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1	Introduction
In this contribution, we further discuss L1 enhancement requirements jointly for L1-RSRP, RLM, L1-SINR and CBD/BFD for FR2 multi-Rx reception [1], including:
1) beam sweeping factor reduction and 
2) Simultaneous reception of measurement RS and data
3) the impact on measurement/scheduling restriction
A WF on L1 enhancement for FR2 multi-RX DL reception was approved in RAN4#105 meeting [3]. 
	Agreements
· Discussion on Rx beam sweeping scaling factor, simultaneous reception of DL data and RS, and other multi-Rx related topics can be done jointly for L1-RSRP, RLM, L1-SINR and CBD/BFD.
Note: issues specific to each of the above measurements can be discussed separately.


2	Discussion
Beam sweeping factor reduction
	The following options are kept for further consideration: 
· Option 3: N should be reduced under the assumption that UE has some coverage overlap between different panels, how to define the conditions is FFS
· Option 4: N should be reduced with some other conditions/restrictions, exact conditions/constraints are still FFS, should be discussed what needs to be studied further
· Option 6: Do not change for L1
Companies should bring more analysis on the feasibility considering the following aspects:
	- relationship with enabling multi-Rx (i.e. whether this enhancement is necessary to enable multi-Rx or not)
- dependency on UE implementation
	- need for UE capability and whether/how this can be used by the network
	- feasibility of requirement definition and whether it can be enforced
	- reduction in UE flexibility related to beam sweeping
	- quantifiable performance improvements (e.g. beam management/mobility improvements and impact on system performance)
	- other aspects are not precluded.


The existing FR2 RRM requirements are defined with an assumption that UE is equipped with a single antenna panel and performs DL reception using a single RX beam/chain reception. In this case, UE needs to perform Rx beam sweeping and scaling factor (e.g., N=8) for SSB based L1-RSRP, RLM and BFD/CBD measurement delay is introduced. 
[image: ]
According to existing requirements, the SSB based L1 measurements for FR2 are performed with beam sweeping factor of 8 for all the cases. The L1 measurements include RLM, BFD/CBD, L1-RSRP and L1-SINR. For CSI-RS based L1 measurement, current scaling factor has considered number of resources in the resource set and maximum number of Rx beam (e.g., N=ceil (maxNumberRxBeam / Nres_per_set)). We can further discuss whether further reduction can apply duo to multi-Rx reception.
Proposal 1: Beam sweeping factor reduction is feasible at least for SSB-based L1-RSRP, RLM and BFD/CBD measurement. FFS for CSI-RS based L1 measurement.
Due to support of simultaneous multi-panel operation with several independent RX beams/chains, UE has multiple occasions to receive the measurement RS from a single direction in one sweeping cycle. For instance, 2 independent Rx beams are sweeping simultaneously, and each with separate baseband processing unit to enable simultaneous 2 beams sweeping. If the 2 Rx beams sweep each time without overlapping with previous directions that has been swept in one sweeping cycle, then at most 2 times faster beam sweeping can be achieved, and scaling factor can be reduced as N’=4. If the 2 Rx beams sweep each time with one beam overlapped with previous directions that has been swept in one cycle, then at worst beam sweeping is not fastened, and scaling factor is still the same as N=8. 
Thus, whether it is possible to reduce the beam sweeping factor reduction in case UE receives the measurement RS from a single direction, depends on UE beam sweeping schemes and, like whether the multi-Rx beams are non-overlapping, partial overlapping, or fully overlapping with previous swept directions.
It is possible for UE to enable simultaneous multiple beams Rx and faster beam sweeping with independent Rx chains. Different Rx Beam sweeping/adjustment schemes (e.g., non-overlapping, partial overlapping, or fully overlapping with previous swept directions) may lead to different beam sweeping factors.
Observation 1: Different Rx Beam sweeping/adjustment schemes (e.g., non-overlapping, partial overlapping, or fully overlapping with previous swept directions) may lead to different beam sweeping factors.
Proposal 2: Study the impact of different Rx Beam sweeping/adjustment schemes on Rx sweep factor if necessary.
Simultaneous reception of measurement RS and data
	Companies are encouraged to bring further analysis on the feasibility of simultaneous reception of measurement RS and data considering the following aspects:
	- concrete examples of scenarios under which simultaneous reception is possible (e.g. which measurement RS in which measurement occasion can be received simultaneously with control/data channels)
	- how is the network aware of which signals/channels can be simultaneously received by the UE
	- conditions under which these signals can be received simultaneously (e.g. singals grouped together in a group report)
	- need for additional signaling/capability
	- throughput gain
	- specification impact and relationship with enabling multi-Rx (i.e. whether this enhancement is necessary to enable multi-Rx or not)
	- other aspects are not precluded.


According to the discussion in last meeting, the following scenarios supporting simultaneous DL reception of RSs and/or data with multiple RX chains can be considered:
· Case 1: L1-RSPR/RLM/BFD/CBD RS + L1-RSPR/RLM/BFD/CBD RS
· Case 2: L1-RSPR/RLM/BFD/CBD RS + data (PDCCH/ PDSCH/CSI)
· Case 3: data (PDCCH/PDSCH) + data (PDCCH/PDSCH/CSI)
We can focus on the case different Rx panel for different DL RSs firstly, e.g., simultaneous L1 measurements with different Rx panel(s) for different DL RS(s). For the case simultaneous RX of L1 measurement and data scheduling, it may depend on UE capability, which can be discussed based on the conclusion of L1 RS+RS.
RAN4 can discuss the conditions under which these signals can be received simultaneously (e.g. singals grouped together in a group report, 2 AoAs reception of RS and data). Whether there need for additional signaling/capability is still FFS.
Proposal 3: FFS the conditions under which these signals can be received simultaneously (e.g. singals grouped together in a group report, 2 AoAs reception of RS and data). FFS additional signaling/capability
3	Conclusion
In this contribution, we propose our analysis and views on scenarios, beam sweeping factor reduction and the impact on measurement/scheduling restriction for L1 enhancements of FR2 multi-RX DL reception.
Proposal 1: Beam sweeping factor reduction is feasible at least for SSB-based L1-RSRP, RLM and BFD/CBD measurement. FFS for CSI-RS based L1 measurement.
Observation 1: Different Rx Beam sweeping/adjustment schemes (e.g., non-overlapping, partial overlapping, or fully overlapping with previous swept directions) may lead to different beam sweeping factors.
Proposal 2: Study the impact of different Rx Beam sweeping/adjustment schemes on Rx sweep factor if necessary.
Proposal 3: FFS the conditions under which these signals can be received simultaneously (e.g. singals grouped together in a group report, 2 AoAs reception of RS and data). FFS additional signaling/capability
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