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Introduction
In this contribution, we will provide the discussion on scheduling/measurement restrictions for FR2 multi-Rx DL reception.
Discussion
Measurement Restrictions
For L1 measurements under beam sweeping operation, UE needs to perform L1 measurements in multiple candidate Rx beams to search for best Rx beam. UE cannot guarantee the simultaneous L1 measurements on two RSs from multiple beam directions. So, the measurement restriction relaxation is also not considered for L1 measurements under beam sweeping operation.
Proposal 1: For UE supporting Rel-18 multi-Rx capability, measurement restrictions relaxation is not considered for SSB based L1 measurements, CSI-RS based CBD measurements, and CSI-RS based L1-RSRP measurements with repetition ON.
For measurement restrictions relaxation for L1 measurements, the following options were discussed:
	· 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


Option 1 proposes the conditions for measurement restriction relaxations on L1 measurements, and one of the conditions is that the QCL source of the two CSI-RSs have been reported via GBBR in a pair, which requires the Rx beams for the CSI-RS resources are assumed to be selected from TRP pair perspective. 
For RLM, UE is required to assess the downlink link quality of each RLM-RS independently. When the link quality of any RLM-RS is better than the threshold Qout, it can be considered that there is no cell quality problem. So, the Rx beam used for RLM measurements on each RLM-RS shall be selected from single RS perspective rather than from a RS pair perspective. For link recovery procedure, UE assesses the downlink link quality of each BFD-RS independently for cell specific link recovery and assesses the downlink link quality of each TRP independently for TRP specific link recovery, and the Rx beam used for BFD measurements on each RS shall be selected from single RS/TRP perspective rather than from a RS/TRP pair perspective. Besides, the Rx beam used for L1-RSRP measurements with non-GBBR is also selected from single RS perspective rather than from a RS pair perspective.
Proposal 2: For UE supporting Rel-18 multi-Rx capability, measurement restrictions relaxation is not considered for CSI-RS based RLM/BFD measurements and non-GBBR L1-RSRP measurements.
For GBBR L1-RSRP measurements, UE will report more than one beam pair if nrofReportedGroups>1. It could happen that a beam from one TRP can be paired with multiple beams from another TRP. However, UE will not be indicated to activate all the reported beam pairs but be indicated to activate one of the reported beam pairs. When a pair of CSI-RSs without repetition=on for GBBR L1-RSRP measurements have been reported as a beam pair and this pair of CSI-RSs the same QCL source as the two activated TCI states for PDCCH/PDSCH, then UE can assume simultaneous L1-RSRP measurements on this pair of CSI-RSs.
Proposal 3: For R18 multi-Rx DL receptions, the measurements restriction relaxation for two CSI-RS based GBBR L1-RSRP measurements can be considered under the following conditions:
· The two CSI-RSs for GBBR L1-RSRP are not included in a resource set with repetition ON.
· The two CSI-RSs have been reported as a beam pair in a reporting instance.
· The two CSI-RSs have the same QCL sources as the two activated TCI states for PDCCH/PDSCH respectively.
· UE is activated with multi-Rx operation.
In existing measurement restrictions measurements, it defines no measurement restrictions between two CSI-RS based L1 measurements when the two CSI-RSs are QCL-ed and without repetition=on. As we mentioned, the beam selection principles are different between GBBR L1-RSRP and RLM/BFD/L1-RSRP based non-GBBR. Even the CSI-RS for GBBR L1-RSRP have same QCL source as the CSI-RS for RLM/BFD/L1-RSRP based non-GBBR, the selected Rx beam could be different for the two CSI-RS and measurements restrictions shall be applied.
Proposal 4: It is suggested to introduce measurements restrictions between CSI-RS for GBBR L1-RSRP and CSI-RS for RLM/BFD/L1-RSRP based non-GBBR.
Scheduling Restrictions
In RAN4#107 meeting, RAN4 agreed that scheduling restrictions relaxation for SSB based L1 measurements is not considered for UE supporting R18 multi-Rx capability. So, the current R17 scheduling restrictions for SSB based L1 measurements can be reused for UE supporting R18 multi-Rx capability. For CSI-RS based L1 measurements with multi-Rx operations, the following agreements were achieved for scheduling restriction relaxation 
	[bookmark: _Hlk127989931]Issue 3-1-1: Conditions/cases that scheduling restriction for L1 measurements can be relaxed for multi-Rx
<Agreement >: 
· 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.


Based on the discussion in last meeting, the wording of current agreement is not clear enough which needs further rephrasing. The problem is that there is now two PDCCH/PDSCH to be considered, and when we are talking about scheduling restriction, it is not clear which PDCCH/PDSCH is referred to. Thus, the agreement is proposed to be rephrased as follows:
	· 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 and the CSI-RS is overlapped in time domain with the PDCCH/PDSCH
· 	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
When above conditions are made, there is no scheduling restriction between the CSI-RS for L1 measurement and the PDCCH/PDSCH with the same QCL source, and there is also no scheduling restriction between the CSI-RS for L1 measurement and the PDCCH/PDSCH with different QCL source


Based on the proposed changes, the PDCCH/PDSCH are categorized into two types:
PDCCH/PDSCH 1: 
PDCCH/PDSCH 1 and the CSI-RS have same QCL source (from same TRP) and they are overlapped in time domain.
PDCCH/PDSCH 2:
PDCCH/PDSCH 2 and the CSI-RS have different QCL source (from different TRP)
For CSI-RS and PDCCH/PDSCH 1, there is no scheduling restriction which is same as legacy requirements. For PDCCH/PDSCH2 there is also no scheduling restriction when above conditions are met.
Proposal 5: For UE supporting Rel-18 multi-Rx capability, the conditions/cases that scheduling restriction for L1 measurements can be relaxed for multi-Rx are define as:
	· 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 and the CSI-RS is overlapped in time domain with the PDCCH/PDSCH
· 	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
When above conditions are made, there is no scheduling restriction between the CSI-RS for L1 measurement and the PDCCH/PDSCH with the same QCL source, and there is also no scheduling restriction between the CSI-RS for L1 measurement and the PDCCH/PDSCH with different QCL source


The first bullet requires no beam sweeping for the CSI-RS based L1 measurements. However, for CSI-RS based CBD measurements, beam sweeping operation is always assumed in FR2. So, scheduling restriction relaxation is also not considered for CSI-RS based CBD measurements.
Proposal 6: For UE supporting Rel-18 multi-Rx capability, scheduling restrictions relaxation is not considered for CSI-RS based CBD measurements since beam sweeping operation is always assumed for CSI-RS based CBD measurements.
Based on the above analysis, the Rx beam of CSI-RS configured for RLM/BFD measurements or non-GBBR L1-RSRP measurements shall be selected from single TRP perspective. The Rx beam selected from single TRP perspective can be different with the Rx beam selected from TRP pair perspective. When the Rx beams used for PDCCH/PDSCH receptions are selected from TRP pair perspective, the scheduling restrictions relaxation is not considered.
Proposal 7: For UE supporting Rel-18 multi-Rx capability, scheduling restrictions relaxation is not considered for CSI-RS based RLM/BFD measurements and non-GBBR L1-RSRP measurements when PDCCH/PDSCH receptions is under multi-Rx operations.
Conclusions
In this paper we provided our discussion on L1-RSRP measurements for FR2 multi-Rx DL reception. The followings are provided.
Proposal 1: For UE supporting Rel-18 multi-Rx capability, measurement restrictions relaxation is not considered for SSB based L1 measurements, CSI-RS based CBD measurements, and CSI-RS based L1-RSRP measurements with repetition ON.
Proposal 2: For UE supporting Rel-18 multi-Rx capability, measurement restrictions relaxation is not considered for CSI-RS based RLM/BFD measurements and non-GBBR L1-RSRP measurements.
Proposal 3: For R18 multi-Rx DL receptions, the measurements restriction relaxation for two CSI-RS based GBBR L1-RSRP measurements can be considered under the following conditions:
· The two CSI-RSs for GBBR L1-RSRP are not included in a resource set with repetition ON.
· The two CSI-RSs have been reported as a beam pair in a reporting instance.
· The two CSI-RSs have the same QCL sources as the two activated TCI states for PDCCH/PDSCH respectively.
· UE is activated with multi-Rx operation.
Proposal 4: It is suggested to introduce measurements restrictions between CSI-RS for GBBR L1-RSRP and CSI-RS for RLM/BFD/L1-RSRP based non-GBBR.
Proposal 5: For UE supporting Rel-18 multi-Rx capability, the conditions/cases that scheduling restriction for L1 measurements can be relaxed for multi-Rx are define as:
	· 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 and the CSI-RS is overlapped in time domain with the PDCCH/PDSCH
· 	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
When above conditions are made, there is no scheduling restriction between the CSI-RS for L1 measurement and the PDCCH/PDSCH with the same QCL source, and there is also no scheduling restriction between the CSI-RS for L1 measurement and the PDCCH/PDSCH with different QCL source


Proposal 6: For UE supporting Rel-18 multi-Rx capability, scheduling restrictions relaxation is not considered for CSI-RS based CBD measurements since beam sweeping operation is always assumed for CSI-RS based CBD measurements.
Proposal 7: For UE supporting Rel-18 multi-Rx capability, scheduling restrictions relaxation is not considered for CSI-RS based RLM/BFD measurements and non-GBBR L1-RSRP measurements when PDCCH/PDSCH receptions is under multi-Rx operations.
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