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Introduction
This paper discusses our view on the RRM aspects related to the multi-RX chain reception in FR2 for Rel-18, in particular those concerning L1 measurements. This paper presents an overview on the objectives of the work item and based on those, observations and proposals are derived concerning expected architecture and how it can lead to enhancements for RRM measurements.

Discussion
In one issue discussed during the last RAN4 meeting, options related to simultaneous reception during L1-measurement were discussed in the issue below [1]:
	1.1 Sub-topic 1-2: L1 measurements related
<Way forward >: 
Note: All the options listed below are FFS. Other options are not precluded.
Issue 1-2-2: General part for L1 measurement requirements enhancements
Issue 1-2-2-1: Simultaneous reception of two different QCL-Type D RSs for L1 measurement
· Proposals
· Option 1: For the case when both different QCL-Type D RSs are received by two different UE Rx panels at a time, no measurement restriction and scheduling availability are needed because of beamforming conflict.
· Option 2: For the case when two different QCL-Type D RSs are received by same UE Rx panel at a time, the legacy R15/R16 requirement (e.g., measurement restriction and scheduling availability) should be reused.
· Option 3: UE is assumed to perform simultaneous data receptions with different beam directions or perform simultaneous L1 measurements with different beam directions.
· Option 4: Simultaneous DL reception of same or different type of RSs from different directions is supported for defining L1 measurement requirements to support multi-TRP operation.




Among the topics open for discussion related to simultaneous reception of RS from two different located sources for L1 measurements, is when to apply scheduling restrictions for multi-RX UEs. At least two scenarios were identified during the discussions in RAN4. 
Based on the different options from RAN4#104 meeting, we analyze each of the ‘options’ – although we do not see these as options but more like different scenarios.
Option 1:
In this scenario the UE is performing L1 measurement on two simultaneous but different QCL-Type D RSs which can be received by two independent panels at a time. In this case it is our understanding that the Rx chains, and hence UE beam management, operate independently and receiving one RS type using one Rx chain is assumed to not impact reception of same RS type on the other Rx chain. We also understand that one RS type using one Rx chain is assumed to not impact reception of different RS type on the other Rx chain.
In one scenario if the UE is performing CSI-RS based L1-RSRP reception with one RX chain the UE is capable of receiving for example CSI-RS-based L1-RSRP reception using the other Rx chain. In another scenario if the UE is performing CSI-RS based L1-RSRP reception with one RX chain the UE is capable of receiving for example SSB-based L1-RSRP RS using the other Rx chain. All without cross Rx chain impact.
For a multi-Rx chain capable UE, reception of any RS type for L1-RSRP using one Rx chain does not impact reception of same or different RS type for L1-RSRP using another Rx chain.  
Option 2:
In this scenario, the UE is simultaneously performing L1-RSRP measurements from two different QCL-Type D RSs which would be measured using two Rx spatial setting from same panel. However, it is not clear whether for the UE architecture, the same or different Rx chain may be applied. 
In this situation, the issue is whether UE is capable of receiving from different QCL Type-D source location using separate Rx beam from one panel. Hence, on the same panel with two different beams. Option 2 suggests that the existing restriction would apply in this case.
This may be the case, but option 2 is not clear whether any restriction caused by L1-RSRP measurements using one Rx spatial setting and Rx-chain would enforce cross Rx beam restriction – hence, will it lead to restrictions on the other Rx beam and Rx-chain. This needs to be discussed further.
In our view, as the L1-RSRP measurement are performed without sweeping assumptions there will be no restriction impact from performing L1-RSRP measurements using on Rx spatial setting and Rx chain on the other Rx spatial setting and Rx-chain.
For the single Rx spatial setting the legacy restrictions can apply.
For dual spatial multi-Rx UE, there will be no restriction impact from performing L1-RSRP measurements using one Rx spatial setting and Rx chain on the other Rx spatial setting and Rx-chain.
Additionally, and like option 1, RAN4 would need to discuss both CSI-RS-based and SSB-based L1-RSRP measurements.
Regarding Option 1 in the issue above, in the case when different QCL-Type RSs are received by two different UE Rx panels at a time, the suggestion is that no measurement restriction and scheduling availability are needed because of beamforming conflict. Regarding Option 2, in the case when two different QCL-Type D RSs are received by same UE Rx panel at a time, the suggestion is that legacy R15/R16 requirement should be used. 
Considering these options, one challenge regarding the options discussed in the last meeting is that the network is not aware of which panels the UE is using for L1-RSRP, and whether the UE is using 1 or more panels. Therefore it is not visible for the network when UE is measuring L1-RSRP using beams using one active panel or 2 active panels. Additionally, it is easy to imagine a scenario where the two different QCL-Type RS-s are received on different panels but similar AoA at the UE, thus resulting in inter-RS interference. 
Option 3:
We do in general not see any technical reason why there would need to be such a data reception vs L1-RSRP measurement restriction. We see that such scheduling/measurement limitation in the system will impact the network scheduling of data and RS for L1-RSRP which may not be beneficial for network or UE.
Option 4:
This scenario would in our view be representing a very common use case. Besides considering receiving different RS for L1-RSRP from differently located sources, we also believe that receiving RS for L1 measurements and RS for L3 measurement from different directions should be supported. 
RAN4 to support simultaneous DL reception of same or different type of RSs from different directions is supported for defining L1 measurement requirements.
However, this may not be limited only to mTRP operation within one cell but also between cells.
And the RS for L1 measurements and L3 measurement may be the same or different RS type (e.g. CSI-RS and SSB).
RAN4 to support simultaneous reception RS for L1 measurements and RS for L3 measurement from different directions.
And the RS for L1 measurements and L3 measurement may be the same or different RS type (e.g. CSI-RS and SSB).
RAN4 to support that the RS for L1 measurements and L3 measurement may be the same or different RS type.

There are fundamentally two types of UE Rx panel architectures: 
· those that are limited to receive and decode a maximum of one QCL-Type D RSs at the time, and 
· those that can receive two simultaneous different QCL-Type D RSs. 
Enforcing legacy scheduling restrictions on all architectures would be a conservative approach that wouldn’t allow to exploit the performance advantages of a UE capable of receiving simultaneously from two different QCL-Type D RSs. UE performance may however be impacted by the UE location and the location of the sources (cells/TRPs) and the AoA from these.
In the case of L1-measurements over RS with different QCL-Type D and sufficiently large AoA the UE may be able to perform L1-measurement without or with same restrictions as in single Rx UE. 
In the case of L1-measurements over RS with different QCL-Type D and small AoA, the beams used for L1-measurement may overlap for both Rx chains and restrictions may be required for certain UE architectures. 
[bookmark: _Hlk115447363]RAN4 to study how scheduling restrictions can be optimized for L1 measurements for UEs supporting multiple Rx chains. 
Additionally, regarding Options 3 and 4, for a UE to receive simultaneous data or RSs for L1 measurements with highest performance it should use different beam directions. 
Assume that UE architecture is capable of performing simultaneous operations of 
a. L1 measurement on first Rx chain and data reception on the second Rx chain simultaneously
b. L1 measurement on both Rx chains simultaneously
c. Data reception on both Rx chains simultaneously
Some other open issues related to L1 measurement are shown below [1]:
	Issue 1-2-2-3: Features for L1 measurement requirements enhancement
· Proposals
· Option 1: The study for L1-RSRP/RLM/BFD/CBD measurements for Reporting under CCA, for RedCap and for satellite access should be discussed later based on the normal case agreements.
· Option 2: The study for L1-RSRP/RLM/BFD/CBD measurements for Reporting under CCA, for RedCap, for satellite access, and for a cell with different PCI from serving cell should be discussed later based on the normal case agreements.
· Option 3: Deprioritize joint feature of multi-Rx chain DL reception and other features.

Issue 1-2-3: L1-RSRP measurement requirements enhancement
Issue 1-2-3-1: Aspects for L1-RSRP measurement requirements enhancement
· Proposals
· Option 1: FFS whether L1-RSRP measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Sharing factor Psharing factor for both SSB based measurement and CSI-RS based measurement
· Measurement restrictions for both SSB based and CSI-RS based L1-RSRP 
· Scheduling restrictions for both SSB based and CSI-RS based L1-RSRP 




When combination with other features is concerned, it is important that RAN4 focuses on the main enhancements that can be achieved with Multi Rx UEs firstly. If it is identified that these can be extended to other features, we can discuss after the level of maturity of the main multi-Rx chain enhancements are concluded or in a later release. 
Deprioritize joint feature discussion between multi-Rx chain DL reception and e.g. requirements under CCA, RedCap and satellite access, etc. 
In general, RAN4 could postpone working on these combinations until the WI work has stabilized.
Additionally, another open that was discussed in many issues was related to Rx beam sweeping scaling factor. With the multi Rx capable UEs is it possible for the UE to monitor multiple directions simultaneously, therefore L1 measurements may also benefit in terms of reduced beam sweeping scaling factor. 
When the UE uses all 4 layers on for L1 measurements, the beam sweeping factor may be reduced accordingly to the number of Rx chains dedicated to measurements.
Conclusion
In this paper we have presented Nokia’s views on L1 measurements for multi Rx chains. As part of this discussion, we have reached the following observations/proposals:
1. For a multi-Rx chain capable UE, reception of any RS type for L1-RSRP using one Rx chain does not impact reception of same or different RS type for L1-RSRP using another Rx chain.  
1. For dual spatial multi-Rx UE, there will be no restriction impact from performing L1-RSRP measurements using one Rx spatial setting and Rx chain on the other Rx spatial setting and Rx-chain.
1. RAN4 to support simultaneous DL reception of same or different type of RSs from different directions is supported for defining L1 measurement requirements.
RAN4 to support simultaneous reception RS for L1 measurements and RS for L3 measurement from different directions
RAN4 to support that the RS for L1 measurements and L3 measurement may be the same or different RS type.
In the case of L1-measurements over RS with different QCL-Type D and sufficiently large AoA the UE may be able to perform L1-measurement without or with same restrictions as in single Rx UE. 
In the case of L1-measurements over RS with different QCL-Type D and small AoA, the beams used for L1-measurement may overlap for both Rx chains and restrictions may be required for certain UE architectures. 
RAN4 to study how scheduling restrictions can be optimized for L1 measurements for UEs supporting multiple Rx chains. 
Assume that UE architecture is capable of performing simultaneous operations of 
a. L1 measurement on first Rx chain and data reception on the second Rx chain simultaneously
b. L1 measurement on both Rx chains simultaneously
c. Data reception on both Rx chains simultaneously
Deprioritize joint feature discussion between multi-Rx chain DL reception and e.g. requirements under CCA, RedCap and satellite access, etc. 
When the UE uses all 4 layers on for L1 measurements, the beam sweeping factor may be reduced accordingly to the number of Rx chains dedicated to measurements.
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