwidth in hertz, taken to be 3 kHz for this analysis 

The noise sources that degrade radio communications come from two sources:

1.	Man-made noise (Pam). This noise is situation dependent and in this case, for an aircraft in flight, the man-made noise will come from the usual ground based noise sources as well as noise generated by generated by aircraft electrical and electronic systems. 

2.	Naturally occurring noise (Pqrn) from electrical storms and from galactic sources. Atmospheric and galactic noise depends on the season and geographic location and is highly variable.

Ground based noise sources are categorised by the Recommendation ITU-R P.372-10[footnoteRef:7].  From Table 1 of ITU-R P.372-10 we obtain the following parameters: [7: 	Recommendation ITU-R.372-10 (10/2009) Radio noise.] 


Table 2

Extracts from Table 1 ITU-R P.372-10 for man-made noise

		Environmental category

		c

		d

		Level above Pn  at 5 451 kHz



		City

		76.8

		27.7

		56.4 dB



		Residential

		72.5

		27.7

		52.1 dB



		Rural

		67.2

		27.7

		46.8 dB



		Quiet Rural

		53.6

		28.6

		32.5 dB







The values shown on the right-hand column of table 2 are used to estimate the excess noise power above Pn :

			(18)

Where Fam = median value of man-made noise power above Pn

	f = frequency in MHz

c & d are parameters from table 2

Note that the man-made noise level is variable in both time and space with temporal variation of approximately +10 and -5 dB for the upper and lower deciles and spatial variations between 6.8 and 8.4 dB. The implication of this is that for 10 % of the time the noise level can be up to 10 dB higher or 5 dB lower than the median values calculated using equation (18), similarly for the spatial variations.

While not specified by any ITU report or recommendation the likely man-made noise at the aircraft has been extracted from a NATO report[footnoteRef:8]  and is shown in Figure 18. Around 5 MHz the noise level is approximately 66 dB above Pn and approximately 10 dB above typical city noise levels. Although it is likely that most aircraft HF receivers are operating in a high level noise environment the calculations assess the signal to noise and signal to noise plus interference for all noise environments. [8: 	Maslin. N. M, HF Communications To Small Low Flying Aircraft, Special Topics in HF Propagation, AGARD Conference Proceedings No. 263. North Atlantic Treaty Organization. Lisbon, Portugal 1979. Page 3-11.] 





The actual ambient noise power (in watts) for the given noise environments can be calculated from:

		 	(19)

In addition to the man-made noise, the noise due to atmospheric electrical activity and from galactic sources needs to be considered in the calculations. 






Figure 18

Noise levels from environmental and man-made sources compared to aircraft radio noise. At 5 451 kHz
the estimated aircraft noise level is approximately 66 dB above Pn.
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Figure 19

Atmospheric and galactic noise levels from Figure 2 of Rec. ITU-RP.272-10





Figure 2 of Rec. ITU-R P.372-10 is reproduced in figure 19 and it shows that the atmospheric noise level exceeds 30 dB (above Pn) for 99.5 % of the time. Around 5 MHz the noise floor is limited by galactic noise which is approximately 35 dB above Pn. The noise power from atmospheric sources and galactic sources was summed which produced a noise value Pqrn = 36 dB above Pn  which was the value used in the calculations.

The total noise power that the receiver is subject to is:

			(20)

Where 	Pt = total power at receiver antenna

	Pam = noise power from man-made noise sources

	Pqrn = noise power due to atmospheric and galactic noise sources

The effect of an increase in the atmospheric noise level can be seen in figures 20 and 21. Figure 20 is the link with the atmospheric noise level set a 30 dB above Pn and figure 21 is the same link for the atmospheric noise level set a 60 dB above Pn. It can be seen that the signal-to-noise ratio is significantly reduced at distances which are more than approximately 10 km from the amateur service transmitter, but that the impact of spurious emission from the amateur transmitter does not change the distance at which the signal-to-noise plus interference ratio drops below the 22 dB limit. This is due to the fact that the power in the spurious emission dominates the decrease in SNR in the situation where the aircraft is very close to the transmitter. This would also be true for any time the aircraft is very close to mobile or fixed service transmitters operating around 5 300 kHz.

Figure 20

Dipole transmit antenna, receive antenna efficiency = 0 dB. Aircraft altitude = 2 km (same as Figure 3). Atmospheric noise level is 30 dB above Pn and galactic noise 35 dB above Pn leading to a total
noise contribution of 36 dB above Pn.








Figure 21

Dipole transmit antenna, receive antenna efficiency = 0 dB. Aircraft altitude = 2 km. Atmospheric noise level is 60 dB above Pn and galactic noise 35 dB above Pn leading to a total noise contribution of 60 dB above Pn.





A.3	Spurious emission power

This study considers a spurious transmission from a transmitter, i.e., beyond the “out-of-band” domain, and this is specified as being at least -50 dB with respect to the transmitter power (‑50 dBc); hence the actual spurious power radiated is calculated from:

		 	(21)

Where Pt = transmitter power (W)

Pspur = power of spurious transmission (W) which equates to 1 mW for a 100 W transmitter and is referred to as P1 in the calculations.

A.4	Transmit and Receive Antenna Gains

For the purposes of this compatibility study the following types of transmitter antenna are used:

1.	A dipole optimised for operation at 5 300 kHz (the length of each side of the dipole being 13.49 m) and mounted at a height of 10 m: maximum gain (Gt) = 6.1 dBi

2.	A base-fed, 10 m high monopole: maximum gain (Gt) = -2.1 dBi

3.	An isotropic radiator: gain = 0 dBi




The dipole and vertical antennas are types that stations of the amateur service commonly use. The isotropic radiator is for reference purposes only as it is theoretical construct and unobtainable in practice. For the purposes of this study, two values of receive antenna efficiency were used[footnoteRef:9] 0 dB and -10 dB and it is assumed that the receive antenna has no directional characteristics. These values are supported by data shown in the following chart: [9: 	See Maslin (AGARD), page 3-2 which suggests that typical antenna efficiencies are of order 1% at 5 MHz are more likely leading to a compromise value of -10 dB.] 


Figure 22

Antenna efficiency versus frequency characteristics for typical aircraft.[footnoteRef:10] [10: 	Maslin, N. M, HF Communications: A systems Approach. Pitman 1987, ISBN 0-273-02675-5, Figure 7.1.] 


[image: ]

A.5	Transmitter antenna characteristics	

The characteristics of a transmitter antenna can be readily modelled and the angular distribution of gain determined. The following charts show the results obtained using HFANT[footnoteRef:11] software for the two antennas used in this study. In both cases the ground electrical characteristics were set at a conductivity of 5 mS.m-1 and a dielectric constant of 13 which approximate ‘average’[footnoteRef:12] ground characteristics.  Assuming a spurious frequency of 5451 kHz the following radiation patterns are obtained: [11: 	See http://www.voacap.com/ or http://www.greg-hand.com/hfwin32.html.]  [12: 	The ARRL Antenna Book, 20th Edition 2003, ISBN 0-87259-904-3. P 3.13 Table 2.] 


Figure 23

Response of a 10 m high dipole optimised for 5 300 kHz when excited at 5 451 kHz.
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Figure 24

Response of a 10 m high vertical antenna when excited at 5 451 kHz.

[image: C:\Users\jbhifi\Downloads\vertical.bmp]

The transmit antenna gain Gt versus , i.e. the angular distribution of gain, for the two types of antenna used by this study was extracted from the HFANT simulation and used for the signal strength and signal-to-noise ratio calculations.

A.6	Calculation of Signal to Noise and Signal to Noise plus Interference ratios

All of the above information is used to calculate the LOS distances, received power levels from wanted and unwanted sources, atmospheric, galactic and man-made noise levels. The calculations are done for each combination of transmit antenna gain and receive antenna efficiency over a range of elevation angles from 0 to 90 degrees. 

The signal-to-noise ratio for the link without considering possible amateur service interference calculated from:

			(22)

The signal-to-noise plus interference ratio for the case where the amateur service is operating at the same time as the aeronautical mobile link is calculated from:

			(23)

Where SNR = signal-to-noise ratio of link without interference

	SNIR = signal-to-noise ratio of link with interference

	P1 = Power in spurious emission from amateur service transmitter

	P2 = Power in wanted signal from aeronautical mobile service ground transmitter

	Pam = Ambient man-made noise power

	Pqrn = Ambient atmospheric and galactic noise power

If the signal-to-noise or signal-to-noise plus interference ratio falls below some specified level, then the link is impaired. The ratio chosen is 22 dB[footnoteRef:13] which applies for ‘Marginally commercial’ circuits using J3E Telephony single-sideband suppressed carrier signals over stable circuits. The value is corrected for a 3 kHz bandwidth: [13: ] 


			(24)

The signal-to-noise ratio could drop by a further 9 dB and still be classified as usable, thus the impact of any interference from an amateur service transmitter will be negligible. Stable circuit conditions were chosen as the path is line of sight and not subject to fading caused by ionospheric factors. The protection ratio chosen is 22 dB, which is in excess of the the 15 dB co-channel interference protection ratio as given in RR Vol II, Appendix 27, for AM(R)S. 
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SNR (dB)

SNR vs. distance from Amateur transmitter

aircraft	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	69.749607489575297	52.270121916248911	47.610776439941787	45.379224356127807	44.084462209845519	43.252034392798436	42.678196896563996	42.261594669422621	41.946769650624397	41.701150433815251	41.504503118216036	41.343667443306167	41.209749652379358	41.096541351061134	40.999586855245333	40.915610852993034	40.842154919204546	40.777339635074668	40.719704733522626	40.668099124700909	40.621603633903121	40.579475689954883	40.541109049620815	40.506004015774124	40.473745104553863	40.443984082610186	40.416426931171543	40.390823719050644	40.366960656756746	40.344653804121656	40.323744044572067	40.304093038906196	40.285579943434662	40.268098729553223	40.251555980075587	40.235869066734949	40.220964633856951	40.206777330284531	40.19324874320543	40.180326497544492	40.167963491704093	40.15611724609235	40.14474934567815	40.133824960894444	40.123312434699187	40.113182924840814	40.103410093523813	40.093969836860602	40.08484004836442	40.076000411868343	40.067432219148493	40.05911820950201	40.05104242764709	40.043190098058332	40.035547513109357	40.028101933709387	40.020841500401076	40.013755153960496	40.006832564168697	40.000064065895003	39.993440601411365	39.986953668453964	39.980595273332298	39.974357888267484	39.968234412842044	39.96221813891804	39.956302718516909	39.950482134842041	39.944750675307617	39.939102907248497	39.933533655353806	39.928037980937063	39.922611162935439	39.917248680162025	39.911946195116897	39.906699538569789	39.901504695754298	39.896357792783853	39.891255084662539	39.886192943522467	39.881167847673403	39.876176371499248	39.871215175379731	39.866280996864354	39.861370641245394	39.856480973577419	39.851608909919996	39.846751410022144	39.841905469655039	39.837068112241184	39.832236383185311	city	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	79.343653524160644	61.864167950834279	57.204822474527255	54.973270390713246	53.678508244431242	52.846080427383775	52.272242931149428	51.855640704008145	51.540815685209971	51.295196468400817	51.098549152801567	50.937713477891847	50.803795686964833	50.690587385646467	50.593632889830971	50.509656887578487	50.436200953789999	50.371385669659979	50.313750768108093	50.262145159286277	50.215649668488574	50.173521724540336	50.135155084206282	50.100050050359577	50.067791139139253	50.038030117195895	50.010472965756996	49.984869753635891	49.961006691342043	49.938699838707123	49.917790079157427	49.898139073491656	49.879625978020101	49.86214476413857	49.845602014660955	49.82991510132041	49.815010668442291	49.800823364869977	49.787294777790791	49.77437253213013	49.762009526289631	49.750163280677803	49.738795380263603	49.727870995480011	49.71735846928447	49.707228959426175	49.697456128109359	49.688015871446055	49.678886082949958	49.670046446453881	49.661478253733954	49.653164244087392	49.64508846223265	49.637236132643785	49.62959354769481	49.622147968294762	49.614887534986394	49.60780118854597	49.60087859875415	49.594110100480613	49.58748663599679	49.580999703039396	49.574641307917844	49.568403922853122	49.562280447427526	49.556264173503223	49.550348753102277	49.544528169427544	49.53879670989317	49.533148941834035	49.527579689939259	49.522084015522474	49.516657197520892	49.511294714747436	49.505992229702464	49.500745573155243	49.495550730340007	49.490403827369306	49.485301119248028	49.480238978107963	49.475213882259013	49.470222406084702	49.465261209965178	49.460327031449822	49.455416675830875	49.450527008162908	49.445654944505463	49.440797444607547	49.435951504240535	49.431114146826829	49.42628241777075	residential	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	83.573903205489756	66.094417632163839	61.435072155856723	59.203520072042735	57.908757925760554	57.076330108713371	56.502492612478925	56.085890385337549	55.771065366539453	55.525446149730186	55.328798834131199	55.167963159221294	55.034045368294294	54.92083706697607	54.823882571160254	54.739906568907969	54.666450635119503	54.601635350989611	54.544000449437455	54.492394840615837	54.445899349818056	54.403771405869804	54.36540476553575	54.330299731689045	54.298040820468863	54.268279798525413	54.240722647086479	54.215119434965679	54.191256372671681	54.168949520036598	54.148039760487002	54.128388754821245	54.109875659349477	54.092394445468052	54.075851695990394	54.060164782649885	54.045260349771972	54.031073046199452	54.017544459120224	54.004622213459506	53.992259207619107	53.980412962007279	53.969045061593008	53.958120676809386	53.947608150613902	53.937478640755671	53.927705809438763	53.918265552775495	53.909135764279462	53.900296127783278	53.891727935063351	53.883413925416846	53.875338143562232	53.867485813973254	53.859843229024214	53.852397649624194	53.845137216316004	53.838050869875453	53.831128280083625	53.824359781810074	53.8177363173263	53.811249384368821	53.804890989247141	53.798653604182512	53.792530128757157	53.786513854832862	53.78059843443193	53.774777850757076	53.769046391222645	53.763398623163432	53.757829371268613	53.752333696852013	53.746906878850368	53.741544396077082	53.736241911031939	53.730995254484839	53.725800411669326	53.720653508698788	53.715550800577709	53.710488659437274	53.705463563588445	53.700472087414184	53.69551089129466	53.690576712779418	53.685666357160294	53.680776689492355	53.675904625834931	53.671047125937065	53.666201185570102	53.661363828156219	53.656532099100232	rural	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	88.61859253845175	71.13910696512599	66.479761488818895	64.248209405005099	62.953447258722527	62.121019441675514	61.547181945440954	61.130579718299813	60.815754699501596	60.570135482692294	60.373488167093043	60.212652492183466	60.078734701256444	59.965526399938263	59.868571904122533	59.784595901870119	59.711139968081653	59.646324683951761	59.588689782399705	59.537084173577895	59.490588682780199	59.448460738831969	59.410094098497844	59.374989064651075	59.342730153430871	59.31296913148735	59.285411980048622	59.259808767927751	59.235945705633839	59.213638852998763	59.192729093449152	59.173078087783296	59.15456499231172	59.137083778430195	59.120541028952587	59.104854115611936	59.089949682733995	59.07576237916161	59.062233792082523	59.049311546421663	59.036948540581328	59.025102294969585	59.013734394555307	59.00281000977153	58.992297483576174	58.982167973717736	58.972395142401034	58.962954885737695	58.953825097241413	58.94498546074535	58.936417268025579	58.928103258379139	58.920027476524375	58.912175146935539	58.904532561986358	58.897086982586345	58.889826549278055	58.882740202837596	58.875817613045776	58.869049114772224	58.862425650288444	58.855938717331043	58.849580322209491	58.843342937144655	58.837219461719023	58.831203187794898	58.825287767393867	58.819467183719041	58.813735724184909	58.808087956125576	58.802518704230913	58.797023029814106	58.791596211812504	58.786233729039232	58.780931243994111	58.775684587446769	58.77048974463149	58.765342841661045	58.76024013353986	58.755177992399553	58.750152896550738	58.745161420376334	58.74020022425681	58.735266045741447	58.730355690122586	58.725466022454611	58.720593958797089	58.715736458899286	58.710890518532246	58.706053161118355	58.701221432062269	quiet rural	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	97.995540871175962	80.51605529784986	75.856709821542708	73.625157737728443	72.330395591446518	71.497967774399427	70.92413027816481	70.507528051023641	70.192703032225225	69.947083815416192	69.750436499817127	69.589600824907336	69.455683033980279	69.342474732661827	69.245520236846403	69.161544234593919	69.088088300805254	69.023273016675589	68.965638115123369	68.914032506301751	68.867537015503885	68.825409071555598	68.787042431221749	68.751937397375073	68.719678486154649	68.689917464211291	68.662360312772208	68.636757100651224	68.61289403835768	68.590587185722583	68.569677426173001	68.550026420507166	68.531513325035789	68.514032111153796	68.497489361676614	68.481802448335927	68.466898015457858	68.452710711885459	68.439182124806379	68.426259879145704	68.41389687330512	68.402050627693299	68.390682727279085	68.379758342495023	68.369245816300051	68.359116306441408	68.349343475124755	68.339903218461558	68.330773429965447	68.321933793469185	68.313365600749435	68.305051591102881	68.296975809248266	68.289123479659295	68.281480894710299	68.274035315310243	68.266774882002011	68.259688535561196	68.252765945769639	68.24599744749608	68.239373983012527	68.2328870500546	68.226528654933347	68.220291269868525	68.214167794443171	68.208151520518854	68.202236100117872	68.196415516442869	68.190684056908651	68.185036288849389	68.17946703695435	68.173971362537642	68.168544544536388	68.163182061763081	68.157879576717889	68.152632920170689	68.147438077355318	68.142291174384525	68.137188466263609	68.132126325123409	68.127101229274473	68.122109753100148	68.117148556980425	68.112214378465282	68.10730402284635	68.102414355178468	68.097542291520938	68.092684791623157	68.087838851255839	68.083001493842232	68.07816976478621	req S/N)	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	Distance (km)

SNR (dB)

SNIR vs. distance from Amateur transmitter

aircraft	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	86.007806665679567	54.373960778029996	51.3262649803522	50.160916967945063	49.511392315808422	49.020537590944699	48.547780068663279	48.013197290185332	47.389864662853036	46.654863695441968	45.822805897763004	44.982491919228345	44.069009503423871	43.096258565037644	42.155361636790715	41.273443929672752	40.385911652954888	39.497854705926997	38.702280909410064	37.916549727062097	37.141659535568394	36.378197539916954	35.720905064064453	34.981775128384484	34.350109128802075	33.730924276612996	33.220543725429259	32.625140203130513	32.138138867846813	31.564288413673097	31.098373897468289	30.642330217413129	30.195667175994036	29.757930876971429	29.328700748360976	29.006374721449635	28.593123524420506	28.187278869179568	27.887589126784778	27.594845196916545	27.209582371262744	26.929831815548628	26.656223599912327	26.388525238238874	26.126520202984729	25.870006584292227	25.618795882950213	25.372711928467588	25.231074933289293	24.994787383274527	24.763160869772989	24.635609836496872	24.412929256562766	24.194525897901869	24.079890708154707	23.969343105513094	23.763159118641827	23.660478411165471	23.461950903565224	23.36677810775053	23.275241016988119	23.187264322881596	23.003095518352495	22.922025283505484	22.844315196096201	22.769906038294057	22.698742079664175	22.630770895869187	22.565943200642291	22.404491141629546	22.345810759613695	22.290143589006089	22.237451464395136	22.187698702968369	22.140852001854526	22.09688034708093	22.055754927967627	22.01744905620469	21.981938098949129	21.949199411211129	21.919212274335873	21.891957847777359	21.867419120897956	21.845580862725889	21.826429591520885	21.809953535424832	21.796142616318829	21.784988400890832	21.77648411021239	21.770624564072627	21.767406221216632	city	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	95.601301772420271	63.959593228559967	60.853977669233622	59.466144007428021	58.297997111486495	56.949042946839874	55.384400834221225	53.660217637762294	51.924161246619605	50.210032955151512	48.575617391292184	47.145654754639445	45.754168772520238	44.401597196579033	43.183478731091903	42.100047343817046	41.051976761560113	40.036012744143363	39.147928970861571	38.286946638462595	37.450623249830045	36.636821548163809	35.943024900766922	35.168961911360157	34.511945622169456	33.871277728080344	33.345415728111611	32.734060126773869	32.235580973547101	31.649719433122065	31.175179682555584	30.711539282807106	30.258165908641637	29.81448590990529	29.3799773873845	29.054029722819507	28.636488777578354	28.226807460719971	27.924515180084274	27.629394338998491	27.241222770006559	26.959522904403887	26.684124247345792	26.414778525945497	26.151255277590678	25.893340259390289	25.640834029400931	25.393550684508927	25.25125992803159	25.013916251374567	24.781308059397826	24.65324383273704	24.429692273773593	24.210476451392193	24.095435627272323	23.984506751369427	23.777627915667829	23.674617556144533	23.475465659618088	23.380007497314846	23.28820177106093	23.199972180781415	23.015281959442795	22.933992738163489	22.856076595636608	22.781473626837752	22.710127469795694	22.64198511958212	22.576996756065352	22.41514623509174	22.356327950031574	22.300531810031789	22.247719277217776	22.197854326920535	22.150903342858772	22.106835024158862	22.065620298005861	22.027232237159723	21.991645991652042	21.958838719920909	21.928789526177397	21.901479411187712	21.876891223196395	21.855009606913288	21.835820972408143	21.819313455182375	21.80547689953541	21.794302809223282	21.785784356706788	21.779916327231692	21.776695158888234	residential	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	99.830531320685978	68.174303880128178	64.963991371765232	63.207481816272526	61.341597864971	59.165541355169253	56.89511768721335	54.65659257557359	52.585842969916349	50.654589777782775	48.881152793239124	47.366419654183595	45.915180232563962	44.520104915096496	43.273462585084296	42.170518694172621	41.107597228465963	40.080222206979563	39.184110243629171	38.31673306284717	37.475277423570773	36.657328458558347	35.960556763135322	35.183671973751295	34.524623256558428	33.882242987224394	33.355152645277812	32.742536294252012	32.243153093926551	31.65634825920149	31.181132856740149	30.71689857028279	30.263001535011885	29.818858429566614	29.383939210350782	29.057710067574117	28.639836044833093	28.229857130573816	27.92736314068409	27.63205819128493	27.243661467551192	26.961810804193153	26.686273703607149	26.416800656584737	26.153160110505585	25.895136858842012	25.642530605511844	25.395154688431475	25.252813484487987	25.015388329137256	24.78270442117525	24.65460061970354	24.430981906884245	24.21170345534491	24.096631367426507	23.985673108196789	23.778740730198589	23.675704972222029	23.476504974562356	23.381024830922676	23.289198413516491	23.200949345636026	23.016218969583541	22.93491288553702	22.856980876838392	22.782362985400592	22.711002800494317	22.642847272371654	22.5778465396941	22.415965344973753	22.357136444792932	22.301330377671093	22.248508576999491	22.198634991738189	22.15167598143179	22.107600223078393	22.066378623646791	22.027984237470996	21.992392197839514	21.959579648033248	21.929525678605426	21.902211278086934	21.877619283842726	21.855734330998288	21.836542821282642	21.820032883055529	21.806194354635871	21.795018734928281	21.786499192646502	21.78063051037331	21.777409124607257	rural	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	104.87162520064572	73.164636387549209	69.609427408709379	66.867708164689589	63.730779323890602	60.577093678673194	57.721967814596276	55.150311026059633	52.894391122919835	50.854170794574081	49.015102516774562	47.461833336856962	45.984078175898844	44.570458969995556	43.311517133348822	42.200225715754556	41.130986745509063	40.098778394264663	39.199276763794444	38.329205913446124	37.485592514917549	36.66590255370869	35.967883403983294	35.189816538135837	34.529917094053864	33.886820502641058	33.359216566439194	32.746073285016486	32.246312371661162	31.659113545149616	31.183616013380529	30.719133791357226	30.265018178141105	29.820681801487069	29.385591208096987	29.059244624276914	28.641231645675827	28.231128590194707	27.928550465183552	27.633168727040271	27.244678100998815	26.962764550274333	26.687169717144332	26.417643576174566	26.153954119667528	25.895885738822834	25.643237781033029	25.395823267443227	25.253461030717617	25.016001905638291	24.783286431319496	24.655166131229826	24.431519422660433	24.212214862223689	24.097129741225579	23.986159232957959	23.779204535065542	23.676158189506424	23.476938140680158	23.381448834129433	23.289613791684989	23.201356604684491	23.016609490545189	22.935296377489912	22.857357755234748	22.782733643567841	22.711367611430791	22.643206590388282	22.578200701920938	22.416306721670743	22.357473396890995	22.301663191955964	22.248837528277189	22.198960343820445	22.151997988051985	22.107919128744587	22.066694664438685	22.028297641786796	21.992703187097291	21.959888437332054	21.929832477350288	21.902516290582465	21.877922709857831	21.856036366306149	21.836843658179411	21.820332710860196	21.806493360174169	21.795317103003587	21.786797106499886	21.780928152136127	21.777706675746689	quiet rural	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	114.20866708959282	81.977315687729543	76.020246461383806	70.175546542202227	65.252520691100926	61.307373367752994	58.105463965093094	55.366312485118911	53.025209405490806	50.937268109886524	49.070273970755387	47.500885353870601	46.012155847608796	44.590917733222916	43.326947784285395	42.212255252489612	41.140448387397846	40.106278961638594	39.205403836960087	38.334242584368134	37.489756406068956	36.669362682978296	35.970839519078154	35.192295241454104	34.532052322451186	33.888666594334005	33.360855391815008	32.747499497886857	32.247586202402204	31.660228446181627	31.184617120591444	30.720034904988626	30.265831144903323	29.82141683212248	29.386257136600431	29.059863199975435	28.641794196010533	28.231641090380126	27.929029045663306	27.633616350366296	27.245087868932824	26.963148966695002	26.687530860546303	26.417983316842331	26.154274144346836	25.896187572025802	25.643522803493337	25.396092732153289	25.253722017468789	25.016249199887749	24.783521001951943	24.655394051729459	24.431736058934849	24.212420974897196	24.097330600744982	23.986355155361789	23.779391461229515	23.676340848269806	23.477112717718388	23.381619718027029	23.289781199243166	23.201520739823426	23.016766879409229	22.935450933327477	22.857509645498698	22.782883026793126	22.711514637957027	22.643351403023132	22.578343436546469	22.416444303181823	22.357609195104832	22.301797322461372	22.248970101834292	22.199091466757835	22.152127762635793	22.108047653522529	22.066822034561294	22.028423949308479	21.992828521258691	21.96001288482675	21.929956122577284	21.902639215884431	21.878044995749324	21.856158091691555	21.836964900561192	21.820453546541014	21.806613864451712	21.795437350360299	21.786917170788829	21.781048106762686	21.777826593848797	req S/N)	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	Distance (km)

SNIR (dB)

SNIR vs. distance from Amateur transmitter

aircraft	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	69.749597043637223	52.27004722585864	47.6104029058545	45.377912199917901	44.081001264813473	43.244475123055011	42.663767173404715	42.236203409940025	41.905332853834672	41.636673229750201	41.408484064339994	41.209492840056065	41.025194260497443	40.84626287663729	40.671915790223863	40.500813099733399	40.322538533921367	40.132812115152063	39.944246473827953	39.742865949661542	39.526437053159505	39.293072063715933	39.070204017494824	38.802469537136425	38.550502743709515	38.285160630305207	38.048785076275664	37.760399105180639	37.507782682510545	37.197733891881633	36.930512282821063	36.658055119799336	36.380835970299856	36.099337662127262	35.814043780726529	35.591370255347847	35.301998663178445	35.010115805010763	34.787583566408195	34.566513111508335	34.272989277876981	34.054015213418907	33.836919983838733	33.621795185303903	33.408722061464722	33.197772300175018	32.989008812191464	32.782486481871096	32.660328083020431	32.459202011534494	32.260398976595525	32.147929752863725	31.954533819012187	31.763506716032076	31.660473557543629	31.560729348485186	31.378025629902361	31.284429066916527	31.106994550787025	31.019408544233727	30.93489025145271	30.853394869023042	30.686765438327186	30.611000664372035	30.538146218759181	30.468164281406256	30.401018799222204	30.336675435645631	30.275101521539867	30.12681602881263	30.070567193721089	30.017006961899195	29.966108612232681	29.917846896493757	29.872198001162989	29.829139510899477	29.788650374578577	29.750710872585749	29.71530258678548	29.682408371852226	29.65201232857812	29.624099779221989	29.598657244106079	29.575672420697554	29.555134163338654	29.537032465683204	29.521358443624791	29.508104320936116	29.497263415835771	29.488830128130626	29.482799930338402	city	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	79.343558387521199	61.863487747030845	57.201421655918999	54.96133439054244	53.647088659927093	52.777714503946314	52.142559650241857	51.629690601110674	51.177269041325495	50.740556033418812	50.293710887689009	49.846080639604033	49.356891204626876	48.814594414861077	48.254163116847245	47.6930280423909	47.096575091891602	46.46717361956803	45.872608684194354	45.261853286639131	44.637913874388957	44.003711056766313	43.440745532516374	42.796667754036875	42.232968849187223	41.671857464518297	41.201126488850271	40.648969495849336	40.190781102470439	39.649030518501021	39.203887747022144	38.765701523909463	38.334363418485324	37.909748714919822	37.491720924309682	37.174768071478766	36.769936399176594	36.371199707152584	36.074203230124432	35.783612722898482	35.402907592610539	35.124241267649019	34.85135626431007	34.584061012993239	34.322174898064411	34.065527578391546	33.813958350482856	33.567315552378886	33.423114208429389	33.186022633424336	32.953443164777994	32.823204064634844	32.599394724516699	32.379750158398494	32.262356456019013	32.149057858132196	31.941480811579801	31.836034508515926	31.63601376794109	31.538067771974021	31.443767666582989	31.353037547870542	31.167265316470235	31.083438659677689	31.002980750701852	30.925831486407802	30.851934214016055	30.781235552919195	30.713685229936907	30.550514373290383	30.489105260507923	30.430711905501099	30.37529501841929	30.322817770883926	30.273245694749612	30.226546588496337	30.182690431657889	30.141649305512292	30.10339732104714	30.067910552522289	30.035166976924256	30.005146419092203	29.97783050147191	29.953202599516199	29.931247800701687	29.91195286905646	29.895306212839277	29.881297857473292	29.869919421846255	29.861164097550837	29.855026634405029	residential	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	83.573651226151554	66.092616241273774	61.4260703773692	59.171977099495749	57.826029578421696	56.897550578420962	56.167116189160012	55.511325508558457	54.867559391536048	54.187469266589702	53.455628991548906	52.720479474876576	51.922428255867807	51.062968968711822	50.214197112547254	49.402678998484681	48.574808732064156	47.735874059457295	46.973246744747577	46.213738444456219	45.459278578969709	44.711345183696018	44.061800818973502	43.331237755316046	42.702507846062886	42.084665457484093	41.572124563507593	40.975967996079653	40.485577611827445	39.909576070591676	39.439515439630071	38.979140098700306	38.528009410265504	38.08571003044225	37.651854504265735	37.323983297690845	36.906135160767235	36.495690068684105	36.190720997091887	35.892822497244339	35.50313347952747	35.218429608985531	34.939983738140356	34.667558932299613	34.40093424448655	34.139903402424153	33.884273626690778	33.633864564690967	33.487610101516786	33.247192987029614	33.011517657447563	32.879660334733998	32.653098086162345	32.430882295605834	32.312205265631498	32.197699614863986	31.987918176905087	31.881426517059026	31.679421846021789	31.580569596100283	31.4854159684499	31.393881978844611	31.206449298758315	31.121925729755276	31.040811823361889	30.96304533098068	30.888567626305072	30.81732351281239	30.749261046171402	30.584817920885911	30.522968857052501	30.464163957449887	30.408362762263721	30.355527368649433	30.305622322856173	30.258614520650752	30.214473116379367	30.17316943884013	30.13467691492696	30.098970999326227	30.066029110520109	30.035830572845089	30.008356563531052	29.983590065714772	29.96151582537528	29.942120314066891	29.925391695074229	29.911319795076903	29.899896079428387	29.891113630609826	29.88496713319363	rural	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	88.617787519302098	71.133354164852989	66.451066116560156	64.148223048002649	62.694474962235958	61.573863192967984	60.555543728501661	59.511130876136356	58.413058808986648	57.24012931120334	56.023036199839261	54.874548339517752	53.698026552244599	52.505370276841283	51.392828957101315	50.377321822004475	49.378619323739812	48.397861876858144	47.529383868037861	46.681539926739163	45.853411429801994	45.044029642791998	44.349331312168282	43.575003211117952	42.914215310262925	42.268983985266324	41.73659384622087	41.11984990277962	40.614584709876894	40.022937547191212	39.541606857090834	39.071274282729455	38.611323705480345	38.161192712072186	37.720366794662674	37.387708512878739	36.96417595992191	36.548638552819767	36.240213225625823	35.939154563276944	35.545591102223398	35.258289880109061	34.977456287679104	34.702832827562432	34.434180363050601	34.171276491370222	33.913914094702392	33.661900045951263	33.514771485145928	33.272939800406014	33.035948984665559	32.903404582033957	32.675674315658931	32.452368544992126	32.333147837087196	32.218131030620263	32.007416611566704	31.900482753056668	31.697639271596721	31.59840403674518	31.502889812638326	31.411016295474322	31.222882581611291	31.138064893032361	31.05667419574679	30.978647325041802	30.903924812389789	30.832450686723298	30.764172291272295	30.599192911689929	30.537158462840672	30.478180172195227	30.422217082268091	30.369230833330754	30.319185552676331	30.272047752471789	30.227786236511083	30.186372014014832	30.147778221416331	30.111980050397385	30.07895468240983	30.048681229416857	30.021140679767683	29.996315850187013	29.974191341818191	29.954753502186325	29.937990390701117	29.923891749777273	29.912448979676089	29.903655116622232	29.897504817528873	quiet rural	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	97.988571513045358	80.466466906200097	75.614183158340424	72.826938138587025	70.476886981634848	68.146933845416029	65.842566941194022	63.592040437778103	61.499618554505268	59.538219646349916	57.729061886695995	56.175052078065363	54.686421068669141	53.256128233048621	51.975971766649124	50.84162225821774	49.749896126396024	48.696054096078612	47.775322407380962	46.885296609498035	46.022942593045535	45.185653733601811	44.470810478983594	43.677243408384271	43.002538649751884	42.345533354216755	41.804676449361907	41.179208956459583	40.667677324056406	40.069471804586016	39.583437632909913	39.108963838392434	38.645356269589513	38.191986844505969	37.748285549784271	37.413656308379551	36.987787316701542	36.570160499607795	36.26031901496939	35.957966905137944	35.562819451660786	35.274457465745208	34.992649510668194	34.717129507763794	34.447650745177903	34.183984115511144	33.925916551816094	33.673249635476004	33.525765656825037	33.283359005167881	33.045833732582032	32.913010273021037	32.684805759637989	32.461057589114525	32.341616272185021	32.226392088694453	32.015299245549762	31.908186067872826	31.705002504852686	31.605612025904289	31.50995165052003	31.417940536979202	31.229522771149554	31.144585927406386	31.06308310559352	30.984950768052514	30.91012910347207	30.838561825616171	30.770195987877806	30.604999473779252	30.542889969517226	30.483841483440827	30.427812855786289	30.374765541153511	30.32466349660093	30.277473078448146	30.233162948085312	30.191703984926587	30.153069207438495	30.117233700497035	30.084174549304809	30.053870779595233	30.026303303031895	30.00145486878063	29.979310019188485	29.959855051433891	29.943077982761888	29.928968521384807	29.917518041143566	29.908719559488379	29.902567722106497	req S/N)	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	Distance (km)

SNIR (dB)

SNIR vs. distance from Amateur transmitter

aircraft	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	76.007867826708988	44.374895748710806	41.333691297872875	40.194195107147131	39.611031508781096	39.251934956841872	38.997876287378105	38.793468174192121	38.609764143304574	38.425947773911545	38.228950517989638	38.022199456901888	37.783663609607927	37.503683728430836	37.198281343170784	36.87659028145503	36.516460225079783	36.116712264790813	35.722523321471535	35.300325710979287	34.851865189315689	34.379322898128819	33.948199143701153	33.439056848940012	32.983503473350154	32.520220735673931	32.126264169808444	31.654634249653153	31.259216140662627	30.783586229232796	30.389773006730927	29.998361234602029	29.609696129908595	29.224062949115336	28.841694569243728	28.551849956636378	28.177424723410599	27.806634630680467	27.530903486932225	27.260169795745487	26.902011193102609	26.640530042682826	26.383777532416989	26.131652039283715	25.884053892933526	25.640885719200323	25.402052694837586	25.167462736452531	25.032105039239863	24.805982680158433	24.58382840429703	24.461238275083691	24.24699155500879	24.036471762404741	23.925778473588789	23.818939634836987	23.619523654689253	23.520057915067781	23.327627029993	23.235243737656802	23.146334408061726	23.060833117413104	22.881772968929102	22.802850261382975	22.727161957289493	22.654655392209335	22.585280866430974	22.518991506898395	22.45574313798085	22.298210586043879	22.240887608000044	22.186490328913369	22.134984167758333	22.086336734411432	22.040517747129602	21.99749895962859	21.957254091774097	21.919758763300194	21.884990440040831	21.852928378074193	21.823553572701204	21.796848719554685	21.772798174662984	21.751387911474833	21.732605496763483	21.716440056745089	21.702882265581085	21.691924300308525	21.68355985353341	21.677784080161409	21.674593639332528	city	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	85.601858764588826	53.968099509736447	50.921046797357043	49.758251298961063	49.115216506123652	48.636984751828734	48.184428461826748	47.678642176901661	47.090666902941201	46.395570171610174	45.604001635765492	44.798897722836237	43.917935989360224	42.973904739861737	42.055747727547548	41.191376214065023	40.318470900681007	39.442498181722996	38.655910664001063	37.877645901295843	37.108957516199887	36.350649955235113	35.697136685662905	34.961656287600412	34.332659074031604	33.715749399404899	33.207016157934902	32.613316834289087	32.127545995468886	31.554987069461614	31.090002451274287	30.634779480097368	30.188842711471509	29.751750750534285	29.323093656339204	29.001161249490035	28.588376757640987	28.182949947064778	27.883543876043642	27.591059189432698	27.20611382671731	26.926576152507888	26.653163561970537	26.385645271214287	26.123806257122329	25.867445942830727	25.616377013102291	25.370424351516988	25.22885893814756	24.992687051096585	24.761168075268639	24.633673270343689	24.411088136642295	24.192773830963215	24.07818310913644	23.967677308015322	23.761569512510953	23.658924956678806	23.460465931704125	23.365324438362979	23.273816816900389	23.185867867339699	23.001756271678673	22.920710065882616	22.843022589818283	22.768634700845887	22.697490737640791	22.629538339408732	22.564728278319805	22.403319955598672	22.344654711241361	22.289001698125276	22.23632279163072	22.186582346388278	22.139747093856815	22.095786051492688	22.054670437333826	22.016373589247781	21.980870898181642	21.948139740684876	21.918159417513209	21.890911105510117	21.866377809503227	21.844544312145622	21.825397143554074	21.808924542023952	21.795116437939885	21.783964404887445	21.775461669266328	21.769603054651885	21.766385022053242	residential	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	89.832006408742899	58.196789732880006	55.138932772019444	53.933500901897929	53.183800293467279	52.504884838020594	51.748185157847644	50.840495309194949	49.801906330359685	48.644986748458578	47.426440060599205	46.278498461967921	45.101033712169937	43.909302288268471	42.80348803428825	41.799028439394867	40.81228413154534	39.844182240671039	38.990167146639308	38.156560287457154	37.342362285747946	36.546541593811334	35.865700307407302	35.103969388298722	34.455862115700995	33.822717764960487	33.302262515828154	32.696464915512706	32.201976622407642	31.620283996730585	31.148733326983105	30.687722363626424	30.236669121699137	29.795042229541526	29.362355458218449	29.037656903961629	28.621594619048995	28.213234974556517	27.911838793666035	27.617536057362287	27.230365243984988	26.949335794075189	26.67455273999953	26.405773279070022	26.142771773746464	25.885338248641698	25.633277045901149	25.386405626109227	25.244339369481722	25.007358316961287	24.775087135202956	24.647199067918688	24.423946450972171	24.205009451179379	24.090107820484942	23.979309770707079	23.772669338773518	23.669772074642452	23.470834374921175	23.375474100940117	23.283760519968492	23.195617672769135	23.011106286288491	22.929892168483978	22.852046692242627	22.777510188616489	22.706226512572211	22.638142858604226	22.573209589940529	22.411495700001037	22.352724699431793	22.296972779840491	22.244201531236421	22.194375046319891	22.147459816407256	22.10342463911698	22.062240531620333	22.023880648694568	21.988320214900487	21.955536456148874	21.925508537449087	21.898217514032702	21.873646282578083	21.851779530462423	21.832603704885926	21.816106973143892	21.802279206161071	21.791111929290835	21.782598331676084	21.776733210417412	21.773513010693186	rural	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	94.876335940246108	63.235984307712194	60.140301907581481	58.789616591612905	57.702105523209013	56.469746752708446	55.027055367037036	53.407801247384945	51.748603116252823	50.088404051359568	48.490337477218795	47.083272781916001	45.708272475105652	44.367605142132504	43.157559628200644	42.079690102232355	41.035874213706094	40.023192129358463	39.137424018707144	38.278290176847811	37.443452853564928	36.630853665673904	35.937920557042418	35.164677330215397	34.50825190875716	33.868082113739391	33.342577572491955	32.73158899658084	32.233373111365431	31.647786343599012	31.173443451378986	30.709976119486495	30.256755373698375	29.813210373716515	29.378821587630792	29.052955994986725	28.635512175588026	28.225917646666829	27.92368419460249	27.628617051848575	27.240511157076892	26.958855279349585	26.683497008161744	26.414188430854704	26.150699402447326	25.892815960884061	25.640338913168286	25.393082577415289	25.250806539954862	25.013486636737689	24.78090053730341	24.652847858048233	24.429315894001196	24.210118346620973	24.095086645311572	23.984166343572788	23.777303131905217	23.674300183923517	23.475162323977958	23.379710576201912	23.287910888015979	23.199686981700992	23.015008478437903	22.933724178146338	22.855812665797703	22.781214051848565	22.709871988553214	22.641733484059653	22.576748730259183	22.414907160921928	22.356091973731729	22.300298730828434	22.24748890272118	22.197626472435296	22.150677830743426	22.106611683228227	22.065398962973752	22.027012748116217	21.991428193572574	21.958622462203788	21.928574662206323	21.901265797916128	21.876678720752576	21.854798078222196	21.835610282828341	21.819103472156591	21.805267492251296	21.794093848284113	21.785575713809227	21.779707874849318	21.776486769959501	quiet rural	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	104.24927274005726	72.552105835729265	69.061222411641793	66.481622907123167	63.512484474259878	60.461423562359094	57.658423465358076	55.113717760985828	52.871975365726001	50.839840577142063	49.005552328883319	47.455058726940933	45.979200142427402	44.566900939535117	43.308831730769761	42.198131248509391	41.12933880379736	40.097471668241795	39.198209125601331	38.328328147730012	37.484866767267569	36.665299411242138	35.967368082188081	35.189384412781791	34.529544831200134	33.886498636265955	33.358930828972412	32.745824610464304	32.246090261889449	31.658919142764329	31.183441450241563	30.718976661981927	30.264876417460435	29.820553629529684	29.385475084832088	29.059136757607739	28.641133547915729	28.231039219595576	27.928467009173964	27.63309066908657	27.244606644020848	26.962697513965317	26.687106739093558	26.417584330271687	26.153898311801605	25.895833103168652	25.643188076833475	25.395776276213525	25.253415517884346	25.015958780526631	24.783245524981641	24.655126384560589	24.431481643770425	24.212178918478291	24.097094713546635	23.98612506623461	23.779171937148309	23.676126335759573	23.47690769626707	23.381419033746671	23.289584597526044	23.201327981189152	23.016582043506485	22.935269424492333	22.857331267076958	22.782707592604094	22.711341971443829	22.643181336474811	22.578175810385112	22.416282728771339	22.357449714975889	22.301639800868021	22.248814408701449	22.198937477214631	22.151975356582199	22.107896715225333	22.066672452277089	22.028275614929786	21.992681329982432	21.959866734840958	21.929810914764932	21.902494853543267	21.877901384324048	21.856015138517932	21.836822514621186	21.820311638225732	21.806472345332452	21.795296132965685	21.786776168386929	21.780907233146916	21.777685763126961	req S/N)	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	Distance (km)

SNIR (dB)

SNIR vs. distance from Amateur transmitter

aircraft	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	59.749606444980103	42.270114447152082	37.610739085087296	35.379093122665196	34.08411599120295	33.251277873458974	32.676751764868314	32.259048852739404	31.942608134609589	31.6946594659845	31.494805117091655	31.330061900684907	31.190937165015388	31.070854401235675	30.96568461192717	30.872302256013889	30.787304837699889	30.708408535083571	30.635623846142789	30.566186436992286	30.498793659450463	30.432277241305531	30.369478784188146	30.302261631694233	30.238287347796327	30.172965492157644	30.112493992978813	30.043539316577412	29.980122275638315	29.905565155313969	29.837634697583681	29.767439431307324	29.69472231343758	29.61924677871859	29.540795716063627	29.47539012404453	29.391739889598487	29.304631911906192	29.23392446435539	29.162049373652486	29.066798430430222	28.991442850387049	28.914897289964863	28.837175403781501	28.758297278790991	28.678288862198496	28.59718142742755	28.515011072775629	28.463226275218595	28.380225747511787	28.296293329769629	28.245869688997946	28.161377053398535	28.076102780563282	28.027393630527776	27.979722911911178	27.894669154368952	27.84857848290449	27.763527139053629	27.719146858745809	27.675917464974091	27.633851954002097	27.550389359221118	27.510243924264792	27.471314601403702	27.433611362490993	27.397143495897204	27.361919627571073	27.327947741829828	27.249351218324492	27.217581301996528	27.187100478432107	27.157914232361176	27.130027511063087	27.103444743189929	27.078169856160269	27.054206293002817	27.031557027305933	27.010224577686781	26.990211020454495	26.971518001094065	26.954146744642387	26.938098064177886	26.923372368679317	26.9099696684371	26.897889580092595	26.887131329110591	26.877693751924287	26.869575295980802	26.862774017353029	26.857287579332986	city	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	69.343644010402784	51.864099925659715	47.204482272803247	44.972075313411686	43.675356037322892	42.839195202052203	42.259098950119963	41.832509302593053	41.503060626872838	41.236434378707763	41.011012958259442	40.815345395271351	40.635394738302963	40.462066460220321	40.294218593318604	40.130306634594945	39.960509216215577	39.780642121510816	39.602134044872663	39.411920128784843	39.207736048363486	38.987628798763247	38.777046030049426	38.524121971081641	38.285476044791857	38.033730071019264	37.80883781388993	37.53417959869504	37.292887961780494	36.996301166268822	36.739945918288562	36.478044887327044	36.211034881472344	35.939369513251251	35.66351035239181	35.447728462133341	35.167018637630385	34.883375713536125	34.666716303445511	34.451227734102908	34.164841757629169	33.950845157424453	33.738469506716157	33.527818034064452	33.318983543070836	33.112049112487171	32.907088798354224	32.704168325373651	32.584004348511392	32.386156197306519	32.190458666830899	32.079633878433853	31.889069538697626	31.700726694019487	31.599047833749147	31.500586401019497	31.320248107003771	31.227783669608264	31.052516441061567	30.965928680142071	30.882355321815233	30.801754170175549	30.636985058691142	30.562006444380998	30.489894924562329	30.420614607201827	30.354131231464102	30.290412126339614	30.229426169874372	30.082608965218366	30.026870430531929	29.973788751457548	29.923338335490428	29.875494977906527	29.830235828454754	29.7875393592686	29.747385334951026	29.709754783545229	29.674629969840861	29.641994369721775	29.6118326461932	29.584130627170087	29.558875284250341	29.536054713724155	29.515658117996711	29.497675789492483	29.482099094836975	29.468920461543586	29.458133365426676	29.449732318398659	29.443712860055903	residential	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	73.573878006897885	56.094237459447328	51.434171137919762	49.200355445398763	47.900413815011504	47.058117318922513	46.46776525547827	46.024890302787504	45.67177315926795	45.371508796577778	45.100690345380961	44.851089681282033	44.601520536746975	44.339990883024292	44.071892162430998	43.799525708007387	43.505034004814398	43.184213919652429	42.86616810460967	42.525746856996392	42.16219113416102	41.775398211338818	41.415435311525869	40.988470310417647	40.598550350258563	40.197198094335171	39.849493833360171	39.432028994193416	39.076037471227508	38.646558959850985	38.285534880629825	37.924070711350254	37.562670994939488	37.201789890664841	36.841832731942745	36.565521344696059	36.209779086415388	35.855805642656229	35.589625977931959	35.327526996211596	34.98217176478996	34.727466250603044	34.476797585803098	34.230122207214258	33.987393476796939	33.748562424109046	33.513578385288625	33.282389550435255	33.146641574660094	32.923285864596046	32.703542257545301	32.580031310243363	32.367697639655944	32.158805435448464	32.046790723763095	31.938558956305727	31.740254183723902	31.639213515829425	31.447569243734261	31.353456253426661	31.262769953152436	31.175446818415292	30.996722412924775	30.915858036726025	30.838190778848595	30.763669262317553	30.692244878056826	30.62387166144083	30.558506176835856	30.400768779901842	30.341240513555864	30.284607474058273	30.230835197990892	30.17989129542703	30.131745374739012	30.086368972479566	30.043735488976296	30.003820128074345	29.966599842221004	29.932053281380512	29.900160746211185	29.870904145415931	29.844266956328461	29.820234189851774	29.798792357802689	29.779929444628543	29.763634881199284	29.749899522828471	29.738715629679675	29.730076849165926	29.723978203707617	rural	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	78.618512029821758	61.138531342062379	56.476883404524344	54.238106543175668	52.926843964254275	52.06309565336327	51.437188473983547	50.938615897565889	50.506164842841301	50.096302262103478	49.683106195532496	49.272030358071071	48.825285064352485	48.330317549784127	47.816521086115749	47.298920647422925	46.745424477973984	46.157341155978706	45.597693106916594	45.019239488791598	44.424777361146539	43.817163311945897	43.275024178552464	42.652272196111682	42.104961899956429	41.558400958791196	41.098547561149445	40.5579814218774	40.108370659711952	39.575832408719172	39.137449910084655	38.705325323030117	38.2794275619747	37.859700633664744	37.446068994670526	37.132160671850023	36.730971396486659	36.335523027945136	36.040772176472217	35.752244745205942	35.374081912043408	35.097127912057061	34.825822747753058	34.559987105099786	34.299451314979116	34.044054830438036	33.793645726019612	33.548080220193832	33.404466651342993	33.168327883669576	32.936636260787893	32.806861566458593	32.583842782036434	32.364937180071983	32.247912513952713	32.134961146782743	31.928018554331103	31.822873264299151	31.623424058021328	31.525739249265424	31.43168519774229	31.341186876349738	31.155893612753633	31.072268055375581	30.991999477530488	30.915028388584624	30.841298699465209	30.770757548505358	30.703355140314731	30.540551831295421	30.479269848939641	30.420995430918133	30.365689622554427	30.3133159033877	30.263840087811626	30.21723023315802	30.173456555645288	30.132491352435885	30.094308930826987	30.058885542911181	30.026199326010264	29.996230248673029	29.968960061201226	29.944372251727518	29.922452005825289	29.903186171546082	29.886563227533173	29.872573256315487	29.861207920899353	29.852460444232591	29.846325594883176	quiet rural	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	87.994843431862918	70.511070901632735	65.831838543784627	63.53840174829454	62.105153111248811	61.020067698622469	60.05262629262095	59.072606793920492	58.043918323072461	56.939567603796313	55.783714119593604	54.682849965700974	53.546537333554795	52.386768869927046	51.298692167631579	50.301199863490105	49.317000645564399	48.347892735655215	47.487884469238303	46.646964727829541	45.824512248925764	45.019797393211945	44.328489751092626	43.557417058850071	42.898994552496795	42.25577134214916	41.724829200853122	41.10958063289462	40.605391795979266	40.014873081426998	39.534352915611528	39.064734826692394	38.605415855424994	38.155844698705224	37.715516266322318	37.383199214492294	36.960071401869101	36.544896158863928	36.236716415026258	35.935882138373863	35.542593573247551	35.25547650849569	34.974812119995768	34.700344389286975	34.431835486100276	34.169064164727374	33.911824334655513	33.659923783050544	33.512857017943169	33.271125313972988	33.034227448657894	32.901731583738069	32.674083813821305	32.450855009255591	32.331672685038924	32.216691962116045	32.006043393962344	31.899140741760174	31.696356447698808	31.597148233157885	31.50165944778843	31.409809881234999	31.221725613483787	31.136928667872247	31.055557490245199	30.977548980707326	30.902843730310916	30.831385822772891	30.76312265170753	30.598181078498175	30.536159698437007	30.477193630590829	30.42124195264828	30.36826633716931	30.31823094105253	30.271102303569279	30.226849253281145	30.185442821985664	30.146856166635331	30.111064497489878	30.078045012743289	30.047776839358917	30.020240979025878	29.995420260221415	29.973299294317247	29.953864437597495	29.937103756806778	29.923007000310228	29.911565572965689	29.902772514263923	29.896622483071354	req S/N)	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	Distance (km)

SNIR (dB)

SNIR vs. distance from Amateur transmitter

aircraft	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	86.007806665679567	54.37256469216549	51.312341611604424	50.109695041198236	49.393776117859822	48.809881893523965	48.228127121368523	47.598163353523887	46.927834266591155	46.212373141226408	45.528875009897853	44.75424770895988	44.069009503423871	43.375757325548676	42.679121882948962	42.05985181272294	41.450353242398201	40.933645674814528	40.348710402570262	39.86114445228192	39.388452309591862	38.930046363631419	38.485321294402752	38.143956905877992	37.816619427941994	37.410903103542466	37.108649403725394	36.81818254316773	36.538850990314231	36.270055674944032	36.011245237545225	35.856075752832325	35.616055460445445	35.479217323642949	35.256160577302914	35.135893530664958	34.928250152170293	34.823058806280443	34.724963162616184	34.633658067383614	34.5488607546393	34.47030878679908	34.397758222743903	34.330981988637369	34.365561847448973	34.309763369989604	34.259140021475837	34.309356070937909	34.268612190879644	34.328365171575214	34.392622766427863	34.365563266543674	34.438474484744525	34.515479458958048	34.59645411793953	34.681280736164801	34.769847425589454	34.957179490597355	35.052800199942141	35.151849355486327	35.34889620556352	35.548799792070987	35.751440786804245	35.862851299370092	36.164461565840767	36.374605212072574	36.587013104717521	36.893916107939162	37.110097817831104	37.419513292683177	37.729582194169616	38.040063203921122	38.43975125126132	38.837457846484455	39.232674063531206	39.710158328594126	40.097357231518018	40.644072083927156	41.177765899646417	41.69671914468281	42.272557413532674	42.892643964556008	43.604903258549506	44.256896003184046	44.946424055144476	45.668836253299006	46.379430954346994	47.002525891789453	47.508894435077444	47.554364232599525	47.552345404649394	city	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	95.601301772420271	63.946919297792441	60.730658273388293	59.047870172969205	57.478748812556489	55.781400866190396	54.021415096769289	52.299167110457113	50.722120700105314	49.264651481014774	48.037214264889123	46.77618915559102	45.754168772520238	44.783514827277763	43.858526776267297	43.071066269978779	42.321103175033926	41.702287977615704	41.016275922630697	40.455604419333987	39.919992523302994	39.407162515881105	38.915138650374963	38.541029591235947	38.184692879633744	37.745758582027271	37.420946758329002	37.110260653127604	36.812741792548756	36.527532414874663	36.253862000003494	36.090360079970843	35.837787411921845	35.694238850231763	35.460465786250154	35.334771064795504	35.117892669834553	35.008302601953659	34.906203901401938	34.811257658376178	34.72315141527411	34.641596556023828	34.566326009966524	34.497092230139664	34.533185558354624	34.475357936913383	34.422924032147812	34.475223712873813	34.433037564817994	34.495246718827431	34.562173024936911	34.534167163050427	34.610116122449462	34.690379324541944	34.774838355515861	34.863381881482994	34.955905143561587	35.151750769432844	35.251929891040348	35.355808737486086	35.56268932142283	35.773061695044369	35.9868478158334	36.104687812857591	36.424367498238084	36.647962511275999	36.874693656933118	37.203597573411855	37.436367135083472	37.771062167970314	38.108513002153607	38.448648709771348	38.890065632276496	39.333769078717744	39.779646400924761	40.325720569294397	40.775373798400487	41.422058673583813	42.069069621031346	42.715973165378912	43.458442154068429	44.293762931494285	45.312123638603296	46.318007366622894	47.488439887632794	48.888113690581029	50.545409365921103	52.413031440221445	54.514481299491557	54.75568761321874	54.753159291243925	residential	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	99.830531320685978	68.140934609480908	64.653122551662008	62.275815793632624	59.823593571491124	57.364616935160853	55.070839684157356	53.004229121852447	51.214341049172475	49.618589829560442	48.305998578955212	46.978523409833414	45.915180232563962	44.913080109938996	43.963827748413905	43.159374999714565	42.395764715311024	41.767328214863014	41.072032431169632	40.504791689826234	39.963621484827904	39.446053819659625	38.949964623809855	38.573069183599884	38.214283762664387	37.772566218776007	37.445877417424498	37.133517893714306	36.834500973575636	36.547945411965571	36.27306100818209	36.108880331467041	35.855287807059348	35.711195342106613	35.476555564904409	35.35042274557965	35.132800299443524	35.022856433862572	34.920436096025135	34.825197572375963	34.736825945750503	34.655030436945978	34.57954206856045	34.51011160956255	34.546326047615395	34.488336061780046	34.435757352330526	34.488223683394864	34.445922172501056	34.50832781346832	34.575467745061175	34.547386112392779	34.623578352795612	34.704102698197843	34.788841231948645	34.877683180959856	34.970524411623863	35.16705528906153	35.267601911714529	35.371870584867523	35.579546344677382	35.790767387502953	36.005459440080813	36.123823202500112	36.444979376373702	36.669677850934058	36.897588055005372	37.22831125656613	37.462459104138112	37.799265616429373	38.139018609708813	38.481665378854345	38.926647422876044	39.374323967662427	39.824630530916544	40.376791726527962	40.832079322179524	41.487969145355095	42.145698008195062	42.80507775699094	43.564412400181418	44.422602697416771	45.47573339668994	46.525385950542713	47.762146664076283	49.270783610190151	51.11831420658168	53.328573333071994	56.116563258871452	56.470778195205604	56.467945118214644	rural	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	104.87162520064572	73.060208227428689	68.759169547255496	64.948185532458396	61.362141801698144	58.243969099179651	55.596017702413292	53.335552263705111	51.437148353026856	49.775040508150461	48.423107072707396	47.065702178582306	45.984078175898844	44.968233402552016	44.008472671912074	43.196710819491592	42.427259805398045	41.794721290887232	41.095479680160011	40.525454091516558	39.981932273469909	39.462363574506071	38.964559787236077	38.586490481629994	38.226674335147912	37.783786252545674	37.456308659615942	37.143246297265975	36.843600515663418	36.556480110199274	36.281086543206335	36.116621274884928	35.862601260002144	35.718280866808023	35.483277968231427	35.356961640923764	35.139027590974159	35.02893558377594	34.926380585335544	34.831019704172768	34.742536990092063	34.660640755601825	34.585061222864624	34.515548454052336	34.551813575688918	34.493755641996636	34.441116336291039	34.493652405587227	34.451302618357246	34.513790485076065	34.581019820528859	34.552906476508525	34.629200536905394	34.70983418718702	34.794689720738127	34.883656601360769	34.976630959570052	35.173448786136504	35.274149326336627	35.378581287715583	35.58659019041442	35.798166882925031	36.013238690926009	36.131822060628565	36.453597507241973	36.678758993754045	36.907164114802548	37.238651346790114	37.473378324604987	37.811072547920496	38.1517941169555	38.495498184490103	38.941982838817594	39.39133601354137	39.843514270387196	40.398252136753008	40.855929376154123	41.515732710414014	42.178033254896164	42.842754999711815	43.609346045829973	44.47744056153082	45.545773430771796	46.614813531152855	47.881498852178424	49.440765782123279	51.381316803433194	53.775512291494493	57.009827977768744	57.449631333834049	57.446562126459909	quiet rural	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	114.20866708959282	81.239567795032556	73.128023793568659	66.770283690685531	62.178308548247713	58.655684858968428	55.827028140763645	53.47656457658929	51.530273638008303	49.839718362302122	48.471208958972902	47.101335776731581	46.012155847608796	44.990659572494494	44.026595012939268	43.211848269704113	42.440017098239949	41.805809661477547	41.104964764748956	40.533808856857817	39.98933335464357	39.468953718391845	38.970455494777454	38.591910977400012	38.231677714692367	37.78831610456384	37.460519516454795	37.147172987692045	36.847273004305592	36.559924318659284	36.284325010396564	36.119744759835235	35.865552047818063	35.721139586176662	35.485990023776225	35.359599584596609	35.141539699827391	35.031387873115101	34.928778501273577	34.833368216516	34.744840650979761	34.662903749981048	34.5872874121238	34.517741413901199	34.554026996973903	34.495941632173889	34.44327786377022	34.495842086419962	34.453472809945275	34.515993871531819	34.583259300684446	34.555133154189143	34.631468321717328	34.712146102461112	34.797048874928819	34.886066198925782	34.97909431200604	35.17602801211838	35.276790710523613	35.381288617751991	35.589432074877912	35.801152428168962	36.016377652434045	36.135049749225786	36.457075432161574	36.682424045722414	36.911029219267427	37.242825346108646	37.477786515125224	37.81583980003024	38.156953256457328	38.501085248886554	38.948178312954425	39.39821070750601	39.851147641850972	40.4069306952007	40.865578036389223	41.526971724996187	42.19113264284109	42.858031722728676	43.627586440508253	44.49973733009908	45.5743218424482	46.651379729900732	47.930540345255615	49.511194394287465	51.491979221151382	53.969490003006428	57.429110150110361	57.916296818058861	57.913094875045054	req S/N)	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	Distance (km)

SNIR (dB)

SNIR vs. distance from Amateur transmitter

aircraft	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	69.749597043637223	52.269946826907663	47.609771133071519	45.376077377516843	44.077234406625799	43.237968917976353	42.653720061105226	42.222331100966841	41.888353146498673	41.618264060857776	41.394437339943394	41.196764508943971	41.025194260497443	40.867715035862879	40.719154833593478	40.582949676854852	40.451112518759864	40.331299970954788	40.203477280175633	40.087369648004355	39.972201136839033	39.85725091409347	39.741950143761763	39.64402487674424	39.547734097787604	39.432279550509001	39.337481527341041	39.24384621166454	39.151293357727489	39.059767970364028	38.969235095928482	38.907407083217628	38.819961845292326	38.762997278627886	38.678569075372394	38.626315284801727	38.544877048542389	38.497211910350813	38.452046271404974	38.409324310641395	38.368991884281833	38.330996263816999	38.295285928806464	38.261810402372205	38.265585013298427	38.236712944194707	38.209902633873362	38.220410302662643	38.197786117245798	38.212216639749116	38.228282169345121	38.211478330348626	38.230891858357076	38.25163130683918	38.273593023401652	38.296676615371794	38.320784858465792	38.377464881236158	38.402828880379111	38.428930814247416	38.485264406649108	38.540606150545344	38.594868071770854	38.621428394962138	38.699841835506	38.750418533328052	38.799644751474247	38.869701824953871	38.915159096564608	38.979174771529031	39.039589856150506	39.096486309635445	39.166098031967962	39.22995468882889	39.288370385330211	39.353738244482862	39.401136510246744	39.463488434368344	39.517396966156305	39.563795173335606	39.609667890204598	39.652953766408402	39.696060821972587	39.729091056565643	39.758855574163697	39.785063493439999	39.806287549851994	39.821152837195875	39.830434946845664	39.826834210510285	39.821999373412119	city	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	79.343558387521199	61.862573565301624	57.195675108200888	54.944692768651294	53.613120123697755	52.719628765708791	52.054251645019185	51.510506469217567	51.035729788565412	50.593004147715988	50.186209489708375	49.753939912566388	49.356891204626876	48.950745710760771	48.53212813314201	48.141666579375894	47.74548676213076	47.393530533875875	46.990272365173112	46.639150724933643	46.290515484406896	45.944671584805874	45.601932049164063	45.329513311936402	45.064727959058885	44.737140862941459	44.485588893760195	44.241236068778655	44.003895268623296	43.773381018212589	43.549510077815405	43.409853961613798	43.199694721715424	43.074818972552009	42.877440417667181	42.766249695228979	42.580810820003883	42.482328070168151	42.39003215450866	42.303688067145877	42.223075148450228	42.147986002352134	42.078225507087097	42.013609910086494	42.037068392855183	41.982405455554954	41.932378306829399	41.970090447277094	41.929030659325477	41.975337173923137	42.025592206394563	41.996952854758995	42.054890769467427	42.116328694490278	42.181123369153028	42.249136601949289	42.320234782132495	42.47511502077937	42.551625617339283	42.630824537036247	42.791867491972944	42.954102388198493	43.117330806868964	43.204660021959008	43.445972399455613	43.610986174116398	43.776194532169463	44.013643199495405	44.177526927728522	44.41046116959415	44.639838329637641	44.865302014148213	45.150179715025061	45.426115464118283	45.692591738115865	46.004712182070037	46.248275757507109	46.579927784834751	46.887558498402448	47.171077232334355	47.467973277616174	47.766547160975186	48.082787466464239	48.346713270936206	48.600575890077337	48.839742764355812	49.049367297358344	49.21304475481724	49.332584279465074	49.338786223601346	49.333926717832064	residential	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	83.573651226151554	66.090195936397777	61.410885901575604	59.128234628880996	57.737671741317257	56.749121814799132	55.947407681766876	55.22557379685432	54.543446941805264	53.867620993895407	53.235864501293044	52.543617850799826	51.922428255867807	51.293945086290101	50.65905625673112	50.085516662136172	49.51720939106437	49.027495406832493	48.475070554579013	48.007554079427024	47.552140386753088	47.108521984806451	46.676369167524761	46.339605330841181	46.015934263992001	45.618431504504812	45.31803833939744	45.028844809948779	44.750278960537301	44.481810527294385	44.222947578540008	44.063483381255978	43.82298009491052	43.68176458014382	43.457900099715467	43.333222429571265	43.124524893895604	43.014922379087785	42.912454166631875	42.816813685231473	42.727716427062802	42.644897952356537	42.568112111350537	42.497129456012047	42.524606207539591	42.464682768022371	42.409952179100557	42.453178652117906	42.408377441989863	42.461165116221558	42.518435671530106	42.487360192172524	42.553257144134768	42.623196406996477	42.697043020025482	42.774668345834606	42.855949527005777	43.032549012695981	43.120612045412415	43.211981936135963	43.397570533452701	43.585630279429331	43.776012032220336	43.878858843030009	44.163143622779998	44.359592380965552	44.557760080281824	44.844825829079404	45.045348053018756	45.332871563416191	45.619755317713427	45.905680089446477	46.272594645102011	46.635092260366008	46.992538865856133	47.421097266536776	47.764522295422012	48.24502194052144	48.706879241812594	49.148493371253821	49.629543682693978	50.135799499072604	50.700915699113011	51.200586246189573	51.709569419856756	52.219594732595468	52.696200641455412	53.092077414899933	53.397612452539541	53.420978528080319	53.416075694388105	rural	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	88.617787519302098	71.125633071967584	66.402954381968726	64.012111951106064	62.428911000393839	61.151855217465737	59.976829220470179	58.826211648172311	57.711592581427496	56.616741363554546	55.633875070938643	54.587802317158555	53.698026552244599	52.830817316458521	51.986254256180594	51.250303842128169	50.540458432986	49.944512583471543	49.283513512424683	48.735596576746815	48.209535393328025	47.703691726296036	47.216594360023521	46.841399747609294	46.483343531039196	46.045958216400486	45.718294263583196	45.404479778239754	45.103622159070831	44.814916199822704	44.537633391062244	44.367842009443073	44.111656583367918	43.96206500266571	43.724724062499256	43.593231472443144	43.37285589266682	43.257703283162094	43.150176489141536	43.049928484809364	42.956639026715905	42.870012042953888	42.789773332856512	42.715668533999192	42.745114885048601	42.682613500595259	42.625581894256598	42.67150646477112	42.624874064764349	42.680835348659876	42.741549137790194	42.709277061743279	42.779087107813844	42.853217926822047	42.931541061360527	43.013935224725813	43.100285752922709	43.287757338919938	43.381636580829777	43.479159321212563	43.677235941080049	43.878550169312184	44.082997678628125	44.193943011617272	44.500886463011291	44.714129077959001	44.930106850455061	45.244380751055246	45.465306163585623	45.783732302273364	46.103837381795934	46.425449911669077	46.842075058895759	47.258696500240191	47.674957744240224	48.181842914585793	48.595323948778685	49.185526370266174	49.768253079219498	50.342102104979993	50.988966933389868	51.699360897040577	52.536840084284201	53.327578059403834	54.195747413902595	55.15013286442808	56.147385838742544	57.085232139931662	57.905233896867102	57.980500455860209	57.975465564322896	quiet rural	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	97.988571513045358	80.40068853830212	75.232463305873324	71.910770409950274	69.083077346599524	66.492800956115701	64.135410354954018	62.01698458039214	60.174463162585035	58.527576260657021	57.164390317367193	55.792495451893494	54.686421068669141	53.645822865971887	52.661751687802891	51.825097303444394	51.032281910258604	50.376799557694689	49.657239197611929	49.06737873269428	48.505420579375098	47.968677969690894	47.454840661943827	47.061238848788662	46.686915731926163	46.230898444422863	45.89063787755962	45.56554952701471	45.254564537380745	44.956729640868296	44.671191263700045	44.496793478816194	44.233643288367226	44.080346567381518	43.837065912261295	43.702579753676801	43.477090081182084	43.35951387411825	43.249781986655037	43.147528716648544	43.052417398328231	42.96413748524219	42.882401992122816	42.806945243953521	42.83724430800045	42.773626947145551	42.715600045932405	42.762691742995095	42.715267104796489	42.772601709770008	42.834807122281489	42.802016483337248	42.873523087251804	42.949473626874621	43.029742980849868	43.114213620921511	43.202775068150508	43.395000878451462	43.491430505777345	43.591656602181814	43.795237027931819	44.002417874878468	44.213119418399216	44.327678887072224	44.644786234813445	44.865611761742244	45.089677979759905	45.41640208720024	45.646738785548763	45.979543024268722	46.315273445082745	46.653868716691065	47.094496421758095	47.537720173777565	47.983457346126343	48.530543347850113	48.980925838552913	49.630781793870646	50.282005648882823	50.934325301073763	51.685185618327139	52.532948297343054	53.571744986871117	54.604048933399255	55.815871646877156	57.284959237080635	59.064175173127133	61.148960816320312	63.669475477409733	63.974730605580206	63.969091202161813	req S/N)	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	Distance (km)

SNIR (dB)

SNIR vs. distance from Amateur transmitter

aircraft	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	76.007867826708988	44.374756089864412	41.332294564619794	40.189006057094538	39.598849584410885	39.229228337510108	38.961237946105896	38.741655686595102	38.545678817373542	38.356469942997094	38.176348023571322	37.975265851218836	37.783663609607927	37.579016440293046	37.358790716801018	37.146142670217841	36.922124200071138	36.717701119037436	36.473924753461539	36.256484563330993	36.034551402437074	35.808576793697448	35.579044596363907	35.394625090061474	35.212224045792794	34.979962448017254	34.800374886174232	34.623445085312191	34.449309669923544	34.278084570744845	34.109866664310196	34.006473287715345	33.845827635468119	33.752121387674286	33.598986866643735	33.514635654160195	33.368898118980063	33.293553213597519	33.222825296498463	33.156586446791756	33.094712886456975	33.037084969790698	32.983587136447248	32.934107840188993	32.958026147433742	32.916528699481397	32.878711360942752	32.914193684403521	32.883642256125931	32.926053867770136	32.971558712713374	32.951138618011917	33.00277892367891	33.057100701971109	33.113966842381529	33.173243822505363	33.234801392037276	33.36466195069309	33.429866164965226	33.496953867659812	33.62974986011254	33.762438160401651	33.894820170022179	33.966290735337054	34.157888223266141	34.288195237086057	34.417438593316959	34.600135030512519	34.725364525632941	34.900372895436497	35.070240530858833	35.234766123165166	35.438619676237444	35.632248404089133	35.815575560561733	36.025311959769539	36.185647578879937	36.398281862399884	36.590142163108013	36.762305888831257	36.937594725888125	37.108707162157117	37.284201671816895	37.426263912227526	37.55901778850555	37.680592484314104	37.784386576889396	37.863679299611078	37.920658585100789	37.923941007862148	37.922029023709456	city	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	85.601858764588826	53.966827963284764	50.908361972776447	49.711540710924673	49.007728953384394	48.443745435035709	47.889580306720575	47.293054601215999	46.657914202838114	45.977530608716272	45.324057210453326	44.579867028668147	43.917935989360224	43.245391167132901	42.566903699762776	41.961675902188453	41.364365512035342	40.856791002389144	40.281130194162763	39.80042068581124	39.333731681755395	38.880595755147269	38.440509983913444	38.102390022782011	37.777948407397353	37.375575477516975	37.075608361972598	36.787202156462165	36.509733227643146	36.242626332038363	35.985350537452959	35.831044111712941	35.592327427595315	35.456187900059732	35.23424928331017	35.114549718269345	34.907873694072471	34.803143907450803	34.705468754986967	34.614546507268322	34.530097418930296	34.451861722562874	34.379597842018377	34.313080801622213	34.347501017876475	34.291916590993111	34.241484328008504	34.291480479334048	34.250888798064246	34.310382618624956	34.374358811266795	34.347399078633835	34.419990137696004	34.496651989860965	34.577260026380756	34.661695913122436	34.749847082687914	34.936286469303823	35.031430006335	35.129974195499251	35.325994798541068	35.524808680102275	35.726292751648224	35.837037338569452	36.136781901999285	36.345542217198911	36.556482298964646	36.861141070954545	37.075638978924196	37.382501955297414	37.689824466841465	37.99735253450384	38.392922677987812	38.786140255171368	39.176472234690131	39.647442437941194	40.028807107156645	40.566371846728458	41.089967829295233	41.597858507699492	42.159809918191527	42.762790995123225	43.45224309131639	44.079927742486817	44.739629784450301	45.425542566339352	46.094157566661991	46.674725036998062	47.142068526569957	47.183682230946104	47.181673211987274	residential	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	89.832006408742899	58.193423869163446	55.105510553363125	53.812383107400976	52.914601834829256	52.048267489893512	51.105126904945593	50.076693476065998	49.026001685059761	47.964586307591752	47.007388896617954	45.973618120730634	45.101033712169937	44.248646952470814	43.417777117839996	42.697785327706008	42.002973985311584	41.423572106701187	40.776016605619716	40.242814714840883	39.73061440512808	39.237863361559654	38.763160925060966	38.400973430786948	38.055146976913882	37.628197017726912	37.311490307199925	37.008046050403095	36.717022791679788	36.43766069661114	36.169271679162726	36.008726101915933	35.760600102324453	35.619425299654594	35.389438133515604	35.265658615517964	35.052035319531562	34.943994109261219	34.843304063334259	34.749638390297015	34.662695274679017	34.582195469299378	34.507880169638177	34.439509135913674	34.475071182973501	34.417955835214144	34.36615729276312	34.417725768481205	34.376045777221975	34.437392884085433	34.503382189549157	34.475708643833762	34.550590730046991	34.629709084487409	34.712943190741321	34.800179341886306	34.891310132950537	35.084156718929144	35.182728500235555	35.284903159078802	35.488310054649951	35.694978820010924	35.904815717170365	36.020374479169554	36.333631310607075	36.552433787211946	36.774051246235111	37.095079264072083	37.321893750265744	37.647485305140393	37.975037283041935	38.304407516915113	38.730596310854843	39.157406302497293	39.584545904924262	40.105031253596195	40.531163868601993	41.139759562904331	41.742937836900992	42.339502761964624	43.01506179324484	43.761672320334313	44.649396723777251	45.497636810647947	46.442377694744046	47.501664237015405	48.639099371941455	49.747100445941214	50.756738229942272	50.855518957436729	50.853363625027143	rural	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	94.876335940246108	63.225253124259631	60.035446447305993	58.429248368383355	56.979653055825054	55.410426244222826	53.757468943180456	52.113230694446344	50.588362840543553	49.166549014500362	47.961791780682894	46.718861282422026	45.708272475105652	44.746411453741572	43.828264098236389	43.045623387164831	42.299548848694087	41.683484548707725	41.00013431460205	40.441350765638497	39.907339164240284	39.395875261750085	38.905025167189223	38.531721430038772	38.176092996376411	37.737964365468855	37.413696246804157	37.103495137175521	36.806410653602988	36.521591780037447	36.248273655779983	36.084968761307898	35.832692205969813	35.689301601905356	35.455780297136094	35.330212857181351	35.11355067095316	35.004063427493087	34.902058213945963	34.807196932875826	34.719167839504813	34.637682944826466	34.562475731046355	34.493299139603856	34.529357252327053	34.471576842385389	34.419185045117445	34.471436266043924	34.429283663779046	34.491435683003544	34.558299874546371	34.530316043612594	34.606194268902009	34.686381549098726	34.770759327078679	34.859216107275564	34.951646950540777	35.147293435051004	35.247365773668044	35.351131362809284	35.557780963029565	35.76790687432203	35.981429971703051	36.099117933767189	36.418369161702088	36.641644087474944	36.86803333297653	37.19640993295787	37.428780190590601	37.762863822374413	38.099648478779969	38.439058077283995	38.879445023414341	39.322001910596342	39.766602631642094	40.310925123314483	40.758959753614029	41.403006107019955	42.046953903030555	42.69030399805137	43.427990133568493	44.256863389053585	45.265504445663495	46.259293506455528	47.41169094787714	48.782484837299705	50.391495731980257	52.178516817147973	54.14000413395803	54.360602720496694	54.358129124645544	quiet rural	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	104.24927274005726	72.461272169687263	68.303516858420593	64.696119704956104	61.234282726475413	58.17600145109364	55.556959823105018	53.311422715114468	51.421110424878073	49.763859080246313	48.41477269491304	47.05951773412805	45.979200142427402	44.964334251620095	44.005319979594837	43.194076338434321	42.425038846612132	41.792790444954484	41.093827660647008	40.523998717723799	39.980642862295213	39.461215318427612	38.96353243221683	38.585545873850911	38.225802367362256	37.782996758602998	37.455574730715696	37.14256187070081	36.842960374760494	36.555879741630875	36.280522022212395	36.11607678882649	35.862086866508903	35.717782516863579	35.482805176274091	35.356501764262795	35.138589643835815	35.028508061782816	34.925962539503963	34.830610268488655	34.742135371300087	34.660246224414422	34.584673106362828	34.515166129088435	34.551427684505121	34.493374531779963	34.440739489707234	34.493270652124203	34.450924261692194	34.513406342858339	34.580629387577751	34.552518274880512	34.628805170808313	34.709431129780207	34.794278430363967	34.883236519651014	34.976201509524749	35.172999142249431	35.273688850100029	35.378109319253426	35.586094774109185	35.797646432818759	36.012691508137891	36.131259417710325	36.452991264236509	36.67812014847393	36.906490417131508	37.23792383832599	37.472610022035553	37.810241704907796	38.15089502291255	38.494524571391395	38.940903291782895	39.390138223976059	39.842184431505828	40.39674042536349	40.854248903772017	41.513775672292425	42.175752845038225	42.840096330001252	43.606172866636982	44.473563841394949	45.540813929005239	46.608468025866244	47.873002748996626	49.428599587970503	51.362303459498428	53.742553536262108	56.940679967934244	57.373145299356779	57.37009651927405	req S/N)	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	Distance (km)

SNIR (dB)

SNIR vs. distance from Amateur transmitter

aircraft	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	59.749606444980103	42.270104406997135	37.610675898782205	35.378909555630571	34.083738887979976	33.250625793624501	32.67574299586601	32.257652300234881	31.940892514190029	31.692790247250432	31.493370163212695	31.328751514150767	31.190937165015388	31.073108488354904	30.970714631116095	30.881174402253215	30.80142770398561	30.730616917799583	30.665231693291126	30.606404761714735	30.552115671179834	30.501603121946967	30.454242399025542	30.411688312226111	30.371738389993929	30.331527337645056	30.295642812401333	30.261498595724429	30.228892558528095	30.197652628128044	30.167631741888094	30.142399288291713	30.114662371306046	30.09184052508563	30.066016757702442	30.045278468607791	30.021088536712256	30.00218258578623	29.984166012967489	29.966990700023789	29.950613035941789	29.934993303290703	29.920095157590531	29.905885183994933	29.897455914026931	29.884592289439556	29.872325318810535	29.865804430869932	29.854700997088031	29.84926150879069	29.844275785851572	29.834729065276903	29.830637237761017	29.826905816245311	29.823505664369687	29.820409172542725	29.817590181419735	29.819447899651813	29.817011022029895	29.814779933440359	29.816764733825046	29.818627477108475	29.820356262502187	29.818453688635497	29.823373057928762	29.824645540357789	29.825752741862587	29.829469187489654	29.83008974625093	29.832981752686607	29.835391076683226	29.83734214468549	29.840747446810983	29.843413496042071	29.845402088969578	29.848125640560855	29.848792633395398	29.851076995940051	29.852387372724852	29.852854627990641	29.853241225947862	29.853330679266129	29.853378416399895	29.852365335482435	29.851009552850343	29.849286144205102	29.84705543153709	29.844184752215593	29.840757053103626	29.836043636183735	29.831211595663699	city	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	69.343644010402784	51.86400848593847	47.203906870405071	44.970404151500844	43.671924951836878	42.833268286660285	42.249944777500374	41.819866572899627	41.487580375904855	41.219642811512394	40.998192920133008	40.803719888674266	40.635394738302963	40.481698273944993	40.337503252145105	40.205667905259546	40.078658585899731	39.963339876310229	39.841176816939885	39.730196665756743	39.620410655933711	39.511083047768793	39.401628553362876	39.308406532217894	39.216845343246995	39.107620108261727	39.017630787687168	38.928790875353052	38.841009420830844	38.754221608247626	38.668383529708656	38.609365614140422	38.526458560718325	38.472063241556256	38.392001703683327	38.342073700131223	38.264820487150644	38.219238508611006	38.176027691775175	38.13513484427363	38.09650850092028	38.060098637164081	38.025856441491626	37.993734134115464	37.996652188320162	37.96890325045041	37.943109949356348	37.952426501713433	37.930608646987913	37.943647234628294	37.95823160685012	37.941939129695974	37.959693504722388	37.978696759786175	37.998849452220163	38.020055340984158	38.042221303050255	38.094912264670242	38.118235468565281	38.142245054454989	38.194529533143793	38.245840946289682	38.296098909385059	38.320471099952741	38.393172989122036	38.439867796783268	38.485266106892894	38.549981341157839	38.591785594493544	38.650765188537818	38.706340592092175	38.758597770531132	38.822547584547891	38.881100669516805	38.934564840183242	38.994366467500463	39.037564570784092	39.094456945590963	39.143528155990325	39.185658500374778	39.227264165060305	39.266460138887268	39.305453472793005	39.335205137406881	39.361952208461112	39.385435214524428	39.404358835380471	39.417477131531854	39.425503364873968	39.421792525061264	39.416957964725853	residential	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	73.573878006897885	56.093995277866931	51.432647460124613	49.195932526887596	47.891342813214294	47.042477378761696	46.443680694590128	45.991773048136281	45.631463747233219	45.328130966257085	45.067891598921733	44.821706572917776	44.601520536746975	44.388094151833478	44.17591523857412	43.97700648588264	43.777001644500217	43.594751299905163	43.389638797057046	43.20476148226264	43.018640875006355	42.830882355947665	42.641246976780394	42.484501551252713	42.329916658520311	42.138952714526418	41.98682268436599	41.83681980164625	41.688958952515421	41.543264785265869	41.399767816199606	41.306571139589813	41.168982664146654	41.083907521523884	40.952153978133211	40.874921736844421	40.748929166232394	40.67927149201342	40.613578537121043	40.551745091110028	40.493669358578913	40.439252791648926	40.388399939501561	40.341018310158063	40.353589489022362	40.313187200423293	40.275965040748112	40.2986697685783	40.267784628823833	40.296486519682944	40.327794936928967	40.305721933738852	40.342257269456894	40.380993171914895	40.421793642942703	40.464526371674644	40.509062500328056	40.608030127213425	40.655203812999993	40.703791389309238	40.804003838852054	40.903506895912521	41.002131593700852	41.053146180748996	41.196106715448686	41.291156638047113	41.384727715258386	41.517501356104546	41.606420046773323	41.731135282732367	41.850760911994335	41.965247300131352	42.106279570555465	42.238205643225875	42.361226848522534	42.500477082777458	42.604533596898989	42.741738677307055	42.863145328469329	42.970043230420309	43.077319356398114	43.180343496220097	43.284435230557314	43.366732192433133	43.442372236609522	43.510456542513204	43.567371431925913	43.609551043575863	43.638582388115694	43.636717642392931	43.631878440680545	rural	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	78.618512029821758	61.13775769314217	56.472019362410634	54.224013642963413	52.898049343004558	52.013772971349923	51.362005196845061	50.836761188344568	50.384610420293704	49.968797318284459	49.589554040626915	49.191192716105846	48.825285064352485	48.451899534851904	48.067056049498426	47.7067504181666	47.340310388232005	47.013174978744345	46.637865377436292	46.309359937896126	45.982120412877585	45.656431023517094	45.332608833405153	45.074099206117054	44.822264686906344	44.510335510375413	44.269906503556768	44.035901857125182	43.808191685086044	43.586644321242062	43.371126795260622	43.236236445705465	43.033430431495205	42.912540806206742	42.721663341037839	42.613802083047574	42.434135364241506	42.338425901423555	42.248674756849105	42.164662846381269	42.086183843737395	42.013043266964374	41.94505763818281	41.88205370981747	41.904494719258508	41.851164042366413	41.802329788014198	41.838643537827849	41.798532301814248	41.843196316106862	41.89167688492806	41.863653305630194	41.919581040816141	41.978876909151957	42.041396555723729	42.107000461617176	42.175553475981793	42.325029994646776	42.398680074112001	42.474875568440027	42.629893216637107	42.78583438233354	42.942495278089311	43.026094105433927	43.257161827016084	43.414760504474494	43.572265034809313	43.798251359803373	43.953773768571565	44.174409526660796	44.391033905992842	44.603309919219292	44.870647091510953	45.128504850783386	45.376445094598196	45.665510468590632	45.889881210234954	46.193881861264735	46.47401940917122	46.730520698175418	46.997359509574601	47.263761885183435	47.543709247370032	47.775378567642079	47.996496846003566	48.203186332296006	48.382935843281892	48.522235184642177	48.623257783641442	48.627794442768106	48.622939131644152	quiet rural	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	87.994843431862918	70.5043797332157	65.790089460977981	63.419880775535148	61.872401206856125	60.646474634198853	59.533565614735039	58.448975017233494	57.395557542873632	56.355184494374321	55.414556388710025	54.408102340149895	53.546537333554795	52.703121208465063	51.87850392868625	51.157414250192069	50.460113695666934	49.873341367116637	49.221508407322524	48.680245032402446	48.159937703840392	47.659091179640221	47.176351821883131	46.804175362000592	46.448798787367146	46.014497114989993	45.688926691654345	45.376991913715422	45.077827707222291	44.790652166876129	44.514756599936447	44.345740604993694	44.090729370249811	43.941763337413569	43.705426516377329	43.574440603123854	43.354931555085109	43.240190016854228	43.13303746637952	43.033129984299087	42.940150063149495	42.853804046173572	42.77381986890753	42.699945061680346	42.729246340691937	42.666934824006013	42.610072601332263	42.655798549708578	42.609300966356003	42.665028567929333	42.725488642530181	42.693304758782737	42.762826316034612	42.836647849708875	42.914640366528545	42.996681975532994	43.082657339771309	43.269322952492288	43.362770258156218	43.459835478712883	43.656981654992187	43.857305620914595	44.060699193839042	44.171036276909973	44.476272336335867	44.688244164382048	44.902869281863794	45.215066833959312	45.434427307377398	45.750470231107542	46.067995766558937	46.386816894754325	46.799518418657662	47.21182062453822	47.623331822856812	48.12379863767741	48.531448384964911	49.112344560878242	49.684565841694344	50.246612042230211	50.878207511126213	51.569062888600158	52.379149907748804	53.138861408882775	53.96610326267006	54.865549926411411	55.791891845030008	56.647768642187863	57.38158764376216	57.447680582462077	57.442669147357954	req S/N)	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	Distance (km)

SNIR (dB)

SNIR vs. distance from Amateur transmitter

aircraft	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	85.940443545027279	54.132651953491951	50.723470443746905	49.046775240352162	47.815707271945222	46.754415847652595	45.787210116064387	44.890099349772221	44.053573516630543	43.272129672922361	42.541321047409994	41.857021045821519	41.215311423586229	40.612514085502347	40.045231356027521	39.510365539243239	39.005118319317837	38.526976647686475	38.073691242507763	37.643252010341321	37.233863068900014	36.843918881214805	36.471982261329707	36.116764549198741	35.777107991528013	35.451970221616008	35.140410662468	34.841578653101401	34.554703095263697	34.279083430857028	34.014081774131398	33.759116046731492	33.513653977133295	33.277207848795072	33.049329894425512	32.829608247719506	32.617663380139902	32.413144954695497	32.215729045215738	32.02511567072699	31.841026605583153	31.66320343145928	31.491405797894288	31.325409870119195	31.165006935473947	31.010002157766309	30.860213452892641	30.715470478852364	30.575613723265029	30.440493680024847	30.309970102309631	30.183911326291682	30.062193657019787	29.944700808440096	29.831323395560627	29.721958471064728	29.616509099204031	29.514883969869071	29.416997043161839	29.322767225219927	29.232118069440691	29.144977502461327	29.061277572954626	28.980954221177353	28.903947064537938	28.830199202543319	28.759657035580023	28.692270099258796	28.62799091040733	28.566774825290725	28.508579910274786	28.453366820148229	28.401098688480175	28.351741025128771	28.305261621014207	28.261630463758053	28.220819658080785	28.182803350267626	28.147557666096461	28.115060647544691	28.08529219512673	28.05823402309349	28.033869614263725	28.012184172445668	27.993164594325496	27.976799432120956	27.963078879139481	27.951994722259268	27.943540352647059	27.937710710969089	27.934502328249646	city	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	95.023306877170427	62.142969435857545	57.170175200941138	54.035200724509686	51.659002225574383	49.745973633187461	48.1519955583354	46.790766967955946	45.606067459428637	44.559374932644054	43.623275001756305	42.777645394189399	42.007326328528613	41.300639159734715	40.648411965919635	40.043319570373598	39.479424913971172	38.951853026573048	38.456554521785165	37.990130896544166	37.549703364948783	37.132812915780363	36.737343138910219	36.361459903075122	36.003563679673469	35.662251475665876	35.336286152387999	35.024571483179336	34.726131713138969	34.440094684849157	34.165677809769697	33.902176332620378	33.648953452565763	33.405431962398197	33.171087134565646	32.945440637023424	32.72805530801898	32.518530645676428	32.316498901703874	32.121621682496148	31.933586981794829	31.752106582098513	31.576913768478914	31.407761315076918	31.244419700731992	31.086675531076487	30.934330130640006	30.787198290122003	30.645107145395496	30.50789517448883	30.375411295309529	30.247514054761123	30.124070897639321	30.004957504706088	29.890057195784191	29.779260388362587	29.672464103007933	29.569571517182286	29.470491556690746	29.375138524564925	29.283431760734238	29.195295331149229	29.110657743830895	29.029451689274495	28.951613800037279	28.877084432492587	28.805807464876231	28.737730113074033	28.67280275998354	28.610978798817115	28.552214490372627	28.496468829324929	28.443703423768053	28.393882383000591	28.346972213555599	28.302941726981054	28.261761953175089	28.223406058514783	28.187849278102529	28.15506884739213	28.125043939992516	28.097755618839031	28.073186787461086	28.051322139270813	28.03214812672082	28.015652921603646	28.001826398610245	27.990660086148889	27.982147175722535	27.976282466108593	27.973062403488065	residential	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	98.441352041839394	64.425525761659173	58.489483911778294	54.820205396554165	52.161387266464104	50.089781517039455	48.400279825867955	46.977804755961344	45.751760883741234	44.675959051515676	43.718642355180577	42.857097266906088	42.074547108400594	41.358264967490364	40.698376555401879	40.08707246811057	39.518073390647594	38.986257089700871	38.48739204941571	38.017943279822255	37.574928120454551	37.155807398559602	36.758402059102878	36.380828452042991	36.021447495352838	35.678824299149028	35.351695775477744	35.038944415276482	34.739576877553418	34.452706371807594	34.177538054623902	33.913356845529407	33.659517195223145	33.415434444817471	33.18057748818908	32.954462507868335	32.736647604088986	32.526728165625201	32.324332866182523	32.129120185310306	31.940775374637237	31.759007803993484	31.583548628988176	31.414148738668267	31.250576938385887	31.092618344146981	30.94007295112656	30.792754360813532	30.650488642779571	30.513113316855115	30.380476438091922	30.252435774847729	30.1288580681186	30.00961836129639	29.894599396014534	29.783691064416352	29.676789909015508	29.573798671638269	29.474625880579485	29.379185475701128	29.287396464756927	29.199182609553183	29.114472139368491	29.033197489020878	28.955295056374826	28.880704982239841	28.809370946761589	28.741239983726501	28.676262308598915	28.61439116063498	28.555582659088326	28.499795668544259	28.446991677603009	28.397134685893075	28.350191099407791	28.306129637662128	28.264921246469289	28.226539015566747	28.190958110414055	28.158155703415673	28.128110911367756	28.100804746310533	28.076220066513699	28.054341525518996	28.03515554108149	28.018650255283593	28.004815517935725	27.993642837264044	27.985125389182542	27.979257961390491	27.97603699344527	rural	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	101.44078873145403	65.901508100316164	59.184685371295309	55.194422582796172	52.389197093375074	50.241492412004021	48.508083929579989	47.058187238826008	45.813945677513487	44.725480007218394	43.759009431539646	42.890639541057773	42.102868716800678	41.382505751369905	40.719368167270126	40.105435645099213	39.534280666777072	39.000674439130194	38.500307263896545	38.029585752901383	37.585482923379608	37.165425478309089	36.767207748490812	36.388925082609525	36.02892164895168	35.685749068038355	35.358133290314711	35.044947825719447	34.745191918823387	34.457972614707529	34.182489911153851	33.918024384049346	33.663926805933166	33.41960938664937	33.18453834104271	32.95822754876027	32.740233121736026	32.53014872490391	32.327601531537333	32.132248710359008	31.943774363789821	31.761886850792788	31.586316434989818	31.416813215983723	31.253145298449621	31.095097174822062	30.942468283899629	30.795071729535842	30.652733135171896	30.515289619798288	30.382588877561894	30.254488351224165	30.130854487480555	30.011562063232535	29.896493578393713	29.785538705502777	29.678593787257633	29.575561383414993	29.476349856149067	29.380872993564729	29.289049664620858	29.200803504050825	29.116062624681291	29.034759354521519	28.956829993399552	28.882214592084502	28.810856747984499	28.742703418831677	28.67770475016485	28.615813916946095	28.556986979320889	28.501182747551979	28.448362660343562	28.398490671531857	28.351533145131587	28.307458762232354	28.266238433540845	28.22784521679835	28.192254248389027	28.159442674396452	28.129389587899126	28.102075979690333	28.077484689146601	28.055600353165584	28.036409375018554	28.019899884385687	28.006061720691743	27.994886383738262	27.986367042931768	27.980498481347702	27.977277135778607	quiet rural	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	103.66640339185865	66.674835472272278	59.499670962156003	55.354845964840997	52.484492296017564	50.304161930787785	48.552296693604369	47.091006509458126	45.839259894551603	44.74559756061312	43.775383927337415	42.904230569670744	42.114334670673429	41.392313104049215	40.727856499978181	40.112857964184862	39.540829294354886	39.006498151263528	38.505522939313813	38.034286477049285	37.589743744036454	37.169307569311997	36.770761472121912	36.392192275856502	36.031937353642924	35.688542856408915	35.360730292154663	35.047369532603895	34.747456819858456	34.460096703564872	34.184487093783787	33.919906809047944	33.665705134145917	33.42129301265993	33.186135576272719	32.959745773721174	32.741678913329913	32.53152796341692	32.328919491007234	32.13351013525191	31.944983534351469	31.763047638975163	31.587432352505076	31.417887455747131	31.254180770451271	31.096096537282087	30.943433970415601	30.796005972812491	30.653637987825267	30.516166972648293	30.38344047576069	30.255315808514112	30.1316592988316	30.012345616071077	29.897257162602983	29.786283522350924	29.679320957386714	29.576271954004145	29.477044807352229	29.381553244307689	29.289716077833315	29.201456891396887	29.116703750845655	29.035388941100983	28.957448722442834	28.882823109318778	28.811455665762065	28.743293318826652	28.67828618584559	28.616387415847594	28.557553045136714	28.501741862065089	28.448915285212092	28.39903724994431	28.35207410334549	28.30799451100734	28.266769369477938	28.228371723593817	28.192776698013063	28.159961428203811	28.12990499767913	28.102588388663776	28.077994432914647	28.056107760617088	28.036914769200983	28.020403583345022	28.006564038285649	27.99538763042683	27.98686752655097	27.980998507868424	27.977777010056801	req S/N)	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	Distance (km)

SNIR (dB)

SNIR vs. distance from Amateur transmitter

aircraft	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	69.739174081752864	52.252241643354296	47.581205201308045	45.332908117848227	44.015923438468675	43.155644948781401	42.548338337851966	42.092750958398106	41.73358457082675	41.438466419336848	41.187389379172274	40.967441091081895	40.769991638339242	40.589108183727475	40.420618680236871	40.261536311167873	40.109693125715545	39.963499591858849	39.82178247479537	39.683672887289831	39.548527336197111	39.415870992588829	39.285356257156018	39.156732061789455	39.029820843347906	38.904501089902794	38.780693994517236	38.658353176873412	38.537456723522155	38.418000998693493	38.299995819568295	38.183460691126555	38.068421869335594	37.954910075312092	37.84295872308838	37.73260255429544	37.623876595261542	37.516815370530367	37.411452319709284	37.307819375764197	37.205946671053646	37.105862343996677	37.007592424871909	36.911160783023398	36.816589121842753	36.723897009617303	36.63310193790506	36.544219399633178	36.457262981251382	36.372244464622462	36.289173934409767	36.208059888804613	36.12890935066568	36.051727977952794	35.976520171631144	35.90328918057498	35.832037202282876	35.76276547928294	35.695474390732009	35.630163539151113	35.56683183200068	35.505477558363317	35.446098460746313	35.388691801874096	35.333254426987175	35.279782821626014	35.228273164953379	35.178721379333496	35.13112317553847	35.085474094714158	35.041769546587901	35.000004844428162	34.960175237029816	34.922275937578895	34.886302150033998	34.852249092523451	34.820112018861728	34.789886237048094	34.761567126340374	34.735150151739838	34.710630876658861	34.688004973971132	34.667268234776813	34.648416576238979	34.631446046759763	34.616352830647813	34.603133250145262	34.5917837671076	34.582300982610505	34.574681634183158	34.568922594112685	city	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	79.249542925830326	61.703976666600077	56.942654767971554	54.568632290301437	53.090934352781886	52.038377605824863	51.212240842949029	50.516880359510488	49.902566597412104	49.342076364244363	48.819933509875526	48.327061236133595	47.857972500229025	47.4092344786281	46.978605956191053	46.564543750631984	46.165917074144836	45.781841286011826	45.411581043097698	45.054494069450335	44.709998753625399	44.377555691222369	44.056657329497277	43.746822256592246	43.447592095999035	43.158529812615967	42.8792187415265	42.609261950590145	42.348281725376324	42.095919068259946	41.85183316279339	41.615700787093395	41.387215677329245	41.166087850479549	40.952042898432495	40.744821266289705	40.544177525850245	40.349879654434439	40.161708326592262	39.979456224989683	39.802927374965151	39.631936505835526	39.466308441207545	39.305877519187469	39.15048704334739	38.999988763731444	38.854242388103522	38.713115122093306	38.576481237321197	38.44422166663972	38.316223624621145	38.192380252697951	38.072590286925198	37.956757747663744	37.844791649362477	37.73660572969937	37.63211819639379	37.531251490914094	37.433932067816379	37.340090188812113	37.249659730383762	37.162578004305168	37.078785590164159	36.998226178857962	36.920846426683795	36.846595819155311	36.775426543767495	36.707293371642052	36.642153546672823	36.579966682593941	36.520694666786241	36.464301570700904	36.410753566587296	36.360018849830965	36.312067567026013	36.266871748811887	36.224405248132094	36.184643682385548	36.147564380678375	36.113146334683165	36.081370153562247	36.052218022872815	36.025673666532853	36.001722312978664	35.980350663572075	35.961546865237707	35.945300485037613	35.931602488843417	35.920445222270949	35.911822393482744	35.905729061235185	residential	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	83.32895593516858	65.682383259616188	60.772506228111411	58.204503299517505	56.498279667938604	55.19722970388279	54.116532471827952	53.171508804831042	52.319912963638593	51.5389138827803	50.8150629270718	50.139680125303094	49.506648176412945	48.911321006082595	48.349964010049291	47.819454494135954	47.317112671950376	46.840600016382467	46.387853553009968	45.957040174301198	45.546522724137212	45.15483345948887	44.780652466648945	44.422789634262394	44.080169329997005	43.751817225380144	43.436848882496129	43.134459816784869	42.843916814039893	42.564550322552613	42.29574777241023	42.036947697299169	41.787634552985729	41.547334141771863	41.31560956483677	41.092057635594912	40.876305695591306	40.668008783171437	40.466847111114845	40.272523815734978	40.084762944683355	39.903307654938004	39.72791859642286	39.558372459438864	39.394460667510138	39.235988198593979	39.082772520993814	38.934642630850966	38.791438180270461	38.653008686672976	38.519212814218079	38.389917720469136	38.264998460933377	38.144337446202755	38.027823945936007	37.915353635562255	37.806828181099	37.702154858783913	37.601246206078422	37.504019701251799	37.410397468717967	37.320306008058971	37.233675944583389	37.150441799310009	37.070541777048774	36.993917570874061	36.920514181494454	36.850279750803047	36.783165407671255	36.719125125912768	36.658115592796165	36.600096087603319	36.545028369580542	36.492876574284594	36.443607118189995	36.397188610344145	36.353591771530176	36.312789359213774	36.274756099326993	36.239468623250836	36.206905410324161	36.177046735686098	36.149874622436741	36.125372799152068	36.103526660747725	36.084323234599978	36.067751149577163	36.053800610099174	36.04246337334645	36.033732729198967	36.02760348624917	rural	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	87.880017719247192	69.940060136740001	64.642570116542387	61.632363380304362	59.478242562254344	57.759862200661175	56.310571823853344	55.050238647416954	53.933606627108347	52.931659247928813	52.024049302393855	51.195640285513576	50.434727948562006	49.732021084494342	49.080002868581879	48.472502654663174	47.904394465900815	47.371377094429228	46.869809533089999	46.396585378374361	45.949035472734025	45.52485145977235	45.122025095538064	44.738799599625203	44.373630317166445	44.025152656873445	43.6921557683049	43.373560784380025	43.068402723670843	42.775815347624125	42.495018419770936	42.225306929619613	41.966041933224716	41.716642731430973	41.476580160685884	41.245370814272022	41.022572044679166	40.807777625508074	40.600613971999863	40.400736837099913	40.207828413749084	40.021594785433095	39.841763676630073	39.668082461998594	39.500316400134089	39.338247061940237	39.181670929340399	39.03039814245026	38.884251377029045	38.743064836780597	38.606683346328538	38.474961533846738	38.347763092455345	38.224960112145382	38.106432473975261	37.992067300300249	37.881758454631367	37.775406086296044	37.672916215150337	37.574200352436264	37.47917515400048	37.387762102978485	37.299887219092447	37.215480791830927	37.134477135655395	37.056814365074054	36.982434187676304	36.911281714074015	36.843305282502016	36.77845629774496	36.716689082531751	36.657960740695145	36.602231031262825	36.549462252327785	36.499619134423163	36.452668742070081	36.408580383850577	36.367325529186594	36.328877732797444	36.293212565123518	36.260307548978986	36.230142102186214	36.202697485126755	36.177956754202064	36.155904719160866	36.136527906168261	36.119814524248191	36.105754437186206	36.094339138999587	36.085561732539169	36.079416914558038	quiet rural	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	93.835726229816402	74.770279532778559	68.404378135991095	64.508719843328649	61.677856585877024	59.460746304373863	57.647075168891554	56.118849811059277	54.802627519909045	53.649572472914699	52.625648399261436	51.706260435336084	50.873109557019141	50.112245753960195	49.412812271873456	48.766207731752864	48.165510860265499	47.605075664767206	47.080240337483644	46.587113902147813	46.122417152140059	45.68336223436642	45.267560218874181	44.872949252609999	44.497738069260294	44.140361104219295	43.799442484928875	43.473766883484025	43.16225572904608	42.86394764584557	42.577982251813943	42.30358665155282	42.040064106005701	41.786784473048371	41.543176098337241	41.308718901655602	41.082938453898905	40.865400880215205	40.655708455111345	40.453495780416795	40.258426456328529	40.070190171380204	39.888500150088596	39.713090906810052	39.543716263345814	39.380147593638107	39.222172265842872	39.069592255457067	38.92222290768531	38.779891830614396	38.642437902557269	38.509710380489096	38.381568096980246	38.257878735967104	38.138518177899854	38.023369907030506	37.912324473586807	37.805279005282891	37.702136762812962	37.60280673489693	37.507203268655005	37.415245732036297	37.326858205121383	37.241969197290153	37.160511388159996	37.082421389918835	37.007639528979219	36.936109645727811	36.867778909999203	36.802597651815155	36.740519205430203	36.681499765888994	36.625498257185875	36.572476210799763	36.522397654275302	36.475229008459713	36.430938993703037	36.389498543162539	36.350880724145519	36.315060665746614	36.282015493016544	36.251724267387324	36.224167932270561	36.199329264800312	36.177192831664698	36.157744950884876	36.140973657161226	36.12686867286493	36.115421382774457	36.106624812112095	36.100473611212173	req S/N)	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	Distance (km)

SNIR (dB)

SNIR vs. distance from Amateur transmitter
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SNIR (dB)

SNIR vs. distance from Amateur transmitter

aircraft	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	59.748563020144061	42.268330572663231	37.607810238795906	35.374570441277044	34.077559452974931	33.242298607654654	32.665034910717182	32.244411827296503	31.924974020691291	31.674155417417328	31.471729265531458	31.304543855562354	31.163715152745453	31.043045514853027	30.938090945924014	30.84558868845243	30.763093681507247	30.688740630769022	30.621084108397465	30.558988535022916	30.501550875187217	30.448045283773133	30.397882788691931	30.350581467458223	30.305744072864677	30.263041028896293	30.222197353688593	30.182982491749627	30.145202327704617	30.108692854086083	30.073315106402791	30.038951078448477	30.005500402806323	29.972877633705789	29.941010007640806	29.909835586230209	29.879301706388631	29.849363679941796	29.819983696384131	29.791129892476889	29.762775559501442	29.734898464626475	29.70748026764138	29.680506017383863	29.653963715668677	29.627843937757547	29.602139501551871	29.57684517787493	29.551957436074147	29.527474220300011	29.503394751708075	29.479719353796202	29.456449297206969	29.433586662065586	29.411134215184287	29.389095300768624	29.36747374255221	29.346273756347621	29.325499871638407	29.305156861300329	29.28524967832216	29.265783398997179	29.246763171830487	29.228194171302135	29.210081556317999	29.192430432659688	29.175245818883202	29.158532615800226	29.142295578368486	29.126539290620546	29.111268142636842	29.09648630963547	29.082197733040687	29.068406103011672	29.055114842711198	29.042327093494528	29.030045701826491	29.018273206512497	29.007011827590865	28.996263455491093	28.98602964102664	28.976311586230352	28.967110135198492	28.958425766147617	28.950258582819821	28.942608307267783	28.935474271785775	28.928855412193691	28.922750260671489	28.91715693778778	28.912073147118285	city	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	69.334150161409184	51.847880300784844	47.177881965420269	44.931067335556264	43.616042012595273	42.75820623500001	42.153816266067246	41.701600441333419	41.346235359618774	41.05531893840012	40.808811844499921	40.593767576084197	40.401520908639554	40.226103188645794	40.063306615359963	39.910109176406799	39.764308706859076	39.624282795477406	39.488826948436923	39.357042859972744	39.228259618429639	39.101977080349535	38.977824490227491	38.855529793205584	38.734896583244904	38.615786593471753	38.498106269857487	38.381796394194545	38.266824012229321	38.153176123373811	38.040854729749242	37.929872942919189	37.820251919720739	37.712018451960525	37.605203074220952	37.499838584316144	37.395958892730263	37.29359813558726	37.192789998347088	37.093567208423785	36.995961162938087	36.900001664298884	36.805716741809029	36.713132541215813	36.622273268171639	36.533161173268894	36.445816569872854	36.36025787651387	36.276501677744186	36.194562798736698	36.114454388987959	36.03618801261176	35.959773741943025	35.885220253028436	35.812534920882932	35.741723913775957	35.672792285120359	35.605744062620495	35.540582333988063	35.477309328988312	35.415926497363529	35.356434582758986	35.29883369253438	35.243123363223376	35.18930262205695	35.137370044436452	35.087323807340745	35.039161739311254	34.992881366327786	34.94847995465642	34.905954550103544	34.865302014148213	34.826519057190424	34.789602268741504	34.754548145163923	34.721353114440028	34.690013559053135	34.660525835828629	34.632886294307049	34.607091292483915	34.583137210667424	34.561020463649527	34.540737510516578	34.522284863444341	34.505659093746836	34.490856837320962	34.477874797353969	34.466709746585011	34.457358527387754	34.449818049380355	34.444085287995094	residential	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	73.5487773630486	56.051409965903254	51.364077781852508	49.092621994350402	47.745228761288246	46.847354947033786	46.195608299380837	45.689246404949095	45.273582992364062	44.916916275560851	44.599938647723512	44.310442494064517	44.040489503903075	43.784810948125184	43.539860528257094	43.303231070564145	43.073283159726934	42.848902045689236	42.629334833634367	42.414079412176122	42.202807576665094	41.995311244312113	41.791464546290115	41.59119699824803	41.394474492031144	41.201285858587454	41.011633424853997	40.825526445215644	40.642976605472654	40.463995020004482	40.28859030156233	40.116767396985018	39.948526964952279	39.783865132107252	39.622773507971978	39.465239372125843	39.311245970345944	39.16077287500935	39.013796377372294	38.870289889509451	38.73022434054063	38.593568556901651	38.460289620467705	38.330353200584511	38.203723858669456	38.080365324369311	37.960240744518501	37.843312905502316	37.729544430666095	37.618897954812198	37.511336277023346	37.40682249438197	37.305320117700205	37.206793171612503	37.111206280142142	37.018524739775032	36.928714580965213	36.841742619727107	36.757576500312155	36.67618473015601	36.597536707835822	36.521602745161964	36.448354084116175	36.377762909083394	36.309802355352545	36.244446514240074	36.181670435180706	36.121450125733404	36.063762549046722	36.008585620045963	35.955898199914785	35.905680089446477	35.857912021573881	35.812575652947274	35.769653555204791	35.729129205417017	35.690986976794449	35.655212128491513	35.621790796064829	35.590709981393125	35.5619575427881	35.535522185457651	35.511393451621174	35.489561711593367	35.470018154069962	35.452754777737404	35.437764382046424	35.425040559411777	35.414577687095317	35.406370918453611	35.40041617697262	rural	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	78.538820305969878	61.003165432589363	56.256889160325727	53.903387772935424	52.451206180329805	51.428148522834661	50.6342616272862	49.972676618254305	49.392580729187571	48.865873349970791	48.376420924842357	47.914693117735013	47.474921827945998	47.053529517945314	46.648232045845162	46.257515265496878	45.880325348388261	45.515884125354795	45.163578720257661	44.822895772753206	44.493382557146504	44.174624332084022	43.866231443512845	43.56783223226833	43.279069339085936	42.999597945078257	42.729085067339909	42.467209386893941	42.213661305814107	41.968143063968107	41.730368826576637	41.500064701354013	41.276968671626001	41.060830446799116	40.851411239072505	40.6484834789863	40.451830482347745	40.261246081313544	40.076534230331369	39.897508596610074	39.723992142977977	39.555816709446333	39.392822598770103	39.234858169676286	39.081779441161025	38.933449709405544	38.789739179554203	38.650524612810443	38.515688989541175	38.385121188929411	38.25871568455878	38.136372256425318	38.017995718309862	37.903495660656553	37.792786207874919	37.685785789978922	37.582416927452385	37.482606029058751	37.386283201780344	37.293382072374918	37.203839619704276	37.117596017503722	37.034594486945544	36.954781158209059	36.878104940886686	36.804517402535176	36.733972654764273	36.666427246932003	36.601840066197219	36.540172244466874	36.481387071145512	36.425449911669084	36.372328131574129	36.321991025490163	36.274409751238053	36.229557268116061	36.187408280090644	36.147939182396357	36.111128012797778	36.076954406055201	36.045399552078486	36.016446157715841	35.990078411283129	35.966281950978058	35.945043835265395	35.92635251722168	35.91019782056437	35.896570919536131	35.885464320817775	35.876871847085731	35.870788625591395	quiet rural	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	87.348699372593458	69.459345946128281	64.224491212416439	61.280205393864733	59.1872397628606	57.521113415992595	56.114441570692577	54.888101388120333	53.79838210902998	52.817766955162178	51.927165331984938	51.112429311340826	50.362610972998318	49.668991679755912	49.024487479370642	48.423256191629591	47.860422688104435	47.331878844766734	46.834133548019032	46.364197779415029	45.919495108736754	45.497791050056001	45.097136688326216	44.715823264922655	44.352345283137858	44.005370307008263	43.673714066885999	43.356319806827962	43.0522410480351	42.760627122152393	42.480710964979124	42.211798765773125	41.953261148583472	41.704525625128582	41.465070108246444	41.234417314624871	41.012129915922671	40.797806323208484	40.591077008919427	40.391601287280203	40.199064487057825	40.013175461221955	39.833664387185998	39.660280818097597	39.492791952332524	39.330981092306544	39.174646269205795	39.023599012471642	38.877663246447284	38.736674299240725	38.600478010032816	38.468929924146813	38.341894565266195	38.219244776804345	38.100861124354296	37.986631353160895	37.876449894338478	37.770217415132564	37.667840408575152	37.569230818711567	37.474305697689999	37.382986891883391	37.295200754240781	37.210877880187155	37.129952865258112	37.052364082339196	36.978053476639992	36.906966377370445	36.839051323898374	36.774259906072778	36.712546616872011	36.653868716691065	36.598186108447088	36.545461222359783	36.495658910147583	36.4487463473125	36.404692943875688	36.363470261751175	36.325051939737179	36.289413624416788	36.256532907236405	36.22638926751933	36.198964020350488	36.174240270332326	36.152202869169102	36.132838378956812	36.11613503881361	36.102082736939479	36.090672986211786	36.081898902884674	36.075755191725563	req S/N)	406.65073823646838	310.36448638622687	241.02667861854511	192.24070502143158	157.65285728230643	132.54008229491103	113.77535635430525	99.355454520339549	87.990819894900923	78.834188339616688	71.314449088718291	65.036411733416557	59.719721658770801	55.160883477776103	51.209092874381113	47.750484851355154	44.697628277387075	41.982366044451318	39.550836368522525	37.359946085895075	35.37482960640277	33.566989209419148	31.912914300890932	30.393042640181687	28.990969264105026	27.692837226286191	26.486863458705287	25.36296620476568	24.312469629706701	23.327867652799657	22.402633653020402	21.531066012481318	20.708161891603488	19.929513413223855	19.19122175351648	18.489825660255761	17.822241639116989	17.185713665531804	16.57777068997818	15.996190572400065	15.438969339903823	14.904294870057036	14.390524283096759	13.896164436778255	13.41985505541205	12.960354062504194	12.516524816580418	12.087324948108467	11.671796571547292	11.26905769163565	10.878294613036347	10.498755247197732	10.12974316780706	9.7706123415925727	9.4207624264712688	9.0796345861128547	8.746707736088549	8.4214951845291832	8.1035416121512061	7.7924203569424257	7.4877309581664484	7.1890969411400185	6.8961638137119294	6.608597239127346	6.3260813826714495	6.048317403970497	5.7750220735231919	5.5059265234265098	5.2407750806690814	4.9793242160813884	4.7213415646736534	4.4666050244283522	4.2149019286232745	3.966028270652135	3.7197879960464397	3.4759923256606977	3.2344591494329116	2.9950124267230396	2.7574816571449072	2.5217013589789472	2.2875105821520973	2.0547524581793297	1.8232737486115211	1.5929244495809172	1.3635573661539617	1.1350277520024961	0.9071929109743635	0.67991186417052096	0.45304499864457531	0.22645368173062491	0	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	Distance (km)

SNIR (dB)

SNIR vs. distance from Amateur transmitter

aircraft	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	86.007806665679567	54.373960778029996	51.3262649803522	50.160916967945063	49.511392315808422	49.020537590944699	48.547780068663279	48.013197290185332	47.389864662853036	46.654863695441968	45.822805897763004	44.982491919228345	44.069009503423871	43.096258565037644	42.155361636790715	41.273443929672752	40.385911652954888	39.497854705926997	38.702280909410064	37.916549727062097	37.141659535568394	36.378197539916954	35.720905064064453	34.981775128384484	34.350109128802075	33.730924276612996	33.220543725429259	32.625140203130513	32.138138867846813	31.564288413673097	31.098373897468289	30.642330217413129	30.195667175994036	29.757930876971429	29.328700748360976	29.006374721449635	28.593123524420506	28.187278869179568	27.887589126784778	27.594845196916545	27.209582371262744	26.929831815548628	26.656223599912327	26.388525238238874	26.126520202984729	25.870006584292227	25.618795882950213	25.372711928467588	25.231074933289293	24.994787383274527	24.763160869772989	24.635609836496872	24.412929256562766	24.194525897901869	24.079890708154707	23.969343105513094	23.763159118641827	23.660478411165471	23.461950903565224	23.36677810775053	23.275241016988119	23.187264322881596	23.003095518352495	22.922025283505484	22.844315196096201	22.769906038294057	22.698742079664175	22.630770895869187	22.565943200642291	22.404491141629546	22.345810759613695	22.290143589006089	22.237451464395136	22.187698702968369	22.140852001854526	22.09688034708093	22.055754927967627	22.01744905620469	21.981938098949129	21.949199411211129	21.919212274335873	21.891957847777359	21.867419120897956	21.845580862725889	21.826429591520885	21.809953535424832	21.796142616318829	21.784988400890832	21.77648411021239	21.770624564072627	21.767406221216632	city	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	95.601301772420271	63.959593228559967	60.853977669233622	59.466144007428021	58.297997111486495	56.949042946839874	55.384400834221225	53.660217637762294	51.924161246619605	50.210032955151512	48.575617391292184	47.145654754639445	45.754168772520238	44.401597196579033	43.183478731091903	42.100047343817046	41.051976761560113	40.036012744143363	39.147928970861571	38.286946638462595	37.450623249830045	36.636821548163809	35.943024900766922	35.168961911360157	34.511945622169456	33.871277728080344	33.345415728111611	32.734060126773869	32.235580973547101	31.649719433122065	31.175179682555584	30.711539282807106	30.258165908641637	29.81448590990529	29.3799773873845	29.054029722819507	28.636488777578354	28.226807460719971	27.924515180084274	27.629394338998491	27.241222770006559	26.959522904403887	26.684124247345792	26.414778525945497	26.151255277590678	25.893340259390289	25.640834029400931	25.393550684508927	25.25125992803159	25.013916251374567	24.781308059397826	24.65324383273704	24.429692273773593	24.210476451392193	24.095435627272323	23.984506751369427	23.777627915667829	23.674617556144533	23.475465659618088	23.380007497314846	23.28820177106093	23.199972180781415	23.015281959442795	22.933992738163489	22.856076595636608	22.781473626837752	22.710127469795694	22.64198511958212	22.576996756065352	22.41514623509174	22.356327950031574	22.300531810031789	22.247719277217776	22.197854326920535	22.150903342858772	22.106835024158862	22.065620298005861	22.027232237159723	21.991645991652042	21.958838719920909	21.928789526177397	21.901479411187712	21.876891223196395	21.855009606913288	21.835820972408143	21.819313455182375	21.80547689953541	21.794302809223282	21.785784356706788	21.779916327231692	21.776695158888234	residential	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	99.830531320685978	68.174303880128178	64.963991371765232	63.207481816272526	61.341597864971	59.165541355169253	56.89511768721335	54.65659257557359	52.585842969916349	50.654589777782775	48.881152793239124	47.366419654183595	45.915180232563962	44.520104915096496	43.273462585084296	42.170518694172621	41.107597228465963	40.080222206979563	39.184110243629171	38.31673306284717	37.475277423570773	36.657328458558347	35.960556763135322	35.183671973751295	34.524623256558428	33.882242987224394	33.355152645277812	32.742536294252012	32.243153093926551	31.65634825920149	31.181132856740149	30.71689857028279	30.263001535011885	29.818858429566614	29.383939210350782	29.057710067574117	28.639836044833093	28.229857130573816	27.92736314068409	27.63205819128493	27.243661467551192	26.961810804193153	26.686273703607149	26.416800656584737	26.153160110505585	25.895136858842012	25.642530605511844	25.395154688431475	25.252813484487987	25.015388329137256	24.78270442117525	24.65460061970354	24.430981906884245	24.21170345534491	24.096631367426507	23.985673108196789	23.778740730198589	23.675704972222029	23.476504974562356	23.381024830922676	23.289198413516491	23.200949345636026	23.016218969583541	22.93491288553702	22.856980876838392	22.782362985400592	22.711002800494317	22.642847272371654	22.5778465396941	22.415965344973753	22.357136444792932	22.301330377671093	22.248508576999491	22.198634991738189	22.15167598143179	22.107600223078393	22.066378623646791	22.027984237470996	21.992392197839514	21.959579648033248	21.929525678605426	21.902211278086934	21.877619283842726	21.855734330998288	21.836542821282642	21.820032883055529	21.806194354635871	21.795018734928281	21.786499192646502	21.78063051037331	21.777409124607257	rural	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	104.87162520064572	73.164636387549209	69.609427408709379	66.867708164689589	63.730779323890602	60.577093678673194	57.721967814596276	55.150311026059633	52.894391122919835	50.854170794574081	49.015102516774562	47.461833336856962	45.984078175898844	44.570458969995556	43.311517133348822	42.200225715754556	41.130986745509063	40.098778394264663	39.199276763794444	38.329205913446124	37.485592514917549	36.66590255370869	35.967883403983294	35.189816538135837	34.529917094053864	33.886820502641058	33.359216566439194	32.746073285016486	32.246312371661162	31.659113545149616	31.183616013380529	30.719133791357226	30.265018178141105	29.820681801487069	29.385591208096987	29.059244624276914	28.641231645675827	28.231128590194707	27.928550465183552	27.633168727040271	27.244678100998815	26.962764550274333	26.687169717144332	26.417643576174566	26.153954119667528	25.895885738822834	25.643237781033029	25.395823267443227	25.253461030717617	25.016001905638291	24.783286431319496	24.655166131229826	24.431519422660433	24.212214862223689	24.097129741225579	23.986159232957959	23.779204535065542	23.676158189506424	23.476938140680158	23.381448834129433	23.289613791684989	23.201356604684491	23.016609490545189	22.935296377489912	22.857357755234748	22.782733643567841	22.711367611430791	22.643206590388282	22.578200701920938	22.416306721670743	22.357473396890995	22.301663191955964	22.248837528277189	22.198960343820445	22.151997988051985	22.107919128744587	22.066694664438685	22.028297641786796	21.992703187097291	21.959888437332054	21.929832477350288	21.902516290582465	21.877922709857831	21.856036366306149	21.836843658179411	21.820332710860196	21.806493360174169	21.795317103003587	21.786797106499886	21.780928152136127	21.777706675746689	quiet rural	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	114.20866708959282	81.977315687729543	76.020246461383806	70.175546542202227	65.252520691100926	61.307373367752994	58.105463965093094	55.366312485118911	53.025209405490806	50.937268109886524	49.070273970755387	47.500885353870601	46.012155847608796	44.590917733222916	43.326947784285395	42.212255252489612	41.140448387397846	40.106278961638594	39.205403836960087	38.334242584368134	37.489756406068956	36.669362682978296	35.970839519078154	35.192295241454104	34.532052322451186	33.888666594334005	33.360855391815008	32.747499497886857	32.247586202402204	31.660228446181627	31.184617120591444	30.720034904988626	30.265831144903323	29.82141683212248	29.386257136600431	29.059863199975435	28.641794196010533	28.231641090380126	27.929029045663306	27.633616350366296	27.245087868932824	26.963148966695002	26.687530860546303	26.417983316842331	26.154274144346836	25.896187572025802	25.643522803493337	25.396092732153289	25.253722017468789	25.016249199887749	24.783521001951943	24.655394051729459	24.431736058934849	24.212420974897196	24.097330600744982	23.986355155361789	23.779391461229515	23.676340848269806	23.477112717718388	23.381619718027029	23.289781199243166	23.201520739823426	23.016766879409229	22.935450933327477	22.857509645498698	22.782883026793126	22.711514637957027	22.643351403023132	22.578343436546469	22.416444303181823	22.357609195104832	22.301797322461372	22.248970101834292	22.199091466757835	22.152127762635793	22.108047653522529	22.066822034561294	22.028423949308479	21.992828521258691	21.96001288482675	21.929956122577284	21.902639215884431	21.878044995749324	21.856158091691555	21.836964900561192	21.820453546541014	21.806613864451712	21.795437350360299	21.786917170788829	21.781048106762686	21.777826593848797	req S/N)	159.61621195453361	83.327719139269789	51.333059351131205	36.189276446207224	27.729463882785268	22.402768373660589	18.75999526553289	16.117556700636246	14.115029094645953	12.545559954154236	11.28235434937306	10.243518366824468	9.3738674208529229	8.6348896120107881	7.9989069305698495	7.4455240969688692	6.9593855493832875	6.528711897584615	6.1443176102722266	5.7989351778322815	5.4867398656436448	5.2030089289525794	4.9438729744612573	4.7061316588244475	4.4871151363567821	4.2845785419380809	4.0966206712533317	3.9216206342694191	3.7581880063831101	3.605123256616706	3.4613860339881453	3.326069589620293	3.1983799536895141	3.0776188990610467	2.9631699013911352	2.8544864799003595	2.7510825039309075	2.6525240342109182	2.5584224781724672	2.4684287759354202	2.3822284574558727	2.2995374406238449	2.2200983934341227	2.1436776468195013	2.0700624636663667	1.9990587563482707	1.9304890205020941	1.8641905786529462	1.8000140205582367	1.7378218585185639	1.6774873136636861	1.618893263495309	1.5619313107910735	1.5065009308756283	1.4525087527865488	1.3998679134501846	1.3484974272417523	1.2983216875290768	1.2492699791190878	1.2012760679933716	1.1542778052836966	1.1082167752103975	1.0630379864292421	1.0186896032344781	0.97512265842530865	0.93229083520560063	0.89015024034540968	0.84865922236922164	0.80777818124359679	0.76746939734080477	0.72769690048076963	0.68842630337205157	0.64962469424444425	0.61126051005705451	0.57330340173347771	0.5357241681557936	0.49849465506406077	0.46158761262266301	0.42497669235901969	0.38863631986522651	0.35254157393918306	0.31666820977629517	0.28099258951176487	0.24549148336802379	0.21014215025419192	0.17492217018144146	0.13980962460632851	0.10478259611712848	6.9819667750176548E-2	3.4899150410566251E-2	0	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	22	Distance (km)

SNIR (dB)

SNIR vs. distance from Amateur transmitter
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This document presents the results of a study to



 



asses



s the probability of interference to aeronautical 



mobile receivers in the 5 450



–



5 480 kHz frequency band from amateur service transmitters in the 



5



 



250



-



5 450 kHz frequency band.



 



The method models an aircraft flying in a straight line and at a constant alti



tude between an 



aeronautical mobile service ground station operating on 5 451 kHz and a hypothetical 100 W 



amateur transmitter operating on 5 300 kHz with a spurious emission of 



-



50 dBc (1 mW) on 



5



 



451



 



kHz. 



 



The study considers the impact of the spurious e



mission on reception of a wanted signal by 



calculating the 



signal



-



to



-



noise 



(SNR) and 



signal



-



to



-



noise 



plus interference (SNIR) ratios at the 



aircraft receiver. The resulting 



signal



-



to



-



noise 



ratio is then compared to the minimum acceptable 



signal



-



to



-



noise



 



ratio. The results show that, depending upon the type of antenna used, if the aircraft 



is very close to the amateur transmitter the SNIR ratio falls just below the required 22 dB SNR ratio 



but not far enough to seriously degrade the link.



 



Because the stud



ied signal is presumed to be within the spurious domain, and the bandwidth of the 



amateur signal under consideration is under 4 kHz, the boundary between the out



-



of



-



band and 



spurious domains is considered to be 10 kHz from the centre of the necessary bandw



idth of the 



amateur station (RR Appendix 



3



, Annex 1, Table 1).  The calculations are therefore valid for 



amateur stations whose necessary bandwidths are not centred above 5 441 kHz (5 451 kHz



-



10



 



kHz).



 



Calculations indicate 



that 



the probabil



ity of interfere



nce for line of sight propagation will be 



significantly less than



 



0.



00



1



% per aircraft



 



at any time



.



 



Furthermore, as the probability for 



interference for signals propagated under line of sight conditions is very low, the probability of 



interference by signal



s propagated via the ionosphere is even lower.



 



To 



ensure compatibility with this adjacent aeronautical mobile service allocation in the 



5



 



450



-



5



 



480



 



kHz frequency band, the IARU proposes the upper limit of the requested secondary 



allocation to the amateur service be set to 5



 



440 



kHz 



to provide protection a



gainst spurious as well 



as out of band emissions.
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