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1. Introduction
The contribution focuses on maintenance of R16 NR for enhancements on multi-beam operation. 
2. Max # of NZP CSI-RS Resources per L1-SINR Report
In RAN1 #99, it was agreed that maximum # of configured CMRs for a L1-SINR report is 64. Therefore, UE shall not be expected to be configured with more than 64 NZP CSI-RS resouces in resource setting for CMR for a L1-SINR report. 
	Agreement [RAN1 #99]
The maximum number of CMRs that can be configured for a L1-SINR report is 64



Proposal 1: Clarify that maximum number of configured NZP CSI-RS resources for a L1-SINR report is 64. 
[bookmark: _Hlk20502450]The corresponding TP is as below based on [1].
	5.2.1.4.1 Resource Setting Configuration
[…]
[bookmark: _Hlk523750285]A UE is not expected to be configured with more than one CSI-RS resource in resource set for channel measurement for a CSI-ReportConfig with the higher layer parameter codebookType set to either 'typeII', 'typeII-PortSelection', ‘typeII-r16’ or to ‘typeII-PortSelection-r16’. A UE is not expected to be configured with more than 64 NZP CSI-RS resources in resource setting for channel measurement for a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'none', 'cri-RI-CQI', 'cri-RSRP', or 'ssb-Index-RSRP' or ‘cri-SINR’. If interference measurement is performed on CSI-IM, each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets. The number of CSI-RS resources for channel measurement equals to the number of CSI-IM resources.
[…]



3. Multiple NZP CSI-RS in CMR Resource Setting for L1-SINR
In 5.2.1.2 of [1], when two resource settings are configured for L1-SINR, multiple resources can be respectively configured in CMR and IMR resource settings, and they are one-to-one mapped. This is also applicable when IMR is NZP CSI-RS. Therefore, in 5.2.1.4.1 of [1], the constraint that at most one NZP CSI-RS resource in CMR resource setting when IMR is NZP CSI-RS shall not be applied to L1-SINR.  
[bookmark: _Hlk37076025]Proposal 2: Clarify that the constraint of at most one NZP CSI-RS resource in CMR resource setting when IMR is NZP CSI-RS shall not be applied to L1-SINR.
The corresponding TP is as below based on [1].
	5.2.1.4.1 Resource Setting Configuration
[…]
Except for L1-SINR, Iif interference measurement is performed on NZP CSI-RS, a UE does not expect to be configured with more than one NZP CSI-RS resource in the associated resource set within the resource setting for channel measurement. Except for L1-SINR, Tthe UE configured with the higher layer parameter nzp-CSI-RS-ResourcesForInterference may expect no more than 18 NZP CSI-RS ports configured in a NZP CSI-RS resource set.
[…]



4. Reported CRI and SSBRI for L1-SINR
In 5.2.1.4.2 of [1], the definition of reported CRI and SSBIR should be applied to L1-SINR as well.
[bookmark: _Hlk37076039]Proposal 3: Clarify that the definition of reported CRI and SSBIR is also applicable to L1-SINR.
The corresponding TP is as below based on [1].
	5.2.1.4.2 Report Quantity Configurations
[…]
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP', ‘cri-SINR’, 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI' or 'cri-RI-LI-PMI-CQI', and resources are configured in the corresponding resource set for channel measurement, then the UE shall derive the CSI parameters other than CRI conditioned on the reported CRI, where CRI k (k ≥ 0) corresponds to the configured (k+1)-th entry of associated nzp-CSI-RSResource in the corresponding nzp-CSI-RS-ResourceSet for channel measurement, and (k+1)-th entry of associated csi-IM-Resource in the corresponding csi-IM-ResourceSet (if configured) Except for L1-SINR, Iif CSI-RS resources are configured, each resource shall contain at most 16 CSI-RS ports. Except for L1-SINR, Iif CSI-RS resources are configured, each resource shall contain at most 8 CSI-RS ports. 
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'ssb-Index-RSRP' or ‘ssb-Index-SINR’, the UE shall report SSBRI, where SSBRI k (k ≥ 0) corresponds to the configured (k+1)-th entry of the associated csi-SSB-ResourceList in the corresponding CSI-SSB-ResourceSet.
 […]



5. Max Resource # in AP CSI-RS Resource Set for L1-SINR
In 5.2.1.4.2 of [1], the limit of max 16 CSI-RS resources in a resource set in the aperiodic resource setting should be applicable to L1-SINR in addition to L1-RSRP. 
Proposal 4: The limit of maximum 16 CSI-RS resources in a resource set in the aperiodic resource setting should be applicable to L1-SINR, in addition to L1-RSRP.
The corresponding TP is as below based on [1].
	5.2.1.4.2 Report Quantity Configurations
[…]
If the UE is configured with a CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP', ‘cri-SINR’, or 'none' and the CSI-ReportConfig is linked to a resource setting configured with the higher layer parameter resourceType set to 'aperiodic', then the UE is not expected to be configured with more than 16 CSI-RS resources in a CSI-RS resource set contained within the resource setting. 
[…]


[bookmark: _Hlk37140284]
6. L1-SINR Report Outside Active time
In R16, it has been agreed that if WUS indicates no wake up in one DRX ON period, UE shall still report periodic CSI or L1-RSRP in that DRX ON period outside active time, if corresponding higher layer flag has been set. The same principle should be also extended to the periodic L1-SINR report outside the active time. 
Proposal 5: If WUS indicates no wake up in one DRX ON period, UE can still be configured to report periodic L1-SINR in that DRX ON period outside the active time
· The configuration can be done by setting the corresponding RRC flag.

The corresponding TP is as below based on [1].
	5.2.2.5 CSI-RS reference resource definition
[…]
When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the UE shall report CSI during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in Subclause 5.2.1.4. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP or L1-SINR with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the UE shall report L1-RSRP or L1-SINR during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in subclause 5.2.1.4. 
[…]



7. Clarification of Default AP CSI-RS Beam
In R16, the feature of simultaneous two default PDSCH beams is introduced for both multi-DCI and single-DCI based mTRP operations. However, the default beam for AP CSI-RS reception when scheduling offset is less than the beam switch latency threshold is only clarified for single TRP. Therefore, it is necessary to clarify the default AP CSI-RS beam in case of mTRP. 
For multi-DCI based mTRP, if there is no known DL signal in the symbols of the AP CSI-RS, UE processes the AP CSI-RS buffered by the default PDSCH beam associated with the same CORESETPoolIndex as that for the DCI triggering the AP CSI-RS. If there are two known PDSCHs associated with different CORESETPoolIndex in the symbols of the AP CSI-RS, UE processes the AP CSI-RS received by the known PDSCH beam associated with the same CORESETPoolIndex as that for the AP CSI-RS. 
Proposal 6: In case of mDCI based mTRP with two simultaneous default PDSCH beams associated with the two different CORESETPoolIndex, when the offset between AP CSI-RS and triggering DCI is less than beamSwitchTiming
· [bookmark: _Hlk37102358]If there is no known DL signal in the symbols of the AP CSI-RS, UE processes the AP CSI-RS via the default PDSCH beam associated with the CORESETPoolIndex for the AP CSI-RS;
· If there are two known PDSCHs associated with different CORESETPoolIndex in the symbols of the AP CSI-RS, UE process the AP CSI-RS via the known PDSCH beam associated with the CORESETPoolIndex for the AP CSI-RS.

For single-DCI based mTRP, if there is no known DL signal in the symbols of the AP CSI-RS, UE processes the AP CSI-RS buffered by the default PDSCH beam whose TCI state is identical to the indicated TCI state of the AP CSI-RS. 
Proposal 7: In case of single DCI based mTRP with two simultaneous default PDSCH beams indicated by the corresponding TCI codepoint, when the offset between AP CSI-RS and triggering DCI is less than beamSwitchTiming
· If there is no known DL signal in the symbols of the AP CSI-RS, UE processes the AP CSI-RS via the default PDSCH beam whose TCI state is identical to the indicated TCI state of the AP CSI-RS.

In addition, for single TRP with same numerology AP CSI-RS triggering, the default AP CSI-RS beam is only clarified when CORESET is configured on the CC for receiving the AP CSI-RS. It is also necessary to specify the default AP CSI-RS beam when the triggered CC does not have CORESET configured. By reusing the same rule for different numerology AP CSI-RS triggering, the default AP CSI-RS beam can be the one indicated by the activated PDSCH TCI state with lowest ID on the scheduled CC.
Proposal 8: In case of single TRP, when the offset between AP CSI-RS and triggering DCI is less than beamSwitchTiming
· If no CORESET configured on the CC for receiving the AP CSI-RS, UE receives the AP CSI-RS by applying the QCL parameters of the activated PDSCH TCI state with lowest ID.

[bookmark: _Hlk37072660]The TP corresponding to above proposals in case of same numerology AP CSI-RS triggering is as below.
	5.2.1.5.1 Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
[…]
-	If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info is smaller than the UE reported threshold beamSwitchTiming, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48 when the reported value of beamSwitchTiming is one of the values of {224, 336}.
-	if there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other DL signal refers to PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL, as defined in [13, TS 38.306], aperiodic CSI-RS scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming when the reported value is one of the values {14,28,48}, aperiodic CSI-RS scheduled with offset larger than or equal to 48 when the reported value of beamSwitchTiming is one of the values {224, 336}, periodic CSI-RS, semi-persistent CSI-RS; If the active BWP of the serving cell for receiving the aperiodic CSI-RS has configured ControlResourceSet containing two different values of CORESETPoolIndex, and if there are two other DL signals with different CORESETPoolIndex in the same symbols as the CSI-RS, when receiving the aperiodic CSI-RS associated with a value of CORESETPoolIndex, the UE applies the QCL assumption of the DL signal associated with the same value of CORESETPoolIndex as the aperiodic CSI-RS. The two other DL signals refer to PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL, as defined in [13, TS 38.306], or PDSCH with SPS; 
-	else if the active BWP of the serving cell for receiving the aperiodic CSI-RS has configured ControlResourceSet containing two different values of CORESETPoolIndex, when receiving the aperiodic CSI-RS associated with a value of CORESETPoolIndex of the serving cell, the UE applies the QCL assumption used for the CORESET with the lowest CORESET-ID among CORESETs with the same value of CORESETPoolIndex as the PDCCH scheduling that aperiodic CSI-RS, in the latest slot with a monitored search space where one or more CORESETs associated with the same value of CORESETPoolIndex as the PDCCH scheduling that aperiodic CSI-RS within the active BWP of the serving cell are monitored;
-	else if the active BWP of the serving cell for receiving the aperiodic CSI-RS has at least one PDSCH TCI codepoint indicating two TCI states, when receiving the aperiodic CSI-RS, the UE applies the QCL parameters(s) of one selected TCI state of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, and the one selected TCI state is identical to the indicated TCI state of the aperiodic CSI-RS;
-	else if the active BWP of the serving cell for receiving the aperiodic CSI-RS has configured ControlResourceSet, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored.;
-	else, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption of the lowest-ID activated TCI state applicable to the PDSCH within the active BWP of the cell in which the CSI-RS is to be received.
 […]



8. On How to Capture PL RS Application Time
In RAN1 #100e, the application time for newly activated PL RS has been agreed with the number of required samples pending for further discussion. A remaining issue is whether/how and which WG to capture this application time. To our understanding, one major benefit of MAC-CE based PL RS update is the well-defined application timing, which cannot be provided by RRC based PL RS update in R15. Therefore, it is critical to capture it in spec. Furthermore, RAN4 agreements and LS have consistently shown that RAN4 will not provide any specification on this feature, which should be captured in RAN1 spec. To avoid further delay, we prefer to stick to existing agreements and capture the application time in RAN1 spec. 
Proposal 9: The PL RS application time should be specified in RAN1. No further LS to other WGs. 
RAN1 agreement
	Agreement
The application timing for the newly activated PL RSs is the next slot that is 2ms after the N-th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE.
· Note: The value of N can be discussed in UE feature session. If there is no consensus on introducing UE capability for the value of N, N is fixed to 5.
· The application timing is applied to PUSCH, AP/SP-SRS and PUCCH.
· Note: Whether/how to capture above in RAN1 specification or send an LS to other WGs to suggest them to update their specifications accordingly will be decided in the next meeting.



RAN4 agreements and LS
	Agreement

No RAN4 impact has been identified due to newly introduced
· Mechanism of updating pathloss RS for PUSCH/SRS via MAC-CE.

Agreement
· If the TCI state of the activated/updated pathloss RS is known, sample number of pathloss RS measurement for filtered RSRP before the application time at most 5 measurement samples for SSB and CSI-RS based pathloss RS can be used
· Note 1: If measurement sample is not available due to measurement gap or other UE activities (e.g. RX beam sweeping), longer application time is expected.
· If the TCI state of the activated/updated PL RS is unknown, longer application time is expected to allow RX beam refinement. The conditions for a TCI state to be known are defined in section 8.10.2 of TS38.133.
· Filtered RSRP value for previous pathloss RS will be used before the application time, which is 2ms after the last pathloss RS measurement sample considering the UE processing time of the pathloss RS measurement 
· The applicable timing for activating/updating PL RS should be captured in RAN1 spec.

RAN4 would like to thank RAN1 for the LS on applicable timing for pathloss RS activated/updated by MAC-CE (R1-1911616). After discussion in RAN4, the following conclusions are achieved,
· If the TCI state of the activated/updated pathloss RS is known, sample number of pathloss RS measurement for filtered RSRP before the application time at most 5 measurement samples for SSB and CSI-RS based pathloss RS can be used
· Note: If measurement sample is not available due to measurement gap or other UE activities (e.g. RX beam sweeping), longer application time is expected.
· If the TCI state of the activated/updated PL RS is unknown, longer application time is expected to allow RX beam refinement. The conditions for a TCI state to be known are defined in section 8.10.2 of TS38.133.
· Filtered RSRP value for previous pathloss RS will be used before the application time, which is 2ms after the last pathloss RS measurement sample considering the UE processing time of the pathloss RS measurement 
· The applicable timing for activating/updating PL RS should be captured in RAN1 spec.




9. On Whether to Track Default PL RS
In RAN1 #100e, a remaining issue is whether UE needs to track the default PL RS when MAC-CE based PL RS update is enabled. To allow more configuration flexibility, we prefer UE to track both default and activated PL RS. But the total tracked PL RS # should still be limited to up to 4. In addition, to simplify UE behavior, we prefer the same rule regardless the total configured PL RS # exceeds 4 or not. 
Proposal 10: When MAC-CE based PL RS update is enabled, UE is only required to maintain(track) activated PL RS and default PL RS, regardless the total configured PL RS # exceeds 4 or not. 
· Note: Max total maintained PL RS # is still 4. 

	Agreement:
When the number of RRC configured PL RSs for pathloss estimates for PUCCH, PUSCH and SRS is greater than 4, UE is not required to track the RSs which are not activated by MAC-CE.
· Note: How to capture above into the spec will be discussed at RAN1#100bis.
· Note: Further consider the configuration cases when the default PL RS is not enabled or enabled.




3. Conclusion
Observations and proposals are summarized below.
Proposal 1: Clarify that maximum number of configured NZP CSI-RS resources for a L1-SINR report is 64. 
Proposal 2: Clarify that the constraint of at most one NZP CSI-RS resource in CMR resource setting when IMR is NZP CSI-RS shall not be applied to L1-SINR.
Proposal 3: Clarify that the definition of reported CRI and SSBIR is also applicable to L1-SINR.
Proposal 4: The limit of maximum 16 CSI-RS resources in a resource set in the aperiodic resource setting should be applicable to L1-SINR, in addition to L1-RSRP.
Proposal 5: If WUS indicates no wake up in one DRX ON period, UE can still be configured to report periodic L1-SINR in that DRX ON period outside the active time
· The configuration can be done by setting the corresponding RRC flag.

Proposal 6: In case of mDCI based mTRP with two simultaneous default PDSCH beams associated with the two different CORESETPoolIndex, when the offset between AP CSI-RS and triggering DCI is less than beamSwitchTiming
· If there is no known DL signal in the symbols of the AP CSI-RS, UE processes the AP CSI-RS via the default PDSCH beam associated with the CORESETPoolIndex for the AP CSI-RS;
· If there are two known PDSCHs associated with different CORESETPoolIndex in the symbols of the AP CSI-RS, UE process the AP CSI-RS via the known PDSCH beam associated with the CORESETPoolIndex for the AP CSI-RS.

Proposal 7: In case of single DCI based mTRP with two simultaneous default PDSCH beams indicated by the corresponding TCI codepoint, when the offset between AP CSI-RS and triggering DCI is less than beamSwitchTiming
· If there is no known DL signal in the symbols of the AP CSI-RS, UE processes the AP CSI-RS via the default PDSCH beam whose TCI state is identical to the indicated TCI state of the AP CSI-RS.

Proposal 8: In case of single TRP, when the offset between AP CSI-RS and triggering DCI is less than beamSwitchTiming
· If no CORESET configured on the CC for receiving the AP CSI-RS, UE receives the AP CSI-RS by applying the QCL parameters of the activated PDSCH TCI state with lowest ID.

Proposal 9: The PL RS application time should be specified in RAN1. No further LS to other WGs. 
Proposal 10: When MAC-CE based PL RS update is enabled, UE is only required to maintain(track) activated PL RS and default PL RS, regardless the total configured PL RS # exceeds 4 or not. 
· Note: Max total maintained PL RS # is still 4.
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