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1. Introduction
In ITU-R world radiocommunication conference (WRC) in Nov. 20 – Dec. 15 2023,  the frequency band of 6 425-7 125 MHz was identified in every ITU region as in the RR Footnotes 5.6A12, 5.6B12 and 5.6C12 with associated technical condition of limits on the expected equivalent isotropically radiated power (EIRP) spectral density of IMT base-stations, for the purpose of protecting earth-to-space fixed satellite services (FSS) as in Resolution COM4/7 (WRC-23). Based on the newly released ITU-R regulation, the expected EIRP limits have been established which require the harmonized specification for compliance tests to be developed as the task in 3GPP.
Specifically, the aim of this task is to include the new condition in BS (and other nodes like IAB, Repeater and NCR) RF core specification (TS 38.104) and a corresponding test requirement in the conformance test specification (TS 38.141-2). Furthermore, having the requirement included in the 3GPP standard would also guarantee a harmonized terminology and conformance test method. Accordingly, the core part objective related to expected EIRP mask for upper 6GHz is provided in WID [1] as: 
	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 would like to provide our analysis on the expected EIRP mask for upper 6GHz, and discuss the related BS requirements for 6425-7125 MHz based on the WRC-23 outcome. 
2. Resolution COM4/7 (WRC-23) Terrestrial component of International Mobile Telecommunications (IMT) within the frequency band 6 425-7 125 MHz
2.1 Expected EIRP spectral density
[bookmark: OLE_LINK150][bookmark: OLE_LINK151]Based on WRC-23, the frequency band of 6 425-7 125 MHz was identified in every ITU region as in the RR Footnotes 5.6A12, 5.6B12 and 5.6C12 with associated technical condition of limits on the expected EIRP spectral density of IMT base-stations for protecting Earth-to-space fixed satellite services (FSS). Particularly, the expected EIRP spectral density limit is provided in Resolution COM4/7 [2] and extracted as below:
	“resolves
1 that administrations wishing to implement IMT in accordance with Nos. 5.6A12, 5.6B12, and 5.6C12 consider use of the frequency bands referred to in those footnotes, taking into account the most recent versions of the relevant ITU-R Recommendations; 
2	 that, in order to ensure protection for the FSS (Earth-to-space), and taking into account considering d), the level of expected e.i.r.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
θL ≤ θ < θH
(vertical angle θ above the 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 −180 to +180, 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 
[bookmark: _Hlk163162296]‒ 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, taking into account considering m). 
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.
…”



Based on Resolution COM4/7 (WRC-23), the level of expected EIRP spectral density mask is defined as a function of the vertical angle θ (defined as the vertical angle above the horizon level) as given in the following Fig 1: 
 [image: ]
Fig 1. Expected EIRP spectral density mask

Observation 1: Based on Resolution COM4/7 (WRC-23), the level of expected EIRP spectral density limit is a spatial mask, defined as a function of the vertical angle θ (defined as the vertical angle above the horizon).   
Furthermore, the mechanical tilt of IMT BS shall be considered in the coordination system to define the EIRP mask, and based on Note 2, i.e., “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, taking into account considering m).”, we can see the regulatory requirement should be fulfilled for all mechanical tilts. 
Observation 2: Based on Resolution COM4/7 (WRC-23), the level of expected EIRP spectral density limit shall be complied for all mechanical tilts with which BS can be deployed.   

2.2 Details for calculation of EIRP of IMT BS within 6425-7125MHz
In the Annex to Resolution COM4/7 (WRC-23) [2], details for the calculation of the expected equivalent isotropically radicated power for assessing the compliance of an IMT base station equipment operating within the frequency band 6 425-7 125 MHz with the limit on expected EIRP are provided: 
	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.
[image: ]
The expected e.i.r.p. [image: ] of an IMT base station within a vertical angle range 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: for an AAS base station within a given horizontal and vertical steering range, a sufficient sampling of N 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 statistical angular distribution within the steering range of the IMT base station. In other words:
[image: ]
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. For example, wn = 1/N in the case that N uniform equispaced beams are assumed in the azimuth and elevation, respectively, and where each 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(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. 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 φ from −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:
[image: ]
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%).



Based upon the above detailed calculation, the expected EIRP over the specified vertical angle range θL ≤ θ < θH is calculated by performing two steps of averaging, i.e., (1) averaging over beamforming directions for a given vertical angle θ0 and horizontal angle φ0 (2) averaging over horizontal and vertical angles.

Observation 3: Based on Annex to Resolution COM4/7 (WRC-23), the expected EIRP over the specified vertical angle range θL ≤ θ < θH is calculated by performing two steps of averaging, i.e., 
1) Averaging over beamforming directions for a given vertical angle θ0 and horizontal angle φ0, and 
2) Averaging over horizontal and vertical angles.

Particularly in the step of averaging over beamforming directions for a given vertical angle θ0 and horizontal angle φ0, a sufficient sampling of N beamforming directions (αn, βn) n = 1 ... N is necessary to allow an accurate averaging of the expected EIRP and the beamforming directions (αn, βn) have a uniform statistical angular distribution within the steering range of the IMT base station.

Observation 4: When performing the averaging over beamforming directions for a given vertical angle θ0 and horizontal angle φ0, the beamforming directions (αn, βn) n = 1 ... N shall be selected by: 
1) allowing an accurate averaging of the expected EIRP, and 
2) having the beamforming directions (αn, βn) with a uniform statistical angular distribution within the steering range of the IMT base station.

Furthermore, considering the limited beamforming directions (αn, βn) in the averaging step 1 and the limited horizontal and vertical angles in the averaging step 2, the regulatory requirement demands the averaging processes in steps 1 and 2 shall allow for accurate averaging of the expected EIRP (e.g. to the confidence interval of 95%).
Observation 5: Based on Annex to Resolution COM4/7 (WRC-23), it is required that the averaging processes in steps 1 and 2 shall allow for accurate averaging of the expected EIRP (e.g. to the confidence interval of 95%).

3. Requirements on Expected EIRP Mask for Upper 6GHz
Since it is the initial discussion on how to introduce the concept of “limits on expected EIRP for angles above horizon” into the RAN4 BS specifications and how to specify related BS requirement for 6425-7125 MHz based on the WRC-23 outcome, we would like to provide the following analysis and viewpoints:  
Proposal 1: New clause 9.7.x shall be established in TS 38.104 (and similarly in TS 38.174), which can be named as “OTA EIRP mask” or “OTA EIRP mask over vertical angle above the horizon”. 

Based on our understanding, the new clause for OTA EIRP mask shall be introduced from Release 19, which means the legacy releases till Release 18 shall not be impacted. 
Proposal 2: The new requirement of “OTA EIRP mask” shall be introduced from Release 19, and no impact to legacy releases till Release 18. 

As provided in above Observation 2, the mechanical tilt of IMT BS shall be considered in the coordination system to define the EIRP mask, and based on Resolution COM4/7 (WRC-23), the level of expected EIRP spectral density limit shall be complied for all mechanical tilts with which BS can be deployed. Accordingly, we proposed that: 
Proposal 3: The OTA EIRP mask requirement shall be applicable to all BS supported mechanical tilts, while the BS supported mechanical tilts are based upon BS vendor declaration. 

Proposal 4: For the requirements on expected EIRP mask for upper 6GHz, the following text proposal for general description (for NR BS as example) is initially given for discussion: 
=================== Text Proposal ===================
[bookmark: _Toc44712372][bookmark: _Toc45893684][bookmark: _Toc53178398][bookmark: _Toc53178849][bookmark: _Toc61179087][bookmark: _Toc61179557][bookmark: _Toc67916853][bookmark: _Toc74663474][bookmark: _Toc82622015][bookmark: _Toc90422862][bookmark: _Toc106783058][bookmark: _Toc107311949][bookmark: _Toc107419533][bookmark: _Toc107475162][bookmark: _Toc114255755][bookmark: _Toc115186435][bookmark: _Toc123049265][bookmark: _Toc123052187][bookmark: _Toc123054656][bookmark: _Toc123717757][bookmark: _Toc124157333][bookmark: _Toc124266737][bookmark: _Toc131596095][bookmark: _Toc131741093][bookmark: _Toc131766627][bookmark: _Toc138837849][bookmark: _Toc156567670]9.7	OTA unwanted emissions
9.7.x	OTA EIRP mask
[bookmark: _Toc21127664][bookmark: _Toc29811873][bookmark: _Toc36817425][bookmark: _Toc37260347][bookmark: _Toc37267735][bookmark: _Toc44712338][bookmark: _Toc45893651][bookmark: _Toc53178371][bookmark: _Toc53178822][bookmark: _Toc61179060][bookmark: _Toc61179530][bookmark: _Toc67916826][bookmark: _Toc74663447][bookmark: _Toc82621988][bookmark: _Toc90422835][bookmark: _Toc106783031][bookmark: _Toc107311922][bookmark: _Toc107419506][bookmark: _Toc107475133][bookmark: _Toc114255726][bookmark: _Toc115186406][bookmark: _Toc123049236][bookmark: _Toc123052158][bookmark: _Toc123054627][bookmark: _Toc123717728][bookmark: _Toc124157304][bookmark: _Toc124266708][bookmark: _Toc131596066][bookmark: _Toc131741064][bookmark: _Toc131766598][bookmark: _Toc138837820][bookmark: _Toc156567641]9.7.x.1	General
The OTA EIRP mask is a limit of the level of expected EIRP spectral density emitted by a BS as a function of the vertical angle above the horizon. See also Recommendation ITU-R xx.xxx.
The OTA EIRP mask is applicable to BS operating within the frequency band 6 425-7 125 MHz. 
The OTA EIRP mask requirement shall be applicable to all mechanical tilts declared to be supported. 
9.7.x.2	Minimum requirements for BS type 1-H and BS type 1-O 
=================== Text Proposal ===================

4. Conclusion
In this contribution, we provided our analysis on the expected EIRP mask for upper 6GHz, and discuss the related BS requirements for 6425-7125 MHz based on the WRC-23 outcome. Specifically, the following observations and proposals are provided: 
Expected EIRP spectral density
Observation 1: Based on Resolution COM4/7 (WRC-23), the level of expected EIRP spectral density limit is a spatial mask, defined as a function of the vertical angle θ (defined as the vertical angle above the horizon).   
Observation 2: Based on Resolution COM4/7 (WRC-23), the level of expected EIRP spectral density limit shall be complied for all mechanical tilts with which BS can be deployed.   
Details for calculation of EIRP of IMT BS
Observation 3: Based on Annex to Resolution COM4/7 (WRC-23), the expected EIRP over the specified vertical angle range θL ≤ θ < θH is calculated by performing two levels of averaging, i.e., 
3) Averaging over beamforming directions for a given vertical angle θ0 and horizontal angle φ0, and 
4) Averaging over horizontal and vertical angles.
Observation 4: When performing the averaging over beamforming directions for a given vertical angle θ0 and horizontal angle φ0, the beamforming directions (αn, βn) n = 1 ... N shall be selected by: 
3) allowing an accurate averaging of the expected EIRP, and 
4) having the beamforming directions (αn, βn) with a uniform statistical angular distribution within the steering range of the IMT base station.
Observation 5: Based on Annex to Resolution COM4/7 (WRC-23), it is required that the averaging processes in steps 1 and 2 shall allow for accurate averaging of the expected EIRP (e.g. to the confidence interval of 95%).
Requirements on Expected EIRP Mask for Upper 6GHz
Proposal 1: New clause 9.7.x shall be established in TS 38.104 (and similarly in TS 38.174), which can be named as “OTA EIRP mask” or “OTA EIRP mask over vertical angle above the horizon”. 
Proposal 2: The new requirement of “OTA EIRP mask” shall be introduced from Release 19, and no impact to legacy releases till Release 18. 
Proposal 3: The OTA EIRP mask requirement shall be applicable to all BS supported mechanical tilts, while the BS supported mechanical tilts are based upon BS vendor declaration. 
Proposal 4: For the requirements on expected EIRP mask for upper 6GHz, the following text proposal for general description (for NR BS as example) is initially given for discussion: 
=================== Text Proposal ===================
9.7	OTA unwanted emissions
9.7.x	OTA EIRP mask
9.7.x.1	General
The OTA EIRP mask is a limit of the level of expected EIRP spectral density emitted by a BS as a function of the vertical angle above the horizon. See also Recommendation ITU-R xx.xxx.
The OTA EIRP mask is applicable to BS operating within the frequency band 6 425-7 125 MHz. 
The OTA EIRP mask requirement shall be applicable to all mechanical tilts declared to be supported. 
9.7.x.2	Minimum requirements for BS type 1-H and BS type 1-O 
=================== Text Proposal ===================
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