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1 	Introduction
In the last meeting, RAN4 has a preliminary discussion for FR2 multi-Rx and some open issues are identified in WF [1]. Besides, in this meeting, this WI is divided into four agenda items to be discussed: (1) general issues, (2) L3 measurement, (3) L1 measurement and (4) TCI state switching. Our view on third agenda item “L1 measurement” is provided in this paper. 
2 Discussion
In the following sections, below issues will be discussed sequentially.
· Scope
· L1 measurement (L1-RSRP/L1-SINR/RLM/BFD/CBD)

2.1 Scope
One open issue regarding joint requirement is triggered. The corresponding WF [1] is provided as below. 
	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.


For the topic of CCA, RedCap and satellite access, the use case of these joint requirement is unclear to us so far. In addition, because it is first time to discuss multi-Rx in 3GPP, we suggest to focus on basic case in R18.
For the topic of inter cell beam management/mTRP, as our analysis in our paper (R4-2215759), we think multiple panels in inter cell scenario is unnecessary. The reason is because the intention of multiple panel is for 4 MIMO layers data transmission. Comparing with intra-cell operation, inter-cell operation is not a typical case. Because, for inter-cell operation, UE will use two panels to perform 4 MIMO layers data transmission from two different serving cells at a time. In that case, UE is located in the middle of two cells which means UE is on the cell edge of both cells. It is high probable that both channels for two cells are not good. So, the UE may perform handover rather than 4 MIMO layer data transmission. Therefore, we do not see the necessity to introduce the multi-panels requirement for inter-cell operation.                     
[bookmark: _Ref115353538]Proposal 1: In R18 multi-Rx, deprioritize joint feature of multi-Rx chain DL reception and other features.

2.2 L1 measurement (L1-RSRP/L1-SINR/RLM/BFD/CBD)
In this section, L1 measurement including L1-RSRP, L1-SINR, RLM, BFD and CBD will be discussed. The discussion will cover N factor, P factor, measurement restriction and scheduling availability.
2.2.1 N factor
Before we discuss whether N factor can be reduced or not, we would like to share our understanding on UE measurement behavior first. In the following, the legacy R15/R16 UE will be discussed first, and then R18 multi-Rx UE will be further studied.
R15/R16 UE
For a R15/R16 UE, it is assumed that more than one panel can be equipped but only one panel is active at a time. To meet the measurement delay requirement (N=8), UE may or may not use L3 measurement result to down-select panel first. So, there are two possible designs as below.
· Design 1: use L3 measurement to down select panels
· Design 2: not use L3 measurement to down select panels

For design 1, as step 1 in Figure 1, UE takes previous L3 measurement result into account. Therefore, in step 2, UE can further perform L1 measurement based on the panel which is down selected by L3 measurement. In this case, the number of fine beams on each panel can be up to 8 to meet the L1 measurement delay requirement (N=8).
[image: ]
[bookmark: _Ref115170548]Figure 1. one possible UE design: performing L1 measurement based on previous L3 measurement info

For design 2, as Figure 2, UE does not take previous L3 measurement result into account. So, UE uses fine beam to perform L1 measurement on two panels sequentially. In this case, the number of fine beams on each panel is 4 and total number of beams is 8. The reason why 4 fine beams is assumed on each panel is that UE should complete L1 measurement on both two panels sequentially within a limited time (N=8).
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[bookmark: _Ref115349097]Figure 2. one possible UE design: performing L1 measurement without previous L3 measurement info

R18 UE
In R18, two active panels at a time are allowed. So, we would like to further study what is the difference for the design 1 and design 2 in this R18 WI.
For design 1, as step 1 in Figure 3, UE takes previous L3 measurement result into account. In step 2, UE may activate up to two panels at a time for L1 measurement. To UE, the gain to activate two panels at a time is that the coverage of L1 measurement is extended. But, the key point here is that the number of beams on each panel is still 8 if UE wants to maintain the same spherical coverage on each panel. Therefore, to our understanding, for design 1 UE, N should still be 8. Otherwise, the UE cannot complete the L1 measurement.
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[bookmark: _Ref115350607]Figure 3. one possible UE design (two panels can be activated at a time) : performing L1 measurement based on previous L3 measurement info

For design 2, as Figure 4, UE does not take previous L3 measurement results into account. UE may activate up to two panels at a time for L1 measurement. In this case, UE can perform L1 measurement on both panels at a time. Therefore, N can be reduced.
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[bookmark: _Ref115351250]Figure 4. one possible UE design (two panels can be activated at a time) : performing L1 measurement without previous L3 measurement info


So, based on above analysis, N cannot be reduced for all UEs because it depends on UE implementation.
[bookmark: _Ref115168060][bookmark: _Ref115353540]Observation 1: N cannot be reduced for all UEs because it depends on UE implementation.
[bookmark: _Ref115353543]Proposal 2: N is 8 in L1 measurement delay (L1-RSRP/L1-SINR/BFD/CBD/RLM) if UE already takes L3 measurement results into account to down select panel.

2.2.2 P factor
In the last meeting, some companies think both L1 and L3 measurement can be performed simultaneously. So, the Psharing_factor can be removed. However, according to our analysis in the clause 2.4.2 (proposal 10) in our paper (R4-2215759), we think L3 measurement enhancement is not needed. The reason is because the intention of this WI is to increase the MIMO layer up to 4 to improve data throughput. And L3 measurement is for mobility. So they are different. Besides, in order to achieve simultaneous L3 and L1 measurement, joint consideration between L3 and L1 measurement in UE implementation is needed. It will hugely increase UE complexity because UE needs to control different measurements on different panels at a time. As a result, the following proposal is suggested.
[bookmark: _Ref115353544]Proposal 3: In L1-RSRP/L1-SINR/BFD/CBD/RLM, P factor should not be enhanced due to collision between L1 and L3 measurement.

2.2.3 measurement restriction
One open issue regarding scheduling restriction and measurement restriction is under discussion as below without conclusion yet. 
	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.


As our analysis in clause 2.4.1 in our paper (R4-2215759), the applicability condition for the R18 multi-Rx will be discussed in RF session. So, to our understanding, UE should be able to use two different panels to receive the two different QCL Type D RSs at a time as long as UE meet the applicability condition which will be concluded in RF session. Therefore, for the measurement restriction and scheduling restriction, the following proposals are suggested.
[bookmark: _Ref115353545]Proposal 4: For measurement restriction in L1-RSRP/L1-SINR/BFD/CBD/RLM, UE can receive two different QCL Type D RSs on two different UE Rx panels at a time only if the applicability condition (e.g. AoA difference which will be concluded in RF session) is met.

2.2.4 Scheduling availability
For the scheduling availability in L1 measurement, it is related to our discussion in clause 2.4.3 (Issue : simultaneous reception of measured RS and data) in our paper (R4-2215759).

[bookmark: _Ref115382400]Proposal 5: To discuss scheduling restriction in L1-RSRP/L1-SINR/BFD/CBD/RLM after “RAN4 to further study how to guarantee that network can know when to apply schedule restriction or when not to.” is concluded.

3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of FR2 multiple panels is provided. We have the following proposal:
Proposal 1: In R18 multi-Rx, deprioritize joint feature of multi-Rx chain DL reception and other features.
Observation 1: N cannot be reduced for all UEs because it depends on UE implementation.
Proposal 2: N is 8 in L1 measurement delay (L1-RSRP/L1-SINR/BFD/CBD/RLM) if UE already takes L3 measurement results into account to down select panel.
Proposal 3: In L1-RSRP/L1-SINR/BFD/CBD/RLM, P factor should not be enhanced due to collision between L1 and L3 measurement.
Proposal 4: For measurement restriction in L1-RSRP/L1-SINR/BFD/CBD/RLM, UE can receive two different QCL Type D RSs on two different UE Rx panels at a time only if the applicability condition (e.g. AoA difference which will be concluded in RF session) is met.
Proposal 5: To discuss scheduling restriction in L1-RSRP/L1-SINR/BFD/CBD/RLM after “RAN4 to further study how to guarantee that network can know when to apply schedule restriction or when not to.” is concluded.
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Step 2: UE uses fine beam to perform L1 measurement on up
to two panels at a time. Note: the gain to activate two panels
at a time is that the coverage of L1 measurement is extended.

Step 1 : use L3 measurement (rough
beam) to down-select panel
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Step 1: UE uses fine beam to perform L1
measurement on two panels at a time
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Step 2: UE further uses fine beam to perform
L1 measurement on the panel which is down-
selected by L3 measurement.

Step 1 : use L3 measurement (rough
beam) to down-select panel
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Step 1: UE uses fine beam to perform L1 measurement
on two panels but only one panel is active at a time




