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1. Introduction
During the RAN4#106-bis-e meeting, the multi-RX chain topics has been discussed together with the groupbasedbeamreporting-r17 mechanism for simultaneous reception. In this case, further L1-RSRP measurement delay requirement can be based on such IE and hence further discussion is provided in the following discussion paper.
2. Discussion
The general aspect has been discussed and the agreement in WF [1] are captured as below:
Issue 1-1: Which reference signals to be considered for multi-rx L1 measurement requirements
Agreement from GTW:
· Multi-Rx L1 measurement requirements are defined under assumption of the following reference signals availability
· CSI-RS + CSI-RS: CSI-RS reference signals are transmitted from the two TRPs
· SSB + SSB: SSB signals are transmitted from the two TRPs
· FFS 
· SSB + CSI-RS: SSB and CSI-RS signals are transmitted from different TRPs
· FFS if same or different RS combinations would apply for different RRM requirements
· FFS whether to consider simultaneous and/or non-simultaneous RS transmission from different TRP to define RRM requirement

For the reference signal to be considered, we have provided clear discussion based on RAN1/RAN2 agreement in our previous paper as per TS 38.331, for the IE groupbasedbeamreporting-v1710, the CSI-SSB-ResourceSetList and nzp-CSI-RS-ResourceSetList will be configured in the CSI-ResourceConfig field. This is shown as below in detail:
[image: ]
From the above specification analysis, we see that for the groupbasedbeamreporting-r17, there are two CSI resource sets can be configured and for each CSI resource set, it can be CSI-SSB resource set or nzp-CSI-RS resource set.
Observation 1: For the groupbasedbeamreporting-r17, there are two CSI resource sets can be configured and for each CSI resource set, it can be CSI-SSB resource set or nzp-CSI-RS resource set.
In this case, the reference resource has been agreed to be SSB + SSB, CSI-RS + CSI-RS and SSB + CSI-RS. However as still companies have different understanding, an LS [3] was sent to RAN1 and we can further wait for RAN1 reply.
Proposal 1: Wait for RAN1 reply LS on the reference signal configuration.
For the simultaneous reception of such reference signals, in our opinion, it has been already agreed in the RAN4#106 meeting that the GBBR is the pre-requisite of multi-RX simultaneous reception, otherwise UE cannot know which pair of beams can be received simultaneously. In this case, we see the quite important word as “simultaneously”. Some company has indicated that even the UE use GBBR, still the L1-RSRP for each TRP will be measured in TDM manner and afterwards a pair of results will be reported. However, we believe this should not be case. The main purpose as indicated in previous discussion is “simultaneously”. In some previous discussion paper as [2], we can see the case that UE can have good L1-RSRP result of two different TRPs while it cannot guarantee such L1-RSRP result when received simultaneously. This is because such pair of results are measured in TDM manner. If such pair of results is reported to NW, then the NW would assume the UE can have good L1-RSRP for simultaneous reception which is not the case at all. Hence to report such a pair of L1-RSRP result, the measurement must be done simultaneously.
Observation 2: There exist the case that UE can have good L1-RSRP result of two different TRPs with measurement in TDM manner while it cannot guarantee such L1-RSRP result when received simultaneously.
Based on such observation, we believe the GBBR should request the UE to measure the two configured reference resource sets simultaneously. 
Proposal 2: Based on GBBR, the L1-RSRP measurement should be done for two reference signals simultaneously. 
Following the GBBR requirement discussion, the WF agreement is captured as below:
Group based beam reporting (GBBR) requirements
Issue 1-3-2: if GBBR can be introduced, what requirements to introduced 
Wayforward: 
Companies have different understanding about GBBR from the first-round discussion of RAN4#106bis-e. To get common understanding on GBBR, please consider following aspects in your further analysis. 
Issue 1-3-2-1: How to perform measurement. That means the measurement delay required for GBBR (i.e., measurement delay for beam pair)
· Option 1: Reuse legacy L1-RSRP delay as UE do not know which beams can be paired.
· Option 2: Due to simultaneous reception measurement delay for beam pair can be enhanced for L1-RSRP 
Issue 1-3-2-2: How to choose beam pair that are going to be reported based on measurement results
· Option 1: define conditions for selecting beam pair in the report
· Please provide conditions that can be considered
· Option 2: How to choose beam pair is UE implementation 
Issue 1-3-2-3: NW configures UE with GBBR, but UE did not find a good beam pair to report. What should be the UE behaviour
· Option 1: NO behaviour is needed
· Option 2: report NA or single beam 
· Option 3: Check with RAN1 
· Note: if we agree for this, we may need to define what are the conditions for beam pair selection as we need to define what is not finding good beam pair.  
Issue 1-3-4: Which reference signals to be considered for GBBR configuration 
 Agreements: SSB+SSB or CSI-RS + CSI-RS can be supported for GBBR.
Way forward: FFS if SSB+CSI-RS is supported for GBBR.
Issue 1-3-5: If CSR-RS is configured for GBBR 
FFS whether CSI-RS resource with repetition ON will be configured for group-based reporting. 
Issue 1-3-6: Type of reporting used for GBBR  
FFS if Periodic, semi-persistent and aperiodic report are supported


As per the observation 2 and proposal 2 above, for “Issue 1-3-2-1: How to perform measurement” it is proposed to define the specific L1-RSRP measurement requirement for GBBR based on different RS sets configurations. For issue 1-3-2-2 and issue 1-3-2-3, we believe this should be the UE implementation part and should not be standardized. The UE report behaviour has been provided in our previous paper. Based on the groupbasedbeamreporting-r17 mechanism, the network will configure two CSI resource sets and one for each TRP. Also these two resource sets can be CSI-SSB or NZP-CSI-RS resource sets. The number of resources of each resources sets are configured and can also be different. UE should report the L1-RSRP based on the measurement results with at most 4 groups of data and the corresponding SSBRI or CRI will be also reported. An example of the L1-RSRP report can be seen as below:
Table 1 Illustration of the L1-RSRP report of groupbasedbeamreporting-r17
	CMR set ID with largest L1-RSRP
	group ID
	CMR resource ID in group#0
	CMR resource ID in group#1

	CMR set ID （1bit）
	group ID#0
	SSBRI/CRI#，
L1-RSRP（7bit）
	SSBRI/CRI#，
L1-RSRP（4bit）

	
	group ID#1
	SSBRI/CRI#，
L1-RSRP（4bit）
	SSBRI/CRI#，
L1-RSRP（4bit）

	
	group ID#2
	SSBRI/CRI#，
L1-RSRP（4bit）
	SSBRI/CRI#，
L1-RSRP（4bit）

	
	group ID#3
	SSBRI/CRI#，
L1-RSRP（4bit）
	SSBRI/CRI#，
L1-RSRP（4bit）



However we see the LS [3] has been sent to RAN1 for clarification and we can wait for RAN1 reply LS on such UE behaviour.
Proposal 3: To define specific L1-RSRP measurement requirement for GBBR based on different RS sets configurations.
Proposal 4: How to report the beam pair is for UE implementation.
Proposal 5: UE behaviour when no good beam pair found can wait for RAN1 reply LS.
For the beam sweeping factor reduction and the L1-RSRP measurement requirement based on GBBR, it can be discussed together and the WF agreement is captured as below:
Beam sweeping/Sharing/Scaling factor reduction
Agreement from GTW:
· Introduce enhanced RRM requirements based on faster beam sweeping with multi-Rx chains based on UE capabilities
· Option 1: Introduce beam sweeping factor reduction
· Other options not precluded
· FFS on specific conditions when enhancement apply
· FFS if any signalling is needed
· FFS on details of UE capabilities
Way forward: Please bring further analysis on the FFS parts of the above GTW agreement to the next meeting. 
Agreements:
How to capture the enhanced requirements (based on the agreement of enhanced requirements) in the spec due to faster beam sweeping can be discussed during CR stage. 
L1-RSRP for simultaneous reception
Issue 1-4-2: L1-RSRP measurement requirements
Way forward: GBBR is agreed as prerequisite to enable simultaneous reception. Does that mean we only look at potential enhancements of L1-RSRP from beam pair reporting point of view. It is better to align views on what we are going to study or enhance as part of this WI for L1-RSRP. Please indicate which of the following options is your understanding. 
· Option 1: Study and enhance if feasible L1-RSRP measurement delay for reporting of beam pair.
· Option2: Study and enhance if feasible L1-RSRP configured simultaneously using QCL information acquired from GBBR 
· Scenario is let’s assume SSB (wide beam) is configured for GBBR. UE reports GBBR for SSB. NW knows wide beams UE can receive simultaneously.  Can NW configure fine beams within the wide beam beamwidth for simultaneous measurement.
· Other options (please specify)

Issue 1-4-3: L1-RSRP measurement accuracy requirements
It was agreed to discuss in performance part 

L1-SINR for simultaneous reception
Issue 1-5-1: Shall L1-SINR requirements be defined for the multi-RX UE
FFS whether enhancements to L1-SINR are supported in this WI. 



Currently the L1-RSRP measurement is using different measurement delay for SSB based L1-RSP and CSI-RS based L1-RSRP. From resource set configuration perspective, the L1-RSRP measurement for groupbasedbeamreporting-r17 can be both SSB based, CSI-RS based and one for SSB based and one for CSI-RS based. Currently for SSB based L1-RSRP measurement delay, N=8 for beam sweeping factor has been used. For CSI-RS based L1-RSRP measurement delay, N is related to the repetition on/off of such configured CSI-RS resource set and the number for resources per resource set. Hence the requirements might need to be considered together.
Observation 3: The SSB-based and CSI-RS based L1-RSRP measurement delay are related to different beam sweeping factors.
For the case of both SSB-based L1-RSRP measurement delay, In our previous paper, we have analysed that for the UE equipped with two panels, due to different UE implementation, there will be three scenarios as fully overlap, non-overlap as well as the partial overlap of the two panel RX beam coverage. Some companies has provided their views as no delay enhancement can be reached as option 6 shown above based on the non-overlap assumption for the UE two antenna panels. From our understanding, the non-overlap scenario needs the UE to perform 8 times L1-RSRSP measurement for 16 different beam directions with 2 directions at each time as the multi-RX capability. In this case, the measurement still needs 8 times of beam measurement and hence no L1 enhancement can be reached. However, for the extreme cases such as the fully overlap of two panels, there will be only 8 beams needs to be tested and 2 directions can be tested each time, hence the half of beam measurement as 4 will be needed. From this perspective, the beam sweeping factor depends largely on the coverage overlap of different panels. 
Observation 4: For non-overlap of two panel assumption, there will be no beam sweeping factor reduction for SSB based L1-RSRP.
Observation 5: For fully overlap of two panel assumption, the beam sweeping factor can be enhanced from 8 to 4 for SSB based L1-RSRP.
Similarly, with the partially overlap scenario, if m of the beams are overlapped for the two panels, then the total directions needs to be tested is N= floor(m/2) + 8 – m. For example. M=0, N=8; M=8, N=4 which is matched to the above observation 1 and 2 for non-overlap and fully overlap cases. For the below example, the first panel is for beam #0 to #7 with red and the second panel is for beam #2 to #9 with yellow. In this case the overlapped beams as #2 to #7 with orange and there are 6 beams overlap as total. In this case, N=5 as the beam factor after the overlap scaling reduction. From our understanding, this UE panel coverage information can be reported as a UE capability which represents the UE panel coverage overlap. The exact report number can be directly about the scaling factor and hence network can use this capability to evaluate the L1-RSRP measurement time.
Proposal 6: The beam sweeping factor reduction can be a UE capability for SSB + SSB case.
For the case of both CSI-RS based L1-RSRP measurement, since currently whether the repetition of CSI-RS resource set can be set to on is not clear to the group and an LS [3] has been sent to RAN1, we can wait for the reply LS.
Proposal 7: Wait for RAN1 reply LS for two CSI-RS based L1-RSRP.
3	Conclusions
In this paper, we give further discussion on L1-RSRP measurement issue, the observations and proposals are captured as below:
Observation 1: For the groupbasedbeamreporting-r17, there are two CSI resource sets can be configured and for each CSI resource set, it can be CSI-SSB resource set or nzp-CSI-RS resource set.
Observation 2: There exist the case that UE can have good L1-RSRP result of two different TRPs with measurement in TDM manner while it cannot guarantee such L1-RSRP result when received simultaneously.
Observation 3: The SSB-based and CSI-RS based L1-RSRP measurement delay are related to different beam sweeping factors.
Observation 4: For non-overlap of two panel assumption, there will be no beam sweeping factor reduction for SSB based L1-RSRP.
Observation 5: For fully overlap of two panel assumption, the beam sweeping factor can be enhanced from 8 to 4 for SSB based L1-RSRP.
Observation 6: Beam sweeping factor N for CSI-RS is based on the repetition configuration, maxNumberRxBeam UE capability and Nres_per_set configuration.
Proposal 1: Wait for RAN1 reply LS on the reference signal configuration.
Proposal 2: Based on GBBR, the L1-RSRP measurement should be done for two reference signals simultaneously. 
Proposal 3: To define specific L1-RSRP measurement requirement for GBBR based on different RS sets configurations.
Proposal 4: How to report the beam pair is for UE implementation.
Proposal 5: UE behaviour when no good beam pair found can wait for RAN1 reply LS.
Proposal 6: The beam sweeping factor reduction can be a UE capability for SSB + SSB case.
Proposal 7: Wait for RAN1 reply LS for two CSI-RS based L1-RSRP.
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csi-SSB-ResourceSetList, csi-SSB-ResourceSetListExt
List of references to SSB resources used for CSI measurement and reporting in a CSI-RS resource set (see TS 38.214 [19], clause 52.1.2). The csi-SSB-ResourceSetListExt
provides additional references and can only be configured if csi-SSB-ResourceSetList is configured and v1710is configured in the CSI-
ReportConfig that indicates this CSI-ResourceConfig as resourcesForChannellMeasurement. If -v1710is configured in the IE CSI-ReportConfig that
indicates this CSI-ResourceConfig as resourceForChannelleasurement, 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 (see TS 38.214 [19], clause 52.1.2 and 5.2.1.4.2). In this case, in TS 38.212 [17] Table
6.3.1.1.2-8B:

- if the list has one CSI-SSB resource set, this resource set is indicated by a resource set indicator set to 1, while the resource set indicator of the NZP CSI-RS resource set is

0;
- if the list has two CSI-SSB resource sets, the first resource set is indicated by a resource set indicator set to 0 and the second resource set by a resource set indicator set to
1

nzp-CSI-RS-ResourceSetList
List of references to NZP CSI-RS resources used for beam measurement and reporting in a CSI-RS resource set.

If resourceType is set to "aperiodic’, the network configures up to maxNrofNZP-CSI-RS-ResourceSetsPerConfig resource sets. If resource Type is is set to ‘periodic’ o
‘semiPersistent’ and V1710 s not configured in IE CSI-ReportConfig, the network configures 1 resource set. If resourceType s set to ‘periodic’ or
‘semiPersistent’ and v1710is configured, 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 (see TS 38.214 [19], clause 5.2.1.2 and 5.2.1.4.2). In this case, in TS 38.212 [17] Table
6.3.1.1.2-8B, the following applies:

-ifthe list has one NZP CSI-RS resource set, this resource set s indicated by a resource set indicator set to 0;

- if the list has two NZP CSI-RS resource sets, the first resource set is indicated by a resource set indicator sef to 0 and the second resource set by a resource set indicator set
to 1





