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1	Introduction
A WF on L1 enhancement for FR2 multi-RX DL reception was approved in RAN4#107 meeting [1]. 
In this contribution, we further discuss scheduling/measurement restrictions requirements for FR2 multi-Rx reception [2]. 
2	Discussion
Scheduling restriction
	Agreement:
For SSB based L1 measurements, scheduling restrictions relaxation is not possible for UE supports multi-Rx capability.

	[bookmark: _Hlk127989931]Issue 3-1-1: Conditions/cases that scheduling restriction for L1 measurements can be relaxed for multi-Rx
<Agreement >: 
· [bookmark: _Hlk141036174]In multi-TRP operation scenario, for the case PDCCH/PDSCHs are transmitted from two TRPs simultaneously, and CSI-RS is transmitted from anyone of the TRPs, scheduling restriction relaxation can be made for CSI-RS based L1 measurements with multi-Rx when following conditions are met
· The CSI-RS is not in a CSI-RS resource set with repetition ON
· The CSI-RS and one of the PDCCH/PDSCHs are transmitted through different TRPs at the same time
· CSI-RS has same QCL source as the active TCI state of any one of the PDCCH/PDSCHs
· Resources of the active TCI states for the two PDCCHs or PDSCHs have been reported via GBBR in a pair
· UE is activated with multi-Rx operation
· Note: The wording on the 2nd and 3rd bullet can be further polished.


[bookmark: _GoBack][image: ]
In multi-TRP operation scenario, for the case PDCCH/PDSCHs are transmitted from two TRPs simultaneously, and CSI-RS is transmitted from anyone of the TRPs, scheduling restriction relaxation can be made for CSI-RS based L1 measurements with multi-Rx. Based on the previous agreements, we propose to update the wording of 2nd and 3rd bullet as the following:
· CSI-RS has same QCL source as the active TCI state of one of the PDCCH/PDSCHs and are transmitted through different TRPs from another PDCCH/PDSCH at the same time
Proposal 1: Update the conditions of scheduling restriction relaxation for the case PDCCH/PDSCHs are transmitted from two TRPs simultaneously:
· The CSI-RS is not in a CSI-RS resource set with repetition ON
· Resources of the active TCI states for the two PDCCHs or PDSCHs have been reported via GBBR in a pair
· CSI-RS has same QCL source as the active TCI state of one of the PDCCH/PDSCHs and are transmitted through different TRPs from another one of the PDCCH/PDSCHs at the same time
· UE is activated with multi-Rx operation
Measurement restriction
	RAN1 Reply LS:
RAN1 would like to thank RAN4 for the question in LS in R4-2306394 on RS supported for group-based reporting. RAN1 has the following reply to the RAN4 questions:
Question 1: RAN4 understands that two resource sets consisting of SSB + SSB or CSI-RS + CSI-RS can be configured for Rel-17 group-based L1-RSRP measurement and report. However, RAN4 is not clear whether the two resource sets configured for Rel-17 group-based L1-RSRP measurement and report can contain a mix of SSB and CSI-RS. Can RAN1 clarify whether a mix of SSB and CSI-RS can be configured for Rel-17 group-based L1-RSRP measurement and report?
Answer for Question 1: The two resource sets configured for Rel-17 group-based L1-RSRP report cannot contain a mix of SSB and CSI-RS


Based on RAN1’s LS reply [3], the two resource sets configured for Rel-17 group-based L1-RSRP report cannot contain a mix of SSB and CSI-RS. The measurement restriction requirements can be reused for the case of mixed SSB and CSI-RS for RLM/BFD/CBD/L1-RSRP. 
Proposal 2: The measurement restriction requirements can be reused for the case of mixed SSB and CSI-RS for RLM/BFD/CBD/L1-RSRP.

	Issue 3-2-1: Conditions/cases that measurement restriction for L1 measurements can be removed for multi-Rx
· Option 1: In multi-TRP operation scenario, when the CSI-RS for RLM/BFD/L1-RSRP measurement on one CC is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, measurement restriction relaxation can be made for the CSI-RS based L1 measurements with multi-Rx when following conditions are met
· The CSI-RS for RLM/BFD/L1-RSRP or the other CSI-RS in a resource set configured with repetition ON
· [The two CSI-RSs are transmitted through different TRPs at the same time]
· [QCL source of] the two CSI-RSs have been reported via GBBR in a pair
· UE is indicated/configured with multi-Rx operation
· [Other conditions are not precluded]
· Option 2: measurement restriction relaxation is up to UE implementation
· Option 3: Do not introduce measurement restriction relaxations for L1 measurements for multi-Rx chain UEs


For CSI-RS+ CSI-RS overlapped in the same OFDM symbol, when the CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on one CC is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of but not both CSI-RS for L1 measurement and the other CSI-RS if these two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to UE in the existing requirement. However, for R18 UE capable of simultaneous DL reception from different directions with different QCL TypeD CSI-RSs, such measurement restriction could be removed when the following conditions are met:
· The CSI-RS for RLM/BFD/L1-RSRP or the other CSI-RS in a resource set configured with repetition ON
· The two CSI-RSs are transmitted through different TRPs at the same time
· QCL source of the two CSI-RSs have been reported via GBBR in a pair
· UE is indicated/configured with multi-Rx operation
Thus, for the case of CSI-RS+ CSI-RS overlapped in the same OFDM symbol, RAN4 can consider to relax some measurement restrictions of L1 measurement for UE capable of simultaneous multi-Rx reception.
Proposal 3: Consider to relax measurement restrictions for the case that two CSI-RSes in the same OFDM symbol for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band.

Proposal 4: For the case CSI-RS+ CSI-RS overlapped in the same OFDM symbol, measurement restriction relaxation can be made for the CSI-RS based L1 measurements when the following conditions are met:
· The CSI-RS for RLM/BFD/L1-RSRP or the other CSI-RS in a resource set configured with repetition ON
· The two CSI-RSs are transmitted through different TRPs at the same time
· QCL source of the two CSI-RSs have been reported via GBBR in a pair
· UE is indicated/configured with multi-Rx operation
3	Conclusion
In this contribution, we propose our analysis and views on measurement/scheduling restriction for L1 enhancements of FR2 multi-RX DL reception.
Proposal 1: Update the conditions of scheduling restriction relaxation for the case PDCCH/PDSCHs are transmitted from two TRPs simultaneously:
· The CSI-RS is not in a CSI-RS resource set with repetition ON
· Resources of the active TCI states for the two PDCCHs or PDSCHs have been reported via GBBR in a pair
· CSI-RS has same QCL source as the active TCI state of one of the PDCCH/PDSCHs and are transmitted through different TRPs from another one of the PDCCH/PDSCHs at the same time
· UE is activated with multi-Rx operation
Proposal 2: The measurement restriction requirements can be reused for the case of mixed SSB and CSI-RS for RLM/BFD/CBD/L1-RSRP.

Proposal 3: Consider to relax measurement restrictions for the case that two CSI-RSes in the same OFDM symbol for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band.

Proposal 4: For the case CSI-RS+ CSI-RS overlapped in the same OFDM symbol, measurement restriction relaxation can be made for the CSI-RS based L1 measurements when the following conditions are met:
· The CSI-RS for RLM/BFD/L1-RSRP or the other CSI-RS in a resource set configured with repetition ON
· The two CSI-RSs are transmitted through different TRPs at the same time
· QCL source of the two CSI-RSs have been reported via GBBR in a pair
· UE is indicated/configured with multi-Rx operation
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Annex
An example for measurement restrictions for CSI-RS BFD in current spec TS 38.133
8.5.3.3	Measurement restrictions for CSI-RS beam failure detection
The UE is required to be capable of measuring CSI-RS for BFD without measurement gaps. The UE is required to perform the CSI-RS measurements with measurement restrictions as described in the following scenarios.
[bookmark: _Hlk9028608]For both FR1 and FR2, when the CSI-RS for BFD measurement is in the same OFDM symbol as SSB for RLM, BFD, CBD or L1-RSRP measurement, UE is not required to receive CSI-RS for BFD measurement in the PRBs that overlap with an SSB.
For FR1, when the SSB for RLM, BFD, CBD or L1-RSRP measurement is within the active BWP and has same SCS than CSI-RS for BFD measurement, the UE shall be able to perform CSI-RS measurement without restrictions.
For FR1, when the SSB for RLM, BFD, CBD or L1-RSRP measurement is within the active BWP and has different SCS than CSI-RS for BFD measurement, the UE shall be able to perform CSI-RS measurement with restrictions according to its capabilities:
-	If the UE supports simultaneousRxDataSSB-DiffNumerology the UE shall be able to perform CSI-RS measurement without restrictions.
-	If the UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not both CSI-RS for BFD measurement and SSB. Longer measurement period for CSI-RS based BFD measurement is expected, and no requirements are defined.
For FR1, when the CSI-RS for BFD measurement is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement, UE shall be able to measure the CSI-RS for BFD measurement without any restriction.
For FR2, when the CSI-RS for BFD measurement on one CC is in the same OFDM symbol as SSB for RLM, BFD or L1-RSRP measurement on the same CC or different CCs in the same band, or in the same symbol as SSB for CBD measurement on the same CC or different CCs in the same band when beam failure is detected, UE is required to measure one of but not both CSI-RS for BFD measurement and SSB. Longer measurement period for CSI-RS based BFD measurement is expected, and no requirements are defined.
[bookmark: _Hlk142583502]For FR2, when the CSI-RS for BFD measurement on one CC is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band,
-	In the following cases, UE is required to measure one of but not both CSI-RS for BFD measurement and the other CSI-RS. Longer measurement period for CSI-RS based BFD measurement is expected, and no requirements are defined.
-	The CSI-RS for BFD measurement or the other CSI-RS in a resource set configured with repetition ON, or 
-	The other CSI-RS is configured in set [image: ] and beam failure is detected, or
-	The two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to UE,
-	Otherwise, UE shall be able to measure the CSI-RS for BFD measurement without any restriction.
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