[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #110-bis 	R4-2405681
Changsha, China, April 15 – 19, 2024

Source:	Nokia
Title:	Discussion on expected EIRP mask above horizon
Agenda item:	9.2.2	Expected EIRP mask for upper 6GHz	[NR_BS_RF_req_evo-Core]
Document for:	Approval

[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]. This work item includes two objectives: one is related to expected EIRP mask for upper 6 GHz, and other is related to OTA test enhancement.
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.



In this contribution we focus the discussion on the first objective which is the expected EIPR mask for the upper 6 GHz.
Discussion

[bookmark: _Hlk163067586]Background of expected e.i.r.p.
The ITU-R Radio Regulation has introduced the expected e.i.r.p. technical condition for the protection of the FSS uplink (Earth-to-space) satellite receiver from the aggregate effect of IMT base stations. This is introduced through Resolution 220 (previously known as Resolution COM4/7) [2] and the relevant excerpt is found in the Annex. The expected e.i.r.p. values defined in [2] are as presented in Table 1. 

Table 1. Expected e.i.r.p. values for vertical angle range defined in ITU Resolution 220 [2]
	Vertical angle range θL ≤ θ < θH
(vertical angle θ above horizon)
	Expected e.i.r.p. (dBm/MHz)
(See NOTES 1, 2 and 3)

	0° ≤ θ < 5°
	27

	5° ≤ θ < 10°
	23

	10°≤ θ < 15°
	19

	15°≤ θ < 20°
	18

	20°≤ θ <30°
	16

	30°≤ θ < 60°
	15

	60°≤ θ ≤ 90°
	15

	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 from −180º to +180º, with the IMT base station beamforming in a specific direction within its horizontal and vertical steering range,
‒ over different beamforming directions within the IMT base station horizontal and vertical steering range, and
‒ over the specified vertical angle range θL ≤ θ < θH.
NOTE 2: An IMT base station shall comply with the specified limits on expected e.i.r.p. spectral density for all mechanical tilts with which it can be deployed).
NOTE 3: See the Annex to this Resolution for additional details on how the expected e.i.r.p. can be calculated for  this frequency band.



The key requirements of ITU 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]
This expected e.i.r.p. condition proposed for the Radio Regulation is only for the top half of the hemisphere, i.e. above the horizon, and 360° (or 2π) around the azimuth. The angles for the ITU-R (Radio Regulation) are defined as described on Figure 1. 
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Figure 1:  Definitions of the angles defined by the ITU-R (Radio Regulation) Resolution 220 for the expected e.i.r.p.

Observation 1: 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]

In next sections we provide the formulation of the expected e.i.r.p. with some examples. 



The expected e.i.r.p. calculation

The expected e.i.r.p. calculation is based on two averaging processes:
i. Averaging of beamforming directions
ii. Averaging over horizontal and vertical angles
Averaging over beamforming directions
The initial ITU suggestion was a simple averaging process over a set of beams equally within the electrical steering range. This average power can be written as:

However, the sharing studies in ITU-R assumes uniformly distributed UEs over the coverage cell which makes the beams steer with a non-uniform distribution over the coverage cell. To take account of this non-uniform distribution in the averaging, we can introduce some ‘weights’, wn, which can provide the adjustments.
The beamforming directions  have a uniform angular distribution within the steering range of the IMT base station. 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. The power measured is the sum of e.i.r.p. in both polarisations.
The following 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.
1.1.1.1. Example of average e.i.r.p. calculation
This example has 6 beamforming directions. The Figure 2 shows the electrical steering range, and Figure 3 the beamforming directions with its weight. The weight for each beamforming direction is a simple representation of the fractional area covered by the angular boundaries, and it does not account for the variation due to the elevation. It can be regarded that each of the fractional area represents the probability of the beam electrically steering within these angles.
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Figure 2: Electrical steering range
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Figure 3: Beamforming directions and its associated weight

Table 2: The weight for each beamforming direction point
	Point
	Weight, wn
	θ (°)
	ϕ (°)

	1
	0.125
	-2.5
	-45

	2
	0.125
	-7.5
	-45

	3
	0.25
	-2.5
	0

	4
	0.25
	-7.5
	0

	5
	0.125
	-2.5
	45

	6
	0.125
	-7.5
	45
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Figure 4: Visualization of beamforming direction point

These beams are multiplied with the associated weights before being summed to form the average e.i.r.p.


Observation 2: 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 1: RAN4 to consider correct 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 formulae, we can approximate this doule 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 is
  ,
where
	is the midpoint between the elevation intervals
	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 rather than the coordinate system defined in 3GPP.

[bookmark: _Hlk163122986]Observation 3: Angular steps size both in horizontal and vertical will impact test effort. 
Proposal 2: RAN4 to consider the number of measurement points when defining the calculation methodology.

Observation 4: Number of frequencies to measure in operating band will impact test effort.
Proposal 3: 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:
Observation 1: The key requirements of ITU 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]
Observation 2: 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 1: RAN4 to consider correct values of beamforming directions taking into account all aspects.
Observation 3: Angular steps size both in horizontal and vertical will impact test effort. 
Proposal 2: RAN4 to consider the number of measurement points when defining the calculation methodology.
Observation 4: Number of frequencies to measure in operating band will impact test effort.
Proposal 3: RAN4 to consider the number of frequencies to measure when defining the calculation methodology.
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Annex
Excerpt from ITU WRC-23, Final Acts, Resolution 220:
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RESOLUTION 220 (WRC-23)

Terrestrial component of International Mobile Telecommunications (IMT)

within the frequency band 6 425-7 125 MHz

The World Radiocommunication Conference (Dubai, 2023),
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considering d), the level of expected i

resolves

that, in order to ensure protection for the FSS (Earth-to-space), and taking into account
.p. spectral density emitted by an IMT base station as a

function of the vertical angle above the horizon shall not exceed the following values (No. 21.5 does

not apply):
Vertical angle range Expected e.i.rp.
0,<0<0y (dBm/Mtz)
(vertical angle 6 above horizon) (See NOTES 1, 2and 3)

r<0<s 27
5°<0<10° 2
10°50<15° 19
15°260<20° 18
20°50.<30° 16

30°260<60° 15

60°56<90° 15

NOTE 1: The expected e.
performed:

~ over horizontal angles from ~180° to +180°, with the IMT base station beamforming in a specific
direction within its horizonal and vertical steering range,

— over different beamforming directions within the IMT base station horizontal and vertical steering range,
and

— over the specified vertical angle range 0, < < 0.

NOTE 2: An IMT base siation shall comply with the specified limits on expected e.i.r.p. spectral density for
all mechanical tilts with which it can be deployed, taking into account considering m).

NOTE 3: Sce the Annex to this Resolution for additional details on how the expected e.irp. can be
calculated for this frequency band.

:p. is defined as the average value of the e.irp., with the averaging being
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ANNEX TO RESOLUTION 220 (WRC-23)

Details for the calculation of the expected equivalent isotropically radicated
power of an International Mobile Telecommunications base station operating
within the frequency band 6 425-7 125 MHz

This annex outlines the theoretical calculation of the expected equivalent isotropically radiated power
(eirp.) of an International Mobile Telecommunications (IMT) base station for assessing the
compliance of IMT base station equipment with the limit on expected e.i.r.p.

The c.irp. of an IMT base station in the horizontal (azimuth) direction ~1t< ¢ < and vertical
(clevation) direction 0 < 6 < /2 above the horizon can be written as P(6, ; , B). The parameters o
and B are the horizontal and vertical beamforming directions, i.c. the angles towards which the base
station electronically steers a beam. These are illustrated in Figure 1 below.

FIGURE 1
Ilustration of horizontal (azimuth) angle, vertical (clevation) angle and beamforming directions
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The expected eirp. B, of an IMT base station within a vertical angle range 0. < 0 < 0 can be

calculated by averaging the e.i.r.p. P(0, ¢; a, B) of the base station as follows:

1) Averaging over beamforming directions for a given vertical angle 6 and horizontal
angle go: for an AAS base station within a given horizontal and vertical steering
range, a sufficient sampling of N beamforming directions (cs, Bs) 7= 1 ... N'is necessary
to allow an accurate averaging of the expected e.i.r.p.
The beamforming directions (e, B,) have a uniform statistical angular distribution within
the steering range of the IMT base station. In other words:

N
R(0900)= 3 waP(00:00:t-B,)
n=1
‘where w, refers to the weight for the " beamforming direction, i.e. the fraction of the
steering range represented by the n® beamforming direction. For example, w, = 1/ in
the case that N uniform equispaced beams are assumed in the azimuth and elevation,
respectively, and where cach beam covers an equal range of angles.

The set of base station configurations over which the base station complies with the limits
on expected e.i.r.p. (for example, power of steering range as one of the parameters) shall
be declared and the BS shall be used within one of these configurations.

The set of e.i.r.p. values used to calculate the expected e.i.r.p. for each vertical angle range
shall be a mathematical summation of both polarization states of the IMT base station
antenna with no polarization discrimination.

For a non-AAS base station, P1(60, ¢o) = P(60, ¢o; a1, pr) where a1 =0 and f is the
electrical tilt.

It is noted that the compliance with the limits on expected e.i.r.p. should be limited to a
defined 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 ¢ from —x to +x with respect to
the base station horizontal boresight, and vertical angles 6 within vertical angle range
B2 < 0 < B with respect to the horizon. In other words:

Oy n
5 1
By = R, 0)dodo
T e gj j“ 1(6.9)cos(0)dod
-
The averaging processes in steps 1 and 2 shall allow for accurate averaging of the expected e.i.r.p.
(e.g. to the confidence interval of 95%).




