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Introduction
In RAN4#104-e meeting, the RRM impacts of NR FR2 multi-Rx chain DL reception were initially discussed. For L1 measurements, the feasibility and necessity of enhancing requirements are still FFS. In this contribution, we provide the 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]For L1 measurement requirements, whether to enhance the following aspects needs to be further studied.
· Beam sweeping factor for L1 measurements
· Sharing factor between L1 measurements and L3 measurements
· Measurement restriction between different L1 measurements
· Scheduling restriction for L1 measurements
The enhancement on beam sweeping factor requires UE to support simultaneous L1 measurements on the same RS with two different beams. However, for R18 FR2 multi-Rx chain, the enhanced FR2 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs are considered. The enhancement on beam sweeping factor is not the scope of this WID. Besides, the target scenario for supporting simultaneous DL reception with different beams is for multi-TRP transmissions. The beam information for different TRPs is indicated by different RSs.
Proposal 1: In R18, it is suggested not to support simultaneous L1 measurements on the same RS with two different beams.
Both SSB and CSI-RS can be configured for L1 measurements. Beam sweeping is always assumed for SSB based L1 measurements and the beam sweeping factor is defined as 8. However, for CSI-RS based L1 measurements, non-beam sweeping is assumed and the beam sweeping factor is defined as 1. As we mentioned, UE is not assumed to support simultaneous L1 measurements on one RS with different beams. So, there is no enhancement on beam sweeping factor for L1 measurements. Simultaneous L1 measurements and L3 measurements is also not assumed to be supported, the sharing factor between L1 and L3 still need to be kept in L1 measurement requirements. We suggest that UE does not support simultaneous data receptions and L1 measurements with different beam directions. Then, the scheduling restrictions shall be applied when RS for L1 measurements is not QCL-TypeD with the data.
Proposal 2: In R18, it is suggested not to enhance the following aspects for L1 measurement requirements.
· Beam sweeping factor for L1 measurements
· Sharing factor between L1 measurements and L3 measurements
· Scheduling restriction due to L1 measurements
Even though UE is assumed to support simultaneous L1 measurements on two different QCL type-D RSs, however there are more than 2 RS will be configured for L1 measurements. The number of RS configured for RLM or BFD measurements is up to 8. The number of RS configured for L1-RSRP measurements is up to 64. RAN4 needs to investigate the scenarios in which simultaneous L1 measurements on two different QCL type-D RSs can be supported. For L1 measurements, when two different QCL type-D RSs are used for different purposes, then measurement restrictions are applied. For example, measurement restrictions are between RLM-RS and BM-RS.
Proposal 3: For L1 measurements, the measurement restrictions are still applied between two different QCL type-D RSs used for different purposes, e.g. measurement restrictions between RLM-RS and BM-RS.
So, simultaneous L1 measurements on two different QCL type-D RSs for the same purpose are considered. 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 different QCL type-D RSs from the same TRP, it can be assumed that UE is not required to support simultaneous L1 measurements on these different RSs.
Proposal 4: For L1 measurements, it can be assumed that UE is not required to support simultaneous L1 measurements on two RSs with different beams from the same TRP, and the measurement restrictions are applied between these two RSs.
For RLM measurements, the RLM-RS resources are cell-specific configured. For cell specific BFD/CBD measurements, the BFD-RS/CBD-RS resources are also cell-specific configured. For cell-specific L1 measurements, there is no association between a RS and a TRP and all the RS for L1 measurements can be assumed from single TRP. Similarly, it can be assumed that UE is not required to support simultaneous L1 measurements on different RSs from the same TRP. There is no enhancement on RLM measurements and cell specific BFD/CBD measurements.
Proposal 5: In R18, it is suggested not to enhance RLM measurement requirements and cell specific BFD/CBD requirements.
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. 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. Hence, for TRP-specific BFD/CBD/L1-RSRP measurements, the simultaneous BFD/CBD/L1-RSRP measurements on two RSs from two resource sets can be considered.
Proposal 6: In R18, the enhancement on TRP-specific BFD/CBD/L1-RSRP measurements can be considered, and UE can be assumed to support simultaneous BFD/CBD/L1-RSRP measurements on two RSs from two resource sets when UE Rx beams of the two RSs can be activating simultaneously.
In FR2, UE is usually equipped with multiple panels to provide all beam directions coverage, where one panel provide partial beam directions coverage. In R18, the enhanced FR2 UE needs to activate multiple panels at a time for simultaneous DL receptions from multiple beam directions. However, UE could not activate one panel at a time for multiple beams. UE may not support simultaneous DL receptions on any combination of multiple beams.
Figure 1 shows the UE Rx beams for multi-TRPs. In Case 1, UE Rx beams for multi-TRPs are implemented on UE two panels and can be activating simultaneously. In Case 2, UE Rx beams for multi-TRPs are implemented on UE same panel and cannot be activating simultaneously. Hence, RAN4 needs to further study how to determine whether UE Rx beams of two RSs can be activating simultaneously.
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Figure 1: illustration for UE Rx beams for multi-TRPs
Proposal 7: RAN4 needs to study the conditions when UE Rx beams of two RSs used for L1 measurements can be activating simultaneously by different antenna panels. 

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:
Proposal 1: In R18, it is suggested not to support simultaneous L1 measurements on the same RS with two different beams.
Proposal 2: In R18, it is suggested not to enhance the following aspects for L1 measurement requirements.
· Beam sweeping factor for L1 measurements
· Sharing factor between L1 measurements and L3 measurements
· Scheduling restriction due to L1 measurements
Proposal 3: For L1 measurements, the measurement restrictions are still applied between two different QCL type-D RSs used for different purposes, e.g. measurement restrictions between RLM-RS and BM-RS.
Proposal 4: For L1 measurements, it can be assumed that UE is not required to support simultaneous L1 measurements on two RSs with different beams from the same TRP, and the measurement restrictions are applied between these two RSs.
Proposal 5: In R18, it is suggested not to enhance RLM measurement requirements and cell specific BFD/CBD requirements.
Proposal 6: In R18, the enhancement on TRP-specific BFD/CBD/L1-RSRP measurements can be considered, and UE can be assumed to support simultaneous BFD/CBD/L1-RSRP measurements on two RSs from two resource sets when UE Rx beams of the two RSs can be activating simultaneously.
Proposal 7: RAN4 needs to study the conditions when UE Rx beams of two RSs used for L1 measurements can be activating simultaneously by different antenna panels. 
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