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[bookmark: _Toc116995841]Introduction
TSG RAN#103 meeting approved new Rel-19 work item “NR base station (BS) RF requirement evolution for FR1/FR2 and testing” [1], where one objective is related to expected EIRP mask for upper 6 GHz.
WRC-23 has identified the frequency range 6425 – 7125 MHz which is 3GPP band n104 for IMT as in the RR Footnotes 5.457D, 5.457E and 5.457F. The IMT identification comes with some technical conditions which includes the limits on the expected equivalent isotropically radiated power (e.i.r.p.) spectral density of IMT base stations for protecting Earth-to-space fixed satellite services (FSS) as contained in Resolution 220 (WRC-23) [2].
Core part of expected EIRP mask objective of work item [1] is as follow: 
	Expected EIRP mask for upper 6GHz
· Introduce the concept of “limits on expected EIRP for angles above horizon” into the RAN4 BS specifications and specify related BS requirement for 6425-7125 MHz based on the WRC-23 outcome.
· Note: target completion date of this objective is December 2024.



Last RAN4#110bis meeting initiated discussion for this work item. Work plan and some agreements are captured in [3]. In this contribution we share Nokia’s views on expected EIPR mask for the upper 6 GHz.
Discussion

Expected e.i.r.p. requirement
Applicability of the expected e.i.r.p. requirement
One of the issues of the new e.i.r.p. requirement which was discussed last meeting [3] was the applicability. It is common understanding that e.i.r.p. requirement is band n104 (6425 – 7125 MHz), however applicable frequency range within band n104 is for further discussion. As FSS service that needs to be protected uses frequency range up to 7075 MHz, there is the question if range 7075 – 7125 MHz should be included or not in core requirements. We believe that for core requirements full band n104 range up to 7125 MHz should be set. 
Proposal 1: It is proposed to include the range 6425 – 7125 MHz which is full band n104 range.
However, as protected FSS service is up to 7075 MHz, during conformance test part for upper 50 MHz of band n104 in range 7075 – 7125 MHz if any part of respective channel bandwidth doesn’t fall to band below 7075MHz, exception may apply. 
Proposal 2: To consider during conformance testing exclusion of range 7075- 7125 MHz if any part of respective channel bandwidth doesn’t fall to band below 7075 MHz.    
Requirement naming
New requirement needs to have own unique and adequate naming in 3GPP specification to avoid misleading. It was agreed in [3] that name: “OTA spatial emission above horizon" is starting point. In general we think that this is correct name, however, we think that the aspect of the metric should be reflected in the name and word ‘average’ could be added: “OTA average spatial emission above horizon" 
Proposal 3: It is proposed to use name “OTA average spatial emission above horizon” for new requirement. 

Sub-clause for requirement
To capture new requirement into BS core specification TS 38.104 following options are consider: 
Option 1: clause 9.2 for BS EIRP
Option 2: clause 9.7 for unwanted emission mask
Option 3: add new clause for EIRP emission mask
 In general, we think that this new requirement should use option 3: add new clause in transmitter requirement section (i.e. new clause 9.9). Option 2 is not the best place in the specification since there are defined unwanted emissions usually outside of carrier frequency bandwidth. 
Proposal 4: It is proposed to introduce new sub-clause “9.9 OTA average spatial emission above horizon” for new requirement.
The expected e.i.r.p. calculation
The key requirements of ITU Resolution Resolution 220 [2] are: 
1) compliance with values of expected e.i.r.p above the horizon and  
2) providing a calculation methodology to the theoretical procedure given in the Annex to Resolution 220 [2].
 
The expected e.i.r.p. calculation is based on two averaging processes:
· Averaging of beamforming directions
· Averaging over horizontal and vertical angles
These two averaging processes are inter-related and should not be viewed as the order in which the calculation is done.
Averaging over beamforming directions
The first averaging process involves averaging over different beamforming directions . For a given vertical angle  and horizontal angle  with a sampling of  beamforming directions , the equation can be written as:

where wn refers to the weight for the th beamforming direction, i.e., the fraction of the steering range represented by the th beamforming direction. 
For the case where there are N uniform equispaced beams assumed in the azimuth and elevation, respectively, and where each beam covers an equal range of angles, the equation can be written as:

The power measured is the sum of the e.i.r.p. in both polarisations.
The e.i.r.p. of each individual AAS beam denoted by  is an average e.i.r.p. calculated from the second averaging process (i.e. in the next section, 2.2.2).
Observation 1: The number of beamforming directions defined will impact test effort and increasing the number of these beams will increase the time it takes to test.
[bookmark: _Hlk163110623]Proposal 5: RAN4 to consider appropriate values of beamforming directions taking into account all aspects.

Averaging over horizontal and vertical angles
The second averaging process is over a spherical strip. This average e.i.r.p. (EIRP) for a spherical strip is therefore:

With the help of solid angles and spherical cap formula, we can approximate this double integral in discrete form. For an equal angle grid method where the grid spacing is uniform in both the elevation θ (over the range of [0 to π/2]) and azimuth ϕ (over the range of [-π to π]), and with N and M points respectively, this average e.i.r.p. can be approximated to

where


Therefore, the overall equation can be written as

where
	is the midpoint between the elevation intervals (midpoint is the middle point between the intervals, e.g. for the interval 5°-10°, the midpoint is 7.5°).
	is the midpoint between the azimuth intervals
	is the lowest elevation point within the  bounding range
	is the highest elevation point within the  bounding range
	is the azimuth point within the  bounding range
Note: the equation is assuming the angles in radians and the elevation angle is from horizon.
The expected e.i.r.p. limits decided from WRC-23 are shown in the figure below:
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There are 7 vertical angle ranges (bins) with different size bins, ranging from 5° to 30°. With the AAS parameters used in the studies that led to the WRC-23 limits, we can estimate the expected e.i..r.p. for different sampling resolution for each bin. The table below captures the e.i.r.p. calculated using equation (5) when the beam is not electronically-steered and used as an illustration to highlight the relationship between measurement step size (i.e. angular resolution) and how representative the measurement would be to the actual average e.i.r.p..

	Vertical angle range
	Full resolution
	Vertical / Horizontal Angular Step Size

	
	
	5° / 5°
	2.5° / 5°
	2.5° / 2.5°
	1.25° / 5°
	1° / 1°

	0° - 5°
	26.6
	26.8
	26.6
	26.6
	26.6
	26.6

	5° - 10°
	13.6
	1.1
	12.4
	12.4
	13.3
	13.4

	10° - 15°
	11.9
	11.4
	11.9
	11.9
	11.9
	11.9

	15° - 20°
	9.2
	10.7
	9.4
	9.4
	9.2
	9.2

	20° - 30°
	4.5
	2.9
	4.3
	4.3
	4.5
	4.5

	30° - 60°
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	60° - 90°
	-1.7
	-1.8
	-1.7
	-1.7
	-1.7
	-1.7

	Number of measurement points
	1296
	2592
	5184
	5184
	32400
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a)   5° / 5° step size				b)   1.25° / 5° step size

The figures above show the measurement points (red points) for different angular step sizes and illustrate that large step sizes could miss capturing the e.i.r.p. variations of the AAS beam (as seen in the table for the 5°-10° vertical angle range using 5°/5° angular step size).
[bookmark: _Hlk163122986]
Observation 2: The angular steps size both in horizontal and vertical should be sufficient to capture the e.i.r.p. variations of the AAS beam. 
Observation 3: Step sizes of 5° / 5° (vertical / horizontal angular step size) is unlikely to be adequate to capture the e.i.r.p. variations of the AAS beam correctly.
Observation 4: Incorrectly determining the angular step can increase measurement effort substantially without material improvement to the actual e.i.r.p. of the AAS beam.
Observation 5: Choosing appropriate angular step between the horizontal and vertical domain can capture the e.i.r.p. of the AAS beam while keeping the number of measurement points to a minimum.
Proposal 6: RAN4 to consider the number of measurement points (or vertical/horizontal angular step size) when defining the calculation methodology, aiming to minimize the measurement complexity or effort while assuring a high level of accuracy.
Observation 6: Number of frequencies to measure in operating band will impact test effort.
Proposal 7: RAN4 to consider the number of frequencies to measure when defining the calculation methodology.

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]In this contribution we discuss expected EIPR mask for upper 6 GHz according ITU Resolution 220 (previously known as Resolution COM4/7). We presented example illustrate the associated weights for different number of beamforming directions, and how the average e.i.r.p. for the first stage is calculated. We have also included a basic methodology on the second stage of the averaging process. We have made following observations and proposals:
Proposal 1: It is proposed to include the range 6425 – 7125 MHz which is full band n104 range.
Proposal 2: To consider during conformance testing exclusion of range 7075- 7125 MHz if any part of respective channel bandwidth doesn’t fall to band below 7075 MHz.    
Proposal 3: It is proposed to use name “OTA average spatial emission above horizon” for new requirement. 
Proposal 4: It is proposed to introduce new sub-clause “9.9 OTA average spatial emission above horizon” for new requirement.
Observation 1: The number of beamforming directions defined will impact test effort and increasing the number of these beams will increase the time it takes to test.
Proposal 5: RAN4 to consider appropriate values of beamforming directions taking into account all aspects.
Observation 2: The angular steps size both in horizontal and vertical should be sufficient to capture the e.i.r.p. variations of the AAS beam. 
Observation 3: Step sizes of 5° / 5° (vertical / horizontal angular step size) is unlikely to be adequate to capture the e.i.r.p. variations of the AAS beam correctly.
Observation 4: Incorrectly determining the angular step can increase measurement effort substantially without material improvement to the actual e.i.r.p. of the AAS beam.
Observation 5: Choosing appropriate angular step between the horizontal and vertical domain can capture the e.i.r.p. of the AAS beam while keeping the number of measurement points to a minimum.
Proposal 6: RAN4 to consider the number of measurement points (or vertical/horizontal angular step size) when defining the calculation methodology, aiming to minimize the measurement complexity or effort while assuring a high level of accuracy.
Observation 6: Number of frequencies to measure in operating band will impact test effort.
Proposal 7: RAN4 to consider the number of frequencies to measure when defining the calculation methodology.
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WRC-23 outcome: The expected e.i.r.p. limits above the horizon
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