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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#104-bis-e meeting, there were discussions on the L1 measurement requirements for FR2 multi-Rx chain DL reception. The following agreements were achieved and captured in the 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


There were other issues related to L1 measurements being proposed and discussed. The open issues are also captured in the WF [1]. In this contribution, we further provide our views on L1 measurements for FR2 multi-Rx chain DL reception.
2. Discussion
It was agreed the all the requirements for L1 measurements, including RLM, BFD/CBD, L1-RSRP measurement and L1-SINR measurement are enhancement for multi-Rx UE. Actually, there are common aspects for different L1 measurements that can be considered for enhancement, e.g., beam sweeping factor reduction, simultaneous reception of RS for L1 measurements and data, and simultaneous reception of RS for L1 measurements with different QCL type-D. 
Beam sweeping factor reduction could improve L1 measurement delay for FR2 significantly. Simultaneous reception of RS for L1 measurements and data can provided possibility of scheduling availability. Simultaneous reception of RS for L1 measurements with different QCL type-D could also improve L1 measurement delay for FR2.
2.1 Beam sweeping factor reduction
It was agreed to study feasibility and performance gains from beam sweeping factor reduction for L1 measurements.
	Companies should bring analysis on the following issues such that RAN4 can decide on the feasibility and performance gains from reducing the beam sweeping factor for L1 Measurements:
- whether it is possible to reduce the beam sweeping factor reduction in case UE receives the measurement RS from a single direction (issue brought up in R4-2215761- Mediatek)
- how much reduction is needed
- scenarios and potential conditions in requirements
- interpretation of RX beam sweeping factor reduction
- hardware or other implementation constraints under which reducing the sweeping factor is feasible
	- feasibility of imposing such constraints on implementation
	- are the conditions enforceable through requirements and testing
- system level considerations on performance gain from improving the sweeping factor
- power consumption impact


Firstly, the scenarios for beam sweeping factor reduction should be clarified. 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. The CSI-RS based L1 measurements for FR2 are performed in some cases with beam sweeping factor of 1 when CSI-RS resources in a resource set is configured with repetition OFF and QCL information is provided. The CSI-RS based L1 measurements for FR2 are performed in some cases with beam sweeping factor of N=ceil(maxNumberRxBeam / Nres_per_set) when CSI-RS resources in a resource set is configured with repetition OFF. For CSI-RS based CBD measurement, the beam sweeping factor is 8.
If beam sweeping factor reduction is feasible, it should focus on the cases where existing beam sweeping factor is 8.
Proposal 1: For SSB based RLM, BFD/CBD, L1-RSRP and L1-SINR, and CSI-RS based CBD, beam sweeping factor reduction can be considered if it is feasible.
For SSB based BFD, the evaluation period is defined as ceil (5  P  N)  TDRX when DRX cycle length > 320ms. Considering 640ms DRX cycle length and P = 1, which is the best assumption in terms of delay, the evaluation period is 25s already. When longer DRX cycle is configured and/or P is larger than 1 which would be typical case, the evaluation period could be in minutes level. The beam management performance may not be guaranteed with such long evaluation period. Therefore, it is benefit to reduce beam sweeping factor for L1 measurements for FR2.
Observation 1: There is benefit on beam management performance and system performance accordingly if beam sweeping factor can be reduced, at least under certain cases.
In [2], two solutions by UE implementation for beam sweeping for L1 measurements were presented. One solution is to perform RX beam sweeping for L1 measurements based on previous L3 measurement results. In this case, it is considered as beam refinement that Rx beam sweeping only covers rough beam coverage for L3 measurement. Multi-Rx (multi-panel) simultaneous reception doesn’t help in this case. We agree with the analysis and think it is reasonable.
The other solution is to perform Rx beam sweeping for L1 measurements without information/consideration of L3 measurement results. In this case, UE needs to perform Rx beam sweeping to cover entire spherical coverage. For UE with multi-Rx (multi-panel) simultaneous reception, the beam sweeping factor can be reduced.
The question would be which solution is used by UE for Rx beam sweeping for L1 measurements. It may not be just UE implementation dependent. In some cases, L3 measurement results may not be available, e.g., CBD measurement for beam failure recovery, then the UE has to perform Rx beam sweeping for the entire spherical coverage to find the candidate beam. Then beam sweeping factor can be reduced. Furthermore, for CBD measurement, reducing beam sweeping factor could help to find usable candidate beam as early as possible which will bring system gain.
Proposal 2: RAN4 is to further study the solution used for Rx beam sweeping for different L1 measurements.
Proposal 3: Beam sweeping factor reduction is feasible at least for SSB based CBD and CSI-RS based CBD.

2.2 Simultaneous reception of RS for L1 measurements and data
	Companies should bring analysis on the following issues such that RAN4 can decide on the feasibility and performance gains from UE capability to do simultaneous reception of data and RS for L1 measurements:
- which RSs (e.g., CSI-RS+CSI-RS, SSB+SSB, CSI-RS+SSB)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


This issue is also discussed as UE capability for simultaneous RS and data reception as in [3]. 
Firstly, it is feasible for UE to support simultaneous reception of data and RS for L1 measurements as long as the signal directions for RS and data is applicable 2AoA for multi-Rx reception. 
Then, the question would be how does NW know when UE is using 1 AoA reception and when UE is using 2 AoAs reception. The simultaneous data + RS is only possible when 2 AoA reception is activated by the UE. UE should be allowed to switch between 1 AoA and 2 AoAs reception based on data scheduling and L1 measurements configuration for the sake of power saving. At least, a new signalling can be considered to indicate NW when 2 AoA is activated or deactivated. Other mechanism can also be considered.
In addition, there could be restrictions to enable simultaneous reception for RS and data. The 2 AoAs of RS and data should be the applicable AoA pair defined by RF session.
Observation 2: it is feasible for UE with multi-Rx to support simultaneous reception of data and RS for L1 measurements as long as the signal directions for RS and data is applicable 2AoA for multi-Rx reception
Proposal 4: FFS mechanism for informing NW of activation/deactivation of 2AoA reception if necessary.

2.3 Simultaneous reception of RS for L1 measurements with different QCL type-D
	Companies should bring analysis on the following issues such that RAN4 can decide on the feasibility and performance gains from UE capability to do simultaneous reception of RS for L1 measurements from different beam directions:
- 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


In [3], following RSs combinations that can be used for simultaneous reception is observed.
Observation 3: For intra-cell multi-TRP, three different RSs combination, i.e., CSI-RS + CSI-RS, SSB + SSB and CSI-RS + SSB are supported for simultaneous L1-RSRP measurements and TRP specific link recovery.
Observation 4: For inter-cell multi-TRP, three different RSs combination, i.e., CSI-RS + CSI-RS, SSB + SSB and CSI-RS + SSB are supported for TRP specific link recovery.
Observation 5: For inter-cell beam management, SSB-based L1-RSRP measurement can be enhanced for multi-Rx chain UE.
For simultaneous reception of different QCL type-D RSs for different L1 measurements, network is not necessarily to know which beam direction is used for which RS measurement as it is up to UE implementation. UE could take RS pair that satisfy the 2 AoAs applicable condition for multi-Rx simultaneous reception.
For example, measurement restriction for SSB based BFD measurement is as follows.
	For FR2, when the SSB for BFD measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of but not both SSB for BFD measurement and CSI-RS. Longer measurement period for SSB based BFD measurement is expected, and no requirements are defined.
For FR2, if the network configures same or mixed numerology between SSB for BFD measurement on one FR2 band and CSI-RS for RLM, BFD, CBD, L1-RSRP or L1-SINR measurement on the other FR2 band, UE shall be able to perform the related SSB based measurements in one band without any measurement restrictions on the other band, provided that UE is capable of independent beam management on this FR2 band pair.


If SSB and CSI-RS for L1 measurements or CSI-RS and CSI-RS for L1 measurements are under the directions that 2AoA simultaneous reception is applicable, then UE with multi-Rx can measure the two RSs simultaneously if the two RSs are in the same OFDM symbol. 
However, if UE is under simultaneous reception of different RSs for L1 measurement, then the UE cannot perform simultaneous reception of RS and data. The UE is only supposed to receive signals from two directions.
Observation 6: If simultaneous reception of RS for L1 measurement and data is enabled, simultaneous reception of different QCL type-D RSs for L1 measurement is not possible anymore.
Proposal 5: RAN4 to further study how whether to define requirements for both simultaneous reception of RS and data and simultaneous reception of different QCL type-D RSs.

3. Summary
[bookmark: _Hlk23953093]In this contribution, we further provided views on L1 measurements for FR2 multi-Rx chain DL reception. Following proposals and observations are present.

Proposal 1: For SSB based RLM, BFD/CBD, L1-RSRP and L1-SINR, and CSI-RS based CBD, beam sweeping factor reduction can be considered if it is feasible.
Proposal 2: RAN4 is to further study the solution used for Rx beam sweeping for different L1 measurements.
Proposal 3: Beam sweeping factor reduction is feasible at least for SSB based CBD and CSI-RS based CBD.
Proposal 4: FFS mechanism for informing NW of activation/deactivation of 2AoA reception if necessary.
Proposal 5: RAN4 to further study how whether to define requirements for both simultaneous reception of RS and data and simultaneous reception of different QCL type-D RSs.
Observation 1: There is benefit on beam management performance and system performance accordingly if beam sweeping factor can be reduced, at least under certain cases.
Observation 2: it is feasible for UE with multi-Rx to support simultaneous reception of data and RS for L1 measurements as long as the signal directions for RS and data is applicable 2AoA for multi-Rx reception
Observation 3: For intra-cell multi-TRP, three different RSs combination, i.e., CSI-RS + CSI-RS, SSB + SSB and CSI-RS + SSB are supported for simultaneous L1-RSRP measurements and TRP specific link recovery.
Observation 4: For inter-cell multi-TRP, three different RSs combination, i.e., CSI-RS + CSI-RS, SSB + SSB and CSI-RS + SSB are supported for TRP specific link recovery.
Observation 5: For inter-cell beam management, SSB-based L1-RSRP measurement can be enhanced for multi-Rx chain UE.
Observation 6: If simultaneous reception of RS for L1 measurement and data is enabled, simultaneous reception of different QCL type-D RSs for L1 measurement is not possible anymore.
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