[bookmark: Title][bookmark: DocumentFor]3GPP TSG-RAN WG4 Meeting # 106	R4-2300102
Athens, Greece, February 27 – March 3, 2022

Source: 		Qualcomm Incorporated
Title: 	L1 measurement requirements for support of simultaneous receptions from two TRPs
Agenda item:	9.8.3.2
Document for:		Approval
Introduction
In this paper, we present our view on the following aspects:
· Types of L1 Measurements from Rel-15 to Rel-17
· L1 Measurement Accuracy Requirements and UE Implementation
· Types of Measurement Resources for Group-based L1-RSRP
· L1 Measurement Applicability
· L1 Measurement Period Requirements
Discussion
Types of L1 Measurements from Rel-15 to Rel-17
There are three different measurement types introduced in different releases. For respective measurement types, analysis on the applicability and limitations from the standpoint of simultaneous dual Rx beam based FR2 mTRP are provided in the observation below. And from the observation, we propose to consider only R17 group-based L1-RSRP measurement.

Observation 1: Not all of the L1 measurements introduced over the past releases are relevant to simultaneous Rx from mTRP in FR2.
· Rel-15 Group-based L1-RSRP
· In measurement report, UE may select two gNB Tx beams from one TRsP because there is no notion of measurement resource grouping per TRP
· Rel-16 L1-SINR
· The same issue as Rel-15 Group-based L1-RSRP. Furthermore, a selected pair of TRP Tx beam and UE Rx beam based on R16 L1-SINR measurement and report mechanism may not be always the same as or subset of the pair of beams UE can simultaneously support, hence, should be anyway followed by R17 group-based L1-RSRP measurement.
· Rel-17 Group-based L1-RSRP
· gNB Tx beam selection is per CMR set, hence the two selected gNB Tx beams in measurement report always belong to different TRPs as intended

Proposal 1: RAN4 to define L1 measurement period requirements only for R17 group-based L1-RSPR measurement.

L1 Measurement Accuracy Requirements and UE Implementation
In RRM requirements and test cases, up to Rel-17, there is no 2 AoA based measurement accuracy requirement. As can be seen from Figure 1, when there are two incident angles, one from desired signal and the other from undesired signal, different UEs may consider different criteria for Rx beam training and beam codebook selection, hence, different RSRP measurement results. For instance, the criteria can be RSRP or SINR. The same issue will arise in group-based L1-RSRP measurement for FR2 mTRP, as shown in Figure 2. Note that while training one Rx beam toward TRP1 based on a CMR resource set associated with the TRP, the other CMR resource set associated with TRP2 can be treated as IMR from UE implementation perspective, and vice versa. Besides, when UE measures group-based L1-RSRP, there can be four different methods depending on the UE implementation.
· Fig. 3-A1: CMR processing per best-mating UE antenna module when UE Rx beam pair is selected to maximize composite SINR of both CMRs
· Fig. 3-A2: CMR processing with both of UE beams when UE Rx beam pair is selected to maximize composite SINR of both CMRs
· Fig. 3-B1: CMR processing per best-mating UE antenna module when UE Rx beam pair is selected to maximize composite RSRP of both CMRs
· Fig. 3-B2: CMR processing with both of UE beams when UE Rx beam pair is selected to maximize composite RSRP of both CMRs
As all these are left to UE implementation and nothing in spec forces UE to use a specific criterion and method, it would not be feasible to define L1 measurement accuracy requirements.
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Fig. 1 L1 measurement and report when AoA of CMR is different from IMR
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Fig. 2 Group based measurement and report when multiple L1 measurement resources are configured
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Fig. 3-A1 CMR processing per best-mating UE antenna module when UE Rx beam pair is selected to maximize composite SINR of both CMRs
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Fig. 3-A2 CMR processing with both of UE beams when UE Rx beam pair is selected to maximize composite SINR of both CMRs
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Fig. 3-B1 CMR processing per best-mating UE antenna module when UE Rx beam pair is selected to maximize composite RSRP of both CMRs
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Fig. 3-B2 CMR processing with both of UE beams when UE Rx beam pair is selected to maximize composite RSRP of both CMRs
Fig. 3 Four different UE implementations for Group-based L1-RSRP measurements

Observation 2: 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 2: RAN4 to not define L1 measurement accuracy requirements when incident angles of multiple measurement resources from two TRPs are not identical unless the following ambiguities can be resolved by, e.g. introducing a new measurement quantity and UE behavior
· criteria of UE Rx beam selection and measurement resource selection
· dependency on UE beam codebook design

Types of Measurement Resources for Group-based L1-RSRP
According to the RAN1 spec, measurement resources of CMRs for R17 group-based L1-rSRP measurement can be either pair of SSBs or CSI-RSs.
Observation 3: For R17 group-based L1-RSRP measurements, mixed reference signal types are not allowed.

Proposal 3: RAN4 to not consider different types of measurement resources for group-based L1-RSRP measurements, i.e. no requirements for a mixture of SSB and CSI-RS based group L1-RSRP measurements.

L1 Measurement Applicability
It is natural to assume that measurement resources for group-based L1 measurement should be selected and configured based on L3 measurement and report on the resources. Otherwise, UE may end up not being able to even detect the configured group-based L1 measurement resources after trying the entire codebooks for dual beams.

Proposal 4: Group-based L1 measurement period requirements are applicable only when a valid L3 measurement report associated with the L1 measurement resources was sent during the last [5] seconds

L1 Measurement Period Requirements
When UE forms two concurrent Rx beams, UE may be able to finish beam sweepings for SSB-based L1-RSRP measurement within the half of the total number of the required single Rx beam based sweepings. Figure 4 shows simultaneous dual Rx beam based L1-RSRP measurements on 4 SSB burst outside SMTC window. However, this may not be always doable or UE may decide not to if certain conditions are not met. For instance, UE may not enable dual Rx beams if UE is not in mTRP based simultaneous reception mode or not in a good SNR regime. From NW signaling and configurations, there are ways that UE can start preparing dual Rx based measurement and reception from two TRPs, which may be different depending on sDCI or mDCI mode. Note that UE capable of dual Rx based L1 measurements may not perform RLM and CBD/CBD based on the dual beams because the optimal Rx beam for RLM and BFD/CBD may or may not be the same or sub-set of the dual Rx beams.
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Fig. 4 L3- and L1-RSRP Measurements when SMTC is configured

Proposal 5: A UE Rx beam sweeping factor of N during SSB-based L1 measurements can be lowered to N/2 only if any one of the following conditions is met:
· UE is configured with active TCI states from two TRPs, and the association between the TCI states and the TRPs is explicitly known to the UE, i.e.
· (single DCI based mTRP) at least one of the codepoints in the active TCI list for PDSCH includes two reference resources for qcl-TypeD from respective TRPs
· (multi DCI based mTRP) two CORESETs QCL’ed with two reference resources for qcl-TypeD are configured
· SNR > XdB for each TRP, where rank > 2 is expected
· Group-based L1-RSRP measurement is configured based on L3 measurements for the same measurement resources
· FFS on the following:
· a new UE capability
· RLM
· LR – BFD and CBD

Conclusions
In this paper, we proposed the following.
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