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Introduction
In RAN4#104bis-e meeting, RAN4 discussed the potential enhancements on L1 measurements due to FR2 multi-Rx chain DL reception and achieved the following agreements in WF [1].
	· L1 RSRP/SINR Measurements:
· The number of samples assumed to define the accuracy requirements should not be changed
· BFD/BFR:
· CSI-RS based BFD/BFR is in the scope of the current WI
· Multi-Rx and other features:
· Do not discuss join requirements for multi-Rx and NR-U, NTN and RedCap at least until all the requirements for multi-Rx are finalized


In this contribution, we provide the further discussion on the impacts on L1 measurements due to NR FR2 multi-Rx chain DL reception.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]Based on the open issues captured in WF [1], RAN4 needs to study the following aspects for L1 measurement requirements due to UE capability to do simultaneous receptions from different directions.
· Beam sweeping factor reduction
· Simultaneous receptions of data and RS for L1 measurements
· Simultaneous receptions of RSs for L1 measurements
Beam sweeping factor reduction
RAN4 needs to study the feasibility and performance gains of beam sweeping factor reduction, then RAN4 can determine whether to beam sweeping factor can be reduced for L1 measurements.
The L1 measurement RS includes SSB, CSI-RS in resource set configured with repetition ON and CSI-RS not in resource set configured with repetition ON. The beam sweeping factor for L1 measurement RS can be summarized as Table 1.
Table 1: Beam sweeping factor for L1 measurements
	L1 Measurement RS Type
	Beam sweeping factor (N)

	SSB resource
	N=8

	CSI-RS in resource set configured with repetition ON
	N=ceil(maxNumberRxBeam /Nres_per_set)

	CSI-RS not in resource set configured with repetition ON
	N=1


Since no TCI configuration for SSB resource, there is reference signal to provide QCL information for SSB resource. Then beam sweeping is always assumed for SSB based L1 measurements for beam refinement. The CSI-RS resources in resource set configured with repetition ON are transmitted with the same DL spatial domain transmission filter and transmitted in different OFDM symbols. All the CSI-RS resources in resource set configured with repetition ON are used for beam sweeping, i.e. UE receives each CSI-RS resource from different directions for beam sweeping. When the number of CSI-RS resources (Nres_per_set) is no smaller than the number of directions for beam sweeping (maxNumberRxBeam), the beam sweeping factor for each CSI-RS resource is equal to 1, i.e. no beam sweeping. The CSI-RS resource not in resource set configured with repetition ON is always QCL typeD to a SSB resource or a CSI-RS in resource set configured with repetition ON. So, non-beam sweeping is assumed for the CSI-RS resource not configured with repetition ON. Hence, beam sweeping operation on a L1 measurement RS is mainly focused on SSB based L1 measurements.
UE is assumed to perform L1 measurements on serving cell or a known cell with PCI different from serving cell. For either serving cell or a known cell with different PCI, UE has performed L3 measurements on the cell. Based on the rough beam information obtained from L3 measurements, UE performs beam sweeping on L1 measurement RS for beam refinement, to obtain fine beam information. 
According to the scope of this WI, it can be observed that FR2 UE is enhanced to support simultaneous receptions from different directions with different QCL typed RSs on a single component carrier, where the typical scenario is that the two different QCL typed RSs are from different TRPs. For the L1 measurements on a single RS, UE still receives the L1 measurement RS from a single direction at a time. Hence, the enhancement that UE supports to receive one RS simultaneously in multiple directions is not within the scope of this WID.
Observation 1: The assumption that UE can receive one RS in multiple directions simultaneously is not aligned with the objectives of FR2 multi-Rx WID.
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Figure 1: Example of beam sweeping factor reducing from N=8 to N=4
The beam sweeping factor reduction could lead to the direction sweeping range reduction. For example, as shown in Figure 1, UE performs L1 measurements on RS#1 from TRP1 and on RS#2 from TRP2. UE needs to perform beam sweeping for L1 measurements on both RS#1 and RS#2. If beam sweeping factor was reduced by half, then the direction sweeping range would also be reduced by half. Compared with legacy UE, the reduction of direction sweeping range for beam sweeping operation may lead that UE could not select to the beat Rx beam and cause the performance degradation.
Observation 2: Beam sweeping factor reduction for L1 measurements will lead to the degradation of beam refinement performance for L1 measurements.
Besides, the directions for beam sweeping on a L1 measurement RS usually are adjacent and quite possibly implemented on the same antenna panel. In this case, UE is only able to receive the L1 measurement RS in one direction at a time. UE is not supported to receive the L1 measurement RS simultaneously in multiple directions used for beam sweeping operation.
Observation 3: The assumption that UE can receive one RS simultaneously in multiple directions used for beam sweeping operation is not quite feasible from UE implementation perspective.
Based on the above analysis, beam sweeping factor reduction is not considered for L1 measurements.
Proposal 1: In R18 multi-Rx chain, UE is not assumed to support simultaneous L1 measurements on the same RS with two different beams.
Simultaneous receptions of data and RS for L1 measurements
RAN4 needs to study the feasibility of simultaneous receptions of data and RS for L1 measurements from the following aspects:
- which RSs can be received simultaneously and under which conditions
- how will the gNB and UE both know which UE Rx beam (or beams) is to be used for which signal
- what restrictions (if there any) are needed to enable simultaneous reception at the UE
- system level considerations on performance gain from simultaneous data and RS receptions
[bookmark: _Hlk118666240]For this WI, the motivation of introducing UE capability of supporting simultaneous DL receptions from different directions is that UE is able to receive data signals simultaneously on two beam directions from different TRPs. The typical scenario can be illustrated as Figure 2.
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Figure 2: Example of multi-Rx DL receptions for multi-TRP scenario
[bookmark: _Hlk118666393]UE is activated with two TCI states and supports to receive both data1 transmitted from TRP1 on beams#1 and data2 transmitted from TRP2 on beam#2 simultaneously. Both RS#1 and RS#3 are transmitted from TRP1, however the data1 transmitted from TRP1 is QCL typeD with RS#1 and not QCL typeD with RS#3, where UE receives RS#3 on beam #3. Both RS#2 and RS#3 are transmitted from TRP1, however the data2 transmitted from TRP2 is QCL typeD with RS#2 and not QCL typeD with RS#4, where UE receives RS#4 on beam #4. For both RS#1 and RS#2, UE can be assumed to receive data and RS simultaneously since either of the two RS has same beam direction with the data transmitted from one TRP. For RS#3 and RS#4, UE is not assumed to receive data and RS simultaneously due to that either of the two RS has different beams with the data transmitted from any one TRP. Since UE performs no beam sweeping for data receptions, obviously UE also needs to perform L1 measurements on RS#1 and RS#2 without beam sweeping.
[bookmark: _Hlk118666342]Proposal 2: For FR2 multi-Rx, UE is assumed to support simultaneous reception of data and RS for L1 measurements, provided that:
· RS for L1 measurements is QCL typeD with the data from either one TRP for multi-TRP transmissions.
· No beam sweeping operation is assumed for the RS for L1 measurements.
The RS for L1 measurements includes SSB and CSI-RS. However, UE is always assumed to perform beam sweeping for SSB based L1 measurements and non-beam sweeping for data receptions. So, the beam directions for SSB resource is always considered to be different with the beam direction for data receptions.
Proposal 3: For FR2 multi-Rx, UE is assumed not to support simultaneous reception of data and SSB for L1 measurements.
The CSI-RS resources in resource set configured with repetition ON are also used for beam sweeping, where each CSI-RS resource is used for L1 measurement from different directions. So, the beam direction for CSI-RS resource is always considered to be different with the beam direction for data receptions.
Proposal 4: For FR2 multi-Rx, UE is assumed not to support simultaneous reception of data and CSI-RS for L1 measurements, when the CSI-RS is within a resource set configured with repetition ON.
Simultaneous receptions of RSs for L1 measurements
The L1 measurement RS includes SSB, CSI-RS in resource set configured with repetition ON and CSI-RS not in resource set configured with repetition ON. Beam sweeping operation is assumed for SSB and CSI-RS in resource set configured with repetition ON. No beam sweeping operation is assumed for CSI-RS not in resource set configured with repetition ON, provided that CSI-RS not in resource set configured with repetition ON is QCL typed with SSB or CSI-RS in resource set configured with repetition ON.
When two RSs for L1 measurements are both with beam sweeping operation, then the Rx beam pair used for the two RSs could be changed for different occasions. When one of the two RSs for L1 measurements is with beam sweeping operation and the other is without beam sweeping operation, similarly the Rx beam pair used for the two RSs could be also changed for different occasions. It is difficult to guarantee each beam pair on the two RSs will be implemented on different panels.
Proposal 5: For FR2 multi-Rx, UE is assumed not to support simultaneous reception of two RS for L1 measurements, when either one of the two RSs is with beam sweeping operation.
Since the target scenario for supporting simultaneous DL reception with different beams is for multi-TRP transmissions, simultaneous L1 measurements on different RSs from different TRPs can be considered. For the two RSs for L1 measurements from same TRP, the existing L1 measurement requirements in R15/R16 can be reused.
For RLM measurements, the RLM-RS resources are cell-specific configured, and there is no association between an RLM-RS and a TRP. All the RLM-RSs could be transmitted from single TRP. For TRP-specific BFD/CBD measurements, both BFD and CBD measurements are configured with two RS resource sets. Each BFD/CBD RS resource set can be assumed to be associated with one TRP. However, UE to monitor the beam quality of the two TRPs independently, rather than to monitor the beam pair quality for the two TRPs. The RS resources used for L1-RSRP measurements are indicated by the IE CSI-ResourceConfig. According to TS 38.331, if groupBasedBeamReporting-v1710 is configured in the IE CSI-ReportConfig that indicates this CSI-ResourceConfig as resourceForChannelMeasurement, the network configures 2 resource sets, which may be two NZP CSI-RS resource sets, two CSI SSB resource sets or one NZP CSI-RS resource set and one CSI-SSB resource set. Each of the two resource sets can be assumed to be associated with one TRP. According to TS38.214, the reported results of each RS pair can be received simultaneously by the UE. For R17 group-based L1-RSRP measurements, UE needs to find best Rx beam pair for two RSs from different TRPs, rather than to find best Rx beam for each RS. As we suggested, the RS with beam sweeping operation is not considered. Hence, simultaneous reception of two CSI-RS resources for R17 group-based L1-RSRP measurements from different TRPs can be considered.
Proposal 6: For FR2 multi-Rx, the simultaneous reception of two CSI-RS resources for R17 group-based L1-RSRP measurements from different TRPs can be considered.
Conclusions
This contribution provides our discussion on initial analysis on L1 measurement impacts of NR FR2 multi-Rx chain DL reception in R18. The following are provided:
Observation 1: The assumption that UE can receive one RS in multiple directions simultaneously is not aligned with the objectives of FR2 multi-Rx WID.
Observation 2: Beam sweeping factor reduction for L1 measurements will lead to the degradation of beam refinement performance for L1 measurements.
Observation 3: The assumption that UE can receive one RS simultaneously in multiple directions used for beam sweeping operation is not quite feasible from UE implementation perspective.
Proposal 1: In R18 multi-Rx chain, UE is not assumed to support simultaneous L1 measurements on the same RS with two different beams.
Proposal 2: For FR2 multi-Rx, UE is assumed to support simultaneous reception of data and RS for L1 measurements, provided that:
· RS for L1 measurements is QCL typeD with one of the activated TCI states for data receptions.
· No beam sweeping is assumed for the RS for L1 measurements.
Proposal 3: For FR2 multi-Rx, UE is assumed not to support simultaneous reception of data and SSB for L1 measurements.
Proposal 4: For FR2 multi-Rx, UE is assumed not to support simultaneous reception of data and CSI-RS for L1 measurements, when the CSI-RS is within a resource set configured with repetition ON.
Proposal 5: For FR2 multi-Rx, UE is assumed not to support simultaneous reception of two RS for L1 measurements, when the either one of the two RSs is with beam sweeping operation.
Proposal 6: For FR2 multi-Rx, the simultaneous reception of two CSI-RS resources for R17 group-based L1-RSRP measurements from different TRPs can be considered.
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