[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 110bis														R4-2404816
Changsha, China, 15 – 19 April, 2024

Agenda item:			6.3.5
Source:	Moderator (vivo)
Title:	Topic summary for [110bis][206] FR2_multiRx_part2
Document for:	Information
Introduction
This email discussion summary covers following agenda for FR2 multi-Rx chain DL reception WI.
6.3.3	1.1.1	RRM performance requirements 	[NR_FR2_multiRX_DL-Perf]
6.3.3.1	RRM performance requirements
6.3.3.2	RRM test case design

Recommendation of issues for online discussion:
For Topic #1:
Issue 1-1: Accuracy requirements for multi-Rx in Rel-18

For Topic #2:
Issue 2-7: Test case(s) for dual TCI state switching
Issue 2-8: Test case(s) for group-based beam reporting
Issue 2-9: Test case(s) for TRP specific CSI-RS based BFD
Issue 2-10: Test case(s) for group-based beam reporting accuracy requirements
Issue 2-2a: Whether and how to define new 2AoA setup for multi-Rx
Issue 2-2: AoA selection in RRM test cases


Topic #1: RRM performance accuracy requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2404352
	Apple
	Observation 1: With 1 AoA reception or two AoA simultaneous reception, the UE may deploy different beamforming strategy and result in different measurements.
Proposal 1: Do not define group-based L1-RSRP measurement accuracy requirements for multi-RX operation, since it is hard to verify the strength of mutual interference which depends on UE beamforming strategy.


	R4-2404490
	MediaTek inc.
	Proposal 1: Legacy accuracy requirements in the clause 10.1.20 of TS 38.133 apply to multi-Rx UEs.

	R4-2404716
	CMCC
	Proposal 1: for L1-RSRP measurement with multi-RX DL reception, it is proposed to reuse legacy L1-RSRP accuracy requirements for FR2.  

	R4-2404771
	ZTE Corporation
	Observation 1: The actual GBBR measurement and reported beam pair are up to UE implementation, the accuracy requirements of RSRP measurement would not limit the UE implementation of GBBR measurement, which only specifies the allowed error of RSRP measurement. 
Proposal 1: The legacy accuracy requirements in section 10.1.20 of TS 38.133 apply for L1-RSRP measurements under multi-rx operation, with a clarification that multi-rx chain L1-RSRP accuracy requirements apply for FR2-1. No new accuracy requirements section is created for L1-RSRP measurements under multi-rx operation.

	R4-2404960
	vivo
	Proposal 1: For L1-RSRP measurements with group-based beam reporting, the accuracy requirements are defined as [X] dB relaxation compared to legacy accuracy.
Proposal 2: The accuracy requirements for multi-Rx are captured in separated section, if relaxation is agreed.

	R4-2405441
	Samsung
	Proposal 1: Under multi-Rx chain DL reception scenario, the legacy accuracy requirements in section 10.1.20 of TS 38.133 for L1-RSRP measurement should be satisfied for each Rx chain. 
· With this clarification, no new accuracy requirements section is created for L1-RSRP measurements under multi-rx operation
Proposal 2: If some differences cross different panels (e.g., misalignment between the beams, margin due to difference between antenna gain difference of different panels) are need to be considered, the existing absolute L1-RSRP accuracy requirement could be relaxed for multi-Rx with additional margin

	R4-2405526
	Ericsson
	· Proposal 1 (Accuracy requirements): The legacy accuracy requirements in section 10.1.20 of TS 38.133 apply for L1-RSRP measurements under multi-rx operation, with a clarification that multi-rx chain L1-RSRP accuracy requirements apply for UE with multi-rx capability operating in FR2-1.

· Proposal 2 (Accuracy requirements): No new accuracy requirements section is created for L1-RSRP measurements under multi-rx operation.

	R4-2405797
	Nokia
	1. [bookmark: _Toc162958595]Reuse the existing L1-RSRP measurement accuracy requirements for group-based and non-group-based L1-RSRP measurements for a multi-Rx capable UE. 

	R4-2405950
	Qualcomm Incorporated
	Observation 1: UE Rx beam management and TRP beam selection for L1 measurements and reports are left to UE implementation.
· gNB Tx beam selection for L1 measurement report
· According to RAN1 specification, a selection of L1 measurement results among configured multiple measurement results is up to UE implementation.
· UE Rx beam selection for L1 measurements
· UE may consider multiple criteria when selecting measurement results for the report, and it is also up to UE Rx beam codebook design.
· UE L1 measurement for a measurement resource with simultaneously formed two beams
· When UE processes one measurement resource from a TRP, the UE may measure L1-RSRP received from one Rx beam or two Rx beams, which is up to UE implementation
Proposal 1: Do not define group-based L1-RSRP measurement accuracy requirements unless the requirements are applicable only when there are negligible mutual interferences across different pair of Tx-Rx beams.


The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1: Accuracy requirements
Issue 1-1: Accuracy requirements for multi-Rx in Rel-18
· Proposals
· Option 1a: (MTK, CMCC, Nokia)
· The legacy accuracy requirements for L1-RSRP measurement in section 10.1.20 of TS 38.133 apply to L1-RSRP measurements with group-based beam reporting.
· Option 1b: (Ericsson, ZTE)
· The legacy accuracy requirements in section 10.1.20 of TS 38.133 apply for L1-RSRP measurements under multi-rx operation, with a clarification that multi-rx chain L1-RSRP accuracy requirements apply for FR2-1.
· No new accuracy requirements section is created for L1-RSRP measurements under multi-rx operation.
· Option 1c: (Samsung)
· Under multi-Rx chain DL reception scenario, the legacy accuracy requirements in section 10.1.20 of TS 38.133 for L1-RSRP measurement should be satisfied for each Rx chain. 
· With this clarification, no new accuracy requirements section is created for L1-RSRP measurements under multi-rx operation
· Option 2a: (Qualcomm)
· Do not define group-based L1-RSRP measurement accuracy requirements unless the requirements are applicable only when there are negligible mutual interferences across different pair of Tx-Rx beams.
· Option 2b: (Apple)
· Do not define group-based L1-RSRP measurement accuracy requirements for multi-RX operation, since it is hard to verify the strength of mutual interference which depends on UE beamforming strategy.
· Option 3a: (vivo)
· For L1-RSRP measurements with group-based beam reporting, the accuracy requirements are defined as [X] dB relaxation compared to legacy accuracy.
· The accuracy requirements for multi-Rx are captured in separated section, if relaxation is agreed.
· Option 3b: (Samsung)
· If some differences cross different panels (e.g., misalignment between the beams, margin due to difference between antenna gain difference of different panels) are need to be considered, the existing absolute L1-RSRP accuracy requirement could be relaxed for multi-Rx with additional margin
· Recommended WF
· Further discuss.

Topic #2: Test cases
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2404351
	Apple
	Proposal 1: The AoA pairs for test cases shall be selected from the set that meet corresponding RF requirements.
Proposal 2: 2AoA setup for multi-RX should focus on those AoA pairs with a UE-declared AoA separation that can meet the throughput requirement. RX beam peak direction defined for R15 single AoA reception does not need to be singled out for 2AoA setup.
Proposal 3: If the side condition of UE capability “fast beam sweeping” is agreed upon, it is proposed to introduce new tests for fast beam sweeping by revising all relevant legacy tests. The UEs that have passed multi-Rx test should not be tested in corresponding legacy tests.

	R4-2404489
	MediaTek inc.
	Proposal 1: Define test case for faster beam sweeping with non-GBBR L1-RSRP instead of RLM.
Proposal 2: RAN4 to consider below test cases list for multi-RX:
· Test case set #1: faster beam sweeping for non-GBBR L1-RSRP measurement.
· Test case set #2: dual TCI state switching.
· Test case set #3: Scheduling and measurement restriction.
Note: 
· GBBR is always configured and reported in above test cases.
· RAN4 to discuss whether to define each test case for SA and ENDC since last RAN4 meeting reach agreement “multi-RX requirements are applicable to PCell, PSCell or SCell”.
Proposal 3: RAN4 to consider the principle in test case set #1 (faster beam sweeping for non-GBBR L1-RSRP measurement):
· Reuse the configuration and test requirement of legacy test cases for GBBR and non-GBBR L1-RSRP as baseline.
· Two AoAs for SSB#0 (AoA#1) and SSB#1 (AoA#2).
· No DRX is configured.
· Test requirements are set on the time duration to reflect the RSRP change in the non-GBBR L1-RSRP report.
· Note : 
· UE does not indicate its preference for single-RX in UE assistance information throughout the test.
Proposal 4: There’s no needs to define test case of dual TCI state switching for mDCI since the delay requirement is the same as legacy.
Proposal 5: RAN4 to consider the principle in test case set#2 (Dual TCI state switching):
· Reuse the configuration and test requirement of legacy L1-RSRP and single TCI state switching test case as baseline.
· Three AoAs (AoA0, AoA1 and AoA2) for different SSB indices (SSB 0, 1 and 2)
· No DRX is configured.
· Test requirement are set on time duration to check the expected behaviour of dual TCI state switching with correct delay requirement.
· Note:
· UE does not indicate its preference for single-RX in UE assistance information throughout the test.
Proposal 6: RAN4 to consider the principle in test case set#3 (scheduling and measurement restriction relaxation):
· Reuse the configuration and test requirement of dual TCI state switching as baseline.
· After UE sent L1-RSRP GBBR and dual TCI states are activated, UE is ready to relax scheduling and measurement restriction.
· Test requirement are set on time duration to check the expected behaviour of scheduling and measurement restriction.
· To relax scheduling restriction, UE is required to receive both PDSCHs on the symbols overlapped with CSI-RS configured for L1-RSRP non-GBBR and sends ACK/NACK correctly.
· To relax measurement restriction, UE is required to measure both CSI-RSs with different QCL type D at the same time regardless of both CSI-RSs are overlapped with both PDSCHs on the same symbol.
· Note:
· UE does not indicate its preference for single-RX in UE assistance information throughout the test.

	R4-2404772
	ZTE Corporation
	Proposal 1: Introduce test cases to verify the fast beam sweeping, the candidate test case including the SSB based GBBR L1-RSRP measurement, non-GBBR L1-RSRP measurement, RLM, BFD and CBD.
Proposal 2: It is suggested to verify the dual to dual active TCI state switching from [RS 1, RS 2] to [RS 1, RS3] under the assumption of 3 active probes.
Observation 1: If the UE only support one fixed AoA offset and satisfy the requirements under such AoA offset, the UE may fail to pass the test of dual to dua active TCI state switching from [RS 1, RS 3] to [RS 2, RS 4].

	R4-2404787
	Nokia
	Proposal 1: Define a dual-to-dual TCI test case for m-DCI, where the UE needs to switch both the TCI states i.e. [RS1, RS3], to [RS2, RS4], with [RS1, RS3] and [RS2, RS4] each forming beam pairs.
Proposal 2: When less than four probes are used, the test equipment should emulate different DL transmit beams by transmitting different signals with different power and delay.
Proposal 3: The 3 AoAs for test cases shall be selected from the set that meet corresponding RF requirements.
Observation 2: Having a single test case with GBBR and other features such as scheduling restrictions and TCI state switching combined reduces the number of test cases. However, if the UE fails the test case, then it increases complexity as it will be difficult to conclude which feature the UE doesn’t conform to.
Proposal 4: Define a separate test case where the UE is tested for group-based beam reporting. After verifying that the UE can report beam pairs accurately, the UE is then tested separately for scheduling/measurement restrictions and TCI state switch delay requirements, with group-based beam reporting configured.
Proposal 5: For RRC-based TCI state switch in m-DCI, and MAC-CE based TCI state switch in s-DCI, it is sufficient that the UE passes the legacy test case.
Proposal 6: Define MAC-CE based dual TCI state switch test case for m-DCI for overlapping TCI state switches from two TRPs.
Proposal 7: Define MAC-CE based dual TCI state switch test case for PDCCH repetition.
Proposal 8: For both s-DCI and m-DCI, define a combined test case for dual active TCI state list update and DCI-based TCI state switch.

	R4-2404913
	OPPO
	Proposal 1: RAN4 to test faster beam sweeping for SSB based measurements for R18 multi-Rx reception: 
· TC1: SSB based RLM Out-of-sync Test with faster beam sweeping for FR2 PCell in non-DRX mode
· TC2: SSB based non-GBBR L1-RSRP measurement with faster beam sweeping in non-DRX mode
Proposal 2: RAN4 not to test dual-to-dual active TCI state switching in R18.

	R4-2404961
	vivo
	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.

	R4-2405002
	Huawei, HiSilicon
	Proposal 1: For TCI state switching TC for mDCI, target TCI states are beam pair for simultaneous reception. Before TCI state switching, PDCCH/PDSCH with different TCI states are non-overlapped in time domain. 
Proposal 2: Define following TCs for TCI state switching for multi-Rx:
Table I. Test cases for TCI state switching for multi-Rx.
	TC index
	Test case
	Details

	TC1
	sDCI MAC-CE based active TCI state switching
	[RS1] to [RS2, RS3] for PDCCH repetition

	TC2
	sDCI DCI based active TCI state switching 
	[RS1] to [RS2, RS3]

	TC3
	sDCI DCI based active TCI state switching
	[RS1, RS2] to [RS1]

	TC4
	mDCI DCI based active TCI state switching
	[RS1, RS2] to [RS1, RS3]

	[] beam pair for simultaneous reception.



[bookmark: _Hlk163657650]Proposal 3: The AoA pairs for simultaneous reception with different QCL-typeD in the TC shall be selected from AoA pairs satisfying Spherical coverage requirement for simultaneous reception from multiple directions as defined in TS 38.101-2 clause 7.3K.


	R4-2405438
	Samsung
	[bookmark: _Hlk163658723]Proposal 1: For multi-Rx DL simultaneous reception, the choice of AoA for Setup#3 or Setup#4 should meet the spherical coverage requirement for simultaneous reception from multiple directions as defined in clause 7.3K.3 of TS 38.101-2
Proposal 2:It is necessary to define new 2AoA setup for multi-Rx, since 
1. The existing 2AoA Setup for FR2 RRM TCs Specified in TS 38.133 A.3.15.3/A.3.15.4 is not suitable for multi-Rx scenario.
2. AoA separation declaration will likely be a need at least in the 2AoA Setup, 2 AoAs are both in non Rx beam peak direction, for FR2 RRM TCs in multi-Rx
Proposal 3: RAN4 to discuss whether RRM need to consider the declared AoA separation and all the corresponding directions defined in RF requirements in 2AoA setup for multi-Rx, the 2 AoAs are both in non Rx beam peak direction.
Proposal 4: For 2AoA setup in multi-Rx, not to define Setup Xa: 2 AoAs, both AoAs are in Rx beam peak directions
Proposal 5:
Setup X: 2 AoAs for multi-Rx chain DL reception
· Setup Xa: 2 AoAs, both AoAs are in non Rx beam peak directions. 
· It is necessary to indicate the spherical coverage requirement for simultaneous reception from multiple directions is 7.3K.3
· [bookmark: _Hlk163659147]It is necessary to discuss whether RRM need to consider the declared AoA separation and all the corresponding directions defined in RF requirements
· Setup Xb: 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 
· It is necessary to indicate the spherical coverage requirement for simultaneous reception from multiple directions is 7.3K.3
· It is necessary to discuss whether RRM can consider the RF declared AoA separation and all directions  as the priority potential selection
Proposal 6: GBBR is to be considered in the TC for scheduling restriction to verify the enhancement of scheduling restriction relaxation on CSI-RS based L1 measurements in multi-Rx.
Observation 1: For multi-Rx, there are at least two Alt.s to select the AoA in 2 AoAs, AoA in non Rx beam peak direction, 1 AoA in non Rx beam peak setup
· Alt.1 Directly use the declared AoA separation and all the corresponding directions defined in RF requirements
· Alt.2 The AoA pair should be chosen randomly from the applicable directions (both directions should satisfy the spatial side condition)
Observation 2: For multi-Rx, there are at least two Alt.s to select the AoA in 2 AoAs, 1 AoA in Rx beam peak direction, 1 AoA in non Rx beam peak setup
· Alt.1 The non Rx beam peak AoA can be chosen randomly from the applicable directions(chosen from the directions satisfied the spatial side condition)
· Alt.2 For the non Rx beam peak AoA, take the RF declared AoA separation and all directions as the priority potential selection 


	R4-2405771
	Ericsson
	Proposal 1: Ran4 to define following test cases for the TCI state switching introduced in FR2 multi-Rx
· sDCI test cases
· 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: Active TCI state list update for s-DCI
· mDCI test cases
· TC4: DCI based TCI state switch for m-DCI scheduled PDSCH reception
· TC5: RRC based TCI state switch for PDCCH reception

Proposal 2: RAN4 to choose option 1 (TCI from (RS1, RS2) to (RS1, RS3) for three tests and option 2 (TCI state from RS1 to (RS2, RS3)) for 2 tests. For example,  option 1: TC1, TC2, TC3 and option 2: TC4, TC5.

Proposal 3: Measurement accuracy tests are specified for GBBR measurement.
Proposal 4: RAN4 to define a test case for testing beam sweeping factor reduction for L1-RSRP.
Proposal 5: Measurement restrictions test cases are specified for measuring RLM RS and L1-RSRP simultaneously without any measurement restriction.

Proposal 6: Scheduling restrictions test cases are specified for measuring L1-RSRP simultaneously while receiving data from both the TRP without any scheduling restriction.

Proposal 7: RAN4 not to discuss the AoA selection for RRM test cases. UE should at least report two AoA separation (for the testing purpose) to claim that  UE supports multi-RX with simultaneous reception.
Proposal 8: RAN4 to introduce new 2 AoA setup with 3 active probes for multi-RX tests.


	R4-2405949
	Qualcomm Incorporated
	Test procedure
Proposal 1: RAN4 to adopt a test framework in which multiple requirements can be jointly verified provided challenges for test engineers and developers in pinpointing the exact requirement responsible for test failures can be properly addressed.

Issue 2-3: Number of probes in RRM test cases
Proposal 2: For single TCI to uual TCI state switch (RS1 to RS2, RS3), RAN4 to adopt the following test procedure for test direction and probe selection:
· Assumption: 
· TE has 4 physical probes placed at {0, 30, 90, 150} deg.
· Procedure:
· Step 1: Test probe selection for {RS2, RS3}
· A pair of directions for {RS2, RS3} is selected based on 2AoA EIS spherical coverage, which is dependent on DUT declared AoA offset as shown in Table 7.3K.3-1 of TS38.101-2.
· Step 2: N test iterations at different pairs of test directions with respect to DUT by rotating the DUT
· For i = 1: N iterations
· Step A: Rotate the DUT and select a pair of probe directions for {RS2, RS3} fulfilling 2AoA EIS spherical coverage percentile of the DUT
· Step B: Find a probe direction for RS1, from the two untaken probes for {RS2, RS3}, fulfilling EIS spherical coverage
· If fails to find a probe for the test, go to Step A
· Step C: Proceed with the test
· Increase i by 1, and go to Step A
· End
· At each set of test directions collected from the above procedure,
· RS1 is for anchor TRP
· {RS2, RS3} is for 
· R17 Group-based L1-RSRP measurements
· TCI state switch (either CSI-RS or SSB, not mixed-type of RSs for {RS2, RS3})
· Scheduling/measurement restrictions
· The above procedure can be further simplified by RAN5, if it results in the same test coverage and suits the test purpose.



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1: Test cases design
[bookmark: _Hlk163661207]Issue 2-2: AoA selection in RRM test cases
· Proposals
· Option 1a: (Apple)
· The AoA pairs for test cases shall be selected from the set that meet corresponding RF requirements.
· Option 1b: (Nokia)
· The AoAs for test cases shall be selected from the directions that meet corresponding RF requirements.
· Option 1c: (vivo)
· The AoAs for test cases shall be selected from the directions that meet corresponding EIS requirements.
· Option 1d: (Huawei)
· The AoA pairs for simultaneous reception with different QCL-typeD in the TC shall be selected from AoA pairs satisfying Spherical coverage requirement for simultaneous reception from multiple directions as defined in TS 38.101-2 clause 7.3K.
· Option 1e: (Samsung)
· For multi-Rx DL simultaneous reception, the choice of AoA for Setup#3 or Setup#4 should meet the spherical coverage requirement for simultaneous reception from multiple directions as defined in clause 7.3K.3 of TS 38.101-2
· Option 1f: (Qualcomm)
· A pair of directions for {RS2, RS3} is selected based on 2AoA EIS spherical coverage, which is dependent on DUT declared AoA offset as shown in Table 7.3K.3-1 of TS38.101-2.
· Option 2: (Ericsson)
· RAN4 not to discuss the AoA selection for RRM test cases. UE should at least report two AoA separation (for the testing purpose) to claim that  UE supports multi-RX with simultaneous reception.
· Recommended WF
· Discuss and agree on
· The AoA pair for simultaneous reception with different QCL-typeD in RRM tests is from the set of AoA pairs meeting the spherical coverage requirement for simultaneous reception from multiple directions as defined in clause 7.3K.3 of TS 38.101-2.

Issue 2-2a: Whether and how to define new 2AoA setup for multi-Rx
· Proposals
· Option 1: (Apple)
· 2AoA setup for multi-RX should focus on those AoA pairs with a UE-declared AoA separation that can meet the throughput requirement. 
· RX beam peak direction defined for R15 single AoA reception does not need to be singled out for 2AoA setup.
· Option 2: (vivo)
· 2 AoAs setup is to reuse legacy 2 AoAs setup. It can be further discussed together with test cases.
· Option 3: (Samsung)
· Define new 2 AoAs setup for multi-Rx.
· Setup Xa: 2 AoAs, both AoAs are in non Rx beam peak directions. 
· FFS whether RRM need to consider the declared AoA separation and all the corresponding directions defined in RF requirements
· Setup Xc-1: 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak without change in direction 
· Setup Xc-2: 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak with change in direction 
· FFS whether RRM can consider the RF declared AoA separation and all directions as the priority potential selection
· Option 3a: (Ericsson)
· RAN4 to introduce new 2 AoA setup with 3 active probes for multi-RX tests.
· Recommended WF
· Option 3 is used as starting point. 
· Note: It should also take conclusion of test cases into account whether a new 2 AoAs test setup is introduced or not.

Issue 2-3: Number of probes in RRM test cases
In the last meeting, following agreements were made.
· 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.
· Proposals
· Option 1: (ZTE)
· It is suggested to verify the dual to dual active TCI state switching from [RS 1, RS 2] to [RS 1, RS3] under the assumption of 3 active probes.
· Option 2: (Nokia)
· Define a dual-to-dual TCI test case for m-DCI, where the UE needs to switch both the TCI states i.e. [RS1, RS3], to [RS2, RS4], with [RS1, RS3] and [RS2, RS4] each forming beam pairs. 
· When less than four probes are used, the test equipment should emulate different DL transmit beams by transmitting different signals with different power and delay.
· Option 3: (Huawei)
· For TCI state switching TC for mDCI, target TCI states are beam pair for simultaneous reception. Before TCI state switching, PDCCH/PDSCH with different TCI states are non-overlapped in time domain.
· Option 4: (OPPO)
· RAN4 not to test dual-to-dual active TCI state switching in R18
· Option 5: (Ericsson)
· RAN4 to introduce new 2 AoA setup with 3 active probes for multi-RX tests.
· 
· Recommended WF
· For dual-to-dual TCI state switch, proponent company should justify the testability firstly by taking FR2 OTA testability conclusion into consideration. 

Issue 2-4: Test case(s) for fast beam sweeping
· Proposals
· Option 1: (Apple, vivo)
· Introduce new tests for fast beam sweeping by revising all relevant legacy tests. The UE passes multi-Rx test should not be tested with corresponding legacy test.
· If the side condition of UE capability “fast beam sweeping” is agreed upon. (Apple)
· It depends on whether and how conditions are specified. (vivo)
· Option 2: (MTK, Ericsson)
· Define test case for faster beam sweeping with non-GBBR L1-RSRP.
· Option 3: (ZTE)
· Introduce test cases to verify the fast beam sweeping, the candidate test case including the SSB based GBBR L1-RSRP measurement, non-GBBR L1-RSRP measurement, RLM, BFD and CBD.
· Option 4: (OPPO)
· TC1: SSB based RLM Out-of-sync Test with faster beam sweeping for FR2 PCell in non-DRX mode
· TC2: SSB based non-GBBR L1-RSRP measurement with faster beam sweeping in non-DRX mode
· Recommended WF
· Further discuss.

Issue 2-7: Test case(s) for dual TCI state switching
· Proposals
· Option 1: (MTK)
· There are no needs to define test case of dual TCI state switching for mDCI since the delay requirement is the same as legacy.
· Option 2: (Nokia)
· Define MAC-CE based dual TCI state switch test case for m-DCI for overlapping TCI state switches from two TRPs.
· Define MAC-CE based dual TCI state switch test case for PDCCH repetition.
· For both s-DCI and m-DCI, define a combined test case for dual active TCI state list update and DCI-based TCI state switch.
· Option 3: (vivo)
· 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
· Option 4: (Huawei)
· TC1:	sDCI MAC-CE based active TCI state switching
· 	[RS1] to [RS2, RS3] for PDCCH repetition
· TC2:	sDCI DCI based active TCI state switching
· 	[RS1] to [RS2, RS3]
· TC3:	sDCI DCI based active TCI state switching
· 	[RS1, RS2] to [RS1]
· TC4:	mDCI DCI based active TCI state switching
· 	[RS1, RS2] to [RS1, RS3]
· Option 5: (Ericsson)
· sDCI test cases
· 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: Active TCI state list update for s-DCI
· mDCI test cases
· TC4: DCI based TCI state switch for m-DCI scheduled PDSCH reception
· TC5: RRC based TCI state switch for PDCCH reception
· RAN4 to choose option 1 (TCI from (RS1, RS2) to (RS1, RS3) for three tests and option 2 (TCI state from RS1 to (RS2, RS3)) for 2 tests. For example, option 1: TC1, TC2, TC3 and option 2: TC4, TC5.
· Recommended WF
· Agree on following test case(s).
· TC1: DCI based TCI state switch for s-DCI 
· 	[RS1] to [RS2, RS3]
· TC2: MAC-CE based dual TCI state switch for s-DCI
· 	[RS1] to [RS2, RS3]
· [TC3]: Active TCI state list update for s-DCI
· 	[RS1] to [RS2, RS3]
· FFS if it should be combined with TC1
· Further discuss following test cases
· TC X1: DCI based TCI state switch for s-DCI 
· [RS1, RS2] to [RS1]
· TC X2: RRC based TCI state switch
· 	[RS1] to [RS1, RS2]
· Further discuss test cases for m-DCI after conclusion of issue 2-3
· TC Y1: DCI based TCI state switch for m-DCI 
· TC Y2: MAC-CE based dual TCI state switch for m-DCI
· TC Y3: Active TCI state list update for m-DCI
· FFS if it can be combined with TC Y1

Issue 2-8: Test case(s) for group-based beam reporting
In the last meeting, following agreements were made.
· Introduced one 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.
· Proposals
· Option 1a: (MTK)
· Group-based beam reporting (GBBR) is tested in test cases for fast beam sweeping/TCI state switching.
· Option 1b: (vivo)
· No need to specify dedicated test case for group-based beam reporting.
· Option 1c: (Samsung)
· GBBR is to be considered in the TC for scheduling restriction to verify the enhancement of scheduling restriction relaxation on CSI-RS based L1 measurements in multi-Rx.
· Option 2: (Nokia)
· Define a separate test case where the UE is tested for group-based beam reporting. After verifying that the UE can report beam pairs accurately, the UE is then tested separately for scheduling/measurement restrictions and TCI state switch delay requirements, with group-based beam reporting configured.
· Recommended WF
· Agree on option 1b considering agreements on test case for scheduling restriction in the last meeting.

Issue 2-9: Test case(s) for TRP specific CSI-RS based BFD
· Proposals
· Option 1: (vivo)
· Introduce a test for verifying TRP specific CSI-RS based BFD measurement delay requirements.
· Recommended WF
· Further discuss

Issue 2-10: Test case(s) for group-based beam reporting accuracy requirements
· Proposals
· Option 1: (Ericsson)
· Measurement accuracy tests are specified for GBBR measurement
· Recommended WF
· Further discuss

Issue 2-11: List of test case(s) for multi-Rx in Rel-18
· Proposals
· Option 1: 
· To be summarized after all the test cases discussions are concluded
· Recommended WF
· A summary table for test case list will be provided.

Sub-topic 2-2: Test setup
Sub-topic description:
Open issues and candidate options before f2f meeting:
Issue 2-12: Test setup for fast beam sweeping
· Proposals
· Option 1: (MTK)
· Reuse the configuration and test requirement of legacy test cases for GBBR and non-GBBR L1-RSRP as baseline.
· Two AoAs for SSB#0 (AoA#1) and SSB#1 (AoA#2).
· No DRX is configured.
· Test requirements are set on the time duration to reflect the RSRP change in the non-GBBR L1-RSRP report.
· Note: UE does not indicate its preference for single-RX in UE assistance information throughout the test.
· Recommended WF
· Further discuss.

Issue 2-13: Test setup for dual TCI state switching
· Proposals
· Option 1: (MTK)
· Reuse the configuration and test requirement of legacy L1-RSRP and single TCI state switching test case as baseline.
· Three AoAs (AoA0, AoA1 and AoA2) for different SSB indices (SSB 0, 1 and 2)
· No DRX is configured.
· Test requirement are set on time duration to check the expected behaviour of dual TCI state switching with correct delay requirement.
· Note: UE does not indicate its preference for single-RX in UE assistance information throughout the test.
· Recommended WF
· Further discuss.

Issue 2-14: Test setup for scheduling restriction, L1-RSRP GBBR and measurement restriction
· Proposals
· Option 1: (MTK)
· Reuse the configuration and test requirement of dual TCI state switching as baseline.
· After UE sent L1-RSRP GBBR and dual TCI states are activated, UE is ready to relax scheduling and measurement restriction.
· Test requirement are set on time duration to check the expected behaviour of scheduling and measurement restriction.
· To relax scheduling restriction, UE is required to receive both PDSCHs on the symbols overlapped with CSI-RS configured for L1-RSRP non-GBBR and sends ACK/NACK correctly.
· To relax measurement restriction, UE is required to measure both CSI-RSs with different QCL type D at the same time regardless of both CSI-RSs are overlapped with both PDSCHs on the same symbol.
· Note: UE does not indicate its preference for single-RX in UE assistance information throughout the test.
· Option 2: (Ericsson)
· Joint test case: Measurement restrictions test cases are specified for measuring RLM RS and L1-RSRP simultaneously without any measurement restriction.
· Option 3: (Ericsson)
· Scheduling restrictions test cases are specified for measuring L1-RSRP simultaneously while receiving data from both the TRP without any scheduling restriction.
· 
· Recommended WF
· Further discuss.

Issue 2-15: test procedure for test direction and probe selection
· Proposals
· Option 1: (Qualcomm)
· Step 1: Test probe selection for {RS2, RS3}
· A pair of directions for {RS2, RS3} is selected based on 2AoA EIS spherical coverage, which is dependent on DUT declared AoA offset as shown in Table 7.3K.3-1 of TS38.101-2.
· Step 2: N test iterations at different pairs of test directions with respect to DUT by rotating the DUT
· For i = 1: N iterations
· Step A: Rotate the DUT and select a pair of probe directions for {RS2, RS3} fulfilling 2AoA EIS spherical coverage percentile of the DUT
· Step B: Find a probe direction for RS1, from the two untaken probes for {RS2, RS3}, fulfilling EIS spherical coverage
· If fails to find a probe for the test, go to Step A
· Step C: Proceed with the test
· Increase i by 1, and go to Step A
· End
· At each set of test directions collected from the above procedure,
· RS1 is for anchor TRP
· {RS2, RS3} is for 
· R17 Group-based L1-RSRP measurements
· TCI state switch (either CSI-RS or SSB, not mixed-type of RSs for {RS2, RS3})
· Scheduling/measurement restrictions
· The above procedure can be further simplified by RAN5, if it results in the same test coverage and suits the test purpose.
· Assumption: TE has 4 physical probes placed at {0, 30, 90, 150} deg.
· Recommended WF
· Further discuss.

---EoD---
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