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Introduction
In RAN4#109 meeting, the core part of FR2 DL multi-Rx has been finalized with agreements captured in [1]. Besides, some companies discussed performance requirements in their contributions but no agreements were achieved due to limited time. In this contribution, we will focus on these performance issues and present our views. 
Discussion
Test case design
Issue 2-1-1: Number o probes in RRM test cases
In previous meeting, some options are proposed to discuss this issue which is copied below: 
	Option 1: (Apple)
	To verify UE performance of dual TCI state switching, the final number of probes will be decided in the R18 FR2 OTA testing SI. RRM test cases can be designed following its conclusion.
Option 2: (vivo)
	RRM tests which require 4 probes should be defined for at least TCI state switching.
	RAN4 to study whether 4 probes are enough for L1-RSRP with group-based beam reporting tests in which two beam pairs should be reported.
Option 3: (Nokia)
	Define a test case for dual to dual TCI state switch using 4 probes.
Option 4: (Huawei)
	RAN4 don't define test cases for dual TCI state from dual TCI to dual TCI ( [RS1, RS2] to [RS3, RS4]) where 4 active probes are needed, since the performance can be verified by Single TCI to dual TCI( [RS1] to [RS2, RS3]).


In TR 38.871 Clause 6.2.1.3, four options are discussed to verify the performance of Dual TCI switching and the pros and cons are summarized shown below [2]: 
	TR 38.871 Clause 6.2.1.3
The pros and cons for 4 options are listed in Table 6.2.1-1.
Table 6.2.1-1: Pros and cons for 4 options
	
	Pros
	Cons

	Option 1
	-    The setup can fully verify the      performance of dual TCI switching.
	-    Test system will at least support 4 physical probes. 
-    Two of the same AoA offsets from RF session is needed.
-    Reusing of existing test system is not possible

	Option 2
	-   The complexity of test system is lower, e.g., 3 physical probes is needed.
-    The test condition could follow AoA offset from RF session.
-    Reusing the existing is possible.
	-    The setup can partially verify the performance of dual TCI switching.

	Option 3/4
	-    The complexity of test system is lowest, e.g., 2 physical probes is needed.
	-    The setup cannot verify the real performance of dual TCI switching such as the beam directions are not changed from T1 to T2.
-    This implies a perfect polarization alignment between DUT and TE in order to separate the beams, which is not feasible based on current test systems


Considering system complexity and feasibility, chamber footprint, upgradeability of existing system, the measurement setup for Option 2 with at least 3 probes is selected as the baseline in Rel-18.


According to the FR2 OTA testing conclusions, the measurement setup for Option 2 with at least 3 probes is selected as the baseline in Rel-18. Hence, at least 3 probes is needed for multi-Rx chain DL reception RRM tests and the performance can be verified by one probe/TCI state switching to two probes/TCI states simultaneously. 
Proposal 1: The performance of multi-Rx chain DL reception RRM tests can be partially verified by one probe/TCI state switching to two probes/TCI states simultaneously and at least 3 probes are needed in the tests.
Issue 2-1-2: Test cases for fast beam sweeping
Regarding the test cases designed to verify the fast beam sweeping in SSB based L1 measurements, some options were proposed and summarized below [3]: 
	Issue 4-4: Test case(s) for fast beam sweeping
· Proposals
· Option 1: (Nokia, Huawei)
· Introduce one test case to verify the enhancement of faster beam sweeping on each type of SSB based L1 measurements
· Option 2: (vivo)
· SSB-based RLM measurement delay
· SSB-based BFD measurement delay
· SSB-based TRP specific CBD measurement delay
· L1-RSRP with GBBR measurement delay
· Option 3: (OPPO)
· TC1: SSB based RLM Out-of-sync Test with faster beam sweeping for FR2 PCell in non-DRX mode
· TC2: SSB based BFD and LR Test with faster beam sweeping for FR2 PCell in non-DRX mode
· TC3: SSB based L1-RSRP measurement with faster beam sweeping when DRX is not used
· Option 4: (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 5: (Ericsson)
· RAN4 defines test cases for faster beam sweeping, at least for some L1 measurements/procedures.
· FFS: L1 measurements/procedures for which faster beam sweeping TCs are introduced.


Among the options above, we prefer option 1 since there is no need to test one capability in all L1 measurements and therefore the tests can be optimized. The SSB based L1-RSRP measurements with/without GBBR can be considered to verify the enhancement of fast beam sweeping on L1 measurements. 
Proposal 2: SSB based L1-RSRP measurements with/without GBBR can be considered to verify the enhancements of fast beam sweeping on L1 measurements. 
Issue 2-1-3: Test cases for scheduling restriction
Similar reasons as discussed above, we also propose to define one test case to verify the enhancements of scheduling restriction relaxation on CSI-RS based L1 measurements. Scheduling restriction relaxation for CSI-RS based L1-RSRP measurements with/without GBBR can be considered to verify scheduling restriction enhancement (relaxation). 
Proposal 3: Scheduling restriction relaxation for CSI-RS based L1-RSRP measurements with/without GBBR can be considered as the test case to verify scheduling restriction enhancement (relaxation). 
Issue 2-1-4: Test cases for TCI state switching
Regarding this issue, four options were proposed in last meeting [3]. The reasons whether or not to define test cases for TCI state switching for different scenarios are elaborated in [4]. Besides, some agreements related to this issue were achieved in last meeting shown below [1]: 
	RAN4#109 agreements: 
· For MAC CE based PDCCH TCI state switch for m-DCI scenario, no RRM requirement is defined for simultaneous PDCCH reception with different QCL typeD in Rel-18 multi-Rx WI.
· Requirements for RRC based dual TCI state switch are defined.


Based on the proposals in [4] and the latest agreements, we think there is no need to define test cases for MAC-CE based dual PDCCH TCI state switch in mDCI scenario. For MAC-CE based dual PDCCH TCI state switch in sDCI scenario and RRC based TCI state switching in mDCI, the legacy delay requirements for single TCI state switching can be reused. 
[bookmark: _GoBack]And in current RAN4 spec, test cases are defined for neither DCI based TCI state switching nor active TCI state list update delay requirements. Therefore new tests cases for the following TCI state switching scenarios can be defined: 
-	Test cases for DCI based dual TCI state switching for mDCI and sDCI. 
-	Test cases for active TCI state list update. 
Proposal 4: For dual TCI state switching test cases, the following proposals can be considered: 
-	For MAC-CE based dual PDCCH TCI state switch in mDCI scenario, no test cases are defined.
-	For MAC-CE based dual PDCCH TCI state switch in sDCI and RRC based TCI state switching in mDCI scenarios, the legacy delay requirements for single TCI state switching can be reused.
-	For DCI based dual TCI state switching for mDCI and sDCI, new test cases need to be defined.
-	For active TCI state list update, new test cases need to be defined.
Accuracy requirements
Issue 2-2-1: Accuracy requirements for multi-Rx in Rel-18
	Option 1: (vivo, Nokia)
	The legacy accuracy requirements for L1-RSRP measurement apply for L1-RSRP measurements with group-based beam reporting.
Option 2: (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.
Option 3: (Ericsson)
	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.


Based on all options in the table above, we think a consensus can be achieved that the legacy accuracy requirements for L1-RSRP measurements are applicable for L1-RSRP measurements with GBBR. 
Proposal 5: The legacy accuracy requirements for L1-RSRP measurements are applicable for L1-RSRP measurements with GBBR.
Conclusions
This paper discussed the performance issues in Rel-18 FR2 DL multi-Rx, and the following proposals are provided: 
Proposal 1: The performance of multi-Rx chain DL reception RRM tests can be partially verified by one probe/TCI state switching to two probes/TCI states simultaneously and at least 3 probes are needed in the tests.
Proposal 2: SSB based L1-RSRP measurements with GBBR can be considered to verify the enhancements of fast beam sweeping on L1 measurements. 
Proposal 3: Scheduling restriction relaxation for CSI-RS based L1-RSRP measurements with/without GBBR can be considered as the test case to verify scheduling restriction enhancement (relaxation). 
Proposal 4: For dual TCI state switching test cases, the following proposals can be considered: 
-	For MAC-CE based dual PDCCH TCI state switch in mDCI scenario, no test cases are defined.
-	For MAC-CE based dual PDCCH TCI state switch in sDCI and RRC based TCI state switching in mDCI scenarios, the legacy delay requirements for single TCI state switching can be reused.
-	For DCI based dual TCI state switching for mDCI and sDCI, new test cases need to be defined.
-	For active TCI state list update, new test cases need to be defined.
Proposal 5: The legacy accuracy requirements for L1-RSRP measurements are applicable for L1-RSRP measurements with GBBR. 
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