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Foreword 

The role of the Radiocommunication Sector is to ensure the rational, equitable, efficient and economical use of the radio-

frequency spectrum by all radiocommunication services, including satellite services, and carry out studies without limit 

of frequency range on the basis of which Recommendations are adopted. 

The regulatory and policy functions of the Radiocommunication Sector are performed by World and Regional 

Radiocommunication Conferences and Radiocommunication Assemblies supported by Study Groups. 

Policy on Intellectual Property Right (IPR) 

ITU-R policy on IPR is described in the Common Patent Policy for ITU-T/ITU-R/ISO/IEC referenced in Resolution 

ITU-R 1. Forms to be used for the submission of patent statements and licensing declarations by patent holders are 

available from http://www.itu.int/ITU-R/go/patents/en where the Guidelines for Implementation of the Common Patent 

Policy for ITU-T/ITU-R/ISO/IEC and the ITU-R patent information database can also be found.  

 

 

Series of ITU-R Recommendations  

(Also available online at https://www.itu.int/publ/R-REC/en) 

Series Title 

BO Satellite delivery 

BR Recording for production, archival and play-out; film for television 

BS Broadcasting service (sound) 

BT Broadcasting service (television) 

F Fixed service 

M Mobile, radiodetermination, amateur and related satellite services 

P Radiowave propagation 

RA Radio astronomy 

RS Remote sensing systems 

S Fixed-satellite service 

SA Space applications and meteorology 

SF Frequency sharing and coordination between fixed-satellite and fixed service systems 

SM Spectrum management 

SNG Satellite news gathering 

TF Time signals and frequency standards emissions 

V Vocabulary and related subjects 
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RECOMMENDATION  ITU-R  M.2161-0 

Guidelines to assist administrations to mitigate in-band interference  

from fixed-satellite service earth stations operating in the frequency  

bands 24.65-25.25 GHz, 27-27.5 GHz, 42.5-43.5 GHz and  

47.2-48.2 GHz into IMT stations 

(2023) 

Scope 

The purpose of this Recommendation is to describe guidelines to assist administrations to mitigate in-band 

interference from fixed-satellite service (FSS) earth stations into International Mobile Telecommunications 

(IMT) stations. The frequency bands 24.65-25.25 GHz in ITU Regions 1 and 3, 24.75-25.25 GHz in ITU 

Region 2, and 27-27.5 GHz in ITU Regions 2 and 3 are allocated to the fixed-satellite service (FSS) (Earth-to-

space) on a primary basis. The frequency bands 42.5-43.5 GHz and 47.2-48.2 GHz are allocated to the fixed-

satellite service (FSS) (Earth-to-space) on a primary basis in the three ITU Regions. The frequency bands 

24.65-25.25 GHz, 27-27.5 GHz and 42.5-43.5 GHz are identified for use by administrations wishing to 

implement the terrestrial component of IMT in the three ITU regions. The frequency band 47.2-48.2 GHz is 

identified for use by administrations wishing to implement the terrestrial component of IMT in ITU Region 2 

and some countries in ITU Regions 1 and 3. 

Keywords  

IMT, FSS, earth stations, interference 

Abbreviations/Glossary 

IMT International Mobile Telecommunications 

FSS Fixed-satellite service 

EESS Earth exploration-satellite service 

SRS Space research service 

PFD Power flux-density 

Related ITU Resolutions, Recommendations, Reports 

Resolution 242 (WRC-19) 

Resolution 243 (WRC-19) 

Resolution 750 (Rev.WRC-19) 

Recommendation ITU-R P.452-16 – Prediction procedure for the evaluation of interference between stations 

on the surface of the Earth at frequencies above about 0.1 GHz 

Recommendation ITU-R P.2001 – A general purpose wide-range terrestrial propagation model in the 

frequency range 30 MHz to 50 GHz 

Recommendation ITU-R P.2108 – Prediction of clutter loss 

Recommendation ITU-R S.465 – Reference radiation pattern for earth station antennas in the fixed-satellite 

service for use in coordination and interference assessment in the frequency range from 2 to 31 GHz 

Recommendation ITU-R S.580 – Radiation diagrams for use as design objectives for antennas of earth stations 

operating with geostationary satellites. 

Recommendation ITU-R S.1855 – Alternative reference radiation pattern for earth station antennas used with 

satellites in the geostationary-satellite orbit for use in coordination and/or interference assessment in 

the frequency range from 2 to 31 GHz 
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The ITU Radiocommunication Assembly, 

considering 

a) that the frequency bands 24.65-25.25 GHz in ITU Regions 1 and 3, 24.75-25.25 GHz in ITU 

Region 2, and 27-27.5 GHz in ITU Regions 2 and 3 are allocated to the fixed-satellite service (FSS) 

(Earth-to-space) on a primary basis; 

b) that the frequency bands 42.5-43.5 GHz and 47.2-48.2 GHz are allocated to the FSS (Earth-

to-space) on a primary basis in the three ITU Regions; 

c) that the frequency bands 24.65-25.25 GHz, 27-27.5 GHz, 42.5-43.5 GHz and 47.2-48.2 GHz 

are allocated to the mobile service (MS) on a primary basis in all three ITU Regions; 

d) that technical studies conducted in the frequency bands 24.65-25.25 GHz, 27-27.5 GHz, 

42.5-43.5 GHz and 47.2-48.2 GHz between International Mobile Telecommunications (IMT) systems 

and FSS earth stations assuming a known location the FSS earth station (and/or the IMT base station), 

and certain technical characteristics and propagation models, show that the co-existence can be 

achieved through the calculation of separation distances; 

e) that administrations would benefit from guidelines to determine coordination areas based on 

the separation distances, in order to assess and ensure co-existence between FSS and IMT; 

f) that the separation distances in considering d) may vary on a case-by-case basis, depending 

upon several factors, including earth station antenna diameter and its gain in the direction of the 

interference path, receiver characteristics, elevation angle, surrounding terrain, mechanisms of radio-

wave propagation, clutter loss, site shielding, polarisation loss and IMT system characteristics and 

system design,  

recognizing 

a) that the bands 24.65-25.25 GHz in ITU Region 1 and 24.65-24.75 GHz in ITU Region 3 are 

limited to a minimum antenna diameter of 4.5 m for the FSS (Earth to Space) (see RR No. 5.532B); 

b) that WRC-19 identified the frequency bands 24.25-27.5 GHz (in all three Regions), 

42.5-43.5 GHz (in all three Regions) and 47.2-48.2 GHz (in Region 2 and some countries in Regions 

1 and 3) for use by administrations wishing to implement the terrestrial component of IMT, and that 

this identification does not preclude the use of this frequency band by any application of the services 

to which it is allocated and does not establish priority in the Radio Regulations (see RR Nos. 5.532AB, 

5.550B and 5.553B); 

c) that Resolution 242 (WRC-19) invited the ITU-R to develop Recommendation(s) to assist 

administrations to mitigate interference from FSS earth stations into IMT stations operating in the 

frequency bands 24.65-25.25 GHz and 27-27.5 GHz, and encourages administrations to ensure that 

provisions for the implementation of IMT allow for the continued use of Earth exploration-satellite 

service (EESS), space research service (SRS) and FSS earth stations and their future development; 

d) that Resolution 243 (WRC-19) invited the ITU-R to develop ITU-R Reports and 

Recommendations, as appropriate, to assist administrations in ensuring coexistence between IMT and 

broadcasting satellite service (BSS) and FSS, including high-density applications in the fixed-satellite 

service (HDFSS) as per No. 5.516B, within the frequency ranges 37-43.5 GHz and 47.2-48.2 GHz, 

as appropriate, 

noting 

a) that the impact of satellite earth stations on the deployment of IMT systems could be 

minimised if coexistence measures can be taken, or FSS gateways are deployed away from areas 

where the demand for IMT in the frequency bands 24.65/24.75-25.25 GHz, 27-27.5 GHz, 

42.5-43.5 GHz and 47.2-48.2 GHz could be expected; 
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b) that the guidance provided in this Recommendation is not applicable in the case of a 

ubiquitous deployment of FSS earth-stations, where the location of the earth-stations are not at known 

fixed locations, 

recommends 

1 that the methodology and/or approach as described in Annexes should be considered by 

administrations as a guideline to determine geographic zones for the co-existence between IMT base 

stations and FSS transmitting earth stations in the frequency bands 24.65/24.75-25.25 GHz, 

27-27.5 GHz, 42.5-43.5 GHz and 47.2-48.2 GHz; 

2 that administrations should consider the proximity between FSS satellite gateways earth 

stations and IMT base stations in these bands where IMT base stations are expected to be deployed. 

 

 

Annex 1 

 

Example methodology for enabling the use of existing and planned FSS earth 

stations in the frequency bands 24.65/24.75-25.25 GHz, 27.0-27.5 GHz,  

42.5-43.5 GHz and 47.2-48.2 GHz while mitigating their interference  

into IMT base stations 
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A1.1 Introduction 

FSS earth stations transmitting in the 24.65/24.75 to 25.25 GHz, 27 to 27.5 GHz, 42.5 to 43.5 GHz and 

47.2 to 48.2 GHz (where applicable) frequency ranges have the potential to cause interference to IMT 

systems. Therefore, this may require the establishment of coordination areas around IMT base stations 

to minimise the risk of interference to IMT systems. Calculation of these coordination areas needs to 

be site specific and on a case-by-case basis. 
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The coordination area which is determined through this methodology can be relatively large given 

worst-case analysis is used. Hence, such areas should be considered as coordination areas within which 

FSS earth stations/IMT base station could still be deployed, after more detailed analysis beyond this 

methodology is conducted or an agreement can be reached between the IMT and the FSS earth station 

operators. 

A1.2 General methodology 

The general methodology for calculating a co-ordination area is set out in the following steps: 

Step 1: Determine the parameters for both the IMT base station and the FSS earth station. This is on 

a site-specific case by case basis where the specific details of the FSS earth station should be 

used as shown in § A1.3. 

Step 2: Calculate the interference, I, (from the parameters determined in Step 1) for each pixel on a 

grid based on 20 × 20 m to 50 × 50 m pixel size (i.e. interference to be determined for each 

pixel in the grid)1. The area of the grid for the calculation should be set large enough to cover 

the entire coordination area. The interference I of a transmitting FSS earth station to a 

receiving IMT base station will be calculated by evaluating the transmit power and antenna 

gain of an FSS transmit earth station towards an IMT base station as shown in § A1.4. 

Step 3: Compare the calculated interference for each pixel (on a grid based on 20 × 20 m to 50 × 50 m 

pixel size) with the maximum interference level acceptable for an IMT base station as shown 

in § A1.5. 

Step 4: Determine and draw the coordination area based on the comparison of maximum interference 

level acceptable for an IMT base station for each pixel as shown in § A1.6. 

Step 5: Consider a range of mitigations should an FSS earth station/IMT base station be located in 

the coordination area as shown in § A1.7. 

A1.3 Determination of the parameters 

The interference is a combination of fixed and variable parameters: IMT base station antenna gain 

towards the FSS earth station, propagation and clutter losses, site shielding, FSS earth station antenna 

gain towards the IMT base station, polarisation loss and IMT antenna ohmic losses. About FSS earth 

station antenna gain towards the IMT base station, it is variable for non-geostationary orbit (NGSO) 

and fixed for geostationary orbit (GSO). 

A1.3.1 Satellite earth station antenna gain towards the IMT base station 

Information on the FSS earth station antenna pattern is required for the interference calculation. The 

resulting gain towards the IMT base station will be a combination of the antenna pattern, elevation 

and azimuth (i.e. compound angle). This FSS earth station antenna gain towards the IMT base station 

will need to be calculated for each point on a grid based on 20 × 20 m to 50 × 50 m grid size (each 

pixel in the grid) in determining the coordination area.  

In some cases, accurate information on the FSS earth station antenna pattern may be available from 

the manufacturer/operator. 

Currently, the relevant Recommendations are made for the frequency band below 31 GHz: 

• Recommendation ITU-R S.465 

 

1 This is based on simulation software that uses a raster/grid/pixel basis in its calculation method. 

Alternatively, in some simulation software, the coordination area may be calculated on radials. This is where 

for each azimuth around the FSS earth station, the corresponding distance from the FSS earth station 

location is calculated. 
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• Recommendation ITU-R S.1855 

• Recommendation ITU-R S.5802 

Before the reference radiation pattern for the frequency bands 42.5-43.5 GHz and 47.2-48.2 GHz be 

formulated, the above three Recommendations could be taken as a reference. 

A1.3.2 Calculation of propagation losses between the FSS earth station and the IMT base 

station 

The signal propagating from the FSS earth station to the IMT base station is subject to the following 

propagation losses/attenuations: 

• Free space path loss; 

• Diffraction (i.e. from terrain); 

• Clutter loss; 

• Site shielding (where applicable). 

For each pixel on a grid based on 20 × 20 m to 50 × 50 m pixel size (or each azimuth around the IMT 

base station/FSS earth station and each distance from the IMT base station/FSS earth station, 

depending on the simulation software) the propagation loss should be determined using an appropriate 

propagation model such as the one contained in Recommendation ITU-R P.452-16 or 

Recommendation ITU-R P.2001, considering the terrain elevation in the area of the grid for the 

calculation of the coordination area. 

The terrain elevation model can be the 1-arcsec resolution terrain profile data of a digital surface 

model (DSM) such as the Shuttle Radar Topography Mission (SRTM); however more detailed terrain 

models, including built area models, may be used. The terrain profiles can be sampled with an azimuth 

step of 1 degree around the IMT base station/FSS earth station of interest and a distance step of 25 m. 

The losses from FSS earth station to IMT station can then be computed around the station with an 

azimuth step of 1 degree and a distance step of 100 m. 

Higher resolution terrain data, or a surface database plus a built area model, and/or higher resolution 

sampling, may be used to more accurately reflect built up areas. 

NOTE – The propagation losses consist of several elements. Recommendation ITU-R P.452 is the appropriate 

propagation model to use for terrestrial paths, and terrain information should be considered where existing 

DSM such as SRTM are available. The models within Recommendation ITU-R P.452 are designed to calculate 

the propagation losses not exceeded for time percentages over the range 0.001 and 50 % and therefore should 

be used accordingly. Recommendation ITU-R P.2001 could also be considered as it predicts the basic 

transmission loss due to both signal enhancements and fading effectively over the range from 0% to 100% of 

an average year. Sites where there is a specific shielding obstacle close to either station and the height and 

distance to the obstacle are known, § 4.5 of Recommendation ITU-R P.452 can be used to account for the 

clutter loss. Where specific information on the statistical distribution of clutter loss is needed, the method in 

§ 3.2 of Recommendation ITU-R P.2108 should be used to calculate additional loss due to clutter for urban 

and suburban environments. It should be noted that the model is not applicable to stations in open areas. 

A1.3.3 Polarisation losses 

Polarisation loss will be specific to the FSS earth station and its polarisation, this will need to be 

looked at on a case-by-case basis. Where specific information is not available, the losses that could 

be considered are: 

• 3 dB for circular to linear polarisation (or vice-versa); 

• 1.5 dB for same polarisation; 

 

2 Some calculation method of Recommendation ITU-R S.580 is quoted from Recommendation ITU-R S.465. 
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