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1.	Introduction
In recent RAN4 meetings, discussion on requirements for multi-RX DL 2AoA spherical coverage has been well converged. According to work plan, this meeting is the last RAN4 meeting for core requirement of this WI, it is necessary to conclude several remaining issues including data combining method, how to construct requirements based on AoA offset(s), test conditions, etc.
In this contribution we discuss the above remaining issues and share our opinion toward concluding this work item, with a draft LS regarding test condition in Annex as well.
2. 	Discussion
2.1	data combining method
In last meeting the requirement metric was agreed as following [1].
	Agreement: 
· For the requirement metric for 2 AoA
· For a specific angular separation between 2 TRPs and a specific UE orientation under standardized DL power level which is equal between 2 TRPs, the result at each test point is constructed based on two AoA pairs containing that test point, i.e., AoA+ pair and AoA- pair. Overall result (probability to support 2TRP DL) is by averaging regional results.



For each test point, there will be two times test, one for AoA+ pair and the other for AoA- pair. Then there is issue how to obtain the regional result from the two test results. Options include average combing and OR combing [1]:
	Option 1 – arithmetic mean combining
	

	Option 2 – OR combining
	



It is worth to mention that OR combing was agreed for simulation in Athens meeting [2]
	· Proposal 2: How to combine data for each grid point:
· Option 1: if one test point is verified more than once, this test point can be marked as PASS only if it can pass every time. Only the test point that meets the legacy spherical coverage requirement needs to be verified.  (R4-2301572)
· Option 2: RAN4 to consider OR combining to resolve multiple binary outcomes at the same point (R4-2300087)

Agreement: 
· Option2 for proposal 2 for simulation. 
· Companies are encouraged to study differences between options.



Observation 1:	OR combing was agreed as simulation assumption in the beginning.

Our previous contribution [3] provided simulation results based on OR combining. As comparison, we later contribution [4] provided simulation results with Average combining shown in Figure 2.1-1. 
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Figure 2.1-1. Simulation results with Average combining
It can be observed that for typical “side + back” two modules implementation, the simulated 2AoA spherical coverage percentage is only 15% in best case (best UE orientation at best angular separation).
Observation 2:	for typical “side + back” two modules implementation, the simulated 2AoA spherical coverage percentage is only 15% in best case (best UE orientation at best angular separation) with average combing.
One more issue identified for Average combining is the big performance difference between 150° and 180° angular separation. Due to testability limitation, 180° angular separation is not testable and potentially the measured performance at 150° angular separation is expected to be used to approaching the performance at 180° angular separation.
Figure 2.1-2 shows the comparison between OR combing and Average combing. With OR combining, the performance is similar between 150° and 180° angular separation, but with Average combing, there is big performance gap obviously between 150° and 180° angular separation. 
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Figure 2.1-2. Simulation results comparison: OR combining (left) vs Average combining (right)
Observation 3:	OR combing shows similar performance between 150° and 180° angular separation, but Average combing shows big performance gap between 150° and 180° angular separation.
Previous Qualcomm contribution [5] also shows the same trend, reproduced in Figure 2.1-3Figure 2.3.2.2-1: OR combining method comparison
Figure 2.3.2.2-2: mean combining method comparison

Figure 2.1-3. OR combining (left) vs Average combining (right) in [5]
Given 180° angular separation is not testable, it is important that the adopted data combing method should show similar performance between 150° and 180° angular separation.
Proposal 1:	the adopted data combing method should show similar performance between 150° and 180° angular separation given 180° angular separation is not testable.
Moreover, the agreed Pass/Fail criterion is “min[SINR_AoA1, SINR_AoA2] >= -1dB” which is stringent, and OR combining can be considered as a balance under test constraints.
Based on above, we prefer to adopt OR combining.
Proposal 2:	adopt OR combing for the results of AoA+ and AoA-.

2.2	construct requirements based on AoA offset(s)
Companies’ simulation results show that 2AoA performance highly depend on UE orientation and AoA offset. It is not possible to require UE to satisfy 2AoA requirements for all UE orientations and all AoA offsets.
For UE orientation, in last meeting it has been already agreed to declare UE orientation [1]:
	Agreement: 
· The following aspects apply:
· 1. UE requirement applies to UE declared orientation(s). 
· 2. The UE RF requirement is derived assuming each UE is evaluated in the orientation that yields the best metric value. 
· 3. Candidate orientations for UE to choose from are all the ‘Alignment Options’ in Annex J (J.2) of 38.101-2.



UE orientation and AoA offset are two variable dimensions of final performance, as indicated in the agreed requirement metric [1]:
	For a specific angular separation between 2 TRPs and a specific UE orientation under standardized DL power level which is equal between 2 TRPs, the result at each test point is constructed based on two AoA pairs containing that test point, i.e., AoA+ pair and AoA- pair. Overall result (probability to support 2TRP DL) is by averaging regional results.



The previous agreement on ‘implementation agonistic’ implicitly indicates that it is not practical to apply the requirements to standardized UE orientation and angular separation. Now that UE declaration approach is applied to UE orientation, the same principle should apply for angular separation, i.e., the 2AoA requirements applies to UE declared AoA offset.
Proposal 3:	the 2AoA requirements applies to UE declared AoA offset.
So there will be requirements applicable for the AoA offset pool {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}, but UE declare only one AoA offset to meet the requirements. 
Regarding the requirement value (probability in percentage) for each AoA offset from the pool {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}, it would be rather complicated to specify different value for different AoA offsets. Our understanding is that RAN4 requirements should be minimum requirements for all implementations, we prefer to specify the same requirement value for each AoA offset within the pool {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}.
Proposal 4:	specify the same requirement value for each AoA offset within the pool {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}.

2.3	test condition
In RAN4#106bis meeting, channel BW was discussed and the agreement is as following:
	Agreement:
· Core requirement for multiRx will be defined for all supported channel bandwidths.
· Single CBW is selected for core requirement verification, FFS which CBW is chosen


Regarding which CBW is chosen for verification, in our view the most popular BW for FR2 UEs should be selected. 400MHz is optional CBW and can be ruled out. Among 50MHz, 100MHz and 200MHz, 100MHz CBW is supported and measured in most cases. So 100MHz is preferred to be chosen for verification.
Proposal 5:	100MHz CBW shall be chosen as the single CBW for Multi-Rx requirements verification.
Legacy spherical coverage requirement are required to be verified under normal temperature condition. Note that the 2AoA spherical coverage requirements are constructed based on the legacy 1AoA EIS spherical coverage value. So it is natural to apply the same temperature condition.
Proposal 6:	2AoA spherical coverage requirements shall apply the same temperature condition as that of legacy 1AoA spherical coverage.
Above proposals affect conformance test case in RAN5 directly, but those may not be concluded in last RAN4 meeting and reflected in the RAN4 feature CR, therefore it is proposed to send RAN5 LS regarding the test BW and temperature. A draft LS is provided in Annex.
Proposal 7:	Sending LS to RAN5 regarding test BW and temperature as provided in Annex.
3. 	Conclusion
Observation 1:	OR combing was agreed as simulation assumption in the beginning.
Observation 2:	for typical “side + back” two modules implementation, the simulated 2AoA spherical coverage percentage is only 15% in best case (best UE orientation at best angular separation).
Observation 3:	OR combing shows similar performance between 150° and 180° angular separation, but Average combing shows big performance gap between 150° and 180° angular separation.
Proposal 1:	the adopted data combing method should show similar performance between 150° and 180° angular separation given 180° angular separation is not testable.
Proposal 2:	adopt OR combing for the results of AoA+ and AoA-.
Proposal 3:	the 2AoA requirements applies to UE declared AoA offset.
Proposal 4:	specify the same requirement value for each AoA offset within the pool {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}.
Proposal 5:	100MHz CBW shall be chosen as the single CBW for Multi-Rx requirements verification.
Proposal 6:	2AoA spherical coverage requirements shall apply the same temperature condition as that of legacy 1AoA spherical coverage.
Proposal 7:	Sending LS to RAN5 regarding test BW and temperature as provided in Annex.
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1. Overall Description:
3GPP RAN4 has discussed channel BW applicability of multi-RX DL requirement. RAN4 agreed that core requirement for multi-Rx will be defined for all supported channel bandwidths, and also agreed that single CBW is selected for core requirement verification. 100MHz CBW is suggested as the single CBW from RAN4 perspective.
RAN4 also discussed the temperature applicability of multi-RX DL 2AoA spherical coverage requirement. Since the 2AoA spherical coverage requirement is derived based on the legacy 1AoA spherical coverage requirement, RAN4 agreed to test 2AoA spherical coverage under the same temperature condition as that of legacy 1AoA spherical coverage, i.e., normal temperature condition.
2. Actions:
To RAN4:
ACTION: 	RAN4 respectfully requests RAN5 to take the above into account in the future work.

4. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #108-bis	October 09 – 13, 2023	Xiamen, CN
TSG RAN WG4 Meeting #109	November 13 – 17, 2023	Chicago, US
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