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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 220 (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 regulation 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.


Based on the approved WF [4] in RAN4#110bis, it is planned to “Target to finalize the core requirement for EIRP mask for U6GHz and endorse the CR if possible” in RAN4#111, and the following agreements are achieved: 
	· Issue 2-1: The applicability of band for the EIRP mask requirement 
Agreement: 
· The applicable band is n104 
· Further discuss the applicable freq range within band n104.
· Issue 2-2: The naming for this requirement
Agreement:  
· [bookmark: _Hlk166085841]Use OTA spatial emission above horizon as stating point;
· Issue 2-3: New definition for vertical and horizontal for U6GHz EIRP mask
Agreement:  
· To use the following figure as stating point;

[image: ]
· Issue 2-5: Release independent or not
Agreement:  
· Regardless the BS declared the supported release version, BS has to fullfil the regulatory requirement.


In this contribution, we would like to further provide our viewpoints on the expected EIRP mask for upper 6GHz, and discuss the related BS requirements (i.e., OTA spatial emission above horizon) for 6425-7125 MHz based on the WRC-23 outcome. 
2. Discussion
2.1 The applicability of OTA spatial emission above horizon
One of the topics discussed in the previous meeting is the applicability of band for the EIRP mask requirement. Firstly, the regulation requirement is applied to the frequency band 6 425-7 125 MHz, i.e., the applicable band is just n104. Based on proposals from last meeting, some companies think the requirement can be applied just to the band with fixed satellite services (FSS), e.g., the frequency band 6 425-7 075 MHz since there is no FSS in the frequency band 7 075-7 125 MHz. 
[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 220 [2] and extracted as below:
	considering
...
h) that existing satellite networks of the fixed-satellite service (FSS) (Earth-to-space) are
used within the frequency band 6 425-7 075 MHz, or parts thereof, and their characteristics may
evolve in the future;
...
“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 the above regulation requirement, the expected EIRP spectral density limit is introduced to ensure protection for the FSS (Earth-to-space), and it is noted that “existing satellite networks of the fixed-satellite service (FSS) (Earth-to-space) are used within the frequency band 6 425-7 075 MHz, or parts thereof”. therefore, our understanding is the requirement of OTA spatial emission above horizon to be introduced by RAN4 is applicable on the frequency band 6 425-7 075 MHz.
Observation 1: Based on Resolution 220 (WRC-23), the expected EIRP spectral density limit is introduced to ensure protection for the FSS (Earth-to-space), which operates within the frequency band 6 425-7 075 MHz.   
Proposal 1: The requirement of OTA spatial emission above horizon to be introduced by RAN4 is applicable on the frequency band 6 425-7 075 MHz.
2.2 Specification implementation issues
Based on Resolution 220 (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. OTA spatial emission above horizon
Observation 2: Based on Resolution 220 (WRC-23), the 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).   
In the last RAN4 meeting, it has been discussed that the naming of this requirement. It is agreed that “OTA spatial emission above horizon” is adopted as the name of this requirement as the starting point [4]. 
Furthermore, for “which sub-clause to capture the requirement”, the following three options were provided in the last meeting [4]: 
	· Issue 2-4: Which sub-clause to capture the requirement the requirement
·   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


Firstly, we see no reason to include this spatial emission requirement together with EIRP requirement, i.e., Option 1 should be precluded. Furthermore, the OTA spatial emission above horizon can be implemented either (1) as a subclause under “9.7 OTA unwanted emissions” (i.e., along with OTA occupied bandwidth, OTA ACLR, OTA operating band unwanted emissions, and OTA transmitter spurious emissions) or (2) as an independent new requirement clause, i.e., “9.x OTA spatial emission above horizon”. 
Proposal 2: OTA spatial emission above horizon can be implemented, by only considering Option 2 and 3:
       - Option 2: a subclause of “9.7 OTA unwanted emissions”, i.e., “9.7.x OTA spatial emission above horizon”
[bookmark: _Hlk166088850]       - Option 3: an independent new requirement clause, i.e., “9.x OTA spatial emission above horizon”
Among the above two options, we don’t have strong preference, and also see the pros and cons of both options: Option 2 can give a cleaner specification structure by taking OTA spatial emission above horizon is one of OTA unwanted emissions; on the other hand, Option 3 is also reasonable by considering OTA spatial emission is more like a in-band emission requirement on the unwanted directions, while other existing requirements in clause 9.7 OTA unwanted emissions consist of out-of-band emissions and spurious emissions. 
Proposal 3: The Option 3 (An independent new requirement clause, i.e., “9.x OTA spatial emission above horizon”), is slightly preferred. The Option 2 can be adopted if we extend the definition of “OTA unwanted emission” by include “spatial emission above horizon” in addition to out-of-band emissions and spurious emission. 
2.3 Detailed requirement of OTA spatial emission above 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 3: Based on Resolution 220 (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 have the following proposal: 
Proposal 4: The OTA EIRP mask requirement shall be applicable to all BS supported mechanical tilts, while the BS supported mechanical tilts shall be based upon BS vendor declaration. 

For the detailed requirement, we would like to directly give the text proposal below:
Proposal 5: For OTA EIRP mask requirement, the following text proposal for general description (for NR BS as example) is initially given for discussion: 
=================== Start of 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.x	OTA spatial emission above horizon
9.x.1	General
The OTA spatial emission above horizon is a limit of the level of expected EIRP emitted by a BS as a function of the vertical angle above the horizon. 
The OTA spatial emission above horizon is applicable to BS operating within the frequency band 6 425-7 075 MHz. 
The OTA spatial emission above horizon shall be applicable to all mechanical tilts declared to be supported. 
9.x.2	Minimum requirements for BS type 1-H and BS type 1-O 
For the OTA spatial emission above horizon requirement, the level of expected EIRP for certain vertical angle range shall not exceed the following values: 
	Vertical angle range
θL ≤ θ < θH
(vertical angle θ above the horizon)
	Expected EIRP
 (dBm/MHz)


	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



The expected EIRP is defined as the average value of the EIRP, with the averaging being performed: 
   ‒ over horizontal angles from −180 to +180, with the base station beamforming in a specific direction within its horizontal and vertical steering range, 
   ‒ over different beamforming directions within the base station horizontal and vertical steering range, and 
   ‒ over the specified vertical angle range θL ≤ θ < θH. 
=================== End of Text Proposal ===================

3. Discussion on performance requirement (Information)
Since RAN4 planning for concluding performance requirement for OTA spatial emission requirement is tightly scheduled (i.e., shall be finalized by the end of Y2024), here we would like to provide some initial discussion on the performance requirement. Because the performance requirement discussion is only started from Q3 2024, this part is only for information purpose.  
3.1 Calculation of EIRP of IMT BS within 6425-7125MHz
In the Annex to Resolution 220 (WRC-23) [2], details for the calculation of the expected equivalent isotropically radiated 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 4: Based on Annex to Resolution 220 (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 5: 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 6: Based on Annex to Resolution 220 (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%).

Accordingly, the following issue related to conformance testing should be noted: Compared with TRP requirement, which also takes EIRP values performed over the whole sphere, it should be noted that the OTA spatial emission above horizon shall be performed for each beamforming direction, e.g., N = 64 is considered for the potential beamforming direction number, the test effort will be enlarged by 64 times. The much-increased test burden and the according testability issue should be studied by RAN4. 
Proposal 6: RAN4 shall study the testability (including testing time) for OTA spatial emission above horizon requirement testing, by taking into account: 
    - N-times of test effort over a TRP-like procedure (EIRP averaging over certain sphere area), where N is the number of beamforming directions. 

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: 
Core requirement
Observation 1: Based on Resolution 220 (WRC-23), the expected EIRP spectral density limit is introduced to ensure protection for the FSS (Earth-to-space), which operates within the frequency band 6 425-7 075 MHz.   
Proposal 1: The requirement of OTA spatial emission above horizon to be introduced by RAN4 is applicable on the frequency band 6 425-7 075 MHz.
Observation 2: Based on Resolution 220 (WRC-23), the 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).   
Proposal 2: OTA spatial emission above horizon can be implemented, by only considering Option 2 and 3:
       - Option 2: a subclause of “9.7 OTA unwanted emissions”, i.e., “9.7.x OTA spatial emission above horizon”
       - Option 3: an independent new requirement clause, i.e., “9.x OTA spatial emission above horizon”
Proposal 3: The Option 3 (An independent new requirement clause, i.e., “9.x OTA spatial emission above horizon”), is slightly preferred. The Option 2 can be adopted if we extend the definition of “OTA unwanted emission” by include “spatial emission above horizon” in addition to out-of-band emissions and spurious emission. 
Observation 3: Based on Resolution 220 (WRC-23), the level of expected EIRP spectral density limit shall be complied for all mechanical tilts with which BS can be deployed.   
Proposal 4: The OTA EIRP mask requirement shall be applicable to all BS supported mechanical tilts, while the BS supported mechanical tilts shall be based upon BS vendor declaration. 
Proposal 5: For OTA EIRP mask requirement, the following text proposal for general description (for NR BS as example) is initially given for discussion: 
=================== Start of Text Proposal ===================
9.x	OTA spatial emission above horizon
9.x.1	General
The OTA spatial emission above horizon is a limit of the level of expected EIRP emitted by a BS as a function of the vertical angle above the horizon. 
The OTA spatial emission above horizon is applicable to BS operating within the frequency band 6 425-7 075 MHz. 
The OTA spatial emission above horizon shall be applicable to all mechanical tilts declared to be supported. 
9.x.2	Minimum requirements for BS type 1-H and BS type 1-O 
For the OTA spatial emission above horizon requirement, the level of expected EIRP for certain vertical angle range shall not exceed the following values: 
	Vertical angle range
θL ≤ θ < θH
(vertical angle θ above the horizon)
	Expected EIRP
 (dBm/MHz)


	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



The expected EIRP is defined as the average value of the EIRP, with the averaging being performed: 
   ‒ over horizontal angles from −180 to +180, with the base station beamforming in a specific direction within its horizontal and vertical steering range, 
   ‒ over different beamforming directions within the base station horizontal and vertical steering range, and 
   ‒ over the specified vertical angle range θL ≤ θ < θH. 
=================== End of Text Proposal ===================

Performance requirement (for information)
Observation 4: Based on Annex to Resolution 220 (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.
Observation 5: 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.
Observation 6: Based on Annex to Resolution 220 (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%).
Proposal 6: RAN4 shall study the testability (including testing time) for OTA spatial emission above horizon requirement testing, by taking into account: 
    - N-times of test effort over a TRP-like procedure (EIRP averaging over certain sphere area), where N is the number of beamforming directions. 
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FIGURE 1
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