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Introduction
In RAN4#107, the test methods for FR2 multi-Rx UE were discussed and the WF was approved in [1]. In this meeting, we provide our views on the test method for UE RRM.                               
Discussion
SINR control 
In RAN4#107, the lower bound of G1/G2 was agreed as the starting point for SNR control for the fine beam. While for rough beam, the range of G1/G2 for rough beam is FFS.
	Issue 2-2-1: SINR control for fine beam
· Proposals
· Option 1 (R4-2309245): For fine beam, the lower bound of G1/G2 is the gain different from legacy REFSENS and legacy EIS spherical coverage.
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· Option 2: TBA
· Agreements:
· Option 1 agreed as starting point

Issue 2-2-2: SINR control for rough beam
· Proposals
· Option 1 (R4-2309245): For rough beam, the lower bound of G1/G2 is smaller than that for fine beam. FFS on the difference of lower bound of G1/G2 between fine and rough beams.
· Option 2: TBA
· Agreements: 
· FFS on the difference of lower bound of G1/G2 between fine and rough beams.



As specified in section B.2.1.3, the same gain difference Y, i.e., 7dB, is specified for Rx beam direction and spherical coverage directions between fine and rough beams. Therefore, for rough beam, the lower bound of G1/G2 could reuse the conclusion of fine beam, i.e., the lower bound of G1/G2 is the gain difference from legacy REFSENS and legacy EIS spherical coverage.
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Figure 1: Gain difference between fine and rough beams specified in TS 38.133
Proposal 1: For rough beam, the lower bound of G1/G2 is the gain difference from legacy REFSENS and legacy EIS spherical coverage.
Measurement setup
Scenarios 
In RAN4#107, 3 scenarios of RRM testing were discussed. It was agreed to prioritize Scenario 1 and further discuss other scenarios.
	Issue 2-1-1: Testability analysis for the RRM testing scenarios
· Proposals
· Option 1: RAN4 consider the following 3 scenarios to study the testability issue. Input from TE vendors is encouraged.
· Scenario 1(R4-2309245): probe number for multiple AoA test system is at least 2


Figure 2.2.2-1: Illustration of scenario 1 (R4-2309245)

· Scenario 2 (R4-2309245): probe number for multiple AoA test system is at least 3


Figure 2.2.2-2: Illustration of scenario 2 (R4-2309245)
· Scenario 3 (R4-2309245, R4-2309305): probe number for multiple AoA test system is at least 4 (e.g., TCI switching case from dual TCI to dual TCI case)


Figure 2.2.2-3: Illustration of scenario 3 (R4-2309245)
· Option 2 (R4-2309305): Feasibility/testability of Scenario 3, e.g., TCI switching case from dual TCI to dual TCI is deprioritized and postponed until RRM has some conclusions on it
· Agreements: 
· Prioritize scenario 1, encourage companies’ input on scenario 2 and 3. 
· Whether scenario 2 and 3 can be included into test TR subject to RRM session agreements.



In the following sections, we provide further considerations for measurement setup for RRM testing. 
2AoA measurement setup
An example of RRM testing for TCI addition is provided in Figure 2 and Figure 3. 
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Figure 2: 2AoA measurement setup for RRM testing.



Figure 3: Example of Time and Frequency multiplexed downlink transmission 
As shown in Figure 3, PDCCH/PDSCH from two AoAs transmit in the FDM manner. PBCH measurement is based on TDM manner and it should be noted that multiple SSBs can be configured in T1. For CSI-RS, the measurements could be based on TDM/FDM/CDM.
Observation 1: For 2AoAs based Multi-Rx RRM testing, SINR control for non-overlapping can be applied for most of the multi-Rx RRM test cases.
Proposal 1: Time and Frequency multiplexed downlink transmission should be supported by 2AoA measurement setup for multi-Rx RRM testing. 
In legacy RRM testing, the relative angular offset between the directions of the 2 active probes shall be changed for each test iteration. The test directions are from the set of directions corresponding to EIS spherical coverage percentage of DUT specified in RF specifications, i.e., TS 38.101-2. The following options are still under discussion regarding the Multi-Rx UE RF requirements in UE RF session. To select test directions in multi-Rx RRM testing, the conclusions in the UE RF session should be taken as the baseline. For example, for option 2, the test directions could be randomly selected within the [2AoA spherical coverage] and the relative angular between the directions (AoAs) of the 2 active probes, shall be fixed for each test iteration.

[image: ]
Figure 4: Requirements being discussed in UE RF session
Proposal 2: The spherical coverage requirements defined in the UE RF session should be taken as the baseline of test directions selection in multi-Rx RRM testing.
Dual TCI switching 
Dual TCI switching is one of the most important test cases in multi-Rx RRM testing. To verify the performance of Dual TCI switching, the following 3 options can be considered:
· Option 1: Dual TCI switches simultaneously, probe number for multiple AoA test system is at least 4


Figure 5: Illustration of Dual TCI switches simultaneously with 4 probes
For option 1, in the period of T1, DUT connects TCI state 0 and TCI state 1 via probe#1 and probe#2 respectively. Then in the period of T2, TCI state 0 switches to TCI state 3 via switching between probe#1 and probe#4, and in the meanwhile, TCI state 1 switches to TCI state 2 via switching between probe#2 and probe#3.
· Option 2: Dual TCI switches sequentially, probe number for multiple AoA test system is at least 3
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Figure 6: Illustration of Dual TCI switches simultaneously with 3 probes
For option 2, in the period of T1, DUT connects TCI state 0 via probe#1. In the period of T2, TCI state 0 (anchor TCI) firstly switches to TCI state 2 via switching between probe#1 and probe#3. Then the TCI state 1 is added via probe#2.
· Option 3: Dual TCI switches simultaneously, but the beam directions are not changed, probe number for multiple AoA test system is at least 2
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Figure 7: Illustration of Dual TCI switches simultaneously with 2 probes
For option 3, in the period of T1, DUT connects TCI state 0 and TCI state 1 via Pol.H of probe#1 and Pol.H of probe#2, respectively. Then in the period of T2, TCI state 0 switches to TCI state 3 via switching between Pol.H and Pol.V of probe 1, and in the meanwhile, TCI state 1 switches to TCI state 2 via switching between Pol.H and Pol.V of probe 2. Note that in option 3, different SSB IDs are transmitted from two polarizations in T1 and T2.  
The pros and cons for 3 options are compared in the below table:
Table 1: Pros and Cons Comparison
	
	[bookmark: OLE_LINK1]Pros
	Cons

	Option 1
	· The setup can fully verify the performance of dual TCI switching.
	· The legacy setup needs to be upgraded to support at least 4 probes.

	Option 2
	· The system complexity is lower than option 1.
	· The setup cannot verify the real performance of dual TCI switching such as Dual TCI does not switch simultaneously.
· The legacy setup needs to be upgraded to support at least 3 probes.

	Option 3
	· The legacy setup can be reused.
	· The setup cannot verify the real performance of dual TCI switching such as the beam directions are not changed from T1 to T2.
· Polarization alignment needs to be done before the test (Need to be confirmed by TE vendor). 




Proposal 3: For the Dual TCI switching test case, Option 1, i.e., Dual TCI switches simultaneously with at least probe 4 probes is preferred. 
Proposal 4: RAN4 to investigate the testability issue of option 1/2/3 for dual TCI switching.

Conclusions
In this paper, we discuss the test methods for UE RRM for multi-Rx UE. The following observation and proposals are made:
Observation 1: For 2AoAs based Multi-Rx RRM testing, SINR control for non-overlapping can be applied for most of the multi-Rx RRM test cases.
Proposal 1: Time and Frequency multiplexed downlink transmission should be supported by 2AoA measurement setup for multi-Rx RRM testing. 
Proposal 2: The spherical coverage requirements defined in the UE RF session should be taken as the baseline of test directions selection in multi-Rx RRM testing.
Proposal 3: For the Dual TCI switching test case, Option 1, i.e., Dual TCI switches simultaneously with at least probe 4 probes is preferred. 
Proposal 4: RAN4 to investigate the testability issue of option 1/2/3 for dual TCI switching.
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Issue 2 - 1 - 1: SINR control for multi - DCI with overlapping scheme       Proposals   o   Option 1 (Qu alcomm): RAN4 to consider equation (1) and (2) as the baseline to control the SINR  for multi - Rx with overlapping scheme. Where S1 and S2 are signal level for probe 1 and probe 2  respectively. G1 and G2 are the antenna gain for probe 1 and probe 2 respectiv ely. And further  discuss and decide the range of G1/G2      Mode 1 (SNR emulation): Test system transmits useful signals (S) and noise signals  (N) to emulate target SNR condition.                          (1)      Mode 2 (noise - free transmission): Test system  transmits only useful signals (S).   𝑆𝐼𝑁𝑅 1 𝐵𝐵 ≈ 𝑆 1 𝑆 2 ∗ 𝐺 2 / 𝐺 1                                                                                   (2)   o   Option 2: Specify other option if any.      Agreement   o   Option 1 as starting point depending on the progress on RRM session discussion   
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Table B.2.1.3.1-1: Gain difference Y between fine and rough beams, Rx beam peak direction

Value “Y” in dB, for each UE power class
1 2 3 4 5
FFS 9.0 7.0 FFS FFS
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Table B.2.1.3.2-1: Gain difference Z between fine and rough beams, Spherical coverage directions

Value “Z” in dB, for each UE power class
1 2 3 4 5
FFS 9.0 7.0 FFS FFS
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Option 1. Table 7.11.3-1: Requirement for power class 3
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