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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#110 meeting, there were discussions on test cases for FR2 multi-Rx. Agreements were made for some of the issues. The agreements and open issues are captured in the WF [1]. 
	<Performance part>
Issue 2-1: Whether to consider 4-layer MIMO in RRM test cases
· 4-layer MIMO is not verified in RRM test cases
Issue 2-3: Number of probes in RRM test cases
· For TCI state switching test
· Define test at least for Single TCI to dual TCI ([RS1] to [RS2, RS3])
· Further discuss dual-to-dual active TCI state switching if the testability is confirmed.
· Option a:
T1: Two TCI [RS1, RS3], with non-overlapping PDSCH
T2: Two TCI [RS1, RS2], with RS1 and RS2 are a beam pair
· FFS Option b (feasibility to be further confirmed):
T1: Two TCI [RS1, RS3] (source), with RS1 and RS3 are a beam pair
T2: Two TCI [RS2, RS4] (target), with RS2 and RS4 are a beam pair
The offset of beam pair in T2 is not the same of the offset in T1.
Issue 2-4: Test case(s) for fast beam sweeping
· Option 1: 
· TC1: Define test case for fast beam sweeping with non-GBBR L1-RSRP measurement with non-DRX.
· TC2: Define test case for fast beam sweeping with [RLM] with non-DRX.
· Note: We may further discuss the conditions of how fast beam sweeping are applicable in the test configuration.
· FFS AoA setup.
· Option 2: 
· Introduce new tests for fast beam sweeping by revising all relevant legacy tests. The UE passes multi-Rx test should not be tested with [same] legacy test.
Issue 2-5: Test case(s) for scheduling restriction
· Introduced on test case
· Combine GBBR with scheduling restriction, i.e., GBBR is always configured in the test.
· Scheduling restriction relaxation during the L1-RSRP non-GBBR is tested in the follow-up L1-RSRP non-GBBR measurement.
· Only L1-RSRP GBBR measurement delay requirements are tested in this test, i.e., no accuracy is tested in this test.
· Measurement restriction requirements are also tested in this test.


In this contribution, we further provide our views on test cases for FR2 multi-Rx chain DL reception.

2. Discussion
2.1	AoA
In the RAN4#108bis meeting, one of the import issues was about number of probes in RRM test cases and AoA selection.
	Issue 2-2: AoA selection in RRM test cases
· FFS following options
· Option 1: 
· The AoAs for test cases shall be selected from the set that meet corresponding RF requirements. The selection of AoA offset shall wait for further RF conclusion.
· Option 2: 
· The AoAs for RRM test cases do not need to be selected from the set that meet corresponding RF requirements, and are not subject to the RF requirement
· For 2 AoAs selection for RRM test cases, if EIS requirement need to be considered, both EIS1 and EIS 2 should satisfy the spatial side condition; Or 95% throughput should be satisfied
· Option 3: 
· Do not discuss the method of AoA selection for RRM test cases


If we look at the current AoA setup, the AoA selection is related to EIS requirements for both single AoA and 2 AoAs setup.
	[bookmark: _Toc535476141]A.3.15.1	Setup 1: Single AoA in Rx beam peak direction
There is only one active probe in the test. The DL signals, and noise if applicable, transmitted from the probe, are aligned to the UE Rx beam peak direction (as defined in TS 38.101-2 [19]).
A.3.15.2	Setup 2: Single AoA in non Rx beam peak direction
[bookmark: _Hlk5813084]A.3.15.2.1	Setup 2a: Single AoA in non Rx beam peak direction without change in direction
There is only one active probe in the test. The DL signals, and noise if applicable, transmitted from the probe, align to a direction (AoA) which is from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class. The direction (AoA) of the signals shall not be changed between test iterations.
A.3.15.2.2	Setup 2b: Single AoA in non Rx beam peak direction with change in direction
There is only one active probe in the test. The DL signals, and noise if applicable, transmitted from the probe, align to a direction (AoA) which is from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class. For UE power class 3, the direction (AoA) of the signals shall be changed for each test iteration (for UE power classes other than 3, this is FFS).
A.3.15.3	Setup 3: 2 AoAs
There are 2 active probes in the test. The DL signals, and noise if applicable, transmitted from the two active probes, align to directions (AoAs) which are from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class. The relative angular offset between the directions (AoAs) of the 2 active probes, shall be changed for each test iteration. The applicable set of relative angular offsets between the 2 active probes is given in Table 3.15.3-1 for each UE power class.
Editor Note: If RAN5 finds the changing of angular offset between the directions (AoAs) of the 2 active probes per test iteration to be infeasible from the perspectives of EIS spherical coverage and other impacts, e.g.: testing time, then the test setup will be revised. 
Table A.3.15.3-1: Set of relative angular offsets between active probes for each power class
	UE Power class
	Relative angular offset between active probes

	1
	30°, 60°, 90° and 120°

	2
	FFS

	3
	30°, 60°, 90°, 120° and 150°

	4
	FFS

	5
	FFS

	6
	30°, 60°, 90°, 120° and 150°

	7
	FFS


A.3.15.4	Setup 4: 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak
A.3.15.4.1	Setup 4a: 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak without change in direction
There are 2 active probes in the test. The DL signals, and noise if applicable, are transmitted from the two active probes. One probe is aligned to the UE Rx beam peak direction as defined in TS 38.101-2 [19]. The second is aligned to a direction (AoA) which is from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class. The direction (AoA) of the non Rx beam peak signal shall not be changed between test iterations.
A.3.15.4.2	Setup 4b: 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak with change in direction
There are 2 active probes in the test. The DL signals, and noise if applicable, are transmitted from the two active probes. One probe is aligned to the UE Rx beam peak direction as defined in TS 38.101-2 [19]. The second is aligned to a direction (AoA) which is from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class. 
For UE power class 3, the relative angular offset between the directions (AoAs) of the 2 active probes shall be changed for each test iteration, within the probe alignment described above. The applicable set of relative angular offsets between the 2 active probes is given in Table 3.15.3-1 for each UE power class.


For multi-Rx, it is straightforward to follow the same principle. There is no reason that AoA setup doesn’t consider EIS requirements for multi-Rx.
Proposal 1: The AoAs for test cases shall be selected from the directions that meet corresponding EIS requirements.

	Issue 2-2a: Whether and how to define new 2AoA setup for multi-Rx
· FFS following options
· Option 1: RAN4 to discuss the necessity of defining a new 2AoA setup for multi-Rx chain DL reception (Samsung)
· Setup X: 2 AoAs for multi-Rx chain DL reception
· Setup Xa: 2 AoAs, both AoAs are in Rx beam peak directions.
· It is possible for HST multi-Rx supported PC6.
· Setup Xb: 2 AoAs, both AoAs are in non Rx beam peak directions. 
· Setup Xc: 2 AoAs, 
· Setup Xc-1: 1 AoA in Rx beam peak direction, 1 in non Rx beam peak without change in direction 
· Setup Xc-2: 1 AoA in Rx beam peak direction, 1 in non Rx beam peak with change in direction


The 2 AoAs setup can be further discussed after test cases are decided. There could be different 2 AoAs setup in different test cases. 
Regarding the AoA setup in option 1, setup Xb and Xc are already specified in the spec. It may not need to introduce new AoA setup for multi-Rx.
Proposal 2: 2 AoAs setup is to reuse legacy 2 AoA setup. It can be further discussed together with test cases.

2.2	Test cases
	Issue 2-4: Test case(s) for fast beam sweeping
· Option 1: 
· TC1: Define test case for fast beam sweeping with non-GBBR L1-RSRP measurement with non-DRX.
· TC2: Define test case for fast beam sweeping with [RLM] with non-DRX.
· Note: We may further discuss the conditions of how fast beam sweeping are applicable in the test configuration.
· FFS AoA setup.
· Option 2: 
· Introduce new tests for fast beam sweeping by revising all relevant legacy tests. The UE passes multi-Rx test should not be tested with [same] legacy test.


It depends on the UE capability of fast beam sweeping and condition for enabling the UE capability. We proposed in [2] to enable fast beam sweeping without conditions if UE supports the capability. If this is agreeable, option 2 would be reasonable. If conditions related multi-Rx operation are needed for fast beam sweeping, then option 1 is a better choice.
Observation 1: Test cases for fast beam sweeping depend on whether and how conditions are specified. Option 2 is preferred.

	Issue 2-7: Test case(s) for dual TCI state switching
· FFS on introduce following test cases for TCI. Other test cases are not precluded
· TC1: MAC-CE based TCI state switch for s-DCI PDCCH repetition
· TC2: DCI based TCI state switch for s-DCI scheduled PDSCH reception
· TC3: DCI based TCI state switch for m-DCI scheduled PDSCH reception
· TC4: RRC based TCI state switch for PDCCH reception
· TC5: Active TCI state list update for s-DCI
· TC6: MAC-CE based TCI state switch for m-DCI PDCCH reception


In our view, TC1, TC2, TC3, TC5 and TC5 are needed to verify requirements for dual TCI state switching. 
TC6 may not be needed as simultaneous PDCCH reception requirements are not specified for multi-Rx in Rel-18. It can only test legacy UE behavior.
Proposal 3: Introduce following test cases for verifying dual TCI requirements.
· TC1: MAC-CE based TCI state switch for s-DCI PDCCH repetition
· TC2: DCI based TCI state switch for s-DCI scheduled PDSCH reception
· TC3: DCI based TCI state switch for m-DCI scheduled PDSCH reception
· TC4: RRC based TCI state switch for PDCCH reception
· TC5: Active TCI state list update for s-DCI

	Issue 2-8: Test case(s) for group-based beam reporting
· FFS following options
· Group-based beam reporting (GBBR) is tested in test cases for scheduling restriction and TCI state switching.



It was agreed to introduce one test case for scheduling restriction by combining GBBR.
	· Combine GBBR with scheduling restriction, i.e., GBBR is always configured in the test.
· Scheduling restriction relaxation during the L1-RSRP non-GBBR is tested in the follow-up L1-RSRP non-GBBR measurement.
· Only L1-RSRP GBBR measurement delay requirements are tested in this test, i.e., no accuracy is tested in this test.
· Measurement restriction requirements are also tested in this test.


Since GBBR would always be needed in the multi-Rx related tests, it can be tested together with other functionalities. There is no need to specify a dedicated test case for group-based beam reporting.
Proposal 4: No need to specify dedicated test case for group-based beam reporting.

In addition, a test for verifying TRP specific CSI-RS based BFD measurement delay requirements are needed.
Proposal 5: Introduce a test for verifying TRP specific CSI-RS based BFD measurement delay requirements.

With the agreements in the last meeting and proposals in the paper, the test case list for multi-Rx is summarized in Table 1.
Table 1 Test cases list for multi-Rx
	Test No.
	Requirements
	Tests 
	AoA setup

	TC 1
	Active TCI state switching delay for UE operating in FR2-1 and configured with groupBasedBeamReporting-r17
	MAC-CE based TCI state switch for s-DCI PDCCH reception
	

	TC 2
	
	DCI based TCI state switch for s-DCI PDSCH reception
	

	TC 3
	
	DCI based TCI state switch for m-DCI PDSCH reception
	

	TC 4
	
	RRC based TCI state switch for PDCCH reception
	

	TC 5
	
	Active TCI state list update for s-DCI
	

	TC 6
	Scheduling restriction related requirements
L1-RSRP measurement with GBBR requirements
Measurement restriction related requirements
	L1-RSRP measurement 
	

	TC 10
	TRP specific CSI-RS based BFD requirements
	TRP specific CSI-RS based BFD measurement delay
	

	TC 6
	Fast beam sweeping related requirements
	TBD
	



3. Summary
[bookmark: _Hlk23953093]In this contribution, we further provided views on RRM performance requirements for FR2 multi-Rx chain DL reception. Following proposals and observations are present.
Proposal 1: The AoAs for test cases shall be selected from the directions that meet corresponding EIS requirements.
Proposal 2: 2 AoAs setup is to reuse legacy 2 AoA setup. It can be further discussed together with test cases.
Proposal 3: Introduce following test cases for verifying dual TCI requirements.
· TC1: MAC-CE based TCI state switch for s-DCI PDCCH repetition
· TC2: DCI based TCI state switch for s-DCI scheduled PDSCH reception
· TC3: DCI based TCI state switch for m-DCI scheduled PDSCH reception
· TC4: RRC based TCI state switch for PDCCH reception
· TC5: Active TCI state list update for s-DCI
Proposal 4: No need to specify dedicated test case for group-based beam reporting.
Proposal 5: Introduce a test for verifying TRP specific CSI-RS based BFD measurement delay requirements.
Observation 1: Test cases for fast beam sweeping depend on whether and how conditions are specified. Option 2 is preferred.
Observation 2: The test case list for multi-Rx is summarized in Table 1.
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