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	Notes below expected EIRP table
[Chairman observations:

Note 1 to define Exp EIRP
Note 2 tilting
Note 3 calculation / beamforming directions

Note 4 in SMO and EUR input ref to Annex
Notes 2-7 in J/NZL are about measurements and verifications 
]
 


[128 Add.2 - BRU/INS/SNG]
	NOTE 1: The expected e.i.r.p. is defined as the average value of the e.i.r.p., with the averaging being performed:
–	over horizontal angles between −180 to +180, and the IMT base station beamforming in a specific direction within its steering range, 
–	over different beamforming directions within the IMT base station steering range, and
–	over the specified vertical angle measurement window θL ≤ θ < θH.
[87 Add.2 – AFCP, 100 Add.2Add.1 – ARB, 161 Add.2 – AFS, 181 - CBG/CHN/LAO/MLD/BRM/CLN]
	NOTE 1: The expected e.i.r.p. is defined as the average value of the e.i.r.p., with the averaging being performed:
–	over horizontal angles between −180 to +180, and the IMT base station beamforming in a specific direction within its steering range,
–	over different beamforming directions within the IMT base station steering range, and
–	over the specified vertical angle measurement window (θL ≤ θ < θH). 





[201 - SMO]
	NOTE 1: The expected e.i.r.p. is defined as the mathematical expectation (i.e. an averaging) of the e.i.r.p:
–	over horizontal angles between –180 to +180, and the IMT base station beamforming in a specific direction within its steering range;
–	over different beamforming directions within the IMT base station steering range; and
–	over the specified vertical angle measurement window (θL ≤ θ < θH).
NOTE 2: An IMT base station must comply with the specified limits on expected e.i.r.p. for all mechanical tilts with which it can be deployed.
NOTE 3: For calculation of expected e.i.r.p., the beamforming directions used in the averaging process have a uniform angular distribution within the steering range of the IMT base station. 
NOTE 4: See the Annex of this Resolution for further requirements related to the determination of the expected e.i.r.p.


[65 Add.2Add.4 - EUR]
NOTE 1: The expected e.i.r.p. is defined as the mathematical expectation (i.e. an averaging) of the e.i.r.p:
· over horizontal angles between –180 to +180, and the IMT base station beamforming in a specific direction within its steering range, 
· over different beamforming directions within the IMT base station steering range, and
· over the specified vertical angle measurement window θL ≤ θ < θH. 
NOTE 2: An IMT base station must comply with the specified limits on expected e.i.r.p. for all mechanical tilts with which it can be deployed.
NOTE 3: For calculation of expected e.i.r.p., the beamforming directions used in the averaging process have a uniform angular distribution within the steering range of the IMT base station. 
See the Annex of this Resolution for further guidance.
[85 Add.2 - RCC]
NOTE 1: The expected e.i.r.p. spectral density is defined as the average value of the e.i.r.p. spectral density, with the averaging being performed:
–	over horizontal angles between −180 and +180, and the IMT base station beamforming in a specific direction within its steering range;
–	over different beamforming directions within the IMT base station steering range;
–	for the specified range of the vertical angle θ.
NOTE 2: The IMT base station shall comply with the specified limits on expected e.i.r.p. spectral density for all mechanical downtilts that it can be deployed with.
NOTE 3: In calculating the expected e.i.r.p. spectral density, the beamforming directions used for the averaging procedure shall be used with the same probability in the horizontal and vertical directions within the steering range of the IMT base station.

[101 – J/NZL]	
	NOTE 1: The expected/average e.i.r.p. is defined as the statistical expectation (first moment) of a set of e.i.r.p. values average value of the e.i.r.p., evaluated over: with the averaging being performed:
–	the over horizontal angles, ϕ, between −180 to +180, and the IMT base station beamforming in for a given specific beamforming direction within the its horizontal and vertical steering range of the IMT base station, 
–	the over different beamforming directions within the IMT base station steering range in both the horizontal and vertical domains, and
–	over the specified vertical angle measurement windows θlow  ≤  θ  <  θhigh, at or above the horizon, where the horizon refers to θ = 0°. The vertical angle θ is with respect to the zenith axis in the clockwise direction. 
NOTE 2: As the e.i.r.p. of an IMT base station is a random variable, its statistical expectation should be based on a set of e.i.r.p. samples such that the confidence interval on the statistical expectation is at least 95%.
NOTE 3: IMT base stations must always comply with the defined expected e.i.r.p. limits irrespective of the mechanical downtilt angles which are considered in IMT base station deployments across different environments e.g., urban, sub-urban, and rural.
NOTE 4: For the verification of the expected e.i.r.p. for each vertical angle window, the horizontal angles ϕ between −180 to +180 covering the entire horizontal plane are to be selected from a uniform distribution with a closed interval for ϕ ∈ [−180,180].
NOTE 5: For the verification of expected e.i.r.p. at each vertical angle window, the beamforming directions used in the statistical expectation process are to be based on a uniform distribution across the horizontal and vertical domains within the steering range of an IMT base station for the frequency band range specified in this Resolution.
NOTE 6: Upon measurement, IMT base stations must always be compliant with the specified expected e.i.r.p. limits for all vertical angle ranges specified. A declaration must be issued by the IMT system manufacturer to the IMT operator specifying the expected e.i.r.p. levels are met for all vertical angle ranges, prior to the IMT base station transmitting beams.
NOTE 7: The set of e.i.r.p. values used to verify the expected e.i.r.p. for each vertical angular window must be a mathematical summation of both polarization states of the IMT base station antenna, with no polarization discrimination.


J/NZL NOTE 1 without track-changes:
NOTE 1: The expected/average e.i.r.p. is defined as the statistical expectation (first moment) of a set of e.i.r.p. values evaluated over: 
–	the horizontal angles, ϕ, between −180 to +180 for a given beamforming direction within the horizontal and vertical steering range of the IMT base station, 
–	the different beamforming directions within the IMT base station steering range in both the horizontal and vertical domains, and
–	 the specified vertical angle windows θlow  ≤  θ  <  θhigh, at or above the horizon, where the horizon refers to θ = 0. The vertical angle θ is with respect to the zenith axix in the clockwise direction.
_________________


[65 Add.2Add.4 - EUR]
Annex to Resolution
Calculation of the expected e.i.r.p. of an IMT base station
The following outlines the theoretical calculation of the expected e.i.r.p. of an IMT base station for assessing the compliance of IMT base station equipment with the limit on expected e.i.r.p.
The e.i.r.p. of an IMT base station in the horizontal (azimuth) direction  and vertical (elevation) direction  above the horizon can be written as . The parameters  and  are the horizontal and vertical beamforming directions, i.e. the angles towards which the base station electronically steers a beam. These are illustrated in Figure 1 below.
figure 1
Illustration of horizontal (azimuth) angle, vertical (elevation) angle and beamforming directions
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The expected e.i.r.p.  of an IMT base station within a vertical angle measurement window  can be calculated by averaging the e.i.r.p.  of the base station as follows:
1)	Averaging over beamforming directions for a given vertical angle  and horizontal angle  – For an AAS base station within a given steering range, a sufficient sampling of  beamforming directions  is necessary to allow an accurate averaging of the expected e.i.r.p.
	The beamforming directions  have a uniform angular distribution within the steering range of the IMT base station. In other words:

	where  refers to the weight for the th beamforming direction, i.e., the fraction of the steering range represented by the th beamforming direction. 
	Steering ranges over which the AAS is compliant must be declared and the IMT equipment shall be operated with beams only within the steering ranges and with the power and spectrum utilization (e.g. resource blocks) for which there is compliance with the limits on expected e.i.r.p.
	Testing shall be conducted with the IMT base station e.i.r.p. measured as the sum of e.i.r.p. in both polarizations.
	For a non-AAS base station,  where  and  is the electrical tilt.
	It is noted that the compliance with the limits on expected e.i.r.p. could be limited to a given range of electrical tilts.
2)	Averaging over horizontal and vertical angles – The expected e.i.r.p. is then calculated by averaging the results of Step (1) over horizontal angles  between – to + with respect to the base station horizontal boresight, and vertical angles  within vertical angle measurement window  with respect to the horizon. In other words:

Reasons:	Background/justification for the expected e.i.r.p. mask proposed in the Resolution.
CEPT members have actively participated and contributed to the studies in ITU‑R Working Party (WP) 5D on the protection of FSS uplink from IMT in the frequency band 6 425-7 125 MHz and several simulations have been developed to assess the interference from IMT to FSS uplink. Such studies are referred to in the CPM Report and some resulted to the expected e.i.r.p. technical conditions in Alternative 2 Example 2 and Example 3. CEPT has conducted additional technical analysis, extending from what was considered in the studies concluded in the CPM Report. The results of such independently developed simulations show very similar results when the same assumptions are used.
CEPT considers that studies on the technical provisions to effectively protect FSS uplink should be based on practical FSS use in this band, and assumptions on the number of Base Stations in future 6 GHz IMT deployment. FSS protection is an international obligation and IMT deployment in this band may be of interest for CEPT, depending on the later decision by CEPT on the use of this band for IMT, RLAN or a shared framework between IMT and RLAN. 
CEPT proposed expected e.i.r.p. mask is based on the following underlying assumptions.
IMT urbanization characteristics
Investigation on IMT urbanization characteristics have been considered because the different assumptions on suburban/urban areas (cell size, attenuation due to clutter) may have an impact in the level of aggregate interference. An exercise to quantify the urbanization level of the frequency band 3.5 GHz French mobile networks has been undertaken.
‒	following methodology (with seven categories of urbanization levels) described in Eurostat Report to define cities, towns[footnoteRef:1]1; [1: 1 	See Chapter 7 of this report.] 

‒	using the resulting split (in percentages apportionment) of French towns, cities into seven levels with latest data (January 2023);
‒	using the data related to latest French deployment of 5G NR base stations in the frequency band 3400-3800 MHz.
The result of this exercise was 77.5% / 19.6% / 2.9% for urban / suburban / rural, which was used for defining the expected e.i.r.p. mask.
IMT deployment 
The following IMT deployment assumptions are based on two CEPT countries extended over the entire satellite visibility within Region 1. 
One example of base station density deployment was based on the area-based RaRb method, assuming Ra of 38.6% for urban and 46.7% for suburban, and Rb of 1% to fit the IMT urbanization characteristics as above. Unpopulated Region 1 areas (e.g. Sahara, Siberia) are excluded. As examples, for protection of FSS at 64°E the BS count would be approximately 2 million, and at 83.5°E approximately 1.8 million.
Another example was based on a population-based method to determine the BS positions on Earth using SEDAC[footnoteRef:2]2 in 1 deg. resolution. The base station counts was calculated assuming the same base station density per population as in the case of UK deployment at 2.1 GHz. As examples, for protection of FSS at 64°E the base station count would be approximately 1.8 million, and at 83.5°E approximately 1.4 million. The base stations will be split into urban / suburban / rural with percentages 77.5% / 19.6% / 2.9%, respectively as explained above. [2: 2 	NASA Socioeconomic Data and Applications Center (SEDAC) Population Density Zones (2020).] 

Cell size: using ITU‑R WP 5D assumptions, i.e.: 0.3 km for urban and 0.6 km for suburban/ rural.
Region 1 only, Region 3 excluded.
Clutter loss model
Separate clutter loss models were used and the proposal was based on an in-between results.
‒	Clutter loss model as described in Document 3K/178.
‒	Recommendation ITU‑R P.2108-1 at 6 775 MHz, applicable to those base stations below rooftop. Clutter loss calculations are done independently of terrain loss calculations, meaning that a BS could be shielded by terrain, clutter, both, or none of the two.
Satellite characteristics
‒	Global beam, using Carrier #1, normalized antenna pattern based on an antenna efficiency of 81% as presented in Document 5D/1647 (Figure 5).
‒	Orbital positions: using 15.5°W, 25°E, 64°E, 83.5°E, i.e., existing European Satellite orbital positions, as examples of representative use, some other positions used or planned to be used by real satellites may also be tested.

[201 - SMO]
Annex to Resolution [A12-6GHz] (WRC‑23)
Calculation of the expected e.i.r.p. of an IMT base station
The following outlines the calculation of the expected e.i.r.p. of an IMT base station for assessing the compliance of IMT base station equipment with the limit on expected e.i.r.p.
[bookmark: _Hlk150407558]The e.i.r.p. of an IMT base station in the horizontal (azimuth) direction −π ≤ φ ≤ π and vertical (elevation) direction 0 ≤ θ ≤ π/2 above the horizon can be written as P(θ, φ; α, β). The parameters α and β are the horizontal and vertical beamforming directions, i.e. the angles towards which the base station electronically steers a beam. These are illustrated in Figure 1 below.
Figure 1
Illustration of horizontal (azimuth) angle, vertical (elevation) angle 
and beamforming directions
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The expected e.i.r.p.  of an IMT base station within a vertical angle measurement window θL ≤ θ < θH  can be calculated by averaging the e.i.r.p. P(θ, φ; α, β) of the base station as follows:
1	Averaging over beamforming directions for a given vertical angle θ0 and horizontal angle φ0:
a)	For an AAS base station within a given steering range, a sufficient sampling of  beamforming directions (αn, βn) n = 1...N is necessary to allow an accurate averaging of the expected e.i.r.p.
	The beamforming directions (αn, βn) have a uniform angular distribution within the steering range of the IMT base station. In other words:

		
	where wn refers to the weight for the nth beamforming direction, i.e., the fraction of the steering range represented by the nth beamforming direction. 
b)	For a non-AAS base station, P1(θ0, φ0) = P(θ0, φ0; α1, β1) where α1 = 0 and β1 is the electrical tilt.
	It is noted that the compliance with the limits on expected e.i.r.p. could be limited to a given range of electrical tilts.
2	Averaging over horizontal and vertical angles – The expected e.i.r.p. is then calculated by averaging the results of step (1) over horizontal angles φ between −π to +π with respect to the base station horizontal boresight, and vertical angles θ within vertical angle measurement window θL ≤ θ < θH  with respect to the horizon. In other words:

		
Steering ranges and electrical tilt ranges over which the AAS is compliant must be declared and the IMT equipment shall be operated with beam pointing only within the declared steering range, and with electrical tilt only within the declared range.
The assessment shall be conducted with the base station transmitting with maximum power with all resource blocks occupied. 
The assessment shall be conducted with the base station, e.i.r.p. measured as the sum of both polarizations, with no polarization discrimination applied.
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