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REPORT  ITU-R  F.2240 

Interference analysis modelling for sharing between HAPS gateway links in 
the fixed service and other systems/services in the range 5 850-7 075 MHz 

Scope 

This Report provides sharing studies of HAPS gateway links in the fixed service (FS) in the range  
5 850-7 075 MHz with conventional types of FS systems and other services in this frequency range. 
It provides interference modelling and analysis methodologies for the sharing studies.  

The sharing studies cover both directions i.e. between HAPS and other services. This means that the 
potential interference from existing services to/from HAPS is addressed with the understanding that 
conventional systems in existing services are ensured protection and noting that HAPS is not protected.  

1 Introduction 

This Report, including its annexes, is primarily intended to be used as a guide in performing sharing 
studies between HAPS gateway links and other systems in the FS and other services allocated in the 
range 5 850-7 075 MHz. It provides models and methodologies for analysing and determining the 
interference between HAPS gateway links, conventional FS systems, fixed-satellite service (FSS), 
mobile service (MS), radio astronomy service (RAS) and Earth exploration-satellite service (EESS) 
in the range 5 850-7 075 MHz. It also provides the results of sharing studies that utilized such 
models and methodologies. 

2 Overall considerations for sharing studies 

The primary technical characteristics needed for sharing analyses are the transmit power, antenna 
gain pattern, receiver sensitivity and selectivity, the frequency difference between the interfering 
and the wanted signal, bandwidth, the transmission medium, the overall geometry of all the link 
elements, the required protection criteria of each of the systems (in each service) involved and the 
deployment density of all potentially affected services. Antenna gain characteristics are a key factor 
that will determine the pfd (power flux-density) at various angles and influence the sharing 
effectiveness. The effects of any applicable and viable mitigation technique should also be taken 
into account when reviewing the sharing analyses developed by the methodologies found in 
Annexes 1-5. 

The existing services and their deployments should also be taken into account when performing the 
sharing analyses. More specific guidance on the specific models and analysis methodologies can be 
found in Annexes 1-5 when seeking a sharing solution to HAPS gateway requirements in the range 
5 850-7 075 MHz.  

The goal of identifying 2 × 80 MHz for HAPS gateway link use is to provide spectrum to enable 
this emerging technology. The identification of any spectrum for HAPS in the range 
5 850-7 075 MHz should ensure the protection of existing systems or services. With respect to the 
FSS, it should be recognized that protection of HAPS gateway stations in this band may limit the 
future deployment of FSS transmit earth stations. 

2.1 HAPS gateway links-FSS sharing 

The 5 850-6 725 MHz band is heavily utilized by the FSS for Earth-to-space communication. 
FSS earth stations operating in this band are deployed globally with very dense deployment in some 
regions of the world. This frequency band is important due to its low atmospheric absorption 
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characteristics which enable implementation of communication links requiring a high degree of 
reliability, particularly in geographic areas with severe rain fade conditions. Among applications 
provided by systems operating in the FSS are data backhaul, VSATs (“Very Small Aperture 
Terminals”), private communication networks, video broadcasting, disaster relief, telephony, 
communication links for local and national government agencies, etc. These deployment scenarios 
will need to be analysed when considering HAPS gateway links-FSS sharing. 

In addition to FSS systems in the 5 850-6 725 MHz band, feeder downlinks of mobile-satellite 
service (MSS) systems in the 6 700-7 075 MHz band should be protected. Operating MSS systems 
utilize this band in concert with feeder uplinks in the 5 091-5 250 MHz band to provide two-way 
connections between terrestrial networks and MSS user terminals. Feeder links for MSS systems are 
considered part of the FSS from the standpoint of the Radio Regulations. The use of the 5 and 
7 GHz MSS feeder-link bands is restricted to non-GSO systems. Depending upon their location, 
MSS gateway stations providing feeder links to MSS spacecraft can require near hemispherical 
coverage of the sky around the station location. Acquisition of spacecraft signals by feeder-link 
stations can start at elevation angles as low as 5 degrees. MSS feeder links support all user 
applications, including duplex voice, simplex and duplex data and disaster relief and first responder 
communications. 

HAPS gateway links can support backhaul connections of all types (e.g. for cellular networks 
and complex wireless multi-protocol networks), access to terrestrial public and private networks, 
data collection, exploration data, surveillance information, safety radar data, and broadcast and 
interactive video. Telemetry, tracking, command and control information related to the operation of 
the HAPS vehicle itself can also be contained in the HAPS gateway links. HAPS applications can 
also provide a broad spectrum of disaster response, emergency communications, remote medical 
assistance, distance learning, public safety and government system applications on a real time 
multi-mode and global basis. These deployment scenarios will impact the gateway link data 
requirements. 

2.2 HAPS gateway links-FS sharing 

The FS bands are heavily utilized for point-to-point and point-to-multipoint links in many parts of 
the world, in particular the band between 5 925 and 6 875 MHz.  The bands were originally used for 
backbone high capacity systems for analogue and, subsequently, digital networks. However, they 
are now used primarily for backhaul for cellular mobile systems, office intranet, Ethernet traffic, 
public safety communications traffic and for delivering traffic to the public switched and data 
networks, involving multiple shorter hop systems. These deployment scenarios will need to be 
taken into account in sharing studies.  

The determination of permissible interference levels from HAPS into an FS system should take into 
account the already required interference allowances for sharing between an FS system and other 
FS services and with FSS VSAT uplinks and MSS feeder links. Given current FS interference 
budgets requirements, there may be very little margin for additional interference entries in the band. 
Although HAPS is a recognized system in the FS, according to RR No. 4.15A it is only useable in 
bands expressly identified by the Table of Frequency Allocations. The interference introduced by 
such systems should therefore only be accommodated within the interference allocations for the FS. 
If HAPS gateway links are to be introduced into bands already heavily used, a maximum of 10% of 
the co-service allowance might be considered. Recommendation ITU-R F.1094 apportions 
allowable interference in the primary bit-rate services to the FS, other services and other emissions 
respectively as 89%, 10% and 1% of the total interference allowance. Allowing 20% degradation 
due to total interference, this means that the FS allowance is 17.8% of the error performance 
objectives. The HAPS gateway links allotment would then be 1.78% of the error performance 
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objective, leading to an allowable I/N of −17.5 dB. However, it is noted that this result depends on 
the assumptions such as co-service allowance and allowed degradation. 

2.3 HAPS gateway links-MS sharing 

Within European countries, the frequency band 5 855-5 875 MHz is identified in MS for non-safety 
applications of intelligent transportation systems (ITS), while the band 5 875-5 925 MHz is 
identified for ITS safety-related applications.  

Dedicated short-range communication (DSRC) provides wireless connectivity from a roadside 
infrastructure to the vehicle, and in some cases vehicle-to-vehicle. The most visible example of 
DSRC is electronic toll collection. 

Additionally, in certain countries in Region 1, harmonized use of the 5 875-5 905 MHz frequency 
band for ITS safety-related applications has been mandated, whereby the safety aspects of ITS have 
been emphasized. It is noted that Recommendation ITU-R M.1453-2 provides operational and 
technical characteristics of DSRC and ITS at 5.8 GHz.  

In some countries in Region 2, DSRC is identified in the band 5 850-5 925 MHz. Technical 
characteristics and standards of such operations are being finalized by the IEEE, as the IEEE Project 
802.11p standard. 

2.4 HAPS gateway links-passive sensor sharing 

Although there is no allocation to Earth exploration-satellite service (EESS) in the frequency range 
5 850-7 075 MHz, RR No. 5.458 mentions that in the band 6 425-7 075 MHz passive microwave 
sensor measurements are carried out over the oceans and that administrations should bear in mind 
the needs of the Earth exploration-satellite (passive) and space research (passive) services in their 
future planning of the band 6 425-7 025 MHz. The 6 425-7 025 MHz frequency range is currently 
used by one administration to operate one passive sensor, AMSR-E. This administration has 
continuing plans to operate passive sensors in the 6 425-7 025 MHz band in the future. 
The technical and operational characteristics of the AMSR-E sensor may be found in 
Recommendation ITU-R RS.1861. 

2.5 HAPS gateway links-radio astronomy sharing 

In making assignment to stations of other services in the band 6 650-6 675.2 MHz, it is necessary to 
note that under RR No. 5.149 administrations are urged to take all practicable steps to protect the 
radio astronomy service from harmful interference. This provision also elaborates that emissions 
from space-borne or airborne stations can be particularly serious sources of interference to the radio 
astronomy service. Since HAPS platform may be considered as a quasi space-borne station, it also 
needs to be taken into account. The guidelines given in Recommendation ITU-R RA.1031, 
“Protection of the radio astronomy service in frequency bands shared with other services” could be 
applicable. 

3 System characteristics of HAPS gateway links in the fixed service 

The technical and operational characteristics of HAPS gateway links in the FS are provided in 
Recommendation ITU-R F.1891. 

The characteristics of HAPS gateway links used for sharing studies given in the following Annexes 
are listed in Table 1. 
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TABLE 1 

System characteristics of HAPS gateway links used for sharing studies 

 
  ‡ C/N = (Eb/N0) • (spectral efficiency1); * see footnote2; † see footnote3 
  **  Nominal e.i.r.p. denotes the initial power setting. After automatic power control (APC), the 

transmitted power is increased by from 0 to up to 8 dB depending on the carrier level. Note that the 
e.i.r.p. above applies within the UAC (Urban Area Coverage) and regulatory and/or interference 
protection limits may apply outside the UAC. The HAPS platform antenna will not point outside of 
the UAC. 

 

                                                 

1 The spectral efficiency in this case is 4 bit/s/Hz. 

2  The frequency specified in Table 1 corresponds to the centre of the 5 850-7 075 MHz band. The use of 
this (specific) frequency is not intended to bias the work of ITU-R with regard to the identification of the 
spectrum within the 5 850-7 075 MHz band for use by HAPS gateway links. 

3  Rain attenuation and atmospheric loss as described in Recommendations ITU-R P.618 and 
ITU-R SF.1395 respectively. The 0.01% rain rate was taken to be 63 mm/hr. 

UAC - Rain UAC - Rain UAC - Clear Sky UAC - Clear Sky

Item TDM down TDM up TDM down TDM up
(per carrier) (per carrier) (per carrier) (per carrier)

Frequency (GHz) * 6.5 6.6 6.5 6.6

Bandwidth (MHz) 11 11 11 11

Tx power (dBW) -22 -19 -22 -19

Tx Antenna gain (dBi) 30 47 30 47

Hardware implementation loss (dB) 4.1 4.1 4.1 4.1

Power control gain (dB) 8.0 8.0 0.0 0.0

Nominal e.i.r.p. (dBW) 3.9 23.9 3.9 23.9

e.i.r.p. (dBW) after power control ** 11.9 31.9 3.9 23.9

Slant range (km) 42.0 42.0 42.0 42.0

Free space loss (dB) 141.2 141.3 141.2 141.3

Atmospheric loss (dB) † 0.3 0.3 0.3 0.3

Rain attenuation (dB) (99.999% 
availability) †

9.0 9.5 0.0 0.0

pfd on the ground (dB(W/m2 · MHz)) -111.2 -110.2

Receiver G /T  (dB(K–1)) 17.5 0.0 17.5 0.0

Rx Antenna gain (dBi) 47.0 30.0 47.0 30.0

Polarization loss (dB) 0.5 0.5 0.5 0.5

Boltzmann constant (dB(W/K*Hz)) -228.6 -228.6 -228.6 -228.6

Bit rate (dB(Hz)) 76.4 76.4 76.4 76.4

E b /(N 0 + I 0) (I  = 0) (dB) 30.6 32.5 31.6 34.0

Eb/(N 0+ I0) (3 GS) (dB) 29.6 31.5 30.6 33.0

Eb/(N0 + I0) (5 GS) (dB) 28.6 30.5 29.6 32.0

Required E b /(N 0 + I 0) (dB) (64QAM) 20.3 20.3 20.3 20.3

Required C/(N+I) w/ I= Itot‡  26.3 26.3 26.3 26.3

Margin (I=0)  (dB) 10.3 12.2 11.3 13.7

Margin (3 GS)  (dB) 9.3 11.2 10.3 12.7

Margin (5 GS)  (dB) 8.3 10.2 9.3 11.7
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The performance characteristics of the transmitting and receiving HAPS gateway station and the 
HAPS airborne station/platform are contained in Recommendation ITU-R F.1891. 

Recommendation ITU-R F.1891 also specifies the long-term and short-term interference protection 
criteria for HAPS links to be as follows: 

– long-term protection: C/IEX ≥ 27 dB. The C/IEX may be lower than 27 dB for no more than 
20% of the time; 

– short-term protection: C/IEX ≥ 12 dB. The C/IEX may be lower than 12 dB for no more than 
0.001% of the time; 

where: 

  C/IEX= carrier-to-(external) interference ratio 

  C = power of the HAPS carrier 

  IEX = Interference power from all external sources. 

The interference power from other external sources (IEX) represents the total power from all external 
(non-HAPS) interference sources plus self-interference from the HAPS airborne platform, but does 
not include self-interference from other HAPS (ground) gateway stations. Given that multiple 
external interference sources may be simultaneously operating, particularly for the long-term 
interference case, one should typically apportion the aforementioned carrier-to-external-interference 
(C/IEX) limits among these various interferers. 

4 Sharing studies 

Sharing studies were conducted between HAPS gateway links and systems of other services, 
including systems of the FS, operating in the 5 850-7 075 MHz band.  Annexes 1 through 5 of this 
Report contain a description of these various studies and their results. 

 

 

Annex 1 
 

Interference modelling between HAPS gateway links in the fixed service 
and the fixed-satellite service in the 5 850-7 075 MHz band 

1 Introduction 

Figure 1 shows the potential interference paths between a HAPS gateway link and an FSS link. 
The protected paths are shown as solid lines and the interfering paths are designated as dashed lines. 

Each radio transmission path should be evaluated to determine the interference level and criteria for 
spectrum sharing. 
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FIGURE 1 

Interference case model 

 

2 FSS Earth terminal characteristics 

The operational characteristics the FSS earth station used in the analysis are provided in Table 2, 
below. 

TABLE 2 

FSS earth station parameters 

Frequency (MHz) 5 850-6 725 

Carrier power density, PDES, (dBW/Hz) –40 

Earth station antenna diameter (metres) 1.8 

Earth station antenna maximum gain, GES, (dBi) 39.9 

Earth station antenna off-axis gain, GES(θ), (dBi) Recommendation ITU-R S.465 

Minimum earth station antenna elevation angle, h, (degrees) ~5 
 

The gain performance of the FSS earth station antenna used in the analysis is plotted in Fig. 2, 
below. 
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FIGURE 2 

Antenna gain pattern of the FSS earth station antenna 

 

 

Appendix to Annex 1 shows the location of FSS transmit earth stations operating in various 
portions of the 5 850-6 725 MHz band that communicate with one or more satellites of one global 
operator of geostationary (“GSO”) satellites. It is emphasized that the earth station deployment 
provided in the Appendix relates to one FSS operator and is therefore a fraction of the total in use. 
  

Peak Antenna Gain: 39.9 dBi

-12
-8
-4
0
4
8

12
16
20
24
28
32
36
40

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

OFF-AXIS ANGLE (Degrees)

AN
TE

N
N

A 
GA

IN
 (d

Bi
)



8 Rep.  ITU-R  F.2240 

 

3 Interference from a transmitting FSS earth station into a receiving HAPS gateway 
station – Specific case 

Figure 3, below, depicts the transmission paths considered for the analysis. 

FIGURE 3 

HAPS-FSS transmission paths 

 

 

It was assumed that 1) the FSS earth station antenna elevation angle towards its associated satellite 
was approximately 5º, 2) the transmission characteristics of the FSS earth station were the same as 
those specified in Tables 2 and 4) the HAPS gateway link characteristics were the same those 
specified in Recommendation ITU-R F.1891.  

In determining the long-term impact of interference from a transmitting earth station into 
a receiving HAPS gateway station, the propagation model contained in Recommendation 
ITU-R P.452-13 was utilized. 

For the analysis, the location of the transmitting FSS earth station was varied around the HAPS 
gateway station such that the resulting C/IES would be equal to the minimum required C/IEX values 
listed in Recommendation ITU-R F.1891. Specifically, for the long-term and short-term protection 
of HAPS gateway links, the minimum required C/IES was assumed to be 27 dB and 12 dB, 
respectively. The analysis was performed for the case where the terrain around the HAPS gateway 
station was relatively flat and for the case where the terrain was moderately hilly. Figures 4a and 4b 
show the minimum distance separation that a transmitting FSS earth station must maintain relative 
to the receiving HAPS gateway station in order to provide the gateway station with long-term 
protection from interference. Figures 4c and 4d show the minimum distance separation that must be 
maintained in order to provide short-term interference protection to the HAPS gateway station. 
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As evident from Figs. 4a and 4b, in the worst-case direction, a minimum distance separation of 
approximately 17 kilometres must be maintained in order to provide long-term interference 
protection to the HAPS gateway station located in an area where the terrain is relatively flat, 
and 29 kilometres where the terrain is moderately hilly. Similarly, as seen from Figs. 4c and 4d, 
a minimum distance separation of approximately 12 kilometres must be maintained in order to 
provide short-term protection to the HAPS gateway station located in an area where the terrain is 
relatively flat and 15 kilometres where the terrain is moderately hilly. 

It must be emphasized that a transmit earth station is typically licensed by an administration to 
operate within a range of elevation angles and azimuths. This allows the earth station to point its 
antenna to any number of satellites within the geostationary arc in order to meet customer 
communication link requirements. 

FIGURE 4a 

Area within which an FSS earth station would cause excessive long-term interference  
to a HAPS gateway station located in the UAC zone 

 
(Terrain condition: relatively flat) 

 

          Contour within which C/IES falls below 27 dB for 20% of time (long-term) 
Note 1 – Frequency: 6.5 GHz. 
Note 2 – Assumed HAPS airborne platform coordinates: Latitude: 51.8º North  Longitude: 5.5º East. 
Note 3 – HAPS altitude: 21 km. 
Note 4 – Assumed orbital location of GSO satellite, for which the earth station antenna would be about 5º: 73º E.L. 
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FIGURE 4b 

Area within which an FSS earth station would cause excessive long-term interference  
to a HAPS gateway station located in the UAC zone 

(Terrain condition: moderately hilly) 

 

           Contour within which C/IES falls below 27 dB for 20% of time (long-term) 
Note 1 – Frequency: 6.5 GHz. 
Note 2 – Assumed HAPS airborne platform coordinates: Latitude: 52.17º North  Longitude: 0.4 West. 
Note 3 – HAPS altitude: 21 km. 
Note 4 – Assumed orbital location of GSO satellite, for which the earth station antenna would be about 5º: 66.8º E.L. 
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FIGURE 4c 

Area within which an FSS earth station would cause excessive short-term interference  
to a HAPS gateway station located in the UAC zone 

 
(Terrain condition: relatively flat) 

 

 

         Contour within which C/IES falls below 12 dB for 0.001% of time (short-term) 
 
Note 1 – Frequency: 6.5 GHz. 
Note 2 – Assumed HAPS airborne coordinates: Latitude: 51.8º North  Longitude: 5.5º East. 
Note 3 – HAPS altitude: 21 km. 
Note 4 – Assumed orbital location of GSO satellite, for which the earth station antenna would be about 5º: 73º E.L. 
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FIGURE 4d 

Area within which an FSS earth station would cause excessive short-term interference  
to a HAPS gateway station located in the UAC zone 

 
(Terrain condition: moderately hilly) 

 

 

          Contour within which C/IES falls below 12 dB for 0.001% of time (short-term) 
 
Note 1 – Frequency: 6.5 GHz. 
Note 2 – Assumed HAPS airborne platform coordinates: Latitude: 52.17º North  Longitude: 0.4 West. 
Note 3 – HAPS altitude: 21 km. 
Note 4 – Assumed orbital location of GSO satellite, for which the earth station antenna would be about 5º: 66.8º E.L. 
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4 Interference from a transmitting FSS earth station into a receiving HAPS airborne 
station – General case 

For this interference scenario, it was assumed that the HAPS airborne antenna having a peak gain of 
30 dBi illuminates each of the HAPS UAC gateway stations with a half power (or –3 dB) beam 
width of 5.5º, as depicted in Recommendation ITU-R F.1891. The configuration used for this 
interference scenario is shown in Fig. 5, below. 

FIGURE 5 

HAPS airborne beam illumination of HAPS gateway stations 

 

 

From an altitude of 21 km, the HAPS airborne antenna’s 5.5º beam width would project a circular 
coverage on the ground at a point directly below the HAPS airborne station with a diameter of 
approximately 2 km (corresponding to distance “A” in Fig. 5) and an elliptical coverage at the 
perimeter of the UAC zone having a major axis diameter of approximately 8.6 km (corresponding 
to distance “B” in Fig. 5).  

Four FSS earth station into HAPS airborne station interference scenarios were examined. 
These four scenarios are as follows: 

a) Case a: The signal is transmitted through the main gain lobe of the FSS transmit earth 
station antenna and received through the main gain lobe of the receiving HAPS airborne 
station antenna. 

b) Case b: The signal is transmitted through a side lobe of the FSS transmit earth station and 
received through the main gain lobe of the receiving HAPS airborne station antenna. 
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c) Case c: The signal is transmitted through the main gain lobe of the FSS transmit earth 
station antenna and received through a side lobe of the HAPS receive antenna.  

d) Case d: The signal is transmitted through a side lobe of the FSS transmit earth station 
antenna and received through a side lobe of the receiving HAPS airborne station antenna. 

Equation 1 can be used to calculate the C/IES at the HAPS receiver from the transmissions of the 
FSS earth station, noting that this equation may be used to address all cases by varying φ and θ 
between 0º and off-axis angles corresponding to far side lobes. 

  C/IES = [EIRPTGWY + GRHAPS – LGWY – a – pl] – [(PDES + GES(θ) +  

  10Log BW) + GRHAPS(φ) - LES – A - PL] dB  (1) 

where: 

 EIRPTGWY = e.i.r.p. of the transmitting HAPS gateway station (dBW) 

 GRHAPS = Maximum gain of HAPS receiving airborne antenna (dBi) 

 GRHAPS(φ) = Off-axis gain of HAPS receiving airborne antenna towards FSS earth station 
(dBi) 

 PDES = Power density of FSS earth station carrier (dBW/Hz) 

 GES(θ) = Off-axis gain of the transmitting FSS earth station antenna towards the HAPS 
airborne station (dBi) 

 LGWY =  Path loss between the HAPS gateway station and the HAPS airborne station 
(dB) = 20Log[4π(slant range)/λ) 

 LES =  Path loss between the FSS earth station and the HAPS airborne station (dB) 
= 20Log[4π(slant range)/λ) 

 λ =  Wavelength (metres) 

 a =  Atmospheric loss (excluding attenuation due to rain) associated with the HAPS 
gateway to airborne station path 

 pl =  Polarization loss associated with the HAPS carrier 

 A =  Atmospheric loss (excluding attenuation due to rain) associated with the FSS to 
HAPS airborne station path 

 PL =  Polarization loss associated with the FSS carrier. 

4.1 Case a: FSS earth station main beam into HAPS airborne antenna main beam 
interference 

In this interference scenario, it is assumed that the transmitting FSS earth station is located at or 
within the –3 dB relative gain contour of the HAPS airborne station antenna beam and its antenna is 
pointed in the direction of the HAPS airborne platform. Assuming that the path attenuation between 
the HAPS gateway to the HAPS airborne station is within 1 dB of the path attenuation between the 
transmitting FSS earth station and the HAPS airborne station, and that the (gaseous) atmospheric 
losses and the polarization losses for the path between the HAPS gateway to HAPS airborne station 
and the path between the FSS earth station to HAPS airborne station are the same, the clear sky 
C/IES at the output of the HAPS airborne antenna associated with the UAC zone can be calculated 
using equation 1, which reduces to the following equation:  

 C/IES = [EIRPTGWY + GRHAPS] – [(PDES + GES + 10Log BW) + (GRHAPS – 3)] + 1 dB   (2) 

Using Equation 2, the C/IES was calculated for the UAC zone with the results provided in Table 3, 
below: 
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TABLE 3 

Calculation of C/IES for interference Case a 

HAPS gateway coverage zone UAC 

e.i.r.p. of transmitting HAPS gateway station, e.i.r.p.TGWY, (dBW) 23.9 

Maximum gain of HAPS receiving airborne antenna, GRHAPS (dBi) 30.0 

FSS earth station power density, PDES, (dBW) –40.0 

Bandwidth, BW, (MHz) 11.0 

Maximum gain of transmitting FSS earth station, GES, (dBi) 39.9 

C/IES (dB) –42.4 

Minimum required C/IES (dB) 26.6 

Margin (dB) –69.0 
 

As shown in Table 3, the FSS earth station transmission would severely interfere with the 
communication link from the HAPS gateway to the HAPS airborne station.  

4.2 Case b: FSS earth station beam side lobe into HAPS airborne antenna main beam 
interference 

In this interference scenario, it is assumed that the transmitting FSS earth station is located at or 
within the –3 dB relative gain contour of the HAPS airborne station antenna beam and its antenna is 
pointed in such a direction that one of its far side lobes is pointed in the direction of the HAPS 
airborne platform. The configuration for this mode of interference is provided in Fig. 6, below: 
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FIGURE 6 

HAPS-FSS interference configuration – Case b 

 

For this interference configuration, it is assumed that the off-axis gain of the transmitting FSS earth 
station in the direction of the HAPS airborne platform is –10 dBi, corresponding to off-axis angles 
of equal to or greater than 48º (see Fig. 2). This assumption leads to a best case scenario for this 
interference configuration; since, the interfering power level of the transmitting earth station into 
the receiving HAPS airborne station would be at its minimum value. 

Assuming that the path attenuation between the HAPS gateway and the HAPS airborne station is 
within 1 dB of the path attenuation between the transmitting FSS earth station and the HAPS 
airborne station, the clear sky C/IES at the output of the HAPS airborne antenna associated with the 
UAC zone can be calculated from equation 1, which reduces to the following equation:  

 C/IES = [EIRPTGWY + GRHAPS] – [(PDES + GES(θ) + 10Log BW) + (GRHAPS – 3)] + 1 dB (3) 

The results are provided in Table 4, below: 

TABLE 4 

Calculation of C/IES for interference Case b 

HAPS gateway coverage zone UAC 

e.i.r.p. of transmitting HAPS gateway station, e.i.r.p.TGWY, (dBW) 23.9 

Maximum gain of HAPS receiving airborne antenna, GRHAPS, (dBi) 30.0 

FSS earth station power density, PDES, (dBW) –40.0 

Bandwidth, BW, (MHz) 11.0 

Gain of transmitting FSS earth station, GES(θ), (dBi) –10.0 

C/IES(θ) (dB) 7.5 

Minimum required C/IES (dB) 26.6 

Margin (dB) –19.1 



 Rep.  ITU-R  F.2240 17 

 

 

As shown in Table 4, the FSS earth station transmission would severely interfere with the 
communication link from the HAPS gateway to the HAPS airborne station.  

4.3 Case c: FSS earth station main beam into HAPS airborne antenna side-lobe 
interference 

In this interference scenario, it is assumed that the main beam of the transmitting FSS earth station 
antenna is pointed in the direction of the HAPS airborne platform. Moreover, it is assumed that the 
transmissions from the FSS earth station are received by a side lobe of the HAPS airborne platform 
antenna. The configuration associated with this mode of interference is provided in Fig. 7, below. 

FIGURE 7 

HAPS-FSS interference configuration – Case c 

 

The slant range between the FSS earth station to the HAPS airborne station can be determined by 
considering the geometry shown in Fig. 8, below:  

FIGURE 8 

FSS-HAPS path geometry 
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Assuming that the transmitting FSS earth station antenna has an elevation angle of 5º, and the 
HAPS airborne platform is located 21 kilometres above the Earth’s surface, the slant range between 
the FSS earth station and the HAPS airborne station is 203.9 km. The distance from the FSS earth 
station to the nadir point (on the ground) of the HAPS airborne station is 202.4 km.  

Using the FSS earth station transmission characteristics contained in Table 2 and the HAPS (uplink) 
transmission characteristics contained in § 3 of the main body of this Report, and assuming that the 
off-axis gain of a HAPS phased array airborne antenna, with a peak gain of 30 dBi, in the direction 
of the FSS earth station is no greater than –43 dBi, its minimum value; the carrier-to-noise 
interference, C/IES, can be determined using equation 1. 

With this equation, the C/IES was calculated for the UAC zone with the results provided in Table 5, 
below. As shown in Table 5, the transmissions of a single FSS earth station pointing towards 
a HAPS airborne station would not cause excess interference to the HAPS link when the gain of the 
HAPS airborne station antenna is at its minimum value in the direction of the FSS earth station.  

It must be emphasized that the data provided in Table 5 represents a best case scenario, where it is 
assumed that the gain of the HAPS airborne antenna in the direction of the transmitting FSS earth 
station is at its minimum value. However, in most cases the gain of the HAPS antenna does not 
reach its minimum value. Accordingly, the level of interference that the HAPS link will receive 
from the transmitting FSS earth station will be higher than that listed in Table 5 (see § 4.4). 

TABLE 5 

Calculation of C/IES for interference Case c 

HAPS gateway coverage zone UAC 

Frequency, f, (MHz) 6600 

Wavelength, λ, (metres) 0.04545 

HAPS carrier bandwidth, BW, (MHz) 11 

e.i.r.p. of transmitting HAPS gateway station, e.i.r.p.TGWY, (dBW) 23.9 

Maximum gain of HAPS receiving airborne antenna, GRHAPS (dBi) 30.0 

Slant range between HAPS airborne station and HAPS gateway station, DGWY, (km) 42.0 

Path loss between HAPS airborne station and HAPS gateway station, LGWY, (dB) 141.3 

HAPS atmospheric loss, a, (dB) 0.3 

HAPS polarization loss, pl, (dB) 0.5 

Received HAPS carrier power level, C, (dB) –88.2 

Earth station power density, PDES, (dBW) –40.0 

FSS carrier bandwidth, BW, (MHz) 11.0 

Maximum gain of transmitting FSS earth station, GES, (dBi) 39.9 

Slant range between HAPS airborne station and FSS earth station, DES (km) 203.9 

Path loss between HAPS airborne station and FSS earth station, LES, (dB) 155.0 

Gaseous specific attenuation (dB/km) 0.01 

FSS atmospheric attenuation, A, (dB) 2.0 

FSS polarization loss, PL, (dB) 0.5 

Off-axis gain of HAPS receiving airborne antenna towards FSS earth station, 
GRHAPS(φ), (dBi) 

–43.0 



 Rep.  ITU-R  F.2240 19 

 

TABLE 5 (end) 

HAPS gateway coverage zone UAC 

Received FSS carrier power level, IES, (dB) –130.2 

C/IES, (dB) 42.0 

Minimum required C/IES (dB) 26.6 

Margin (dB) 15.4 
 

4.4 Case d: FSS earth station antenna side lobe into HAPS airborne antenna side-lobe 
interference  

In this interference scenario, it is assumed that the transmitting FSS earth station antenna is pointed 
in a direction such that one of its side lobes illuminates the HAPS airborne station. It is also 
assumed that the transmissions from the FSS earth station are received by a side lobe of the HAPS 
airborne platform antenna. The configuration associated with this mode of interference is provided 
in Fig. 9, below: 

FIGURE 9 

HAPS-FSS interference configuration – Case d 

 

Equation 1 can be used to calculate the C/IES at the HAPS receiver from the transmissions of the 
FSS earth station. In order to perform the necessary C/IES calculations for any FSS earth station 
location, the path geometry and formulas contained in Fig. 10 should be used in conjunction with 
Equation 1.  
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FIGURE 10 

Geometry associated with Case d interference calculations 

 

Using the geometry shown in Fig. 10, the interference impact from the transmissions of an FSS 
earth station onto the receiving HAPS airborne station was calculated for five directions of travel of 
the FSS earth station: 0º, 9º, 18º, 27º and 36º relative to the direct path between the HAPS gateway 
station and the nadir point of the HAPS airborne platform, as projected on the ground. The direction 
of travel corresponds to the variable “µ” in Fig. 10.  

For each direction of travel, the distance between the FSS earth station and the nadir point of the 
HAPS airborne platform, as projected on the ground, was increased from 0 to 202 kilometres, 
in 5 kilometres increments. At each distance increment, the clear sky C/IES was calculated for 
off-axis gain values of the FSS earth station antenna of 39.9 dBi, 14.5 dBi, 7.0 dBi, –0.5 dBi,  
–4.9 dBi, –8.1 dBi and –10 dBi corresponding, respectively, to off-axis angles of 0°, 5°, 10°, 20°, 
30°, 40° and 48°, noting that not all those angles are applicable under all geographical conditions. 
Upon calculating the C/IES, the associated link margin for the HAPS gateway station to HAPS 
airborne station communication link was then computed. 

Assuming that each (of the five) gateway stations located on the perimeter of the UAC zone has 
an angular separation of 72º relative to its nearest neighbouring gateway station, those areas, 
relative to the nadir point of the HAPS airborne platform, in which a transmitting FSS earth station 
would lead to a negative link margin were determined. Figure 11 depicts these FSS earth station 
preclusion zones/areas (highlighted in blue), within which operation of a single transmitting FSS 
earth would result in excessive levels of interference being received by the HAPS airborne station. 
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Figure 11 contains seven plots corresponding to the seven different FSS earth station antenna gain 
(or off-axis angle) values. 

There will be many cases where interference from an individual earth station to a HAPS airborne 
platform will be from side lobe-to-side lobe. However, at 21 km altitude, a circle of about 1 033 km 
diameter on the Earth’s surface is visible, and a HAPS platform up-link would receive the aggregate 
interference from all co-frequency earth stations operating within that circle. The aggregate 
interference may well exceed the harmful threshold even if the contributions from the individual 
earth stations are each comfortably below it. 

FIGURE 11 

Plots showing the minimum distance separation between a transmitting FSS  
earth station and the HAPS airborne platform nadir point 

(FSS gateway station location: UAC zone) 

(1) FSS earth station antenna off-axis angle: 0º            (2) FSS earth station antenna off-axis angle: 5º 

   

 

(3) FSS earth station antenna off-axis angle: 10º          (4) FSS earth station antenna off-axis angle: 20º 
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FIGURE 11 (continued) 

Plots showing the minimum distance separation between a transmitting FSS  
earth station and the HAPS airborne platform nadir point (continued) 

(FSS gateway station location: UAC zone) 

(5) FSS earth station antenna off-axis angle: 30º          (6) FSS earth station antenna off-axis angle: 40º 

   

 

(7) FSS earth station antenna off-axis angle: 48º 

 

 

Note 1 – Distances are in kilometres. 

Note 2 – The area in which a transmitting FSS earth station may not be located is shown in blue. This area corresponds to the case 
where the off-axis gain of an FSS earth station towards the HAPS airborne station is the value indicated, in each figure, at all 
locations around the HAPS airborne station. In actuality, the pointing angle of the FSS earth station antenna (towards a specific 
satellite) relative to the HAPS airborne station changes as its location is varied about the nadir point of the HAPS airborne station. 
Also, those pointing angles differ with the latitude of the HAPS platform and with the longitude of the satellite relative to the 
longitude of the HAPS platform. Hence, the off-axis gain of an earth station towards the HAPS airborne station may be different than 
that specified in each figure at different locations. Consequently, the FSS earth station preclusion area may not be as shown in all 
directions around the (nadir point of the) HAPS airborne station. For off-axis angles of less than 48º and away from the Earth’s 
equator, this area represents a composite of preclusion zones covering various geographic locations on the Earth. 

Note 3 – A transmitting FSS earth station may be located in areas that are highlighted in white or dark pink. 

  

HAPS GATEWAY LOCATION: UAC ZONE
HAPS AIRBORNE PLATFORM ANTENNA TYPE: PHASED ARRAY 

FSS EARTH STATION GAIN: -4.9 dBi

0

5

10

15

20

25

30

35

40

45

50

0
9

18
27

36

45

54

63

72

81

90

99

108

117

126

135

144

153
162

171
180

189
198

207

216

225

234

243

252

261

270

279

288

297

306

315

324

333
342

351

HAPS GATEWAY LOCATION: UAC ZONE
HAPS AIRBORNE PLATFORM ANTENNA TYPE: PHASED ARRAY 

FSS EARTH STATION GAIN: -8.1 dBi 

0

5

10

15

20

25

30

35

40

45

0
9

18
27

36

45

54

63

72

81

90

99

108

117

126

135

144
153

162
171

180
189

198
207

216

225

234

243

252

261

270

279

288

297

306

315

324
333

342
351

HAPS GATEWAY LOCATION: UAC ZONE
HAPS AIRBORNE PLATFORM ANTENNA TYPE: PHASED ARRAY 

FSS EARTH STATION GAIN: -10.0 dBi   

0

5

10

15

20

25

30

35

40

45

0
9

18
27

36

45

54

63

72

81

90

99

108

117

126

135

144
153

162
171

180
189

198
207

216

225

234

243

252

261

270

279

288

297

306

315

324
333

342
351



 Rep.  ITU-R  F.2240 23 

 

5 Interference from HAPS gateway links in the FS into the FSS uplink 

In this section, the equivalent power flux-density (epfd) level to protect geostationary satellite 
receivers in the FSS from HAPS gateway links is derived. The methodology is based on the 
protection required by satellite receivers and is independent of HAPS gateway links characteristics.  

This methodology is likely to be adaptable to cover the case of non-geostationary satellite receivers 
in the band 5 850-7 075 MHz.  

5.1 Derivation of protection levels for geostationary satellite receivers 

5.1.1 Formula for epfd (equivalent power flux-density) levels 

The following formula may be used to determine the epfd levels required to protect geostationary 
satellite receivers from the aggregate interference caused by all transmitting stations into a high-
altitude platform system: 
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where: 

 k: Boltzmann’s constant (JK–1) 

 TGSO satellite: Geostationary satellite receiver noise temperature (K) 

 Breference: Reference noise bandwidth (consistent with Recommendation ITU-R S.524-7, 
the epfd levels are proposed to be expressed per 4 kHz) (Hz) 

 ΔT/T: Level of permissible interference from HAPS stations into satellite receivers (it 
can be either an aggregate or single-entry level) 

 Gmax GSO satellite: Maximum gain of a geostationary satellite beam (dBi) 

 λ: wavelength (m). 

5.1.2 Parameters of representative geostationary uplinks 

It is assumed that geostationary FSS space stations at 6 GHz have a receive noise temperature 
ranging from 425 Kelvin to 550 Kelvin.  

They mainly use five types of beams: global, hemispheric, semi-hemispheric, regional and spot. 
Global beams have a typical antenna gain of 21 dBi, hemispheric beams have a gain of 25 dBi, 
semi-hemispheric beams have a gain of 30 dBi, regional beams have a gain of 35 dBi and spot 
beams have a gain of 40 dBi. Satellites with smaller national or country coverage may have higher 
antenna gain levels, especially in the bands governed by the provisions of RR Appendix 30B. It 
should be noted that such beams encompass numerous HAPS service areas (i.e. a geographical area 
served by a HAPS systems).  

Typical satellite antenna radiation patterns can be found in Recommendation ITU-R S.672-4.  

5.1.3 Permissible levels of interference 

Recommendation ITU-R S.1432-1 is considered as a basis to determine the appropriate permissible 
levels to protect satellite and earth station receivers. This Recommendation mentions that the 
portion of “the aggregate interference budget of 32% or 27% of the clear-sky satellite system noise” 
to be allotted to “other systems having co-primary status” is 6%. Since HAPS gateway links are 
intended to operate under the fixed service allocation, which is co-primary with the FSS in the 
band 5 850-7 075 MHz, while coexisting with the other types of fixed links, the aggregate 
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permissible interference coming from all transmitting HAPS station (either on the ground or the 
platform) should be no more than 3%.  

5.1.4 Maximum uplink epfd levels at the geostationary orbit at 6 GHz 

Table 6 shows the maximum permissible epfd↑ levels to protect geostationary satellite receivers.  

TABLE 6 

Derivation of epfd↑ values to protect geostationary satellite receivers 

 Global  
beam 

Hemispheric 
beam 

Semi-hemispheric 
beam 

Regional  
beam 1 

Spot 
beam 

f (MHz) 6 425 6 425 6 425 6 425 6425 

TGSO satellite (K) 550 550 550 550 425 

Gmax GSO satellite 
(dBi) 

21 25 30 35 40 

Breference (kHz) 4 4 4 4 4 

Aggregate ΔT/T (%) 3 3 3 3 3 

epfd↑, aggregate 
(dBW/(m².4 kHz)) 

–163.7 –167.7 –172.7 –177.7 –183.9 

 

Some administrations believe that the FSS parameters used above are conservative; the G/T of the 
space station receive antenna is on the order of 13.6 dB/K for spot beam, which is deemed to be 
high for a space station in the 5 850-7 075 MHz band and the protection criteria is 3 dB more 
stringent than the value used to trigger coordination among FSS systems. 

5.2 Derivation of possible maximum e.i.r.p. levels towards the geostationary arc 

Since the uplink equivalent power flux-density (epfd↑) is the sum of the power flux-densities 
produced at a geostationary satellite receiver, by all the transmit stations within a HAPS gateway 
links, taking into account the off-axis discrimination of the receiving antenna, the epfd↑ levels can 
also be expressed as: 
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where: 

 NHAPS: number of transmit stations (either on the ground or on platforms) in the HAPS 
system that are simultaneously transmitting within the coverage area of the 
geostationary satellite; 

 θi: off-axis angle between the boresight of the transmit station in the HAPS system 
and the direction of the geostationary satellite receiver (degrees); 

 e.i.r.p.(θi): e.i.r.p. transmitted by the ith station in HAPS system in the direction of the 
geostationary satellite (W); 

 di: distance between the ith transmit station in the HAPS system and the 
geostationary satellite (m); 
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 ϕi: off-axis angle between the boresight of the antenna of the geostationary 
satellite receiving beam and the direction of the ith transmit station in the HAPS 
system (degrees); 

 GGSO(ϕi): antenna gain of the geostationary satellite receiving beam in the direction of 
the ith transmit station in the HAPS system; 

 GGSO,max: maximum gain of the antenna of the geostationary satellite receiving beam. 

The single entry e.i.r.p limit must be calculated for the HAPS networks in order to ensure that all 
operators are taken into account for the entire aggregate epfd levels found in § 5.1.4. This 
calculation must take into account the deployment density of HAPS gateway stations. This single 
entry e.i.r.p. from any HAPS operator toward the geostationary satellite arc should lead to the 
fulfillment of the common epfd level toward the satellite arc from all operators. 

5.3 Region around the geostationary arc where such levels should apply 

Taking into account that some geostationary satellites are operated in a slightly inclined orbit in 
order to optimise the lifetime of the satellite and noting the past practice to take such operational 
practice into account when implementing regulatory provisions to protect the current and future use 
of the geostationary arc, it is proposed that the previous maximum e.i.r.p. levels should be met in 
the direction of an area of the sky lying between ±5° of the geostationary arc. 

6 Conclusion 

The interference impact from a transmitting FSS earth station upon a receiving HAPS gateway 
station and a receiving HAPS airborne station was analysed. The results of the analysis indicate the 
following: 

1) In order to provide long-term and short-term interference protection to a receiving HAPS 
gateway station, an FSS earth station transmitting to a geostationary satellite at minimum 
elevation (of 5º) must be separated from a receiving HAPS gateway station by typically 29 
kilometres in critical directions. For earth stations pointed to satellites at higher elevations 
angles, smaller separation distances will be required. The minimum required separation is 
also dependent on the terrain and atmospheric features where the HAPS gateway station 
and the FSS earth station operate. 

2) In cases where the interference path is from the main beam or from the far side-lobe of an 
FSS earth station antenna into a main beam of a HAPS airborne platform antenna the 
interference will be very high.  

3) The minimum required distance separation between a receiving HAPS airborne station and 
a transmitting FSS earth station ranges from 0 to 202 kilometres. The actual distance 
separation is dependent on the angular separation between the transmitting FSS earth 
station and the transmitting HAPS gateway station as well as the off-axis gain of the 
transmitting FSS earth station antenna in the direction of the receiving HAPS airborne 
station.  

 For example, if the off-axis angle of the transmitting FSS earth station antenna towards the 
receiving HAPS airborne station is 0º (i.e. the FSS earth station antenna’s main beam is 
pointed directly at the HAPS airborne station), then the minimum required distance 
separation ranges from 120 to 202 kilometres at all azimuths relative to the HAPS airborne 
station. However, if the off-axis angle of the transmitting FSS earth station antenna in the 
direction of the receiving HAPS airborne station is 40º or greater, then minimum required 
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separation will be 0 kilometre at most azimuths while ranging from 3-45 kilometres at some 
specific azimuths. 

4) There will be many cases where interference from an individual earth station to a HAPS 
airborne platform will be from side lobe-to-side lobe. However, at 21 kilometres altitude, 
a circle of about 1 033 kilometres diameter on the Earth’s surface is visible, and a HAPS 
platform uplink would receive the aggregate interference from all co-frequency earth 
stations operating within that circle. The aggregate interference may well exceed the 
harmful threshold even if the contributions from the individual earth stations are each 
comfortably below it. 

The interference impact from a transmitting HAPS gateway station into a receiving FSS space 
station was also analysed. The results showed that in order to protect a receiving GSO FSS space 
station from harmful interference due to HAPS ground gateway station transmissions, the aggregate 
power flux density at the geostationary orbital arc from the emissions of transmitting HAPS 
gateway stations should not exceed –183.9 dBW/m2/4 kHz. 

7 Interference from HAPS gateway links in the FS into the FSS in the RR Appendix 
30B Plan Allotment 

The band 6 725-7 025 MHz is subject to the provisions of Appendix 30B (FSS Plan) to the 
Radio Regulations. This appendix sets out the regulatory and technical requirements that have to be 
met by FSS networks in the Plan and the protection to be afforded to such networks by systems of 
other services having allocations in the band. The FSS Plan (RR Appendix 30B) is intended to 
preserve orbit/spectrum resources for future use on an equitable basis among all country members 
of the ITU. To safeguard the value of the allotted capacity in this Plan, it is important that 
administrations can implement this capacity at any time that they so wish without encountering 
interference or disruption. 

A technical analysis was conducted to ascertain the impact of HAPS transmissions on several 
systems contained in the Appendix 30B Plan. It is noted that Appendix 30B also defines and lists 
Existing systems and Additional systems. However, the impact of HAPS upon such systems was not 
evaluated. 

7.1 Characteristics of FSS networks (RR Appendix 30B) 

RR Appendix 30B specifies that the 6 725-7 025 MHz band may be used for Earth-to-space 
transmissions. Additionally, RR Appendix 30B and its Annexes contain the technical characteristics 
of FSS allotments and establish the technical requirements applicable to FSS networks operating in 
Appendix 30B bands and systems of the other services having allocations in the band. 

This FSS Plan is limited GSO FSS networks only. 

7.2 Interference scenarios and assumptions 

The following interference scenarios were studied: 

Scenario 1 

Interference from HAPS gateway (ground) station into FSS network satellite receiver.  
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FIGURE 12 

Interference from HAPS gateway (ground) station into FSS network satellite receiver 

 

Scenario 2 

Interference from HAPS platform station into FSS network satellite receiver.  

FIGURE 13  

Interference from HAPS platform station into FSS network satellite receiver 
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Assumptions 

The following assumptions were made: 

– the altitude of a HAPS airborne station is limited to 20 … 25 km above ground; 

– for all interference scenarios, the interference from HAPS is received by the FSS allotment 
through the main beam of its space receiving antenna. 

Three real allotments from the FSS Plan were studied: RUS00001, RUS00003 and RUSLA201. 
However, these allotments do not have the smallest earth station e.i.r.p. density (dBW/Hz) specified 
in the Plan. Therefore, theoretical allotment XXX00001 with the following attributes was also 
studied: 1) an earth station e.i.r.p. density of –9.6 (dB(W/Hz)); 2) the major and minor axis of the 
elliptical cross-section half-power beam of the space receiving antenna is 1.6 × 1.6 degrees; 
3) the receiving antenna of the space station may be pointed at any boresight in visible area from the 
geostationary orbit and 4) that the nominal orbital position of conditional allotment XXX00001 is 
90 E. 

The technical characteristics of the four RR Appendix 30B allotments are summarized in Table 7, 
below: 

TABLE 7 

Characteristics of some FSS systems subject to RR AP 30B 

Item RUS00001 RUS00003 RUSLA201 XXX00001 

Earth station 
e.i.r.p. density 
(dB(W/Hz)) 

−7.2 −6.7 −1.4 −9.6 

Nominal orbital 
position, in 
degrees 

61.0 138.5 88.1 90.0 

Longitude of the 
boresight, 
in degrees 

51.5 138.14 94.8 any which seen 
from orbital 
position 90Е 

Latitude of the 
boresight, 
in degrees 

52.99 53.83 48.6 any which seen 
from orbital 
position 90Е 

Major axis of the 
elliptical 
cross-section half-
power beam, 
in degrees 

5.56 5.86 7.5 1.6 

Minor axis of the 
elliptical 
cross-section half-
power beam, 
in degrees 

2.01 2.09 3.5 1.6 

Slant distance, km 38 724 38 749 38 284 from 35 786 to 
41 670 (it depends 

on point of 
boresight) 
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7.3 Result of interference analysis 

7.3.1 Scenario 1 

For this scenario, it was assumed that interference penetrates the FSS Plan allotment through the 
main beam of space receiving antenna. Therefore, the signal and interference paths are the same. 
The interference calculations and associated results are contained in Table 8, below: 

TABLE 8 

Interference calculations and results for scenario 1 

Item RUS00001 RUS00003 RUSLA201 XXX00001 HAPS 

HAPS gateway station 
(GS) Tx power, dBW 

    –19 

HAPS gateway station 
Tx antenna gain, dBi 

    47 

H/W loss, dB     4.1 

Bandwidth, MHz     11 

HAPS gateway station 
e.i.r.p. density 
(dB(W/Hz))  

    −46.5 

Earth station FSS 
e.i.r.p. density 
(dB(W/Hz)) 

−7.2 −6.7 −1.4 −9.6  

Service area for FSS 
allotment, dB 

−3 −3 −3 −3 0 

Slant distance, km 38 284 38 724 38 749 35 786/ 
41 670 

RUS00001 38 284 

RUS00003 38 724 

RUSLA201 38 749 

XXX00001 35 786/ 
41 670 

Free-space loss, dB 200.9 201.0 201.0 200.3/ 
201.6 

RUS00001 200.9 

RUS00003 201.0 

RUSLA201 201.0 

XXX00001 200.3/201.6 

e.i.r.p. density at FSS 
Rx antenna, 
dB(W/Hz) 

−211.1 −210.7 −205.4 −212.9/ 
−214.2 

RUS00001 −247.4 

RUS00003 −247.5 

RUSLA201 −247.5 

XXX00001 −246.8/ 
−248.1 

Received C/I, dB 36.3 36.8 42.1 33.9  

Required single entry 
C/I, dB 

30  

Margin, dB 6.3 6.8 12.1 3.9  

 

Based upon these calculations, it can be concluded that there is a low probability of interference 
from a HAPS uplink into FSS Plan Appendix 30B allotments due to main beam to main beam 
interaction. However, in view of the small single entry interference margins, it can be assumed that 
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there will be interference from HAPS gateway links into FSS Plan allotments RR Appendix 30B 
when the aggregate case is considered. 

Hence, in order to avoid possible interference from multiple HAPS uplinks into an FSS Plan 
Appendix 30B allotment, the maximum equivalent isotropically radiated power (e.i.r.p.) of a HAPS 
gateway station in any direction of the geostationary-satellite orbit should be limited. However this 
case needs to be further studied. 

7.3.2 Scenario 2 

For this scenario, interference calculations were made under free-space conditions and for the 
back-lobe HAPS transmitter beam to main FSS satellite receiver beam geometry. The antenna 
radiation pattern mask used for the HAPS (airborne) payload was assumed to be compliant with 
Resolution 221 (Rev.WRC-07) and restricted to 90°. Therefore, the far side-lobe level was 
assumed to be the back-lobe level of the HAPS antenna. The calculations and associated results are 
provided in Table 9, below. 

TABLE 9 

Interference calculations and results for interference for scenario 2 

Item RUS00001 RUS00003 RUSLA201 XXX00001 HAPS 

HAPS airborne station 
(AS) Tx power, dBW 

    −22 

HAPS airborne station 
Tx back-lobe antenna 
gain, dBi 

    –43 

H/W loss, dB     4.1 

Bandwidth, MHz     11 

HAPS airborne station 
e.i.r.p. density 
(dB(W/Hz)) (in back-
lobe direction) 

    −139.5 

Earth station FSS 
e.i.r.p. density 
(dB(W/Hz)) 

−7.2 −6.7 −1.4 −9.6  

Service area for FSS 
allotment, dB 

−3 −3 −3 −3 0 

Slant distance, km 38284 38724 38749 35 786/ 
41 670 

RUS00001 38 263 

RUS00003 38 703 

RUSLA201 38 728 

XXX00001 35 761/ 
41 649 

Free-space loss, dB 200.9 201.0 201.0 200.3/201.6 RUS00001 200.9 

RUS00003 201.0 

RUSLA201 201.0 

XXX00001 200.3/201.6 
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TABLE 9 (end) 

Item RUS00001 RUS00003 RUSLA201 XXX00001 HAPS 

e.i.r.p. density at FSS 
Rx antenna, 
dB(W/Hz) 

−211.1 −210.7 −205.4 −212.9/ 
−214.2 

RUS00001 −340.4 

RUS00003 −340.5 

RUSLA201 −340.5 

XXX00001 −339.8/ 
−341.1 

Received C/I, dB 129.3 129.8 135.1 126.9  

Required single entry 
C/I, dB 

30  

Margin, dB 99.3 99.8 105.1 96.9  

 

Based upon these calculations it can be concluded that there is a low probability of interference 
from a HAPS downlink into an FSS Plan Appendix 30B allotment through the back-lobe (gain) 
of the HAPS airborne station antenna. 

7.4 Conclusion 

An assessment of interference from HAPS gateway links into the FSS allotments (RR Appendix 30B) 
in the frequency band 6 725-7 025 MHz was conducted. Three real allotments (RUS00001, RUS00003 
and RUSLA201) from the FSS Plan and one theoretical allotment XXX00001 were studied in two 
different interference scenarios.  

Based upon these studies, it can be concluded that there will be a low probability of single entry 
interference from HAPS downlink and uplink into FSS Plan Appendix 30B allotments. However, in 
view of the small value of margin (3.9 dB) associated with single entry of HAPS gateway station 
uplink to FSS Plan RR Appendix 30B allotments, it can be assumed that there will be interference 
from HAPS gateway links into FSS Plan allotments RR Appendix 30B when the aggregate case is 
considered. Therefore, the identification of two channels of 80 MHz each for gateway links for 
HAPS with the parameters specified in Recommendation ITU-R F.1891 should not be considered in 
the frequency band 6 725-7 025 MHz. Alternatively, in order to avoid possible interference from 
HAPS gateway station uplinks into FSS Plan RR Appendix 30B allotments, limits should be placed 
on the maximum e.i.r.p. of a transmitting HAPS gateway station in the direction of the 
geostationary-satellite orbit. However, the exact limit to be applied requires further study.  

The impact of HAPS on existing systems and additional systems as defined in RR Appendix 30B 
was not evaluated.  

8 Interference from HAPS into non-geostationary FSS systems 

The interference impact from HAPS gateway links into non-geostationary orbit (non-GSO) FSS 
was studied. Specifically, the interference impact on the non-GSO FSS systems listed in Table 10 
operating in the frequency band 5 850-7 025 MHz was evaluated. 
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TABLE 10 

Non-GSO networks in the frequency band 5 850-7 075 MHz 

Parameter 

Satellite Name 
The lower frequency 

limit, MHz 
The upper frequency 

limit, MHz 
Link 

MOLNIA-1 6025.00 6225.00 Earth-to-space 

MOLNIA-2 5725.00 6225.00 Earth-to-space 

MOLNIA-3 5975.00 6225.00 Earth-to-space 
 

8.1 Technical characteristics of the non-GSO system 

Through the ITU Space Network Systems database, the FSS link of non-GSO MOLNIA-type 
satellite receiver with lowest noise immunity was identified and assumed as the worst case. 
The technical characteristics of the non-GSO satellite receiver used in the analysis are listed in 
Table 11, below. 

TABLE 11 

Non-GSO FSS network characteristics for compatibility study 

Sat.Network

Item 
MOLNIA 

Frequency, MHz 6200 

Inclination angle, degrees 65° 

Apogee, km 40 000 

Perigee, km 500 

Uplink channel bandwidth, MHz 50 

Max. peak power, dBW 37 

Max. antenna gain, dBi 53 

Noise temperature, K 2 500 
 

8.2 Interference analysis 

For simplification purposes, the same interference scenarios described in § 7 were used for the 
non-GSO FSS interference analysis. The basic path geometry is shown in Fig. 14. The slant 
distance between non-GSO satellite and the FSS earth station, as denoted by the variable “d” 
in Fig. 14, can be derived through the use of the following equation: 

  εδε cos/)cos()( ++= eRhd  

where: 

 h =  the non-GSO satellite altitude, km 

 ε  =  the Earth station elevation angle, degrees; and  
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For the worst-case configuration, it is assumed that the lowest earth station elevation angle is 5°, 
while HAPS is located in direct view of the satellite at the apogee (h=40 000 km). 

FIGURE 14 

Interference from HAPS platform/gateway station into non-GSO FSS network satellite receiver 

ε

δ h

d

 

 

Thus, the following interference scenarios were studied: 

– Scenario 1 – Interference from HAPS gateway (ground) station into non-GSO FSS network 
satellite receiver. 

– Scenario 2a – Interference from HAPS platform station (back-lobe) into non-GSO FSS 
network satellite receiver. 

– Scenario 2b – Interference from HAPS platform station (main-lobe) into non-GSO FSS 
network satellite receiver (Fig. 15). 
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FIGURE 15 

Interference from HAPS platform station (main-lobe) into 
non-GSO FSS network satellite receiver 

 

 

For all interference scenarios it was assumed that interference penetrates the non-GSO FSS satellite 
receiver through the main beam of space station’s receiving antenna. It should be noted that 
required C/I ratio is derived in accordance with Recommendation ITU-R S.740 as: 

  dBNCIC 2.12// +=  

The noise power N is defined as: 

  
)lg(lg10 wups BTkN ++=
 

where: 

 wupB
 
=  the uplink channel bandwidth, Hz 

 K  =  the Boltzmann constant –228.6 dB(J/K); and 

 sT = the satellite receiver noise temperature, K. 

Calculation for all scenarios was made under free-space conditions. 

8.2.1 Results 

8.2.1.1 Scenario 1. Interference from HAPS gateway (ground) station into non-GSO FSS 
network satellite receiver 

The results of the interference calculations associated with interference scenario 1 are provided in 
Table 12. 
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TABLE 12 

Non-GSO FSS – HAPS calculations for interference Scenario 1 

Item MOLNIA HAPS gateway station 

HAPS Gateway station (GS) Tx Power, dBW  –19 

HAPS Gateway station Tx Antenna Gain, dBi  47 

H/W loss, dB  4.1 

Bandwidth, MHz  11 

HAPS airborne station e.i.r.p. density  30.4 dB(W/50 MHz) 

Earth station FSS e.i.r.p. density 90 dB(W/50 MHz)  

Slant distance, km  45 380 40 000 

Free-space loss, dB 201.4 200.3 

e.i.r.p. density at FSS Rx antenna  –111.4 (W/50 MHz) –169.9 dB(W/50 MHz) 

Max. noise power at FSS Rx antenna, dB –117.6  

C/N, dB 6.2  

Required C/I, dB 18.4  

Received C/I, dB 58.5  

Margin, dB 40.2  
 

Based upon these calculations, it can be concluded that there is a low probability of interference 
from a HAPS uplink into a non-GSO FSS space station receiver of a MOLNIA-type system. 

8.2.1.2 Sub-scenario 2a. Interference from HAPS platform station (back-lobe) into 
non-GSO FSS network satellite receiver 

Interference calculations were conducted for the back-lobe HAPS transmitter beam to main FSS 
satellite receiver beam geometry. The antenna radiation pattern mask used for the HAPS (airborne) 
antenna is assumed to be compliant with Resolution 221 (Rev.WCR-07) and restricted to 90°. 
Therefore, the far side-lobe level was assumed to be the back-lobe level of the HAPS antenna. 
The calculations and associated results are provided in Table 13: 
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TABLE 13 

Non-GSO FSS – HAPS calculations for interference Scenario 2a 

Item MOLNIA HAPS 

HAPS airborne station (AS) Tx 
Power, dBW 

 –22 

HAPS airborne station Tx  
back-lobe antenna gain, dBi 

 –43 

H/W loss, dB  4.1 

Bandwidth, MHz  11 

HAPS airborne station e.i.r.p. 
density 

 –62.5 dB(W/50 MHz) 

Earth station FSS e.i.r.p. density 90 dB(W/50 MHz)  

Slant distance, km  45 380 39 887 

Free-space loss, dB 201.4 200.3 

e.i.r.p. density at FSS Rx antenna  –111.4 dB(W/50 MHz) –262.8 dB(W/50 MHz) 

Max. noise power at FSS Rx 
antenna, dB 

–117.6  

C/N, dB 6.2  

Required C/I, dB 18.4  

Received C/I, dB 151.4  

Margin, dB 133.0  
 

Based upon these calculations, it can be concluded that there is a low probability of interference 
from HAPS downlink into non-GSO FSS space station receiver for MOLNIA-type systems through 
the far side-lobe (gain) of the HAPS airborne antenna. 

8.2.1.3 Sub-scenario 2b. Interference from HAPS platform station (main-lobe) into 
non-GSO FSS network satellite receiver 

Interference calculations were conducted for HAPS platform station main-lobe into non-GSO FSS 
network receiver geometry. The calculations and associated results are provided in Table 14. 
  



 Rep.  ITU-R  F.2240 37 

 

TABLE 14 

Non-GSO FSS – HAPS calculations for interference Scenario 2b 

Item MOLNIA HAPS 

HAPS airborne station (AS) Tx 
Power, dBW 

 –22 

HAPS airborne station Tx  
main-lobe antenna gain, dBi 

 30 

H/W loss, dB  4.1 

Bandwidth, MHz 50 11 

HAPS airborne station e.i.r.p. 
density 

 10.4 dB(W/50 MHz) 

Earth station FSS e.i.r.p. density 90 dB(W/50 MHz)  

Slant distance, km  45 380 46 470 

Free-space loss, dB 201.3 201.6 

e.i.r.p. density at FSS Rx antenna  –111.4 dB(W/50 MHz) –191.2 dB(W/50 MHz) 

Max. noise power at FSS Rx 
antenna, dB 

–117.6  

C/N, dB 6.2  

Required C/I, dB 18.4  

Received C/I, dB 79.8  

Margin, dB 61.4  
 

Base upon these calculations, it can be concluded that there is low probability of interference from 
a HAPS downlink into a non-GSO FSS space station receiver of a MOLNIA-type system through 
the main-lobe of the transmitting airborne HAPS station antenna. 

8.3 Conclusion 

Based on the analysis conducted and taking into account the resultant positive interference margins, 
it can be concluded that there is a low probability of interference from HAPS transmissions into 
non-GSO FSS uplinks of MOLNIA-type systems operating in the 6 GHz band. Moreover, in view 
of the large positive margins associated with the single entry interference case, it can be assumed 
that non-GSO FSS MOLNIA-type system would not experience excessive levels of interference 
from either HAPS uplinks or HAPS downlink, even when the aggregate interference from HAPS 
stations, located in non-GSO FSS service aria, is considered. 

9 Interference from HAPS into non-GSO MSS feeder links in the FSS 

9.1 Interference situations 

The worst-case interference situation between a HAPS platform and a MSS feeder downlink 
receiving station would be one where there was main-beam coupling between the transmitting and 
receiving antennas. This implies that MSS feeder downlink station antenna would be on the boresite 
of the HAPS platform. If this situation were to occur, the interference-to-noise ratio (I/N) 
for a single MSS channel would be 44.9 dB. Table 15 shows the assumptions made for this 
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calculation and includes characteristics of both the HAPS platform station and the MSS gateway 
station. 

Next, an MSS system was considered, which utilized path diversity with as many as three paths 
being used from three different MSS gateway earth station antennas to receive and combine in 
an optimal manner the same message. The interference received from the HAPS platform link 
signal would likely be different for each MSS gateway earth station antenna.  

It should be noted that there is a possibility for interference from the HAPS gateway link to most 
adversely affect what would normally be the best of the MSS feeder diversity links thus reducing or 
completely nullifying the advantage of the MSS feeder link using path diversity. Additionally, 
interference from a HAPS system gateway ground station would represent a second interference 
situation for a MSS feeder downlink receiving station. This is akin to the usual FS into FSS 
interference situation but with the antenna elevation angle of the HAPS gateway ground station 
being significantly greater than the typical FS station. 

TABLE 15 

MSS interference due to main beam coupling 

MSS Rx Links.MSS Max.Worst Interferer.Station HAPS Plat  

MSS Rx Links.MSS Max.Worst Interferer.Interfering Bandwidth 11 MHz 

MSS Rx Links.MSS Max.Worst Interferer.Interfering Power −26.1 dBW 

MSS Rx Links.MSS Max.Worst Interferer.Interfering Peak Gain 30 dBi 

MSS Rx Links.MSS Max.Worst Interferer.Interfering Relative Gain 0 dB 

MSS Rx Links.MSS Max.Worst Interferer.Path Loss 141.90 dB 

Freespace 141.80 dB 

676 dry 0.07 dB 

676 water 0.03 dB 

Extra 0 dB 

MSS Rx Links.MSS Max.Worst Interferer.Victim Peak Gain 49.5 dBi 

MSS Rx Links.MSS Max.Worst Interferer.Victim Relative Gain 0 dB 

MSS Rx Links.MSS Max.Worst Interferer.Victim Feeder Loss 0 dB 

MSS Rx Links.MSS Max.Worst Interferer.Signal Strength −88.50 dBW 

MSS Rx Links.MSS Max.Worst Interferer.I −98.03 dBW 

MSS Rx Links.MSS Max.Worst Interferer.I/N 44.91 dB 

MSS Rx Links.MSS Max.Worst Interferer.C/I −1.98 dB 

MSS Rx Links.MSS Max.Worst Interferer.C/(N+I) −1.98 dB 

HAPS Plat Group.HAPS Plat.Position.Latitude 10.8 deg 

HAPS Plat Group.HAPS Plat.Position.Longitude 7.5 deg 

HAPS Plat Group.HAPS Plat.Position.Height above terrain 21 km 

MSS Gateway Stat. Position.Latitude 10.473 deg 

MSS Gateway Stat. Position.Longitude 7.5 deg 
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Computer simulations of interference were conducted using the “Visualyse” simulation product4 to 
evaluate the interference from HAPS platforms into MSS feeder downlink stations. The simulation 
was configured to model HAPS usage in the 6 875-7 075 MHz range and used the HAPS gateway 
station parameters depicted in § 3 of the main body of this Report. The calculations were conducted 
at 6 975 MHz. The following parameters are also used: 

– Altitude of HAPS platform:  21 km; 

– 3 dB beamwidths:   2.73 degrees; 

– Polarization:    Dual; 

– Elevation angle:   30 degrees. 

The MSS feeder link parameters used are listed in Table 16. 

The simulation computed the interference into the MSS feeder downlink gateway station operating 
at 10.473 degrees North latitude, 7.5 degrees East longitude. The situation modelled is similar to 
that pictured in Fig. 5, starting with the MSS feeder downlink station at the edge of the UAC zone, 
36.4 km from the sub-point of the HAPS assuming a −30 degree elevation angle for the HAPS 
platform antenna. The HAPS platform station was located directly above a sub-point at 10.8 degrees 
North latitude and 7.5 degrees East longitude.  

Figure 16 shows the results of an analysis where a MSS Gateway earth station antenna was placed 
at “test points” spaced on a 2 kilometre grid. The MSS Gateway antenna was aimed directly at the 
HAPS platform and the interference-to-noise ratio (I/N) computed in the same manner as shown in 
Table 14. Five antennas were included on the HAPS platform station at azimuths of 36, 108, 180,  
–36 and –108 degrees.  

Unacceptable interference from the fixed service is considered to occur at an I/N of –12.2 dB for the 
aggregate of all fixed service interference. It is assumed that there would be 2 fixed service 
interferers, so the interference threshold for HAPS systems is –15.2 dB. 

In Fig. 16, the black contour encloses the area where an I/N of –15.2 dB would be experienced by 
the MSS Gateway station receiver and the red contour encloses and area where an I/N of -12.2 dB 
would be experienced. The radius of the –15.2 dB contour ranges from 71.4 km to 183 km and the 
radius of the –12.2 dB contour ranges from 60 km to 155 km. 
  

                                                 

4 Visualyse is a product of Transfinite Systems Ltd. www.transfinite.com. 
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TABLE 16 

Mobile-satellite service system parameters 

System name HIBLEO-4FL 

Altitude 1 414 km 

Inclination 52 degrees 

Number of orbital planes 8 

Number of satellites per plane 6 spaced every 60 degrees 

Phasing 7.5 degrees 

Spacecraft antenna type Iso-flux 

On-axis gain 2.2 dBi 

Maximum gain @+/− 42 degrees 7.0 dBi 

3 dB beamwidth 126 degrees 

Polarization Right & Left Hand Circular 

e.i.r.p. per user −26 dBW 

Signal bandwidth 1.23 MHz 

Signal centre frequency 6 975 MHz 

Earth station antenna type S.465 

Receive antenna gain 49.5 dBi 

Receive antenna 3 dB beamwidth 0.58 degrees 

Earth station noise temperature 130 K 
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FIGURE 16 

Contours of interference-to-noise ratio at MSS feeder link earth station 

 

9.2 Analysis of interference evaluation 

It is evident from Fig. 16 that significant interference can be caused to the feeder downlink 
transmissions of an MSS system operating in the 6 700-7 075 MHz band from HAPS platform 
stations. As the development of systems from either service is dependent on the successful 
placement of stations, planning studies must be conducted on the basis of general assumptions. 
Avoidance of areas where frequency sharing is required is desirable owing to possible operational 
restrictions stemming from coordination. 

The interference coming from HAPS systems will be of varying level as the beams of the HAPS 
and MSS feeder link antennas, including side-lobes, intersect. The worst-case probability of 
intersection of the main beams of the two systems can be considered to be the angular area 
subtended by the 3 dB beamwidth of the HAPS platform antenna divided by the angular area of the 
near hemisphere that could be swept out by the MSS feeder link antenna (it is considered that the 
MSS feeder link antenna operates between 5 and 90 degree elevation angles). 

The HAPS system considered in this investigation has a 3 dB beamwidth in the platform-to-ground 
station direction of 5.46 degrees. The angular area of this beam would be 23.4 square degrees. 
The angular area of the near hemisphere where the MSS feeder link beam could be located is 
20 550 square degrees. The probability of the MSS feeder link antenna intersecting the 3 dB 
beamwidth of the HAPS platform antenna would then be 23.4/20550 = 0.0011 or 0.11%. 
Interference from HAPS is assumed to occur over the entire 3 dB beamwidth of the HAPS antenna 
coverage thus unacceptable interference from a HAPS platform would start to occur at an I/N of  
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–12.2 dB, peak at an I/N of –15.2 dB and then back off to an I/N of –12.2 dB. The inner contour of 
Fig. 16 reflects this situation.  

Table 8c of Appendix 7 of the Radio Regulations gives parameters required for the determination of 
coordination distance for a receiving earth station. This table indicates that, for coordination 
purposes, 3 interference entries should be considered and that the probability of interference for 
each interferer should be 0.0017% or a probability of 0.000017. The cumulative possible 
interference from the HAPS platform exceeds this value by more than 60 times.  

Individual interference events would be only a few seconds in duration but cumulatively could add 
up to as much as 9.6 hours per year. Mitigation of these interference events would require reduction 
or shut-off of the HAPS transmitter for the duration of the event plus some guard time. Although 
the nominal orbital characteristics of the MSS system would be known, the exact location of the 
spacecraft and the associated time periods for shut down of the HAPS transmitter would change and 
on-going coordination between any HAPS system and the MSS system would be necessary. 
Such coordination could require human intervention in the operation of the HAPS platform on 
a near real-time basis.  

Therefore, to avoid the need for coordination, taking into account an I/N of 44.9 dB at an MSS 
channel for worst-case and the interference threshold for HAPS of –15.2 dB I/N, for the purpose of 
protecting feeder links for non-GSO MSS systems in the band 6 700-7 075 MHz, the e.i.r.p. of the 
HAPS downlink needs to be limited to a maximum of –66.6 dBW/MHz in the direction of any 
feeder-link earth station. 

9.3 Conclusion 

Concerning the impact of HAPS transmissions on MSS Earth-to-space feeder link stations, 
simulation results showed that coordination distances are large and that the placement of HAPS 
gateway stations or MSS feeder link earth stations could have a significant impact on the ability to 
site stations of the opposite service in the same area. Overall, the avoidance of unacceptable 
interference between MSS feeder down links and HAPS gateway links in the 6 875-7 075 MHz 
band could be difficult and could lead to unacceptable service interruptions for MSS feeder links. 

 

 

Appendix  
to Annex 1 

 

This Appendix provides information on the deployment of transmit earth stations operating in 
various portions of the 5 850-6 725 MHz band that communicate with one or more of the satellites 
of one global operator of GSO satellites. Specifically, Exhibit A depicts the location of 
7 897 distinct earth stations that communicate with satellites of this operator in all or portions of the 
5 850-6 425 MHz frequency band. Exhibit B depicts the location of 138 distinct earth stations that 
communicate with satellites of this operator in all or portions of the 6 425-6 725 MHz band. 
In Exhibits A and B, there are a number of earth stations that appear to be located on bodies of 
water. These earth stations correspond to those that operate on various marine platforms, e.g. oil 
platforms or ships, etc.  

It is emphasized that the earth station deployment information provided in this contribution relates to 
only one FSS operator and is therefore a fraction of the total in use. Other GSO satellite operators 
utilize the 5 850-6 725 MHz band and these operators are encouraged to provide to the ITU-R the earth 
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station deployment information associated with their satellite network in order to provide a complete 
picture of the earth station deployment by the FSS in this band. 

In addition to taking into consideration the deployment of earth stations in the 5 850-6 725 MHz 
band, the ITU-R must also take into account the deployment of FSS space stations that operate in 
this band. As of 2009, approximately 150 satellites utilized the 5 850-6 425 MHz band and 
approximately 26 satellites utilize the 6 425-6 725 MHz band.  

The deployment information provided in this appendix should be taken into account when 
consideration is being given to the identification of any portion of the 5 850-7 075 MHz band for 
use by HAPS. 
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Exhibit A: Location of transmit earth stations communicating with satellites of one  

global GSO operator in the 5 850-6 425 MHz band 
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Exhibit B: Location of transmit earth stations communicating with satellites of one  
global GSO operator in the 6 425-6 725 MHz band 

 

 



46 Rep.  ITU-R  F.2240 

 

Annex 2 
 

Interference modelling between HAPS gateway links and the conventional 
types of fixed service systems in the 5 850-7 075 MHz band 

1 Introduction 

This Annex provides guidance with regard to pfd limits, e.i.r.p. density limits and minimum 
distance separations that may be implemented in order to protect the fixed service from HAPS 
gateway links. It also describes the methodology used to derive such limits. 

2 Consideration of the PFD limits required to protect point-to-point fixed service 
receivers in one administration from interference from high altitude platform gateway 
systems operating in another administration in the frequency range 5 850-7 025 MHz 

Power flux-density (PFD) limits may be used to avoid unacceptable interference to point-to-point 
FS systems in one administration from the co-frequency operation of HAPS gateway systems in the 
frequency band 5 850-7 025 MHz in a neighbouring administration. There are three different ways 
of imposing PFD limits on a potential source of interference. One could specify a PFD profile to be 
met at ground level at the border of an administration, similar to that in Recommendation 
ITU-R F.1820. Alternatively, one could require that such a PFD profile be met at any point within 
the territory of a neighbouring administration. A third possibility would be to specify a PFD profile 
to be met at any altitude above ground level at the border of a neighbouring administration. 

2.1 Determination of an acceptable PFD limit at an FS receiver 

For the determination of the PFD limits, it is assumed that the main-beam axis of the FS antenna is 
directed on the azimuth of the great circle toward the source of interference. Other characteristics of 
the FS receiver are taken from Recommendation ITU-R F.758 and are given in Table 17. 

TABLE 17 

FS parameters 

Parameter Symbol Value 

Frequency (GHz) fGHz 6.5 

Maximum antenna gain (dBi) Grmax 32 – 45 

Reference antenna pattern gain β degrees from 
maximum (dBi) 

G45(β) or G32(β) Recommendation 
ITU-R F.699 

Antenna elevation angle (degrees) α 0 – 5 

Gain α degrees above the horizontal (degrees)  GPFD(α) See equation (1) 

Antenna height (km) Af 0.060 

Receiver noise temperature (Kelvins) Teff 725 

Reference bandwidth (MHz) B 1.0 

Receiver noise floor (dBW/MHz) NT −140.0 
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The range of antenna elevation angles corresponds to the range of elevation angles that would be 
seen in the 6 GHz band. The antenna gain GPFD(α) under these assumptions is taken to be the larger 
of the gains provided by a 45 dBi or a 32 dBi antenna. Thus: 
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Figure 17 shows these gain functions. 

FIGURE 17 

 

 

The interference power at the FS receiver, Ir, may be determined from the PFD at the receiver as: 

  )()/4(log10 2 αλπ PFDr GPFDI +−=  (5) 

where α is the elevation angle, in degrees, above the horizontal plane of the incident PFD and λ is 
the wavelength in metres. The PFD here and elsewhere in this study is given in dBW/m2 with 
a reference bandwidth of 1 MHz. 

In order to meet a prescribed value of I/N this equation can be rewritten as: 

  )()/4(log10/ 2 αλπ PFDT GNNIPFD −++=  (6) 

Under the assumption that the administration receiving the interference has not agreed to 
an allocation for HAPS in the 6 GHz bands, the HAPS emissions would be considered as emissions 
from other sources of interference as described in Recommendation ITU-R F.1094. In this case, 
an acceptable value for I/N could be assumed as –20 dB. Using this value for I/N, one can determine 
the PFD profile needed to protect the FS receiver. The result of such a calculation is given by the 
solid curve in Fig. 18. The dotted curve in Fig. 18 represents a PFD profile that could be used as 
a limit to insure that a PFD at ground level would meet a requirement of I/N = –20 dB for the 
assumed conditions. Its values are given by: 
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FIGURE 18 
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2.2 Determination of an acceptable PFD limit at an administration border 

In general, to protect the FS receiver within an administration from interference from a gateway 
HAPS operating in an adjacent administration, it would be necessary to consider the potential 
interference to a comprehensive set of points within the exposed administration. That is, the PFD 
limit of equation (7) would need to be satisfied at each one of a grid of points. Equivalently, 
protection could be assured by imposing an altitude dependent PFD profile at the border of the 
affected administration. This section addresses the determination of such a PFD profile. 

Figure 19 illustrates the interference scenario for a HAPS platform. It shows the interference 
propagation path from a HAPS platform in one administration to a FS receiver in a neighbouring 
administration. 
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FIGURE 19 

 

 

For clarity, the features in this diagram are not shown to scale. The point labelled “o” is at the 
centre of the Earth. The curved dotted line represents the surface of the Earth which is taken to have 
a radius (Re) of 8 504.19 km, or 4/3 of the actual Earth radius. The point “f” designates the location 
of the FS antenna; the point labelled “h” designates the location of the HAPS platform. 
The propagation path from “h” to “f” is represented by the line “hf”, which is determined by the 
line “of”, the distance from the centre of the Earth to the FS antenna (of = Rf = Re +Af ), 
the distance from the centre of the Earth to the HAPS platform (oh= Rh = Re +Ah ), where Ah is the 
height of the HAPS airborne platform above ground, and the elevation angle α at the FS antenna 
(α = Angle “ofh” – 90 degrees). 

The position of the point “b” on the line “hf” is determined by choosing the altitude (Ab) at the 
border for which the PFD limit is to be determined (ob= Rb = Re +Ab ). The arrival angle of the 
interference at this point (αb ) is equal to 90 – angle “obf”. The arrival angles at the FS antenna and 
the vertical plane at the border are different, but the difference is most significant for elevation 
angles below 5 degrees. 

To determine the limiting PFD at the border, one must first solve the outer triangle “ofho” in Fig. 19 
for “hf”, the length of the propagation path (dhf). Then for a specified altitude at the border, one can 
determine the elevation angle at the border and “bf” the distance on the propagation path from “b” 
to “f” (dbf). Denoting the limiting PFD value at an angle α at the FS antenna as PFD(α), the PFD at 
the border, PFDb(α) is given as: 

  ))/(log(20)()( bfhfhfb dddPFDPFD −+= αα  (8) 

In performing these calculations one should avoid using an elevation angle of 90° at the border, 
because it corresponds to a HAPS platform directly over the border and leads to conflicting 
requirements on the calculations. That is, the altitude at which the propagation path crosses the 
border is indeterminate for α = 90°. 
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Results obtained from applying this methodology for different altitudes of operation of a HAPS 
platform show that higher altitudes of operation lead to more restrictive PFD limits at the border. 
A higher altitude for the HAPS platform also requires the implementation of limits for an increased 
range of altitudes at the border. Because Recommendation ITU-R F.1891 cites 25 km as the 
maximum altitude of operation of the platform of a HAPS gateway system, calculations were 
performed for this altitude. Figure 20 shows the limiting value of PFD at the border with elevation 
angle at the FS antenna for a selected set of altitudes at the border of up to 24 km. Figure 21 shows 
the relationship between the elevation angle at the border and the altitude at the border for 
a selected set of elevation angles at the FS antenna. 

FIGURE 20 

 

 

The plots in Fig. 21 show that, except for elevation angles at the FS antenna that are less than 
5 degrees, there is not much difference between the elevation angle at the FS antenna and the 
elevation angle at the border. By using the value of PFD at the border for a 5 degree elevation angle 
for all elevation angles at the border below 5 degrees, the difference in elevation angles due to the 
Earth being a sphere may be ignored. This makes it simple to formulate a PFD profile at the border 
that contains PFD values at the border that are not to be exceeded for any altitude and elevation 
angle at the border. 
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FIGURE 21 

 

 

The PFD profiles in Fig. 20 are very nearly scaled replicas of the curve for an altitude of 0 km. 
Thus these curves can be related to the PFD profile of Fig. 18 or equation (7): 
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where A is the altitude in km at the border and α is the angle of arrival at the test altitude and the 
polynomial )( AP  is given by: 

  
4)10/(5.034.0)( AAAP +=  (10) 

The emissions from each HAPS platform and gateway ground station transmitter should be required 
to meet these profiles at each azimuth toward the border. On azimuths where emissions from 
multiple HAPS transmitters are co-linear, the PFD profile must be met by each of the co-linear 
radiators individually. 

The PFD profile for ground level (border altitude equal to zero) would also provide protection 
against interference due to the emissions from a HAPS gateway ground station. In this case, 
the gateway station altitude would replace the HAPS station altitude. 

2.3 Conclusion 

A PFD limit at ground level at the border could effectively protect point-to-point FS receivers in the 
5 850-7 025 MHz band from interference from HAPS gateway systems, but only if the HAPS gateway 
systems strictly conforms to the characteristics given by Recommendation ITU-R F.1891. That is, 
conformance to a ground-level PFD profile limit at the border is a necessary, but not sufficient, 
condition for the protection of point-to-point FS receivers.  

If an altitude based pfd profile were to be adopted instead, conformance to the characteristics given 
by Recommendation ITU-R F.1891 is not required. In this case, the protection of FS receivers 
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would be assured if the HAPS platform operated at an altitude of 25 km or less and met the altitude 
dependent pfd profile given by the following equation: 
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where A is the altitude in km at the border and α is the angle of arrival above the horizontal plane at 
each altitude and the polynomial )( AP  is given by: 

  
4)10/(5.034.0)( AAAP +=  

The pfd limit specified in the above equation would result in an I/N ratio of –20 dB at the FS 
receiver. The emissions from each HAPS platform and gateway ground station transmitter should 
be required to meet these profiles at each azimuth toward the border. On azimuths where emissions 
from multiple HAPS transmitters are co-linear, the PFD profile must be met by each of the co-linear 
radiators individually. 

The pfd profile for an altitude of 0 km could be used to protect against emissions from the ground 
station of the gateway HAPS system.  

Where HAPS gateway systems are to be used in the administrations on both sides of the border, 
an altitude dependent pfd limit could be used to protect the point-to-point FS systems in either 
administration from the HAPS systems in the other. However, in this case the pfd limit could be 
relaxed if a higher I/N ratio were acceptable to the administrations. For instance, for a permissible 
I/N ratio of –17 dB, the PFDA limit in the above equation could be increased 3 dB. 

3 Interference modelling between HAPS gateway links and conventional fixed wireless 
system (FWS) links in the 5 850-7 075 MHz band 

3.1 System characteristics and protection criteria 

The HAPS gateway station parameters used in the sharing study were taken from 
Recommendation ITU-R F.1891. The technical characteristics of the fixed wireless system were 
obtained from Recommendation ITU-R F.758-4 and are summarized in Table 18. 
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TABLE 18 

FS system parameters for frequency sharing in the  
frequency band 5 850-7 075 MHz 

Frequency band (GHz) 5.850-7.075 

Modulation 64-QAM 

Capacity 45 Mbit/s 135 Mbit/s 

Channel spacing (MHz) 10 30 

Antenna gain (maximum) (dBi) 43 43 

Feeder/multiplexer loss (minimum) (dB) 3 3 

Antenna type Dish Dish 

Maximum Tx output power (dBW) −1 4 

e.i.r.p. (maximum) (dBW) 39 44 

Receiver thermal noise (dBW) −130 −125 

Nominal Rx input level (dBW)   

Rx input level for 1 × 10−3 BER (dBW) −103 −102 

Nominal long-term interference (dBW) –147.5 (1) –142.5 (1) 

Interference Power Spectral density (dB(W/MHz)) –157.5 –157.5 

Source Table 10 of Rec. ITU-R F.758 
(1) Objective for FS systems employing space diversity (I/N = –17.5 dB). 

 

The nominal long-term interference power and power spectral density listed in Table 18 were 
obtained by considering that if HAPS is to be introduced into bands already heavily used, 
a maximum of 10% of the co-service allowance might be considered. Recommendation 
ITU-R F.1094 apportions allowable interference in the primary bit-rate services to the FS, 
other services and other emissions respectively as 89%, 10% and 1% of the total interference 
allowance. Allowing 20% degradation due to total interference, this means that the FS allowance is 
17.8% of the error performance objectives. The HAPS allotment would then be 1.78% of the error 
performance objective, leading to an allowable I/N of –17.5 dB. 

Recommendation ITU-R F.1245-1 contains a mathematical model of average (and other related) 
radiation patterns for line-of-sight point-to-point radio-relay system antennas for use in the 
frequency range from 1 to about 70 GHz. This Recommendation may be used in the absence of 
specific information on the radiation pattern of the line-of-sight radio-relay system antennas. 

For a FWS functioning at 6 GHz it has been assumed that the antenna diameter was equal to or less than 
3 metres. Furthermore, it was assumed that the FWS antenna was located at a height of 6-10 metres 
above the ground level. 

From Recommendation ITU-R F.1245-1, when the ratio between the antenna diameter and the 
wavelength is less than or equal to 100 (D/λ ≤ 100) the following equation applies: 

  G(ϕ) = Gmax − 2.5 × 10−3 
2







 ϕ

λ
D

for 0°< ϕ < ϕm 

  G(ϕ) = 39 − 5 log (D/λ) − 25 log ϕ for ϕm ≤ ϕ < 48° 

  G(ϕ) = −3 − 5 log (D/λ) for 48°≤ ϕ ≤ 180° 
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where: 

 Gmax: maximum antenna gain (dBi) 

 G(ϕ): gain (dBi) relative to an isotropic antenna 

 ϕ:  off-axis angle (degrees) 

  




wavelength

diameterantenna

:

:

λ
D

 expressed in the same unit 

 G1: gain of the first side lobe 

  = 2 + 15 log (D/λ) 

  1
20

GG
D maxm −λ=ϕ   degrees 

Calculation of antenna gain for a 3 metre dish antenna is presented in Fig. 22 while the normalized 
antenna gain versus off axis angle (i.e. side lobe attenuation) is presented in Fig. 23. 

FIGURE 22 

Calculation of antenna gain for a 3 metre dish antenna (Recommendation ITU-R F.1245-1) 
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FIGURE 23 

Normalized antenna gain vs. off axis angle (side lobe) – Recommendation ITU-R F.1245-1 

 

3.2 Interference analysis 

3.2.1 Interference from HAPS gateway (uplink) into conventional FWS 

Figure 24 shows the basic geometric configuration used in the analysis. 
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FIGURE 24 

Interference modelling scenario HAPS gateway towards FWS P-P 

 

 

The methodology consists of calculating the minimum distance “d” between a HAPS gateway 
station and the FWS to satisfy the maximum long-term interference level of –147.5 dBW/10 MHz. 
The elevation angle between a gateway station and a HAPS platform varies with the position of the 
gateway station.  

The distance “d” can be calculated by using the following equation: 

  d=10 (Att.r-32.44-20logF)/20 (12) 

where: 

 d:  is minimum separation distance for allowable interfering power at receiver 
antenna input (km) 

 Att.r:  is the required attenuation at the minimum separation distance (dB) 

 F:  frequency (MHz). 

Calculations were performed for both rainy and clear sky conditions. In the case of rain, 8 dB was 
added in the link budget corresponding to the maximum value of power control gain for the HAPS 
gateway link. For the clear sky condition, this value was set to 0 dB. In both cases, free space loss 
attenuation model and flat terrain were assumed. The results of the calculations are provided in 
Table 19.  
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TABLE 19 

Calculation of the minimum required distance (km) in UAC 

HAPS gateway station (uplink) vs. FWS P-P in UAC 
θ=30° – Rain θ=30° – Clear sky 

Value Value 

Frequency (MHz) 6 500 6 500 

Minimum separation distance HAPS gateway station – FSW 
P-P (km) 

d d 

Emitted power (dBW) –19 –19 

Bandwidth MHz 11 11 

Tx antenna gain (dBi) 47 47 

Hardware implementation loss (dB) –4.1 –4.1 

Power control gain (dB) 8 0 

HAPS Side lobe attenuation (Res. 221 ref antenna pattern) (dB) –60 –60 

e.i.r.p (dBW) –28.5 –36.5 

FWS receiver antenna gain (dBi) 43 43 

FWS Side lobe attenuation (Rec. ITU-R F.1245) (dB) –45 –45 

FWS cable loss (dB) –3 –3 

FWS nominal long term interference criteria (dBW/10 MHz) 
(I/N = –17.5 dB) 

–147.5 –147.5 

Required attenuation at minimum distance (dB) –114 –106 

Minimum required distance (km) 1.85 0.73 
 

As shown in Table 19, in order to protect point-to-point fixed service from the co-frequency 
transmissions of a HAPS gateway station operating at a frequency of 6 500 MHz, the following 
minimum distance separation must be maintained: 

– In clear sky conditions, the minimum distance separation is 730 metres. 

– In rainy conditions, the minimum distance separation is 1 850 metres. 

3.2.2 Interference from HAPS airborne platform (downlink) into FWS 

Figure 25 shows the basic geometric configuration used in the analysis. 
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FIGURE 25 

Methodology HAPS airborne platform vs. FWS P-P (figure not to scale) 

                    

 

 

It is assumed that 1) FWS P-P could be deployed anywhere within the UAC area, from the centre 
towards the edge of the cell and corresponding to an off-axis angle at the HAPS platform varying 
from 0° to 60°, 2) the HAPS platform is located at an altitude of 21 kilometres, 3) the HAPS and 
FWS stations are co-frequency, 4) a single HAPS platform is visible to the FWS P-P and 
5) the FWS antenna is located at a height of 10 metres above ground. It should be noted that the 
impact of the FWS antenna height (of 10 metres above ground) on the calculation of the free space 
loss attenuation is negligible. Accordingly, the maximum HAPS station e.i.r.p. to protect FWS 
receivers is a function of two variables:  

– elevation angle θ; 

– distance D between the HAPS station and the FWS P-P antenna which has 0 degree of 
elevation angle (see Fig. 25).  

From the HAPS aerial platform towards the ground the elevation angle of interfering signal varies 
between 0° (nadir) and 60 degrees to cover the UAC footprint. Distance “D” corresponds to slant 
range of 42 km. 

The maximum e.i.r.p for HAPS must satisfy the retained nominal long term interference  
(I = –147.5 dBW/10 MHz) for FWS as given by the following equation: 

  EIRPHAPS – FSLHAPS + GFWS –AttSide lobe FWS– LFeeder FWS < I (13) 

From (13) the maximum e.i.r.p is: 

HAPS Platform 

Urban area coverage (UAC) 
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  EIRPHAPS < I+ FSLHAPS – GFWS + LFeeder FWS+ AttSide lobe FWS (14) 
 
where: 

 EIRPHAPS :  maximum e.i.r.p at HAPS airborne antenna output to satisfy a FWS allowable 
interfering power criterion of –147.5 dBW/10 MHz at receiver antenna input 
(I/N = –17.5 dB); 

 FSLHAPS :  free space loss at 6 500 MHz (dB); 

 GFWS:  max antenna gain of FWS antenna (dBi) according to Recommendation 
ITU-R F.758-4; 

 AttSide lobe FWS :  side lobe attenuation for FWS antenna has been calculated with parameters 
from Recommendation ITU-R F.1245-1; 

 LFeeder FWS:  Feeder loss for FWS antenna (see Table 2). 

The maximum HAPS e.i.r.p (i.e. EIRPHAPS) levels were calculated at the frequencies of 5 850 MHz, 
6 500 MHz and 7 075 MHz for various HAPS airborne station elevation angles. The maximum 
e.i.r.p of the HAPS airborne station that would satisfy the FWS nominal long-term interference of  
–147.5 dBW/10 MHz are plotted in Fig. 26. This figure shows three different curves corresponding 
maximum HAPS e.i.r.p level at the frequencies 5 850 MHz, 6 500 MHz, and 7 075 MHz.  

FIGURE 26 

Calculated maximum e.i.r.p in dBW (10 MHz bandwidth) at HAPS platform  
for 5 850 MHz, 6 500 MHz and 7 075 MHz 
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Based upon the results shown in Fig. 26, long-term protection from interference would be provided 
to FWS station at a median frequency of 6 500 MHz, if the transmissions from an airborne HAPS 
platform do not exceed the following emission limits: 

– for 0° ≤ θ ≤ 20°, where θ is the off-axis angle from the nadir, the HAPS airborne station 
e.i.r.p. should be maintained between –0.5 dBW/10 MHz and 0 dBW/10 MHz; 

– for 20° < θ ≤ 43°, where θ is the off-axis angle from the nadir, the HAPS airborne station 
e.i.r.p. should be maintained between 0 dBW/10 MHz and 2.1 dBW/10 MHz; 

– for 43° < θ ≤ 60°, where θ is the off-axis angle from the nadir, the HAPS airborne station 
e.i.r.p. mask should be maintained between 2.1 dBW/10 MHz and  
0.5 dBW/10 MHz. 

Alternatively, a common e.i.r.p limit of –0.5 dBW/10 MHz may be applied to the downlink 
transmissions of HAPS airborne stations (at a median frequency of 6 500 MHz) which is independent 
of the off-axis angle relative to the HAPS airborne station’s nadir. 

3.3 Conclusion 

In order to protect a receiving FWS station from the transmissions of a HAPS gateway station,  
a minimum distance separation of 1.85 kilometres should be maintained at the median frequency of 
6 500 MHz. 

In order to protect a receiving FWS station from the transmissions of a HAPS airborne station, long-
term protection from interference would be provided to FWS at a median frequency of 6 500 MHz, 
if the transmissions from an airborne HAPS platform do not exceed the following emission limits: 

– for 0° ≤ θ ≤ 20°, where θ is the off-axis angle from the nadir, the HAPS airborne station 
e.i.r.p. should be maintained between –0.5 dBW/10 MHz and 0 dBW/10 MHz; 

– for 20° < θ ≤ 43°, where θ is the off-axis angle from the nadir, the HAPS airborne station 
e.i.r.p. should be maintained between 0 dBW/10 MHz and 2.1 dBW/10 MHz; 

– for 43° < θ ≤ 60°, where θ is the off-axis angle from the nadir, the HAPS airborne station 
e.i.r.p. mask should be maintained between 2.1 dBW/10 MHz and 0.5 dBW/10 MHz. 

Alternatively, a common e.i.r.p limit of –0.5 dBW/10 MHz may be applied to the downlink 
transmissions of HAPS airborne stations (at a median frequency of 6 500 MHz) which is independent 
of the off-axis angle relative to the HAPS airborne station’s nadir. 

 
 

Annex 3 
 

Interference modelling between HAPS gateway links in the fixed service 
and the mobile service in the 5 850-7 075 MHz band 

1 Introduction 

This Annex assesses the HAPS technical and operational conditions required to ensure adequate 
protection of stations in the mobile services. 
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2 System characteristics 

2.1 HAPS characteristics 

The HAPS gateway link characteristics are contained in Recommendation ITU-R F.1891. 

2.2 MS Characteristics 

The frequency band 5 855-5 875 MHz is identified in some countries for use by intelligent transport 
systems (ITS) for non-safety applications, while the band 5 875-5 925 MHz is identified for ITS 
safety-related applications. Technical and operational characteristics of dedicated short-range 
communications (DSRC) for ITS at 5.8 GHz are contained in Recommendation ITU-R M.1453-2. 

Two kinds of ITS devices are considered: 

– OBU (On Board Unit): mobile ITS device mounted on a car. 

– RSU (Road Side Unit): fixed ITS device placed on the ground. 

Only the impact of HAPS gateway links on the OBU receiver was studied because a mobile device 
is mounted on the roof of the car and consequently is more visible to the HAPS airborne platform 
and gateway station. The RSU has an elevation angle oriented towards the ground and is less 
sensitive to the interference from HAPS than OBU; hence, the impact of HAPS gateway links on 
this unit was not studied.  

Recommendation ITU-R F.1336-2 specifies the peak and average antenna patterns of omni-directional, 
sectoral and directional antennas in point-to-multipoint systems which may be used in sharing studies 
in the frequency range 1 GHz to about 70 GHz. The antenna performance characteristics specified in 
this Report are used for the analysis. 

Recommendation ITU-R F.1336-2 specifies the antenna gain in dBi at elevation angle θ in degrees 
to be as follows (see Fig. 27): 
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where: 

 G0 : the maximum gain in or near the horizontal plane (dBi) 

 θ: absolute value of the elevation angle relative to the angle of maximum gain 
(degrees) 

 θ 3: the 3 dB beamwidth in the vertical plane (degrees) 

 k =  1.2 the side lobe factor. 

The relationship between the gain (dBi) and the 3 dB beamwidth in the elevation plane (degrees) is: 

  01.0
3 106.107 G−×=θ     for omni-directional antenna (18) 
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FIGURE 27 

Calculated ITS antenna gain corresponding to elevation angle θ 

 

 
The ITS technical parameters used for interference assessment are given in Table 20: 

TABLE 20 

Technical ITS OBU parameters 

Receiver characteristics Value Units 

Receiver bandwidth 10 MHz 

Receiver sensitivity –82 dBm 

Antenna gain (see Note 1) 8 dBi 

Receiver sensitivity at antenna input –100 dBm/MHz 

C/I 6 dB 

Allowable interfering power at receiver antenna input –106 dBm/MHz 

Transmitter characteristics   

Bandwidth 10 MHz 

Txout, e.i.r.p. 33 dBm 

Txout e.i.r.p. per MHz 23 dBm/MHz 

Assumed value for TPC 8 dB 

Net Txout e.i.r.p. 15 dBm/MHz 

Antenna gain  8 dBi 

NOTE – The value of 8 dBi is used when considering emissions received or transmitted in the main beam 
of the ITS. 

3 Interference analysis 

3.1 Interference from the HAPS airborne platform into MS 

Figure 28 shows the basic geometric configuration used in the analysis. The methodology consists 
of calculating the maximum e.i.r.p. at HAPS airborne station required to satisfy the ITS allowable 
interfering power criterion of –106 dBm/MHz at receiver antenna input (see Table 20).  
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It is assumed that 1) the ITS antenna is mounted on the roof of a car that is being driven on a flat 
road and at ground level, 2) the car can be located anywhere in the urban area coverage (UAC), 
3) the HAPS airborne platform is located at an altitude of 21 kilometres, 4) a single HAPS airborne 
platform is visible to the ITU device and 5) the frequency of operation is 5 900 MHz. Accordingly, 
the maximum HAPS station e.i.r.p required to protect ITS receivers is a function of two variables as 
shown in Fig. 28:  

– elevation angle θ; 

– distance “D” between the HAPS station and the ITS receiver.  

From HAPS airborne platform towards the ground, the elevation angle of interfering signal varies 
between 0° (nadir) and 60° within the UAC footprint. The distance “D” corresponds to slant range 
of 42 km.  

FIGURE 28 

Methodology HAPS aeronautical platform vs. ITS 
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The maximum e.i.r.p of the HAPS airborne station that would satisfy the protection criterion for 
ITS, as specified in Table 20, can be computed by the following equation: 

  EIRPHAPS – FSLHAPS + GITS < –106 dBm/MHz (19) 

From (5) the maximum e.i.r.p is: 

  EIRPHAPS < –106+ FSLHAPS - GITS  (20) 

where: 

 EIRPHAPS :  maximum e.i.r.p at HAPS airborne antenna output to satisfy the ITS allowable 
interfering power criterion of –106 dBm/MHz at receiver antenna input 

 FSLHAPS :  free space loss at 5 900 MHz (dB) 

 GITS:  antenna gain of ITS OBU antenna (dBi) according to Recommendation 
ITU-R F.1336. 

Using equation 19, the maximum HAPS e.i.r.p level was computed for various HAPS airborne 
station elevation angles at the frequency of 5 900 MHz. The results are plotted in Fig. 29: 

FIGURE 29 

Calculated max EIRP vs. off axis angle 

 

 

As shown in Fig. 29, the maximum allowable e.i.r.p varies from 12.6 dBm/MHz to 16.8 dBm/MHz. 
Based upon this result, an e.i.r.p mask may be developed that would protect ITS OBU stations 
(operating in co-frequency at 5 900 MHz) from interference that may occur from the HAPS platform 
station. The boundaries of such a mask are shown in Fig. 30, below. 

e.i.r.p = 12.6 dBm/MHz       for 0° ≤ θ ≤ 22°, 

e.i.r.p linearly increases from 12.6 dBm/MHz to 16.2 dBm/MHz  for 22° < θ ≤ 60°. 

where: 

 θ  is the off-axis angle from the nadir. 
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FIGURE 30 

Derived e.i.r.p. mask for HAPS platform 

 

3.2 Interference from the HAPS gateway into MS 

Figure 31 shows the basic geometric configuration used in the analysis.  

FIGURE 31 

Interference modelling scenario HAPS gateway towards ITS (OBU) 
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The methodology consists of calculating the minimum separation distance “d” between a HAPS 
gateway station and an ITS OBU device that may be deployed anywhere inside the UAC. Minimum 
calculated distance must satisfy the protection criterion of –106 dBm/MHz (see Table 20). 
For calculating the minimum separation distance the following equation may be used: 

  d =10 (Att.r-32.44-20logF)/20 (21) 
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where:  

 d:  is minimum separation distance for allowable interfering power at receiver 
antenna input (km) 

 Att.r:  is the required attenuation at the minimum distance calculated (dB) 

 F:  frequency (MHz). 

Using equation 21, the minimum distance separation was calculated assuming free-space loss 
attenuation and flat Earth. The results are listed in Table 21. 

TABLE 21 

Calculation of the minimum required distance in UAC 

HAPS gateway station (uplink) vs. ITS OBU in UAC UAC – Rain 
UAC – clear 

sky 

Value Value 

Frequency (MHz) 5 900 5 900 

Minimum separation distance (km) d d 

Emitted power (dBW) –19 –19 

Bandwidth (MHz) 11 11 

Tx antenna gain (dBi) 47 47 

Hardware implementation loss (dB) –4.1 –4.1 

Power control gain (dB) 8 0 

HAPS Side lobe attenuation (dB) (Res. 221 ref antenna pattern)  –60 –60 

e.i.r.p (dBW/MHz) –38.1 –46.1 

e.i.r.p (dBm/MHz) –8.1 –16.1 

ITS receiver antenna gain (dBi) (Rec. ITU-R F.1336) 8 8 

ITS Allowable Interfering Power at receiver antenna input 
(dBm/MHz) 

–106 –106 

Required attenuation at minimum distance (dB) –105.9 –97.9 

Minimum required separation distance (km) 0.79 0.32 

4 Conclusion 

In order to protect ITS OBU stations from any potential interference that may occur from the HAPS 
platform station, the e.i.r.p density of HAPS airborne platform transmissions should be limited to 
the following levels: 

e.i.r.p = 12.6 dBm/MHz       for 0° ≤ θ ≤ 22°, 

e.i.r.p linearly increases from 12.6 dBm/MHz to 16.2 dBm/MHz  for 22° < θ ≤ 60°. 

where: 

 θ  is the off-axis angle from the nadir. 

In order to protect ITS OBU mobile station from interference due to the transmissions of HAPS 
gateway stations, a minimum distance separation of 800 metres will be required. 
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Annex 4 
 

Interference modelling between HAPS gateway links and passive 
microwave sensors in the 6 425-7 075 MHz band 

1 Background 

No. 5.458 of the Radio Regulations states that in the band 6 425-7 075 MHz passive microwave 
sensor measurements are carried out over the oceans and administrations should bear in mind the 
needs of the Earth exploration-satellite (passive) and space research (passive) services in their 
future planning of this band. 

2 Specific EESS (passive) considerations 

Currently the band 6 425-7 075 MHz is used by only one passive microwave sensor; however, there 
are at least 3 other projects which are planned to go into operation soon.  

Table 22, below, summarizes the parameters of passive sensors that are or will be operating in the 
6.425-7.25 GHz band. These parameters were obtained from the relevant parts of Recommendation 
ITU-R RS.1861. 

The level of interference to a passive radiometer on board a space station will depend on, among 
other things, the pointing direction and antenna pattern of the HAPS gateway ground station. If the 
pointing direction falls within the main lobe of the EESS antenna, the interference level could 
potentially be high and interference mitigation techniques should be considered. This could result 
in an area where gateway terminals may not be deployed or other limitations may apply. However, 
special care should also be taken with regard to interference that may be received through the side 
lobes of the EESS antenna. 

A single passive sensor cannot by itself identify how much energy is radiated by each substance in 
its field of view. For this reason, data products of most value are derived by comparing 
measurements from multiple sensors operating at multiple frequencies. By performing radiometric 
measurements at multiple frequencies, each type of natural emitter (e.g. water vapour, suspended 
ice, O3, etc.) and their concentrations may be derived. As the data from any one sensor may be 
compared with that of multiple other sensors, any interference received by one sensor may corrupt 
multiple other measurements. 

In combination with other frequency channels, the 6-7 GHz band is essential for observing global 
soil moisture, global sea surface temperature, temperature of sea ice and sea surface wind through 
clouds. 

Regarding soil moisture, measurements at higher frequencies are strongly influenced by vegetation 
and the atmosphere, and the 6-7 GHz band is the most suitable for relatively higher spatial 
resolution measurements. Regarding sea surface temperature, measurements at higher frequencies 
are strongly influenced by the atmosphere. Furthermore, lower temperatures are more difficult to 
measure at higher frequencies. For the above reasons, the 6-7 GHz band is the most suitable. 
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TABLE 22 

EESS (passive) sensor characteristics in the 6 425-7 250 MHz band 

 Sensor B1 Sensor B2 Sensor B3 Sensor B4 

Sensor type Conical scan 

Orbit parameters 

Altitude 705 km 828 km 835 km 699.6 km 

Inclination 98.2° 98.7° 98.85° 98.186° 

Eccentricity 0.0015 0 0 0.002 

Repeat period 16 days 17 days N/A 16 days 

Sensor antenna parameters 

Number of beams 1 

Reflector diameter 1.6 m 2.2 m 0.6 m 2.0 m 

Maximum beam gain 38.8 dBi   40.6 dBi 

Polarization V, H 

–3 dB beamwidth 2.2° 1.65°  1.8° 

Off-nadir pointing angle 47.5° 46.8° 55.4° 47.5° 

Beam dynamics 40 rpm 31.6 rpm 2.88 s scan period 40 rpm 

Incidence angle at Earth 55° 55.7° 65° 55° 

–3 dB beam dimensions 40 km 
(cross-track) 

24 km  35 km 
(cross-track) 

Instantaneous field of view 43 km × 75 km 68 km × 40 km 112 km × 260 km 35 km × 61 km 

Main beam efficiency 95.1% 95%  92% 

Swath width 1 450 km 1 700 km 2 000 km 1 450 km 

Sensor antenna pattern See Rec. ITU-R RS.1813 

Cold calibration ant. gain 25.1 dBi N/A 25.6 dBi 

Cold calibration angle  
(degrees re. satellite track) 

115.5º N/A 
 

115.5º 

Cold calibration angle  
(degrees re. nadir direction) 

97.0º N/A 97.0º 

Sensor receiver parameters 

Sensor integration time 2.5 ms 5 ms N/A 2.5 ms 

Channel bandwidth 350 MHz centred 
at 6.925 GHz 

350 MHz centred 
at 6.625 GHz 

350 MHz centred 
at 6.9 GHz 

350 MHz centred 
at 6.925 GHz and 

at 7.3 GHz 

Measurement spatial resolution 

Horizontal resolution 43 km 15-50 km 38 km 35 km 

Vertical resolution 74 km 24 km 38 km 61 km 

 

According to Recommendation ITU-R RS.1029-2, the interference threshold is −166 dBW for 
a bandwidth of 200 MHz, which is equivalent to −159 dBm/MHz. This interference criterion has to 
be understood as an aggregate basis from all sources of interference. 
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Still according to Recommendation ITU-R RS.1029-2, this criterion may be exceeded less than 
0.1% of the time, calculated when the sensor is performing measurements over a reference area of 
10 000 000 km². In other words, measurements over only 10 000 km² may be lost due to 
interference. 

Figure 32 was obtained from Recommendation ITU-R RS.1813 and shows the AMSR-E antenna 
diagram applicable when a few interference sources dominate, which is the case for HAPS since 
their number is supposed to be limited.  

FIGURE 32 

AMSR-E antenna gain pattern (from ITU-R RS.1813) 

 

3 Interference modelling 

From Recommendation ITU-R F.1891, HAPS gateway links utilize two 80 MHz channels in the 
5 850-7 075 MHz band. Each 80 MHz channel may be divided into six equally spaced 11 MHz 
sub-channels separated by 2 MHz guardbands, with all of the sub-channels within each 80 MHz 
bandwidth being transmitted in the same direction. Due to the fact that passive microwave sensor 
measurements are carried out over the oceans in the band 6 425-7 075 MHz the following sharing 
scenarios should be considered: 

Scenario 1: The geometric configuration for this sharing scenario is shown in Fig. 33. Only HAPS 
gateway links (uplink) overlap with EESS (passive). The HAPS uplink case represents obviously 
the most critical sharing scenario with EESS (passive), given the fact that the EESS (passive) 
sensors look down in the direction of the Earth surface with angles that are in the same range of 
elevation angles as that of the HAPS gateway antenna. 
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FIGURE 33 

EESS (passive) vs. HAPS gateway links interference Scenario 1 

 

 
Scenario 2: The basic geometric configuration for this sharing scenario is shown in Fig. 34. 
Only HAPS gateway links (downlink) overlap with EESS (passive). 

FIGURE 34 

EESS (passive) vs. HAPS gateway links interference Scenario 2 
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Scenario 3: Both HAPS gateway links (up and downlink) overlap with EESS (passive). 
This scenario needs to be considered only in the case if there is no interference in the scenarios 1 
and 2 above. If in either scenario 1 or 2 the EESS (passive) protection criteria is exceeded, then this 
criteria will also be exceeded in scenario 3. 

The following formula to be applied for all kind of sharing scenarios for static and dynamic 
simulation: 

Pt HAPS + GtHAPS (θ) – Ls + GrEESS (φ) < –166 dBW (sensor protection level, see Recommendation 
ITU-R SM.1029). 

where: 

 Pt HAPS = Total transmitter power 

 Gt HAPS (θ) = Transmitter gain 

 Ls = Space loss 

 GrEESS (φ) = Receiver gain. 

4 Analysis methodology 

4.1 HAPS gateway station – EESS (passive) analysis 

4.1.1 Result of static simulation 

4.1.1.1 Worst case deviation of RFI criteria 

In scenario 1, where there is only frequency overlap between HAPS gateway links (uplink) and 
EESS (passive), the total transmitter power Pt of a single HAPS gateway link is −15.3 dBW in the 
reference bandwidth of 200 MHz (−19 dBW/carrier – 4.1 dB of losses: −23.1 dBW/carrier  
+ 10*Log(6 carriers)). The geometry of this scenario considered is presented in Fig. 35. 

FIGURE 35 

Detailed Geometry of Interference Scenario 1 

 

where 

 e Elevation angle of the sensor, as seen from the gateway location (deg) 

 e0 Elevation angle of main beam of gateway antenna (deg). It can vary from 
30deg (for gateways located towards the limit of UAC area) to 90deg (gateway 
located in the center of the UAC area, just under the HAPS platform) 
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 α Off-nadir pointing angle of the gateway, as seen from the sensor location (deg).  

e and α are related by the expression: 







+
= )cos(

Re

Re
arcsin e

H
α , being 

Re = 6378.14 km and H the orbit altitude 

 α0 Off-nadir pointing angle of main beam of sensor antenna (deg). Depending on 
type of sensor, it may vary from 40 to 55 deg. 

The contribution to the received power of the sensor and the gateway antennae is shown in Fig. 36 
as a function of the variation of the pass of the sensor elevation angle as seen from the gateway 
station. 

FIGURE 36 

Gateway and sensor antenna patterns vs. elevation angle for sensor B1 for gateway 
antenna pointing with 30 deg., and 35 deg. 

 

 

The transmitter gain of the HAPS gateway antenna, Gt HAPS, is 47 dBi.  

At a center frequency of 6 600 MHz and a slant distance between the EESS satellite (orbit height 
around 700 km with a tilt antenna angle of around 47 degrees) and the HAPS gateway station of 
approximately 1 000 km, the corresponding space loss, Ls, is −168.85 dB. 

The gain of the receiving EESS antenna, GrEESS, is 38.8 dBi (Sensor B1 in Table 22). 

In the worst-case situation, the power reaching the EESS sensor through main beam to main beam 
coupling is −15.3 + 47 – 168.85 + 38.8 = −98.35 dBW. This constitutes a deficit of 67.65 dB with 
respect to the sensor protection level of −166 dBW for a bandwidth of 200 MHz (Recommendation 

CASE 1: Antenna patterns vs elevation angle for Sensor B1 (off-nadir pointing 47.5deg)
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ITU-R RS.1029-2). Furthermore, it is to be noted that this deficit would occur for a single gateway 
uplink and doesn’t take into account any aggregate effect from multiple gateways. 

However, it is unlikely that the situation, as described above, will occur. Therefore, it is necessary 
to investigate the statistics of side lobe to main lobe interference, and also the side lobe to side lobe 
coupling for a single gateway and also for an aggregation of multiple gateways and HAPS 
networks. 

Also taking into account that in Scenario 1 there is a deficit of 67.65 dB with respect to the sensor 
protection level of −166 dBW for a bandwidth of 200 MHz (Recommendation ITU-R RS.1029-2) 
there is no need to consider scenario 3. 

4.1.1.2 Static simulation scenario for several HAPS gateway pointing elevation angles 

The scenario considered is represented in Fig. 37, and it will be analysed for different elevation 
pointing angles of the HAPS gateway antenna:  

CASE 1 (eo = 30deg)  CASE 2 (eo = 35deg)  CASE 3 (eo = 40deg) 

CASE 4 (eo = 60deg)   CASE 5 (eo = 85deg). 

The following parameter are calculated for each case: 

– Gateway elevation angles [e1, e2] for which the interference criteria is exceeded 
(m > 0dB). 

– Time duration over the pass for which m > 0dB. A worst case scenario is considered, with a 
zenith pass and 14minutes maximum duration of overall pass (100 minutes orbit). 

– Distance M1 associated to the lowest gateway elevation angle (e1) by which the sensor 
starts exceeding the RFI criteria. 

– Distance M2 associated to the highest gateway elevation angle (e2) by which the sensor 
exceeds the RFI criteria. 

– Over one pass, maximum received interference power level, PRXmax, and deviation of 
the RFI criteria. 

FIGURE 37 

Geometry of view angles for sharing analysis 
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Detailed results of the simulation with this static scenario are presented in Table 23, and 
summarized in Fig. 38. The location of the sensor measurement area over which the interference 
received power is above the threshold is driven by the pointing angle of the gateway antenna. Due 
to the off-nadir angle pointing of the sensor main beam (47.5 deg), this area is not located right 
underneath the sensor, but hundreds of kilometres away. Therefore, the effect of the gateway 
transmission can be noticed over long distances. 

FIGURE 38 

Ground distances for RFI exceeding –166 dBW vs. gateway pointing angle 
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The variation over the pass of the deviation of the RFI criteria, m, for the cases 1 (eo = 30 deg), 
2 (eo = 35 deg) and 4 (eo = 60 deg) is shown in Fig. 39. It can be seen that the range of elevation 
angles for which m > 0 dB is mainly determined by the gateway pointing angle and will also depend 
on the type of antenna coupling main-to-main or main-to-secondary beams. 
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TABLE 23 

SIM 
CAS

E 
B1-x 

Gateway 
elevation, 

eo (deg) 

Range of 
gateway elev. 
angles with 
m > 0dB, 
[e1 to e2] 

Time of RFI 
excess (sec) over 
one zenith pass 
& % (for 14min 
pass duration) 

RFI zone 

Distance M(km) 
crosstrack 

[see Figure] 

Equivalent 
range of off-

nadir angles,α  

Max received 
interference 

power, PRXmax  

Max deviation of 
RFI criteria  

Remarks 

1 30 deg 27.5 to 36.4 deg 
Δe = 8.9deg  

39s 
0.65% of pass 

M1 = 263 km 
M2 = –74 km 
M = 336 km 

53 to 46.4 deg –120.9 dBW 45.1 dB Gateway main beam  to sensor 
near-side lobes 

2 35 deg 31.4 to 38.6 deg 
Δe = 7.2deg  

28s 
0.47% of pass 

M1 = 138 km 
M2 = –127 km 
M = 265 km 

50.2  to 47.4 deg –99.5 dBW 66.6 dB Highest deviation. Alignment 
of sensor and gateway main 
beams  

3 40 deg 33.7 to 42.7 deg 
Δe = 9.0deg  

34s 
0.56% of pass 

M1 = 72 km 
M2 = –217 km 
M = 289 km 

48.4 to 41.5 deg –119.9 dBW 46.5 dB Gateway main beam coupled 
to sensor near-side lobes 

4 60 deg 58.2 to 61.6 deg 
Δe = 3.4deg  

7s 
0.12% of pass 

M1 = –407 km 
M2 = –531 km 
M = 124 km 

28.3 to 25.3 deg –135.8 dBW 30.2 dB Gateway main beam only 

5 85 deg 84.0 to 86.1 deg 
Δe = 2.1deg 

4s 
0.06% of pass 

M1 = –727 km 
M2 = –826 km 
M = 99 km 

5.4 to 3.5 deg –142.7 dBW 23.3 dB Gateway main beam only 

** M1 or M2 < 0 means that the sensor beam is pointing behind the gateway. 
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FIGURE 39 

 

 

 

 

Case 1. Max Deviation from Criterium (-166dBW/200MHz) for Sensor B1, Gateway elev 30deg
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Case 2. Max Deviation from Criterium (-166dBW/200MHz) for Sensor B1, Gateway elev 35deg
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4.1.1.3 Conclusions for sharing analysis based on static simulation with zenith pass over the 
gateway 

– For gateway main beam pointing between 30 deg and 90 deg, the interference criteria is 
always exceeded during part of the satellite pass. 

– The level of interference to a passive radiometer on board a space station will depend on, 
among other things, the pointing direction and antenna pattern of the HAPS gateway 
ground station. If the HAPS mainbeam points in the direction of the satellite, the 
interference level would be very high (worst case, exceeding margin m = 66 dB in case of 
main-to-main coupling) and interference mitigation techniques should be considered. This 
could result in an area where gateway terminals may not be deployed or other limitations 
may apply (simulation case 2, with 35 deg gateway pointing). 

– Considering the two static scenarios described in § 4: 
 

 Gateway pointing Zone A and B in 
FIGURE  

Distance from gateway for which m > 0dB 
for sensor measurements over Sea 

Scenario Ia In land Zone A: Land 
Zone B: Sea 

For gateway elev angle [30 to 40 deg], up to 
217 km away from gateway location 
For gateway elev angle [90deg], above 800 km 
from gateway location 

Scenario Ib Towards the sea Zone A: Sea 
Zone B: Land 

For gateway elev angle [30 deg], up to 263 km 
away from gateway location 
For gateway elev angle [>50 deg], m>0dB only 
in areas over land 

− For a gateway in the coast line pointing in-land (Scenario Ia), the sensor footprint for which 
interference criteria is exceeded includes sea areas for any gateway pointing between 
30 and 90 deg. 

− For a gateway in the coast line pointing towards the sea (Scenario Ib), the associated sensor 
footprint for which interference criteria is exceeded for pointing angles between 30 deg and 
50 deg approx., covers both sea and ground areas. 

− Considering scenario Ia and gateway pointing with 90 deg elevation, the acceptable 
minimum distance between the gateway location and the coastline is 800 km.  

− Considering scenario Ib and gateway pointing with 30 deg elevation, the acceptable 
minimum distance between the gateway location and the coastline is 263 km.  

It is recognized that these scenarios are worst case (but possible) scenarios applicable only in case 
of alignment between the satellite orbital path and the gateway beam direction and therefore the 
probability of this event is relatively low. In order to get a statistical evaluation of the problem, 
§ 4.1.2 presents a dynamic analysis that gives indications about the probability of interference 
events. 

4.1.2 Result of dynamic simulation 

4.1.2.1 Simulation 1 

An interference simulation was conducted for the case where 10 HAPS platforms have been 
assumed operating in an area of 10,000,000 km2, corresponding to the reference area specified in 
Recommendation ITU-R RS.1029. Each HAPS platform was assumed to be served by 5 gateway 
stations with 6 channels of 11 MHz each, i.e. 300 gateway channels in total. Details are given in 
Table 24.   
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TABLE 24 

Assumptions for interference assessment from HAPS gateway links to EESS (passive) 

Reference area (km2) 10 000 000 

Number of HAPS platforms in reference area 10 

Gateway stations per platform 5 

Number of gateway channels 6 

Bandwidth of gateway channels (MHz) 11 

Power of gateway channels including losses (dBW/11 MHz)  −23.1 

Antenna gain (dBi) 47 

Elevation range for gateway stations (deg.) 30 – 90 
 

It should be noted that the results of this analysis is valid for the HAPS gateway antenna pattern 
corresponding to Ln = −25 dB from Resolution 221(Rev.WRC-07). The passive sensor which is 
simulated is AMSR-E (sensor B1 of Recommendation ITU-R RS.1861 in Table 22 above) since it 
is a current flying sensor. The average Recommendation ITU-R RS.1813 antenna pattern has been 
assumed for the sensor. 

Figure 40 shows the results for two scenarios – 1A and 1B. In scenario 1A, it is assumed that all 
300 gateway links operate inside the reference area. For this operating scenario, Recommendation 
ITU-R RS.1029 protection criteria are exceeded by approximately 13 to 20 dB. Moreover, from 
Figure 40, it is noted that at 0.001% probability, a level of −130 dBW/200 MHz, which may cause 
damage for the sensor since the input level, is largely above the interference threshold.  

The scenario 1B is based on observations over water with no gateway stations inside the reference 
area but only some adjacent to it. In this case, the protection criteria could be met by approximately 
8-10 dB; however, HAPS gateway stations cannot be located close to the seacoast or islands and 
archipelagic waters.  
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FIGURE 40 

Dynamic simulation for a gateway within the EESS observation zone and transmitting 
within a channel of 11 MHz 

 

 

4.1.2.2 Simulations 2 and 3 

4.1.2.2.1 Description of simulation scenario  

Distribution of HAPS gateways: 

– Each HAPS platform (at 21 km altitude) is servicing 5 gateways stations, which are located 
within the so-called UAC zone. The HAPS platforms are on the order of about 300 km to 
1 000 km apart. Each associated gateway station serves a single HAPS platform. 

– The gateway grid is within 72 km diameter circle centred close to the nadir ground point of 
the HAPS platform. 

– Each HAPS gateways point towards the platform with main beam elevation 30 deg to 
90 deg. 80 MHz are used for the uplink gateway-to-platform. Each gateways is reuses the 
same 80 MHz, and will transmit up to six channels (FDD/FDM). The power per carrier is –
19 dBW, minus 4.1 dB due to H/W implementation losses. Therefore, the transmitted 
power is –23.1 dBW/carrier, and per gateway: = –23.1+10log(6) = -15.3 dBW.  

Simulation Tool: The simulation software used is the “Passive sensor interference assessment tool” 
RFIAT (version MO-6.02, Feb. 2010).  

Sensor measurement area: The reference area considered for sensor measurements is 
10,000,000 km2. The area is defined by a “square” in lat/lon.  

Gateway antenna pointing: Random Az (0 to 359.9 deg) and Elev (30 to 90 deg) angles.  
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Definition of area with distributed gateways: The gateways are considered to be randomly 
distributed along a long strip of coast. A rectangle of 72 km (wide) × 300 km (length) is considered 
as reference area. Five gateways can be located per reference area. (See Fig. 41) 

FIGURE 41 

UAC per 

platform

72km 

diameter

300km

 

Useful links: http://www.movable-type.co.uk/scripts/latlong.html 

4.1.2.2.2 Dynamic Simulation #2 (multiple gateways in a vertical coastal strip)  

The gateways are distributed over a VERTICAL coastal strip (dimensions 70 km wide, 4 200 km 
height). In 4 200 km, up to 14 HAPS platforms can be distributed, therefore that max number of 
gateways is 70  (14 platforms*5gateways/platform). 

 

 

  

http://www.movable-type.co.uk/scripts/latlong.html
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 Distance 
from coast 

Duration, steps No. of 
interference 

events 

Interference criterion 
not met (% of 

measurement time) 

Max deviation 
from criterion 

1.1 L = 0km 17 days, 1s steps 20 0.25% (1.10min) 26.1 dB 

1.2 70 km 
(1deg)* 

17 days, 1s steps 14 0.14% (0.62min) 14.5 dB 

1.3 140 km 
(2deg) 

17 days, 1s steps 12 0.12% (0.53min) 17.5 dB 

1.4 210 km 
(3deg) 

17 days, 1s steps 8 0.07% (0.34min) 13.7 dB 

1.5 350 km 
(5deg) 

17 days, 1s steps 8 0.08% (0.40min) 14.3 dB 

* At latitude 45N, 1deg east = 70 km 
 

– The interference power levels received by the sensor obviously decrease when the gateway 
stations are farther away from the sensor measurement area.  

– The acceptable minimum distance between the coastline and gateway locations to ensure 
that the interference criterion is not met less than 0.1% of the time, is a ~150 km. This exact 
distance is very much dependent on the specific characteristics of the gateway distribution 
and pointing. 

4.1.2.2.3 Dynamic Simulation #3 (Single gateway)  

Single gateway located at variable distance from the coast. The reference rectangle for sensor 
measurements covers just up to the coastal line. 
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 Distance from coast Duration, 
steps 

Max 
deviation 

from 
criterium 

Interference criterium not met 
as % of measurement time  

(No. of interference events and 
duration) 

2.1 One single gateway (6 carriers) 
located at 0 km (0,45N) of limit 
10 M-km2 rectangle 

17days 
@1s 

25.8 dB 0.22 % 
(26 occurrences, 1.05 minutes) 

2.2 One single gateway (6 carriers) 
located at 78 km (1E,45N) of 
limit 10 M-km2 rectangle 

17days 
@1s 

20.64 dB 0.14 % 
(13 occurrences, 0.63 minutes) 

2.3 One single gateway (6 carriers) 
located at 100 km (1.25E,45N) 
of limit 10 M-km2 rectangle 

17days 
@1s 

22.2 dB 0.10 % 
(10 occurrences, 0.48 minutes) 

2.4 One single gateway (6 carriers) 
located at 160 km (2E 45N) of 
limit 10 M-km2 rectangle 

17days @ 
1s 

18.3 dB 0.07 % 
(7 occurrences, 0.33 minutes) 

2.5 One single gateway (6 carriers) 
located at 240 km (3E 45N) of 
limit 10 M-km2 rectangle 

17days @ 
1s 

18.6 dB 0.05 % 
(4 occurrences, 0.26 minutes) 

 

For this dynamic scenario considering a single gateway, the acceptable minimum distance between 
the coastline and gateway location to ensure that the interference criterion is not met less than 0.1% 
of the time, would be 100 km. 

4.2 HAPS platform – EESS (passive) analysis 

4.2.1 HAPS airborne platform 

In scenario 2, where there is only frequency overlap between HAPS gateway links (downlink) and 
EESS (passive), the total transmitter power Pt of a single HAPS gateway link is −18.3 dBW in the 
reference bandwidth of 200 MHz (−22 dBW/carrier – 4.1 dB of losses: −26.1 dBW/carrier + 
10*Log(6 carriers)). 

The maximum gain of the HAPS airborne antenna, Gt HAPS, is 30 dBi with a corresponding far 
side-lobe gain of −43 dBi.  

In this scenario, the power reaching the EESS sensor through far side-lobe to main beam coupling is 
{−18.3 + (–43) – 168.85 + 38.8 + 10*Log(5), with the number 5 within the logarithm representing 
the number of gateway stations per HAPS, =} −184.4 dBW. This level is below the sensor 
protection level of −166 dBW for a bandwidth of 200 MHz (Recommendation ITU-R RS.1029-2). 
Therefore, it may be concluded that there is no interference from a single HAPS gateway link 
(downlink) to EESS (passive) through the main EESS sensor antenna beam. 

5 Conclusion 

Based on the result of static and dynamic simulations it may be concluded that in the frequency 
band 6 425-7 075 MHz: 

–  Considering the gateway pointing towards the sea (case of a HAPS platform linking 
islands), 260 km is the distance between the coastline and gateway locations necessary to 
ensure that the interference criterion is met.  
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– Considering the gateway pointing in-land (typical case for HAPS platforms over land), the 
sensor measurement footprint affected by the gateway transmission will depend on the 
gateway pointing angles. For gateway pointing angles between 30 and 40 deg the necessary 
distance would be around 200 km. For elevation angles up to 90deg the gateway location 
should be > 800 km away from the coast to avoid any interference to satellite 
measurements over sea.  

– Based on dynamic simulations, the minimum distance between the coastline and gateway 
locations varies between 100 km (for a single gateway location) and 150 km (for a vertical 
strip area with 70 gateways distributed). 

Thereby the EESS (passive) protection criteria mention in Recommendation ITU-R RS.1029 
(threshold of 0.1% interference probability) is met at a distance of 100-150 km (depends on 
gateway deployment) inland from the measurement area (coastline). 

− Sharing between HAPS (uplink) with EESS (passive) is unlikely to be feasible due to the 
exceedence of Recommendation ITU-R RS.1029 protection criteria. 

− Sharing between HAPS (downlink) with EESS (passive) is feasible without any specific 
operational limitations for HAPS. 

 
 

Annex 5 
 

Interference modelling between HAPS gateway links and radio 
astronomy service (RAS) in the 5 850-7 075 MHz band 

1 Background 

In No. 5.149 of the Radio Regulations, administrations are urged to take all practicable steps to 
protect the radio astronomy service from harmful interference when they make assignments to 
stations of other services, in particular in the frequency band 6 650-6 675.2 MHz. 

2 Specific HAPS considerations 

Draft new Recommendation ITU-R F.1891 contains the technical and operational characteristics of 
gateway links in the fixed service using high altitude platform stations in the band 5 850-7 075 MHz. 
These characteristics were used in this sharing study. 

3 Specific RAS considerations 

A study was conducted to identify frequency bands within the frequency range 5 850 to 7 075 MHz 
where HAPS gateway links might operate without causing excessive interference to RAS. 
From Table 25, it is seen that above 6 675 MHz there are no previously-observed lines of 
astronomical interest. Emissions of the 6 668.5 MHz methanol line will not be shifted above 
6 675 MHz, either by galactic rotation or by universal expansion. Therefore, locating HAPS 
gateway links, especially the downlinks, at frequencies above 6 675 MHz could ensure that radio 
astronomy receivers would never have occasion to tune to the precise HAPS gateway link 
frequencies. Placing these links as far as possible toward the high end of the band  
5 850 to 7 075 MHz would place the HAPS gateway links in the least astronomically interesting 
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portion of the band and could in part avoid overlap of the HAPS gateway link frequencies with the 
operational bandwidths of RAS receivers when the RAS receivers are tuned to lower frequencies. 

TABLE 25 

Observed spectral lines of astronomical interest  
in the range 5 850-7 075 MHz 

Frequency 
(MHz) 

Species 

6 016.75 OH 

6 030.75 OH 

6 035.09 OH 

6 049.08 OH 

6 278.63 H2CS 

6 389.93 CH3CHO 

6 668.52 CH3OH 
 

If it proves impracticable to place the HAPS gateway links above 6.675 GHz, the 5 850 to  
6 000 MHz region of the spectrum has few lines of astrophysical interest and would keep HAPS 
gateway links as far as possible from galactic emissions in the 6 668.5 MHz methanol line. 

Lastly, it should be noted that HAPS gateway uplinks are less problematic for the RAS than the 
downlinks, given the proclivity of radio telescopes having an elevation angle above 5 degrees, 
and provided adequate geographic separation is maintained. 

Currently, the frequency band 6 650-6 675.2 MHz is used by the radio astronomy service in 
Finland, Germany, Italy, Netherlands, Poland, Spain, Sweden, Turkey, United Kingdom as 
summarised in Table 26. Recently, this band has become very important to the European scientific 
community and especially to European VLBI Network (EVN) and Multi-Element Radio Linked 
Interferometer Network (MERLIN). Moreover, it is expected that this band will be used by more 
countries. 

TABLE 26 

Radio astronomy stations in Europe using frequencies between 6 and 7 GHz 

Country Location Coordinates Antenna Altitude above sea 
level 

Finland: Metsähovi 24o E 23'37" ; 
60o N 13'04" 

14 m 61 m 

Germany: Effelsberg 06o E 53’ 00”; 50o 
N 31’ 32” 

100 m 369 m 

 

Italy: Sardinia* 09o E 14’ 40”; 39o 
N 29’ 50” 

64 m 650 m 

 Medicina 11o E 38'49" ; 
44o N 31'14" 

32 m 28 m 

Netherlands: Westerbork 06o E 36'15" ; 
52o N 55'01" 

14 × 25 m 16 m 
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TABLE 26 (end) 

Country Location Coordinates Antenna Altitude above sea 
level 

Poland: Torun 18o E 33’ 30”; 52o 
N 54’ 48” 

32 m/15 m 100 m 

Spain: Yebes 03o W 05’ 22”; 
40o N 31’ 27” 

40 m/14 m 981 m 

Sweden: Onsala** 11o E 55’ 35”; 57o 
N 23’ 45” 

25 m/20 m 10 m 

Turkey: Kayseri 36o E 17’ 58”; 38o 
N 59’ 45” 

5 m 1 054 m 

United Kingdom***: Jodrell Bank 02o W 18'26"; 
53o N 14'10" 

76 m/13 m 78 m 

 Cambridge 00o E 02'20"; 
52o N 09'59" 

28 × 25 m/ 
32 m 

24 m 

NOTE: 

*  The Sardinia Radio Telescope is still under construction. 

**  The Onsala observatory is very close to the sea. 

*** In UK, because of some national reasons, not all radio astronomy stations may be included under the 
footnote RR. No. 5.149. 

 

The protection criteria used for radio astronomical measurements is contained in Recommendation 
ITU-R RA.769-2. The methodology to be used to protect the radio astronomy service in frequency 
bands shared with other services can be found in Recommendation ITU-R RA.1031-2. 

Threshold level of interference detrimental to radio astronomy spectral-line observations in the band 
6.67 GHz is −230 dB(Wm–2Hz–1). This value is derived using the methodology described by 
Recommendation ITU-R RA.769 for an antenna side lobes gain of 0 dBi and assuming that 
interference reaches the radio telescope through its side lobes. This assumption might be not fully 
true in case of HAPS airborne station (or downlink) emissions, when the interference can reach the 
radio telescope through its (antenna) main lobe, requiring that a part of the antenna main lobe gain 
be considered in the assessment. 

4 Interference modelling 

The methodology consists in calculating the minimum separation distance “R” between a HAPS 
gateway station and/or airborne platform and an RAS observatory. According to the 
Recommendation ITU-R RA.769, the detrimental threshold level for RA spectral-line observations 
in the band 6 650–6 675.2 MHz is −230 dB(Wm–2Hz–1). Therefore, the minimum calculated 
distance must satisfy this protection criterion.  

Two sharing scenarios should be considered. 

Scenario 1: The basic geometric configuration for this sharing scenario is shown in Fig. 42. In this 
scenario, only HAPS gateway links (uplink) overlap with RAS. 
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FIGURE 42 

RAS vs. HAPS gateway links interference scenario 1 

 

 

Scenario 2: The basic geometric configuration for this sharing scenario is shown in Fig. 43. In this 
scenario, only HAPS gateway links (downlink) overlap with RAS. 

FIGURE 43 

RAS vs. HAPS gateway links interference scenario 2 

 

 

The formula to be applied for both sharing scenarios is as follows: 

SPtHAPS + GtHAPS (θ) – Ls – Lrain + GrRAS (φ) < −230 dBWm–2Hz–1 (see Recommendation 
ITU-R RA.769) 

where:  

 SPt HAPS =  spectral transmitter power, including power control gain 

 Gt HAPS (θ) =  transmitter gain 

 Ls =  space loss 

 Lrain =  rain attenuation 

 GrRAS (φ) =  receiver gain. 

Therefore  

  SPt HAPS + GtHAPS (θ) + GrRAS (φ) – Lrain + 230 dBWm–2Hz–1 < Ls 

  R <=10 (Ls-10log(4*PI) )/20 
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where: 

 R:  is minimum separation distance for allowable interfering power at receiver 
antenna input (m). 

5 Analysis methodology 

5.1 HAPS gateway station (uplink) – RAS analysis 

In scenario 1, where there is overlap between HAPS gateway links (uplink) and RAS, the total 
transmitter spectral power density, Pt, of a single HAPS gateway link carrier is −85.5 dBW/Hz 
(−19 dBW/carrier – 4.1 dB of losses + 8dB rain condition −10*Log(11 MHz)). 

The maximum gain of the transmitting HAPS gateway station antenna, Gt HAPS, is 47 dBi, 
with a corresponding gain of –26 dBi at a minimum elevation angle of 30 degrees relative to the 
main beam axis. The  gain of the receiving RAS antenna, GrRAS, is 0 dBi (see Recommendation 
ITU-R RA.769). A 0 dB rain attenuation was assumed, as RA thresholds are defined on a 2% 
probability level. Therefore, the effective e.i.r.p. density of the base station is 4.5 dBm/MHz or  
–85.5 dBW/Hz. 

The effective side lobe transmitted spectral pfd is given by  which 

yields a value of −73.6 dBWm–2Hz–1. According to ITU-R Recommendation RA.769, the 
applicable interference threshold for 6.6 GHz spectroscopy observations is −230 dBWm–2Hz–1. 
Hence, the distance between a HAPS ground station and radio astronomical antenna must provide 
for a path loss of at least 156 dB.  

The operating height of a HAPS ground base station is presumed to be 2 m. Consequently, the 
optical horizon for a link between HAPS base stations and a RAS antenna, located 50 meters above 
ground, will be 30 km. Figure 44 shows the result of a path loss estimate according to 
Recommendation ITU-R P.452 (including atmospheric absorption). The blue dotted line is the line 
of sight path loss and the green dotted line the loss caused by troposcatter. The protection distance 
falls in the region dominated by diffraction over the spherical Earth. The red line is the path loss 
required for the protection of the radio astronomical site. Numerical calculation of the minimum 
distance where the requirement is met yields a distance of dprot = 31.6 km for a single ground station 
on flat terrain. Topography and ground clutter may provide further attenuation, but in order to 
account for it, one has to consider the different local environment around individual radio 
observatories.  
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FIGURE 44 

The path loss and protection requirements for the HAPS (uplink) 

 

5.1.1 Aggregation of ground stations 

It is assumed that the parameters for the single interferer given above also describe the average 
HAPS ground stations scenario. Using the ring integration method, the radii of exclusion zones for 
HAPS ground stations around a radio astronomical observatory was derived and is shown in 
Fig. 45. 

FIGURE 45 

The radii of exclusion zones for HAPS ground stations around a radio astronomical observatory 

 

 
The dashed red vertical line corresponds to the nominal e.i.r.p. of a single HAPS ground station. 
The red line shows the size of the exclusion zone as a function of e.i.r.p. for a density of 1 ground 
station per km2. The density of ground stations is not supposed to exceed 10–3 km–2. Therefore, 
the blue dashed line shows the size of the exclusion zone for a density of 10–3 km–2, and the green 
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dashed line for 10–4 km–2. For the nominal ground station e.i.r.p. of 4.5 dBm/MHz one finds that the 
exclusion zone must be dprot = 258 km for the maximum projected density of 10–3 km–2 of ground 
stations, and dprot = 66 km for the lower density value of 10–4 km–2. The graph also illustrates that 
the protection radius is very insensitive to parameter variation in the spherical earth diffraction 
regime. A reduction in power by 20 dB or using different antenna patterns of the ground station 
does not have a significant effect. 

5.2 HAPS platform – RAS analysis 

In scenario 2, there is overlap between HAPS gateway links (downlink) and RAS. A single HAPS 
may operate with up to 5 ground based gateway stations. Therefore, the total transmitter spectral 
power density, Pt, of a single HAPS airborne station is −81.5 dBW/Hz (−22 dBW/carrier  
–4.1 dB of losses + 8dB power control –10*Log(11 MHz) + 10*Log(5 stations)). 

The gain of the transmitting HAPS airborne platform antenna, Gt, HAPS is 30 dBi. The HAPS 
airborne station communicates with ground gateway stations with a minimum elevation angle 
30deg. Assuming 9 dB of rain attenuation, the effective e.i.r.p density of the base station is 
0.5 dBm/MHz or −90.5 dBW/Hz.  

The effective side lobe transmitted spectral pfd is given by  

which yields −20.6 dBWm–2Hz–1. According to Recommendation ITU-R RA.769, the applicable 
interference threshold for 6.6 GHz spectroscopy observations is −230 dBWm–2Hz–1. Hence, the 
distance between a HAPS base station and radio astronomical antenna must provide for a path loss 
of at least 209 dB. 

The minimum altitude of a HAPS airborne base station is presumed to be 20 km. Consequently, 
the optical horizon for a link between HAPS base stations and a RAS antenna, located 50 meters 
above ground, will be 529 km.  

No topographical attenuation is expected for high altitude airborne transmissions.  

Figure 46 shows the result of a path loss estimate according to Recommendation ITU-R P.452 
(including atmospheric absorption). The blue dotted line is the line of sight path loss and the green 
dotted line the loss caused by troposcatter. The short transition region is dominated by diffraction 
over the spherical earth. The red line is the path loss required for the protection of the radio 
astronomical site. Numerical calculation of the minimum distance where the requirement is met 
yields a distance of dprot = 679 km.  
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FIGURE 46 

The path loss and protection requirements 

 

 

All other cases (direct reception, near side lobe emission by the radio telescope) require even 
greater separation distances. From Fig. 46, one can discern that the protection distance corresponds 
to the steep diffraction transition regime. A signal attenuation of more than 70 dB is required to 
reduce the range to the line of sight horizon of 529 km. Taking into account the cumulative effect of 
a greater number of HAPS airborne stations or the effect antenna gain variation with viewing angle 
of RAS it may concluded that sharing between gateway links HAPS (downlink) and RAS is not 
feasible in collocated geographical areas. 

6 Conclusion 

Based on the result of studies conducted, it may be concluded that in the frequency band 
6 650-6 675.2 MHz: 

− sharing between HAPS gateway links (uplink) with RAS is feasible; however, protection of 
RAS from HAPS (uplink) requires a distance separation of approximately 31.6 km for 
a single ground station on flat terrain; 

− sharing between HAPS gateway links (downlink) with RAS is not feasible in collocated 
geographical areas. 
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