3GPP TSG-RAN WG4 Meeting # 107	R4-2309245
Incheon, KR, May 22 – May 26, 2023

Agenda Item:			8.3.3
Source:					Qualcomm Incorporated
Title:                        Discussion on RRM test method for FR2 multi-Rx UE
Document for:		Approval
Introduction
In RAN4#106 bis-e, 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#106bis-e, option 1 was agreed as the starting point to further discuss SINR control for multi-DCI with overlapping scheme in multi-Rx RRM testing.
	Issue 2-1-1: SINR control for multi-DCI with overlapping scheme 
· Proposals
· Option 1 (Qualcomm): 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 respectively. 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.
[image: ]                      (1)
· Mode 2 (noise-free transmission): Test system transmits only useful signals (S).
                                                                                 (2)
· Option 2: Specify other option if any.
· Agreement
· Option 1 as starting point depending on the progress on RRM session discussion 



As shown in equations (1) and (2), the key parameter affecting the SINR at the baseband is G1/G2. The value of G1/G2 depends on UE implementation, AoA separation, and the relative position between the probe and UE orientation. Therefore, it is not possible to obtain the exact G1/G2 value for multi-Rx RRM testing. But we can decide the lower bound of G1/G2 which can be used to derive the lower bound of SINR at the baseband. There are two cases when deriving the lower bound of G1/G2.
· Case 1: The beams from AoA1 and AoA2 are fine beam
Figure 1 provides the illustration of antenna gain for Probe #1 and Probe #2 where G_UE_P1 and G_UE_P2 indicate the antenna gain from AoA1 and AoA2 respectively.


Figure 1: Antenna gain for P1 and P2 with fine beam
With fine beams from AoA1 and AoA2, the lower bound of G1/G2 can be derived based on the case when AoA1 is from beam peak direction and AoA2 is from the direction at 50% of legacy EIS spherical coverage CDF, and vice versa. 
Observation 1: With fine beams from AoA1 and AoA2, the lower bound of G1/G2 can be derived based on the case when AoA1 is from beam peak direction and AoA2 is from the direction at 50% of legacy EIS spherical coverage CDF, and vice versa. 
Proposal 1: For fine beam, the lower bound of G1/G2 is the gain different from legacy REFSENS and legacy EIS spherical coverage. 
· Case 2: The beams from AoA1 and AoA2 are rough beam
With rough beams from AoA1 and AoA2, it is obvious that the lower bound of G1/G2 should be smaller than that for fine beam due to the gain difference between fine and rough Rx beams.


Figure 2: Antenna gain for P1 and P2 with rough beam
Proposal 2: 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.
Simultaneous probe number
For the probe number, the feasibility of transmitting simultaneously from one AoA pair to another AoA pair with TDM manner was discussed and the following agreements were captured in [1].
	Issue 2-2-1: Is it feasible to transmit simultaneously for 2AoAs and switch to another 2AoAs with TDM manner?
· Proposals: 
· Option 1: Yes
· Option 2: No, please specify the reasons
· Agreement:
· FFS on feasibility 
· The required SINR before / after dual TCI switching
· The impact on side condition 



From the testability point of view, it is necessary to clarify the test scenarios and test assumptions for the RRM test cases. Even though the RRM test cases are still under discussion in RRM session, the multi-Rx RRM test case can be divided into the following three scenarios:
· Scenario 1: probe number for multiple AoA test system is at least 2


Figure 3: Illustration of scenario 1
For scenario 1, TCI state 1 is added in the T2 slot on top of TCI state 0. The probe number for scenario 1 is at least 2. It is obvious that the legacy RRM test system could be reused for scenario 1 and the only difference is SINR control for simultaneous transmission from 2AoAs need to be studied.
Observation 2: Legacy RRM test system could be reused for scenario 1 and the only difference is SINR control for simultaneous transmission from 2AoAs need to be studied.
· Scenario 2: probe number for multiple AoA test system is at least 3



Figure 4: Illustration of scenario 2
For scenario 2, TCI state 1 is switching to TCI state 2 in the T2 slot while TCI state 0 is maintained. Therefore, at least 3 probes need to be supported by test system to achieve the switching from probe 2 to probe 3. Same as scenario 1, the SINR control for simultaneous transmission from 2AoAs needs to be studied
Observation 3: At least 3 probes need to be supported by test system to achieve the switching from probe 2 to probe 3 in scenario 2. The SINR control for simultaneous transmission from 2AoAs needs to be studied.
· Scenario 3: probe number for multiple AoA test system is at least 4


Figure 5: Illustration of scenario 3
For scenario 3, TCI state 0 is switching to TCI state 3, and TCI state 1 is switching to TCI state 2 in the T2 slot. The probe number for multiple AoA test system is at least 4。
Observation 4: At least 4 probes need to be supported by test system to achieve the switching from probe 2 to probe 3 and switching from probe 0 to probe 4 in scenario 3. The SINR control for simultaneous transmission from 2AoAs needs to be studied.
Proposal 3: It is encouraged TE vendors provide input on the testability of scenario 1/2/3. The conclusion of SINR control for simultaneous transmission from 2AoAs can be applied for all three scenarios.
Conclusions
In this paper, we discuss the test methods for UE RRM for multi-Rx UE. The following observations and proposals are made:
Observation 1: With fine beams from AoA1 and AoA2, the lower bound of G1/G2 can be derived based on the case when AoA1 is from beam peak direction and AoA2 is from the direction at 50% of legacy EIS spherical coverage CDF, and vice versa. 
Proposal 1: For fine beam, the lower bound of G1/G2 is the gain different from legacy REFSENS and legacy EIS spherical coverage. 
Proposal 2: 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.
Observation 2: Legacy RRM test system could be reused for scenario 1 and the only difference is SINR control for simultaneous transmission from 2AoAs need to be studied.
Observation 3: At least 3 probes need to be supported by test system to achieve the switching from probe 2 to probe 3 in scenario 2. The SINR control for simultaneous transmission from 2AoAs needs to be studied.
Observation 4: At least 4 probes need to be supported by test system to achieve the switching from probe 2 to probe 3 and switching from probe 0 to probe 4 in scenario 3. The SINR control for simultaneous transmission from 2AoAs needs to be studied.
Proposal 3: It is encouraged TE vendors provide input on the testability of scenario 1/2/3. The conclusion of SINR control for simultaneous transmission from 2AoAs can be applied for all three scenarios.
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