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[bookmark: _Toc116995841]Introduction
RAN4 work on multi-Rx chain reception core requirements was completed in RAN4#109 meeting, and the performance part of the WI may now fully start. Proposals for the performance part based on RAN4#109 meeting contributions were captured in WF in [1], but the discussion related to the proposals until now has been very limited. 
In this contribution we summarize the core part requirements that have been defined in the multi-Rx work item and discuss the test cases that we believe are needed for these requirements, as well as some details of the setup for the test cases and accuracy requirements.
Agreed core part requirements
In Table 1 we summarize the core part changes that have been agreed in the multi-Rx WI.
	Clause
	Captured requirements for multi-Rx in the core part
	Comments

	8.1 Radio Link Monitoring
	· N-factor reduction for evaluation periods for SSB-based RLM
· Measurement restriction relaxation for CSI-RS based RLM
· Scheduling availability relaxation for m-Rx UE in FR2
	Requirements apply for s-DCI and m-DCI

	8.5 Link Recovery Procedures
	BFD:
· N-factor reduction for evaluation period for SSB-based BFD
· Measurement restriction relaxation for CSI-RS based BFD
· Scheduling availability relaxation for m-Rx UE in FR2
CBD:
· N-factor reduction for evaluation period for SSB-based and CSI-RS-based CBD
	Requirements apply for s-DCI


	8.18 TRP specific Link Recovery Procedures

	BFD
· N-factor reduction for evaluation period for SSB-based BFD
· PTRP factor reduction for evaluation period for CSI-RS-based BFD
· Measurement restriction relaxation for CSI-RS beam failure detection
CBD:
· N-factor reduction for evaluation period for SSB-based CBD
· N-factor reduction for evaluation period for CSI-RS-based CBD
	Requirements apply for m-DCI


	8.10D Active TCI state switching delay for m-Rx UE
	· Conditions for known  TCI state
	

	[bookmark: _Hlk158281136]
	· MAC-CE based TCI state switch delay for PDCCH repetition
· MAC-CE based TCI state switch delay for m-DCI
	Requirements defined for PDCCH repetition and m-DCI

	
	· DCI based TCI state switch delay for s-DCI
· DCI based TCI state switch delay for m-DCI
	

	
	· Active TCI state list update delay for s-DCI
· Active TCI State list update delay for m-DCI
	

	9.5 L1-RSRP measurements for Reporting
	· L1-RSRP measurement requirements for non-group-based reporting taking into account N-factor reduction
· L1-RSRP measurement requirements for group-based reporting taking into account N-factor reduction
· Measurement restriction relaxation for CSI-RS-based L1-RSRP
· Scheduling availability relaxation for L1-RSRP measurement
	

	9.8 L1-SINR measurements for Reporting
	· N-factor reduction for L1-SINR measurement period]
· Measurement restriction relaxation for L1-SINR
· Scheduling availability relaxation for L1-SINR
	



Accuracy requirements
The following proposal was made in the last meeting regarding the accuracy requirements for multi-Rx L1-RSRP measurements:
	Issue 1-10: Accuracy requirements for multi-Rx in Rel-18
· Proposals
· Option 1:
· The legacy accuracy requirements for L1-RSRP measurement apply for L1-RSRP measurements with group-based beam reporting.
· Option 2:
· 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.
· Option 3:
· 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.




We support Option 3 i.e. there is no need to define any new accuracy requirements for group-based or non-group-based L1-RSRP measurements. Both shall fulfil the measurement accuracy requirements in section 10.1.20. 
[bookmark: _Toc159231751]Reuse the existing L1-RSRP measurement accuracy requirements for group-based and non-group-based L1-RSRP measurements for a multi-Rx capable UE. 
Test cases
Number of probes in RRM test cases
RAN4 has defined Core requirements for multi-Rx dual TCI state switch with group based beam reporting as a baseline. In order to verify if a UE can conform to the minimum TCI state switch delay requirements in a m-TRP scenario, it first needs to be able to perform group based beam reporting accurately. Study on NR frequency range 2 (FR2) Over-the-Air (OTA) testing enhancements agreed that as a baseline, 3 probes would be used to test dual TCI state switch [2][3].Issue 2-1-1: Measurement setup for Dual DCI switching (i.e., Category 2)
· Proposals
· Proposal 1 (Qualcomm): To update test procedure as follows: In the period of T1, DUT connects TCI state 0 via Probe#1. In the period of T2, DUT measures the SSBs from Probe 2 and Probe 3 while keeping the connection from Probe 1. And then DUT simultaneously switches from Probe 1 to Probe 2 and 3.

· Proposal 2 (Huawei): Consider the measurement setup below as baseline for Dual TCI switching
[image: A diagram of different colored squares  Description automatically generated]
Figure 2.2.1-2: Illustration of test procedure for Dual TCI switching
· Recommended WF
· Proposal 1 and proposal 2 are agreed as the measurement setup for Dual TCI switching
· To capture both two proposals in TR 38.871.



 Some companies proposed to use the same baseline as agreed in the OTA study item in the last meeting. However, since group-based reporting is a prerequisite for all multi-Rx requirements, before testing dual TCI state switch delay, a UE would first need to pass a test case for group-based reporting.  In our view this needs to be tested using four probes which would be close to replicating an on field/network scenario, as shown in Figure 1. Furthermore, TCI state switching test case for dual to dual TCI states can follow the same setup, where TCI states are as shown in Figure 1.


Figure 1: Test setup with 4 probes.

If less than four probes are used, the test equipment would have to emulate different DL transmit beams by transmitting different signals with different power and delay. 
[bookmark: _Toc159231752]Four probes should be used for L1-RSRP group based beam reporting test cases and well as for TCI state switch delay test cases.
Group based beam reporting
Issue 1-8: Test case(s) for group-based beam reporting
·     Companies are encouraged to bring analysis on test case(s) for group-based beam reporting.





RRM requirements for multi-Rx have been defined with group-based beam reporting being a pre-requisite. This would then imply that the ability of a UE to accurately report a pair of beams that it can receive simultaneously needs to be first tested before proceeding to other tests.
In case of a TCI state switch from dual to dual TCI states, the test environment needs to be such that the UE can report two beam pairs that it can receive simultaneously in a group-based beam report. For a 4-probe setup, this means that two of the four probes would be configured with a set of reference signals representing one TRP and the other two with a set of reference signals representing the other TRP. In the example of Figure 1, probes 1 and 2 (P1 and P2) on the left would be representing TRP1 and probes 3 and 4 (P3 and P4) on the right would be representing TRP2.
In the test setup, the UE has to be able to report two beam pairs where the RS for each beam is from each of the two resource groups. Passing this test can be considered as a prerequisite for the dual to dual TCI state switch test case. In the example of  Figure 1, the UE would need to report the source RS of TCI’0’ and TCI’1’ as the first beam pair and the source RS of TCI’2’ and TCI’3’ as the second beam pair.
[bookmark: _Toc159231753]Define a test case for group-based beam reporting using 4 probes, where the UE has to report two beam pairs from two different RS sets.

Testing the beam sweeping factor reduction, scheduling and measurement restrictionsIssue 1-4: Test case(s) for fast beam sweeping
· Companies are encouraged to bring analysis on test case(s) for fast beam sweeping
 
Issue 1-5: Test case(s) for scheduling restriction
· Companies are encouraged to bring analysis on test case(s) for scheduling restriction
 
Issue 1-6: Test case(s) for measurement restriction
· Companies are encouraged to bring analysis on test case(s) for measurement restriction



Since beam sweeping factor reduction has been introduced for SSB based L1-RSRP measurement related requirements, we propose to define test cases to verify this enhancement for each measurement type: L1-RSRP, L1-SINR, RLM, BFD and CBD. Furthermore, for TRP-specific BFD, PTRP factor reduction also applies, and this should be included in the corresponding test case.
[bookmark: _Toc159231754]For R18 multi-Rx reception, introduce one test case to verify the enhancement of faster beam sweeping on each type of SSB based L1 measurements.
[bookmark: _Toc159231755]For TRP-specific BFD test case, also verify the PTRP factor reduction.
Since scheduling and measurement restriction relaxations have been introduced while defining RRM requirements for m-Rx, a test case to verify these enhancements should also be introduced. We are supportive towards the proposal given in the last RAN4 meeting to introduce one test case to verify scheduling and measurement requirements for each CSI-RS L1-RSRP based measurement requirement. 
For measurement restrictions, we propose introducing a test case where 2 reference signals (which overlap in time) transmitted from different TRPs are measured by the UE and have been reported via group-based beam reporting.
[bookmark: _Toc159231756]For R18 multi-Rx reception, introduce one test case to verify the enhancement of scheduling restriction relaxation on CSI-RS based L1 measurements.
[bookmark: _Toc159231757]For R18 multi-Rx reception, introduce one test case to verify the enhancement of measurement restriction relaxation on CSI-RS based L1 measurements.
[bookmark: _Toc159231758]Measurement restrictions can be tested by configuring overlapping RS for L1 test cases.

Test cases for TCI state switch 
Issue 1-7: Test case(s) for TCI state switching
· Companies are encouraged to bring analysis on test case(s) for TCI state switching





Since TCI state switching is the most impacted requirement in the multi-Rx work item, defining test cases covering the different scenarios of TCI state switching requirements should be the most important aspect of the performance part of the WI. 
A TCI state switch in m-Rx may happen between dual to single TCI states, single to dual TCI states and dual to dual TCI states. 
Considering the TCI state switching types - dual to dual, single to dual and dual to single - in our view, the most important use cases are the switch from single to dual and dual to dual TCI states, which applies to all switching types in m-DCI and for PDSCH TCI switching in s-DCI. As we proposed earlier in this paper, to switch from dual to dual TCI states would require using 4 active probes in the test environment. 2 probes should be configured for the source TCI states and 2 probes are configured for the target TCI states 
Furthermore, at least for s-DCI, test cases should also be defined for dual to single and single to dual PDSCH TCI state switch, as for s-DCI these type of switches can be considered to happen more flexibly. Furthermore, for dual to single TCI state switch RAN4 agreed that there is no TCI state switching delay, which is clearly a new requirement. For these test cases the number of needed probes can be less than 4. 
[bookmark: _Toc159231759]Define TCI state switching test cases for dual to dual TCI state switch for m-DCI and s-DCI. Additionally, define single to dual and dual to single TCI state switch test cases for PDSCH TCI state switch for s-DCI.
 New requirements have been defined for the following cases:
-	MAC-CE based TCI state switch delay for PDCCH repetition
-	MAC-CE based TCI state switch delay for m-DCI
-	DCI based TCI state switch delay for s-DCI
-	DCI based TCI state switch delay for m-DCI
-	Active TCI state list update delay for s-DCI
-	Active TCI State list update delay for m-DCI
RRC based TCI state switch delay requirements and MAC-CE based TCI state switch delay requirements for s-DCI are based on legacy requirements.  Both these cases, in our view it is sufficient that the UE passes the legacy test case.
[bookmark: _Toc159231760]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.
MAC CE based dual TCI state switch
In m-DCI, TCI states for different TRPs are switched with separate MAC-CEs independent from each other. Taking this into account, MAC-CE based dual TCI state switch for PDCCH in m-DCI means that the MAC-CEs from the two TRPs arrive simultaneously or the distance in time between the received MAC-CEs is shorter than MAC-CE based TCI state switching delay. The agreed requirement is very similar to the legacy single TCI state switching requirement for each TCI state switch, but the UE is only required to start receiving with the two target TCI states after both switches have been completed. Hence, m-DCI test case for MAC-CE based TCI state switch would be similar to the single-Rx legacy MAC-CE based TCI state switching test case, but with two TRPs/QCL Type-D sources involved and TCI state switches overlapping.
[bookmark: _Toc159231761]Define MAC-CE based dual TCI state switch test case for m-DCI for overlapping TCI state switches from two TRPs.
Furthermore, a test case to verify the MAC-CE based TCI state switching requirements for PDCCH repetition is also needed.
[bookmark: _Toc159231762]Define MAC-CE based dual TCI state switch test case for PDCCH repetition.

 DCI based TCI state switch for PDSCH
Existing TCI state switching test cases are only defined for MAC-CE and RRC based switch for PDCCH. Taking into account that neither of these apply for s-DCI mode, test cases need to be defined also for PDSCH. Since there are no test cases for active TCI state list update or DCI-based TCI state switch in the existing specification, new type of test case needs to be defined. As defining a test case for active TCI state list update would be difficult to verify alone, we propose to define a test case where the UE has to complete active TCI state list update with dual TCI states and after the defined delay for this, complete DCI-based TCI state switch to these dual TCI states within the defined delay. Such test case should be defined for both s-DCI and m-DCI. In the test case for s-DCI, the dual TCI states are activated and switched with the same MAC-CE and DCI, and for m-DCI the dual TCI states are activated and switched with separate MAC-CEs and DCIs.
[bookmark: _Toc159231763]Define a combined test case for dual active TCI state list update and DCI-based TCI state switch for s-DCI and m-DCI.
As an example, the test case can be realized as shown in Figure 2 for s-DCI. For m-DCI the test case would consist of two TCI state activation MAC-CEs and two DCIs.
[image: ]
Figure 2: PDSCH dual TCI state activation and indication test case example for s-DCI.
 List of test cases
Summarizing the proposals in this contribution, we propose the following test case list to verify the Rel-18 multi-Rx requirements:
[bookmark: _Toc159231764]RAN4 to consider the following test case list for Rel-18 multi-Rx performance part:
	Requirement
	Mode
	Description

	MAC-CE based switch
	PDCCH repetition
	Send MAC-CE for both QCL Type D in the same slot. UE to complete the switch within the delay.
	· Dual to dual

	
	m-DCI
	Send MAC-CE for both QCL Type D in slots that are less than MAC-CE based switching delay apart from each other. UE to receive with the target TCI states after both switches are complete.
	· Dual to dual

	Active TCI state list update + DCI-based switch
	s-DCI
	Send one MAC-CE to activate dual TCI states, followed by DCI indicating the codepoint with these TCI states.
	· Dual to single (where target TCI state is one of the source TCI states)
· Single to dual
· Dual to dual

	
	m-DCI
	Send two MAC-CEs to activate dual TCI states, followed by two DCIs indicating the codepoints with these TCI states.
	· Dual to dual

	RLM
	s-DCI
	Out-of-sync with reduced N (SSB-based, no DRX))

	
	
	In-sync with reduced N (SSB-based, no DRX)

	
	
	Scheduling restrictions (CSI-RS based)

	
	
	Measurement restrictions (CSI-RS based)

	
	m-DCI
	Out-of-sync with reduced N (SSB-based)

	
	
	In-sync with reduced N (SSB-based)

	
	
	Scheduling restrictions (CSI-RS based)

	
	
	Measurement restrictions (CSI-RS based)

	Cell specific BFD/CBD
	s-DCI
	Beam failure detection and link recovery with reduced N (SSB-based, no DRX)

	
	
	Scheduling restrictions (CSI-RS based)

	
	
	Measurement restrictions (CSI-RS based)

	TRP specific BFD/CBD
	m-DCI
	Beam failure detection and link recovery with reduced N and PTRP= 1 (SSB-based, no DRX)

	
	
	Scheduling restrictions (CSI-RS based)

	
	
	Measurement restrictions (CSI-RS based)

	L1-RSRP measurement (non-group-based)
	 
	Measurement with reduced N (SSB-based)

	
	
	Scheduling restrictions (CSI-RS based)

	
	
	Measurement restrictions (CSI-RS based)

	L1-RSRP measurement (group-based)
	 
	Measurement reporting and accuracy requirements (SSB-based)

	
	
	Measurement reporting and accuracy requirements (CSI-RS based)



[bookmark: _Toc116995848]Conclusion
The following observations and proposals were made in this contribution:  
Proposal 1: Reuse the existing L1-RSRP measurement accuracy requirements for group-based and non-group-based L1-RSRP measurements for a multi-Rx capable UE.
Proposal 2: Four probes should be used for L1-RSRP group based beam reporting test cases and well as for TCI state switch delay test cases.
Proposal 3: Define a test case for group-based beam reporting using 4 probes, where the UE has to report two beam pairs from two different RS sets.
Proposal 4: For R18 multi-Rx reception, introduce one test case to verify the enhancement of faster beam sweeping on each type of SSB based L1 measurements.
Proposal 5: For TRP-specific BFD test case, also verify the PTRP factor reduction.
Proposal 6: For R18 multi-Rx reception, introduce one test case to verify the enhancement of scheduling restriction relaxation on CSI-RS based L1 measurements.
Proposal 7: For R18 multi-Rx reception, introduce one test case to verify the enhancement of measurement restriction relaxation on CSI-RS based L1 measurements.
Proposal 8: Measurement restrictions can be tested by configuring overlapping RS for L1 test cases.
Proposal 9: Define TCI state switching test cases for dual to dual TCI state switch for m-DCI and s-DCI. Additionally, define single to dual and dual to single TCI state switch test cases for PDSCH TCI state switch for s-DCI.
Proposal 10: 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 11: Define MAC-CE based dual TCI state switch test case for m-DCI for overlapping TCI state switches from two TRPs.
Proposal 12: Define MAC-CE based dual TCI state switch test case for PDCCH repetition.
Proposal 13: Define a combined test case for dual active TCI state list update and DCI-based TCI state switch for s-DCI and m-DCI.
Proposal 14: RAN4 to consider the following test case list for Rel-18 multi-Rx performance part:
	Requirement
	Mode
	Description

	MAC-CE based switch
	PDCCH repetition
	Send MAC-CE for both QCL Type D in the same slot. UE to complete the switch within the delay.
	· Dual to dual

	
	m-DCI
	Send MAC-CE for both QCL Type D in slots that are less than MAC-CE based switching delay apart from each other. UE to receive with the target TCI states after both switches are complete.
	· Dual to dual

	Active TCI state list update + DCI-based switch
	s-DCI
	Send one MAC-CE to activate dual TCI states, followed by DCI indicating the codepoint with these TCI states.
	· Dual to single (where target TCI state is one of the source TCI states)
· Single to dual
· Dual to dual

	
	m-DCI
	Send two MAC-CEs to activate dual TCI states, followed by two DCIs indicating the codepoints with these TCI states.
	· Dual to dual

	RLM
	s-DCI
	Out-of-sync with reduced N (SSB-based, no DRX))

	
	
	In-sync with reduced N (SSB-based, no DRX)

	
	
	Scheduling restrictions (CSI-RS based)

	
	
	Measurement restrictions (CSI-RS based)

	
	m-DCI
	Out-of-sync with reduced N (SSB-based)

	
	
	In-sync with reduced N (SSB-based)

	
	
	Scheduling restrictions (CSI-RS based)

	
	
	Measurement restrictions (CSI-RS based)

	Cell specific BFD/CBD
	s-DCI
	Beam failure detection and link recovery with reduced N (SSB-based, no DRX)

	
	
	Scheduling restrictions (CSI-RS based)

	
	
	Measurement restrictions (CSI-RS based)

	TRP specific BFD/CBD
	m-DCI
	Beam failure detection and link recovery with reduced N and PTRP= 1 (SSB-based, no DRX)

	
	
	Scheduling restrictions (CSI-RS based)

	
	
	Measurement restrictions (CSI-RS based)

	L1-RSRP measurement (non-group-based)
	 
	Measurement with reduced N (SSB-based)

	
	
	Scheduling restrictions (CSI-RS based)

	
	
	Measurement restrictions (CSI-RS based)

	L1-RSRP measurement (group-based)
	 
	Measurement reporting and accuracy requirements (SSB-based)

	
	
	Measurement reporting and accuracy requirements (CSI-RS based)
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