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[bookmark: dbreak]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	Related ITU‑R Recommendations and Reports
Editor’s note: Extracted from doc 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
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
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
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
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.
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 5A/77-E 
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.  
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 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 (Russian)

7.2 	Scenarios for study method 2 (Canadian)

7.3 	Scenarios for study method 3 (China)

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 
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 5A/77-E 
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 F.339 using both stable & fading S/N criteria
3k00J3E Single Sideband analogue voice F.339 using both stable & fading S/N criteria
[3k00J2E] Digital voice F.1821 & 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.


8.1.2 	Interference impact assessment on the aeronautical service

8.1.3	 Interference impact assessment on oceanographic radar systems

8.2 	Methodology of interference impact assessment from amateur service stations on the fixed/land mobile service based on I/N criteria. 
Editor’s note: Chinese contribution
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 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?
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.
11	 Analysis of the results
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…
Attachments
Editor’s note: Each input contribution will be attached or embedded here as annexes to this study:
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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.]







______________



Jun, Jul, and Aug

5.25 MHz	1	2	3	4	5	6	-141.83000000000001	-149.78	-151.36000000000001	-151.18	-150.1	-144.59	5.45 MHz	1	2	3	4	5	6	-142.51	-150.19999999999999	-151.81	-151.56	-150.30000000000001	-145.19999999999999	Time Block (local time)

Noise dBW

Sep, Oct, and Nov

5.25 Mhz	1	2	3	4	5	6	-147.43	-147.96	-151.38999999999999	-151.37	-149.58000000000001	-147.6	5.45 MHz	1	2	3	4	5	6	-148.06	-148.44	-151.84	-151.82	-150.02000000000001	-148.13	Time Block (local time)

Noise dBW

Dec, Jan, and Feb

5.25 MHz	1	2	3	4	5	6	-149.69	-150.25	-151.4	-151.4	-150.30000000000001	-148.97999999999999	5.45 MHz	1	2	3	4	5	6	-150.22	-150.72	-151.85	-151.84	-150.72	-149.47	Time Block (Local time)

Noise dBW
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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
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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
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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.
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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.



- 9 -

5A/254-E



M:\BRSGD\TEXT2013\SG05\WP5A\200\254e.docx	10.05.13	21.02.08

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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[bookmark: dbreak]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 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. 







Annex:	1






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.
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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.
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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

		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. 

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]]]





______________



M:\BRSGD\TEXT2013\SG05\WP5A\200\289e.docx 	15.05.13	21.02.08

M:\BRSGD\TEXT2013\SG05\WP5A\200\289e.docx 	15.05.13	21.02.08

image2.png

[BRIFIC::2696] New Query - TerRaQ 2008 (He o1

BEREA EET:

EEE &

Francais Espaiiol  #X

Ready 17143 row(s) found 17143 row(s) marked







image3.png

VSR & &3l 8 Tl B & TAX e L) 2@ ?

081080599 RUS| T Trus TarT 11 T 5.25000_MHz1 T T135°0400" E: 482000" 11| RECORDED X

o s
081080981 RUS InRed: PRINCPAL SITE "N RECORDED FX

[ .
e eons Zomod | [ W recomom &

081081053 RUS u__| RECORDED X

051030931 RUS 135 G0EE - 4570425"

081081053 RUS RUS ART 11 526300 [MiHz] 37°19'00" E; §5°45'00" N ___| RECORDED X

081031083 RUS RUS ART 11 526300 [MHz] 3119007 E5554500" N | RECORDED 3 ;s
|

Francais Espaiiol  #%  Pycouis

Ready 154 row(s) Found 154 row(s) marked






image1.png








image7.emf
237e.docx


237e.docx
- 1 -

5A/237-E

- 43 -

5A/237-E

		Radiocommunication Study Groups

		[bookmark: ditulogo][image: ]



		

		



		

		



		[bookmark: recibido][bookmark: dnum]Received:	8 May 2013

		Document 5A/237-E



		[bookmark: ddate]

		8 May 2013



		[bookmark: dorlang]

		English only



		[bookmark: dsource]Russian Federation



		[bookmark: drec]The improved compatibility study results of possible stations in the amateur service with stations in the fixed service in the frequency band 5 250-5 450 kHz and proposals for updating of the Draft CPM TEXT for wrc-15 agenda item 1.4



		[bookmark: dtitle1]





[bookmark: dbreak]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 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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		29

		24
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		14

		11

		10

		15
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		28
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		38

		44

		45
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		45

		45

		45

		45

		45

		45

		41

		34

		29
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		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 3

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 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

		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

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 


Radiocommunication Study Groups   


  


  


Received:   8 May 2013  Document 5A/237 - E  


8 May 2013  


English only  


Russian Federation  


THE   IMPROVED   COMPATIBILITY   STUDY   RESULTS   OF   POSSIBLE   STATIONS   IN   THE   AMATEUR   SERVICE   WITH   STATIONS   IN   THE   FIXED   SERVICE   IN   THE   FREQUENCY   BAND   5   250 - 5   450  KH z   AND   PROPOSALS   FOR   UPDATING   OF   THE   DRAFT   CPM TEXT FOR WRC - 15  AGENDA   ITEM   1.4  


 



image8.emf
253e.docx


253e.docx
- 2 -

5A/253-E

		[bookmark: _GoBack]Radiocommunication Study Groups

		[image: ]



		

		



		

		



		Received:	9 May 2013

Source:	Annex 4 to Document 5A/198 

		Document 5A/253-E



		

		10 May 2013



		

		English only



				Canada



		Proposed modifications to working document towardS 
THE DRAFT CPM text for WRC-15 Agenda item 1.4



		











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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M:\BRSGD\TEXT2013\SG05\WP5A\200\253e.docx	10.05.13	06.05.13

M:\BRSGD\TEXT2013\SG05\WP5A\200\253e.docx	10.05.13	06.05.13

image1.png








