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1 Introduction
In last meeting, the WF is agreed. There are many open issues, and we will analyze some of them:
	· RS type and reporting type
· How to choose beam pair and beam pair quality
· RX beam sweeping factor
· Measurement period


2 Discussion
2.1 RS type for group based measurement
	Issue 1-2: RSs for Measurements
· Proposals
· Option 1: Introduce requirements only for SSB based measurements
· Option 2: Introduce requirements only for CSI-RS based measurements
· Option 3: Introduce requirements for both SSB based and CSI-RS based, measurements cannot be combined



In 38.331, the CSI resource configuration IE is CSI-ResourceConfig:
	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 5.2.1.2). The csi-SSB-ResourceSetListExt provides additional references and can only be configured if csi-SSB-ResourceSetList is configured and groupBasedBeamReporting-v1710 is configured in the CSI-ReportConfig that indicates this CSI-ResourceConfig as resourcesForChannelMeasurement. If groupBasedBeamReporting-v1710 is configured in the IE CSI-ReportConfig that indicates this CSI-ResourceConfig as resourceForChannelMeasurement, 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:
- 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 resourceType is is set to 'periodic' or 'semiPersistent' and groupBasedBeamReporting-v1710 is not configured in IE CSI-ReportConfig, the network configures 1 resource set. If resourceType is set to 'periodic' or 'semiPersistent' and groupBasedBeamReporting-v1710 is 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:
- if the list has one NZP CSI-RS resource set, this resource set is 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 set to 0 and the second resource set by a resource set indicator set to 1.



From the definition, for group based reporting, both SSB and CSI-RS can be configured for measurement. There are 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.
Proposal 1: The possible two resource sets configurations for group based reporting are:
1. Two SSB based resource sets
2. Two CSI-RS based resource sets 
3. One SSB based resource set and one CSI-RS based resource set 

2.2 CSI-RS with repetition ON or OFF
For CSI-RS based measurement, there are two types, i.e. with repetition on or not.  The repetition ON will apply for all resources in the resource set, as shown in 38.331:
NZP-CSI-RS-ResourceSet ::=          SEQUENCE {
    nzp-CSI-ResourceSetId               NZP-CSI-RS-ResourceSetId,
    nzp-CSI-RS-Resources                SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourcesPerSet)) OF NZP-CSI-RS-ResourceId,
    repetition                          ENUMERATED { on, off }                                                  OPTIONAL,   -- Need S
    aperiodicTriggeringOffset           INTEGER(0..6)                                                           OPTIONAL,   -- Need S
    trs-Info                            ENUMERATED {true}                                                       OPTIONAL,   -- Need R
    ...,
    
}
Observation 1: Repetition ON will apply for all resources in the resource set.
When repetition ON is configured, the TX beam will be the same for one RS. UE will sweep RX beam and Refine RX beam. however, it’s not used to choose the TX beams. UE only report L1-RSRP and no beam indication will be reported, as defined in 38.214:
	When the higher layer parameter repetition for a CSI-RS Resource Set for channel measurement is set to 'on', CRI for the CSI-RS Resource Set for channel measurement is not reported.


CSI-RS with repetition ON is used to refine RX beam and it’s not used to choose the TX beams. Therefore, two resource sets with repetition ON will not be configured for group based reporting.
Observation 2: When CSI-RS resource with repetition ON is configured, the TX beam will be the same for one RS. CSI-RS with repetition ON is used to refine RX beam and it’s not used to choose the TX beams. UE only report L1-RSRP and no beam indication will be reported.
Proposal 2: CSI-RS resource with repetition ON will not be configured for group based reporting.
2.3 Reporting type for group based reporting
In legacy L1-RSRP, the resource type can be periodic, semi-persistent and aperiodic. The reporting type can be periodic, semi-persistent and aperiodic.
In RAN1, for group based reporting, the resource type can be periodic, semi-persistent and aperiodic. 
For aperiodic reporting type, the resource setting configuration maybe different which will depend on the resource type, whether it’s periodic/semi-persistent or aperiodic. While for semi-persistent or periodic CSI reporting type, no resource setting for group based reporting is defined, which is shown below:
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5.2.1.4.1	Resource Setting configuration
……
For aperiodic CSI, and for periodic and semi-persistent CSI resource settings, each trigger state configured using the higher layer parameter CSI-AperiodicTriggerState is associated with one or multiple CSI-ReportConfig where the CSI-ReportConfig configured with groupBasedBeamReporting-r17 is linked to periodic or semi-persistent, setting(s): 
-	When one Resource Setting is configured, the Resource setting is given by resourcesForChannelMeasurement for L1-RSRP measurement. In such a case, the number of configured CSI Resource Sets in the Resource Setting is S=2
For aperiodic CSI, and for aperiodic CSI resource settings, each trigger state configured using the higher layer parameter CSI-AperiodicTriggerState is associated with one or multiple CSI-ReportConfig where the CSI-ReportConfig configured with groupBasedBeamReporting-r17 is associated with resourcesForChannel and resourcesForChannel2, which correspond to first and second resource sets, respectively, for L1-RSRP measurement.
For semi-persistent or periodic CSI, each CSI-ReportConfig is linked to periodic or semi-persistent Resource Setting(s):
-	When one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is configured, the Resource Setting is for channel measurement for L1-RSRP or for channel and interference measurement for L1-SINR computation.
-	When two Resource Settings are configured, the first Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement and the second Resource Setting (given by higher layer parameter csi-IM-ResourcesForInterference) is used for interference measurement performed on CSI-IM. For L1-SINR computation, the second Resource Setting (given by higher layer parameter csi-IM-ResourcesForInterference or higher layer parameter nzp-CSI-RS-ResourceForInterference) is used for interference measurement performed on CSI-IM or on NZP CSI-RS.



Observation 3: From the RAN1 definition, group based reporting is only configured for aperiodic reporting. 
Proposal 3: Rel-17 group based reporting is only configured for aperiodic reporting.
2.4 Requirement applicability for group based reporting
	Issue 1-3: Requirements Applicability
· Proposals
· Option 1: Introduce requirements only for the case when the RS was included in a L3 report sent within [5]s (or within a QCL chain of a reported RS)
· Option 2: Do not introduce any restriction related to other measurement reports
· Option 3: Other proposals



For option 1, the intention is to make sure that the RS from two TRPs are in good channel condition by L3 measurement first. From our understanding, the report can be L1 report as well. There may separate L1 reports for two TRPs before for other purpose, e.g. TDM mode for mTRP.
No matter which report UE has been sent before, if the RSRP of RSs in the report are good, NW can continue to configure group based reporting for beam pair selection. However, no matter whether L3 or legacy L1 report is used as pre-condition, it can’t guarantee that two RSs from two TRPs are detected by different panel.  
As shown in Fig.1, it’s possible that the two RS from two TRPs are detected by the same panel and only one panel can cover the scope of TRP1 and TRP2. When UE report RSRP for the two RSs from two TRPs, the RSRP of both RSs are good, but they are from the same panel and they are not from different panels.
[image: ]
Fig.1 two RSs are detected by the same panel
While for group based reporting, it requires that signal quality of two RSs are good based on two separate panels.  When group based reporting is configured, UE can’t find beam pair in this scenario.
In L3/L1 report, for the two RSs, there is no panel ID indication and NW didn’t know whether they are detected by the same panel or different panels. Therefore, even if L3/L1 report is sent before, L3/L1 report can’t guarantee that both signals in L3/L1 report can be well received by two panels respectively. 
Therefore, L3/L1 measurement can be used as pre-condition for group based reporting only if the two RSs in L3/L1 reports are measured by two panels respectively, i.e. pair of L3/L1 measurement conducted by two panels. However, from UE perspective, UE didn’t know when to measure the two RSs by different panels as there is no indication in report configuration. Only with group based reporting, UE can know that the measurement should be done by different panels.
Observation 4: L3/L1 measurement can be used as pre-condition for configuring group based reporting only if two RSs in L3/L1 reports are measured by two panels respectively. 
Proposal 4: Further discuss whether L3/L1 results can be used as pre-condition for group based reporting. Only if the two RSs in L3/L1 report are measured by two panels respectively, L3/L1 report can be used to guarantee the signal quality of two RSs for group based reporting. 
2.5 How to choose beam pair 
When group based reporting is configured, UE need to report good beam pair to NW. the UE behavior to choose the beam pair is defined in 38.214 clause 5.2.1.4.3:
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……
When the higher layer parameter groupBasedBeamReporting-r17 in CSI-ReportConfig is configured, the UE shall indicate the CSI Resource Set associated with the largest measured value of L1-RSRP, and for each group, CRI or SSBRI of the indicated CSI Resource Set is present first.



Observation 5: From RAN1, beam will be chosen based on largest L1-RSRP.
From the description, UE will report beam with largest L1-RSRP. However, there are two beams in one group, RAN1 didn’t clearly define how UE to choose the beam pair. Then we will discuss how UE choose the beam pair. Suppose that there are two resource sets and in each resource sets, there are two RSs. 
· Resource Set 1: {RS1, RS2}          
· Resource Set 2: {RS3, RS4}           
If UE didn’t have any prior information, UE need to measure for each RS by two panels. For Resource set 1, UE will have 4 results: {RS1-panel1, RS1-panel2, RS2-panel 1, RS2 – panel 2}. For Resource set 2, UE will have 4 results: {RS3-panel1, RS3-panel2, RS4-panel 1, RS4– panel 2}. Then UE will choose the largest L1-RSRP between all L1-RSRP results, suppose RS1-panel1 is the largest one. Then UE will pick up RS1 as the first beam in the report group. Next, UE will choose 2nd largest L1-RSRP from resource set 2 which is measured by panel 2. 
The steps to choose the beam pair are:
· Step 1: For first beam index, UE choose beam index with largest L1-RSRP between RSs in two sets. 
· Step 2: For 2nd beam index, UE choose beam index with 2nd largest L1-RSRP measured by another panel in the other resource set .
Proposal 5: For the beam pair selection, UE choose the first beam by the largest L1-RSRP among all results and choose the 2nd beam which has 2nd largest L1-RSRP among results measured by another panel in the other resource set.
2.6 Beam pair quality criteria
In the reporting, it only defined that largest RSRP will be reported. However, it’s possible one panels can’t receive signal quite well and the L1-RSRP is quite low. In the reporting, there isn’t any RSRP threshold for the beam pair. RAN4 needs further discuss how to define L1-RSRP threshold for beam pair selection. If L1-RSRP is lower than threshold, no good beam pair is available.
Besides, only L1-RSRP can’t guarantee the SINR of beam pair as it didn’t consider the interference from another TX beams. When NW configure CSI reporting after group based reporting, CQI may not be good even if L1-RSRP is relatively good. Then the beam pair can’t be used. NW need to configure group based reporting again. however, UE may report the similar beam pair again if UE only apply channel measurement results as beam selection criteria. Beam failure detection is also defined based on SINR. When SINR of configured RS is worse than Qout_LR, beam failure will happen. 
Therefore, when choosing the beam pair, it’s better to make sure the beam pair qualities are good in terms of SINR either. otherwise, after NW activates two TCI states, beam failure may happen. RAN4 needs to discuss how to define the minimum quality requirement for the reported beam pair. 
Since RAN4 define BFD and CBD procedure to guarantee the beam link quality, they can be used as reference. When UE reporting beam pairs, it needs to make sure that beam failure of the beam pair will not happen, i.e. SINR of RSs for two beams in the beam pair are better than Qout_LR. For the RSRP result, at least the L1-RSRP of beam pair should be better than Qin_LR. Since Qin_LR is an threshold to indicate that the beam quality is relatively good.
For example, when choosing beam pair for group based reporting, the beam quality needs to satisfy the following criteria: 
Option 1: only based on L1-RSRP

· L1-RSRP of RSs for each beam in the beam pair are better than YdB to make sure that beam quality is in good condition
Option 2: consider both L1-RSRP and SINR

· SINR of RSs for each beam in the beam pair are better than X to make sure that no beam failure will happen.
· L1-RSRP of RSs for each beam in the beam pair are better than YdB to make sure that beam quality is in good condition
Proposal 6: Beam quality of reported beam pair needs to be guaranteed. RAN4 needs further discuss how to define beam quality requirement for reported beam pair. 
2.7 L1-SINR
As proposed before, when choosing beam pair, UE may need to consider the SINR as quality criteria. Therefore, how to calculate L1-SINR beam pair needs to be discussed.
In order to calculate SINR of beam pair, UE needs to calculate the useful signal power and interference power respectively.
For two RSs in beam pair, it may be useful signal to one RX beam and interference signal to another RX beam. before beam pair is chosen, UE didn’t know which RS will be selected for beam pair. Therefore, for each RS in resource sets, UE needs to perform both channel measurement and interference measurement. In other words, for each RS, UE needs to measure by one panel to get useful signal power and measure by another panel to get interference power.
Suppose that there are two resource sets and there are two SSBs in each resource sets. All the RSs are not overlapped.
· Resource Set 1: {SSB1, SSB2}          
· Resource Set 2: {SSB3, SSB4}           
Suppose that for each panel, UE will sweep 4 beams. For panel 1, the beam index is 1,2,3,4. For panel 2, the beam index is 5,6,7,8.
First step, UE needs to choose the good beam pair according to largest L1-RSRP pair in two sets. Suppose that UE has choose the TX beam pair{SSB1, SSB3} and the corresponding RX beam pair is {beam1, beam5} on two panels respectively.
Second step, UE needs to calculate the interference power based on TX beam pair {SSB1, SSB5}.
For RX beam1 on panel 1, the useful signal comes from SSB1. the interference comes from SSB3. Then L1-RSRP of SSB1-beam1 is considered as channel measurement. L1-RSRP of SSB3-beam1 is considered as interference measurement. The rough SINR for SSB1 is  .
For RX beam 5 on panel 2, the useful signal comes from SSB3. the interference comes from SSB1. Similarly, the rough SINR for SSB3 is  .
Proposal 7: RAN4 to discuss how to calculate L1-SINR for choosing beam pair.
2.8 No available beam pair for group based reporting
In section 2.5, we suggest to define the minimum requirement for beam pair quality, then it’s possible that there is no available beam pair. In paper [1], we also propose that when UE is in low power status, UE will not report beam pair for power saving purpose. Therefore, the reporting format for the case there is no available beam pair needs to be discussed. 
Proposal 8: RAN4 to further discuss how to define reporting format when no good beam pair can be reported.
2.9 RX beam sweeping factor definition 
As mentioned by some companies, UE may have different implementation about how to perform RX beam sweeping. There are two cases:
1. Sweep RX beams on full spatial scope without any prior measurement information
2. Sweep RX beams on reduced spatial scope with prior measurement information
For case 1, it’s the worst case since UE has no prior information. For one RS, UE needs to sweep RX beams on the full spatial scope which is covered by two panels. UE need to measure for the RS by two panels and then choose the better one. In legacy, UE will sweep beams on two panels in TDM manner. If N=8 is defined, it means that totally UE has to sweep 8 beams for full coverage with two panels. For each panel, UE can sweep 4 beams. 
Observation 6: For L1 measurement of one RS, UE need to sweep on two panels for full spatial coverage if no prior measurement is performed.
For case 2, if UE has prior L3 measurement information, UE may know which panel will work better for the RS. UE only need to sweep RX beams on reduced spatial scope. Compared with beam number which is needed for full spatial sweeping, the beam number can be reduced in this case.  It’s up to UE whether to still sweep with more beams. For example, in legacy if UE still sweep 8 beams, it can further improve performance with finer beam granularity. However, from our understanding, it’s just enhancement.
With prior information, spatial scope can be reduced, then less RX beams need to be swept. Therefore, RX beam sweeping factor should be defined for the worst case, i.e.  beam sweeping times needed for full spatial scope. For full spatial coverage, UE need to sweep on two panels for one RS. 
Observation 7: With prior L3 measurement information, spatial scope for beam sweeping can be reduced, then less RX beams sweeping is possible. 
Proposal 9: RX beam sweeping factor is defined for the worst case, i.e. RX beam sweeping times needed on two panels for full spatial domain coverage. 
When UE is capable of simultaneous reception, since UE can sweep two beams by two panels in parallel, total RX beam sweeping times can be reduced from 8 to 4. If UE can reduce the RX beam sweeping scope to one panel, UE may only need 4 or less beams either. For two cases, the max RX beam sweeping time is 4. Therefore, It’s possible for UE to reduce RX beam sweeping factor for simultaneous reception scenario.
Proposal 10: For group based reporting, it’s possible for UE to reduce RX beam sweeping factor from 8 to 4.
2.10 Measurement period when two SSB resource sets are configured 
As analysis above, we suggest to define RX beam sweeping factor based on the worst case, i.e. UE need to sweep RX beams for the RS on two panels for L1 measurement. Then RX beam sweeping factor can be reduced from 8 to 4.
Since two SSB resource sets will not overlap for intra-cell mTRP case, we didn’t need to consider overlapped case for two L1 measurements. It’s also agreed in last meeting, no simultaneous L3 and L1 measurement is performed. Then, the measurement period for one SSB resource is similar as legacy except for the reduction of RX beam sweeping factor.
Proposal 11: When two SSB based resource sets are configured, the measurement period for one SSB resource can be reduced since RX beam sweeping factor is reduced.
2.11 Measurement period when two CSI-RS resource sets are configured 
As analysis for issue 1-2, we suggest that two CSI-RS based resource sets with repetition ON will not be configured for group based reporting. Here, we only discuss requirement when two CSI-RS resource sets are configured with repetition OFF.
When two CSI-RS resource sets are configured with repetition OFF, no RX beam sweeping is needed. N=1. the configured CSI-RS should be QCL-type D with one source SSB or CSI-RS which is measured before. 
The legacy requirement applicability is:
	For periodic CSI-RS resources in a resource set configured with higher layer parameter repetition set to OFF, N=1. The requirements apply if qcl-InfoPeriodicCSI-RS is configured for all the resources in the resource set and for each resource one RS has QCL-TypeD with 
-	SSB for L1-RSRP measurement, or 
-	another CSI-RS in resource set configured with repetition ON.



The requirement applicability needs to be modified. Since in the resource set for group based reporting, there is no CSI-RS with repetition.
Proposal 12: For periodic CSI-RS resources in a resource set configured with repetition OFF. N=1. the configured CSI-RS should be QCL-type D with one source SSB or CSI-RS configured for L1 or L3 measured before.
Overlapped RS 
It’s possible that two CSI-RSs with repetition OFF from two sets are overlapping on the same symbols. UE can measure for the two overlapped CSI-RS by two panels simultaneously. no sharing factor between overlapped RSs is needed. The legacy measurement period for CSI-RS with repetition off can be re-used.
Proposal 13: When two CSI-RS resource sets are configured, the measurement period for one CSI-RS resource with repletion OFF is the same as legacy.
2.12 Measurement period when one SSB resource set and one CSI-RS resource set are configured 
For the mixed configuration, RX beam sweeping will be applied for SSB resource and no RX beam sweeping will be applied for CSI-RS resource.
When SSB resource and CSI-RS resource is not overlapped, UE will apply L1 measurement for them separately. The measurement period for SSB or CSI-RS can be the same as the case when two SSB resource sets or two CSI-RS resource sets are configured.
When SSB resource and CSI-RS are overlapped, it’s different. For SSB measurement, UE need to sweep on two panels. If two panels are used for SSB measurement simultaneously, UE can’t receive CSI-RS at the same symbol. It needs further discuss whether to define sharing for measurement restriction.
Proposal 14: When one SSB resource set and one CSI-RS resource set are configured, if SSB and CSI-RS are not overlapped, for SSB/CSI-RS resource, the measurement period is the same as that defined for two SSB/CSI-RS resource sets case. 
Proposal 15: When one SSB resource set and one CSI-RS resource set are configured, if SSB and CSI-RS are overlapped, discuss whether to define sharing or measurement restriction.
3 Conclusion
In this contribution, we provide our views regarding RRM impact on L1 measurement:
Proposal 1: The possible two resource sets configurations for group based reporting are:
1. Two SSB based resource sets
2. Two CSI-RS based resource sets 
3. One SSB based resource set and one CSI-RS based resource set 
Observation 1: Repetition ON will apply for all resources in the resource set.
Observation 2: When CSI-RS resource with repetition ON is configured, the TX beam will be the same for one RS. CSI-RS with repetition ON is used to refine RX beam and it’s not used to choose the TX beams. UE only report L1-RSRP and no beam indication will be reported.
Proposal 2: CSI-RS resource with repetition ON will not be configured for group based reporting.
Observation 3: From the RAN1 definition, group based reporting is only configured for aperiodic reporting. 
Proposal 3: Rel-17 group based reporting is only configured for aperiodic reporting.
Observation 4: L3/L1 measurement can be used as pre-condition for configuring group based reporting only if two RSs in L3/L1 reports are measured by two panels respectively. 
Proposal 4: Further discuss whether L3/L1 results can be used as pre-condition for group based reporting. Only if the two RSs in L3/L1 report are measured by two panels respectively, L3/L1 report can be used to guarantee the signal quality of two RSs for group based reporting. 
Observation 5: From RAN1, beam will be chosen based on largest L1-RSRP.
Proposal 5: For the beam pair selection, UE choose the first beam by the largest L1-RSRP among all results and choose the 2nd beam which has 2nd largest L1-RSRP among results measured by another panel in the other resource set.
Proposal 6: Beam quality of reported beam pair needs to be guaranteed. RAN4 needs further discuss how to define beam quality requirement for reported beam pair. 
Proposal 7: RAN4 to discuss how to calculate L1-SINR for choosing beam pair.
Proposal 8: RAN4 to further discuss how to define reporting format when no good beam pair can be reported.
Observation 6: For L1 measurement of one RS, UE need to sweep on two panels for full spatial coverage if no prior measurement is performed.
Observation 7: With prior L3 measurement information, spatial scope for beam sweeping can be reduced, then less RX beams sweeping is possible. 
Proposal 9: RX beam sweeping factor is defined for the worst case, i.e. RX beam sweeping times needed on two panels for full spatial domain coverage. 
Proposal 10: For group based reporting, it’s possible for UE to reduce RX beam sweeping factor from 8 to 4.
Proposal 11: When two SSB based resource sets are configured, the measurement period for one SSB resource can be reduced since RX beam sweeping factor is reduced.
Proposal 12: For periodic CSI-RS resources in a resource set configured with repetition OFF. N=1. the configured CSI-RS should be QCL-type D with one source SSB or CSI-RS configured for L1 or L3 measured before.
Proposal 13: When two CSI-RS resource sets are configured, the measurement period for one CSI-RS resource with repletion OFF is the same as legacy.
Proposal 14: When one SSB resource set and one CSI-RS resource set are configured, if SSB and CSI-RS are not overlapped, for SSB/CSI-RS resource, the measurement period is the same as that defined for two SSB/CSI-RS resource sets case. 
Proposal 15: When one SSB resource set and one CSI-RS resource set are configured, if SSB and CSI-RS are overlapped, further discuss whether to define sharing or measurement restriction.
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