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Introduction
In RANP#85 meeting, the WID on beam management enhancement of Rel.16 was modified as below
	· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead
· Specify beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2
· Specify measurement and reporting of either L1-RSRQ or L1-SINR


In this contribution, we present our view on the remaining issues of multi-beam operation for Rel.16 eNR-MIMO. This contribution is revised from R1-1910750 that was submitted to RAN1#98bis meeting.
Overhead and latency reduction
PL RS update
During RAN1#97 meeting, the MAC CE based spatial relation update for aperiodic SRS with usage as ‘CB’ and ‘NCB’ per resource level has been discussed and finally agreed. In addition, the MAC CE based UL beam update for SRS resource with usage of ‘Antenna Switching’ has been approved as working assumption as well. Considering the PL RS configured per SRS resource set via RRC signaling, it could be problematic for UE to transmit aperiodic SRS and/or PUSCH in the updated UL spatial direction using unchanged PL RS to determine Tx power. 
Therefore, in RAN1#98bis meeting, the MAC CE based PL RS updating was agreed. To have stable measurement results of PL RS, L3 time domain filtering is necessary to be carried out on the PL RS. For this issue, RAN1 has listed the alternatives to be discussed and finally two Working Assumptions to be confirmed or not in the final meeting. 
	Agreement
Select one among the following alternatives on whether/how to revise the existing mechanism on higher layer filtered RSRP for pathloss measurement, when a pathloss RS is updated by MAC CE (if agreed) in RAN1#99.
· Alt.1: L1-RSRP based pathloss measurement is applied when the pathloss RS is updated by MAC CE.
· Alt.2: Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE. 	
· Note, before the higher layer filtered RSRP is applied, UE uses L1-RSRP for pathloss estimation.
· Alt.3: Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Note: Filtered RSRP value for previous pathloss RS will be used before the application time.
· Alt.4: Reuse higher layer filtered RSRP for pathloss measurement, with the same behavior with higher layer filtered RSRP as in Rel-15.
· Note: UE is expected to track all the RRC-configured candidate pathloss RSs.
· Note: The maximum configurable pathloss RSs by RRC is up to UE capability.
· Note: If there is no consensus to the down-selection above, the specification in Rel-16 only allows the maximum configurable pathloss RSs by RRC is 4 (same as Rel-15). For less than or equal to X candidate pathloss RSs configured by RRC, the existing mechanism on higher layer filtered RSRP for pathloss measurement can be reused.
· Baseline is X=4.
· The pathloss RS selected by the MAC CE, if agreed, is among the X RRC configured candidate pathloss RSs.
· Note: For Alt.1, Alt.2, Alt.3, and Alt.4, the maximum configurable pathloss RSs by RRC is increased from Rel-15, e.g., 8, 16, or 64.
· For Alt.1, Alt.2, Alt.3, such pathloss reference signals are for configuration purpose only.

Working assumption
Pathloss reference RS for PUSCH can be activated/updated via a MAC CE
· The MAC CE message can activate/update the value of PUSCH-PathlossReferenceRS-Id corresponding to sri-PUSCH-PowerControlId.
· Note(Informative): In TS38.331, the mapping is given by SRI-PUSCH-PowerControl, in which the linkage is between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id.
· Further signaling details are up to RAN2.
· Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE. 
· This is only applicable for UEs supporting the number of RRC-configurable pathloss RSs larger than 4, and this is only for the case that the activated PL RS by the MAC CE is not tracked.
· UE is only required to track the activated PL RS(s) if the configured PL RSs by RRC is greater than 4. 
· It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.
· Send an LS to RAN4 asking opinion on this working assumption.

Working assumption
Pathloss reference RS for AP-SRS/SP-SRS can be activated/updated via a MAC CE.
· A UE can be configured with multiple pathloss RSs by RRC and one of them can be activated/updated via the MAC CE for a SRS resource set.
· Further signaling details are up to RAN2.
· Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE. 
· This is only applicable for UEs supporting the number of RRC-configurable pathloss RSs larger than 4, and this is only for the case that the activated PL RS by the MAC CE is not tracked.
· UE is only required to track the activated PL RS if the configured PL RSs by RRC is greater than 4.
· It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.
· Send an LS to RAN4 asking opinion on this working assumption.



In the above two WAs, the filtered RSRP value for previous PL RS will be used until the application time which is defined to facilitate enough measurements, i.e. 5 times of newly activated PL RS measurements. In our view, L1-RSRP under some channel conditions may suffer from unstable and fluctuating measurements which somehow results in undesired UL power control. Considering the fact that the tolerance requirement of open-loop power control is quite loose, it seems 5 times of time-domain filtering can be enough. But anyway with the corresponding LS sent to RAN4, RAN1 may need to wait until RAN1#99 meeting to see whether there is strong concern on using 5 times of measurements to get power control applicable L3-RSRP. Thereby we have
Proposal 1: Confirm the two working assumptions that PL RS can be activated/updated via a MAC CE for AP-SRS/SRS and PUSCH, if there is no strong concern from RAN4 regarding the LS.
TCI-state update
In RAN1#98bis meeting, the mechanism of simultaneous TCI-state updating across CCs/BWPs by a MAC CE at the same band was supported and one may find the corresponding agreement below. The remaining issue to be considered is whether to support such feature for inter-band CA. From our view, the similarity of channels depends on the gap between two bands. For example, between n257 and n258, the spectrum gap can be small or even overlapped when compared with the 3GHz spectrum range of n257, so the same DL beam can be applied to multiple CCs/BWPs. However, the spectrum gap between n260 and n261 is larger when compared with the gap between n257 and n258. Then the channel condition might be significantly different, resulting in different applicable beam(s). In addition, we have to mention that the TCI-states in PDSCH-Config are independently configured per band. 
Observation 1: The similarity of channel conditions between different bands depends on the spectrum gap between these bands.
Hence, without RAN4’s recommendation of band combination for the case of inter-band CA, it seems pre-mature to decide whether such simultaneous TCI-state updating for both PDSCH and PDCCH for the case of inter-band CA should be supported or not. 
	Agreement
When a set of TCI-state IDs for PDSCH are activated by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the same set of TCI-state IDs are applied for the all BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same set of PDSCH TCI state IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.
· FFS: How many combinations of CCs can be configured by RRC and relevant UE capability

Agreement
When a TCI-state ID is activated for a CORESET by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the TCI-state ID is applied for the CORESET(s) with the same CORESET ID for all the BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same PDCCH TCI state IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.

Agreement
For the purpose of simultaneous TCI state activation across multiple CCs/BWPs,
· Up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in the MAC CE.
· UE expect no overlapped CC in multiple RRC-configured lists of CCs.
· Send LS to RAN2 to inform above


Proposal 2: It seems premature to decide whether to support simultaneous TCI-state activation/updating for both PDSCH and PDCCH across multiple bands.
Spatial relation information update
Following the simultaneous DL Tx beam updating by single MAC CE, the UL Tx beam, i.e. SRS-SpatialRelationInfo of SRS resources can be simultaneously updated/indicated as well. One may refer to the following working assumptions made in RAN1#98bis meeting. TCI-states are configured in PDSCH-Config per BWP, so all the configured TCI-states can be viewed a pool of DL Tx beam resources. Different from TCI-states mechanism, the SRS-SpatialRelationInfo is independently configured per SRS resource across CCs/BWPs. In addition, difference SRS resource set may have different value of SetUse. For example, SRS resource 1 on CC 1 is configured for the purpose of ‘BeamMgmt’ and SRS resource 1 on CC 2 is configured for the purpose of ‘Codebook’. Then it seems inappropriate to change these two SRS resources into the same Tx beam.  
	Working assumption
For the purpose of simultaneous Spatial Relation update across multiple CCs/BWPs,
· Up to 2 lists of CCs can be configured by RRC per UE, and the applied list is determined by the indicated CC in the MAC CE.
· UE expect no overlapped CC in multiple RRC-configured lists of CCs.
· The lists are independent from those for simultaneous TCI state activation
· Send LS to RAN2 to inform above

Working assumption
When a Spatial Relation Info is activated for a SP/AP SRS resource by a MAC CE for a set of CCs/BWPs at least for the same band, where the applicable list of CCs is indicated by RRC signalling, the Spatial Relation Info is applied for the SP/AP SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs.
· Further signaling details are up to RAN2.
· Whether to support the inter-band CA for this feature will be decided in RAN1#99.
· Whether to indicate the applicable list of bands for the feature of single MAC-CE to activate the same SRS resource IDs for multiple CCs/BWPs is up to capability discussion.
· FFS on the UE capability signaling details
· Note: This at least applies to single TRP case.
· FFS on the power control details (without RAN2 impact)


So in our view, before confirming the working assumptions, we may need to investigate the necessary constrains on simultaneous update of AP-SRS and SP-SRS UL Tx beams when considering different purpose of SRS resources. 
Proposal 3: Before conforming the working assumptions, RAN1 needs to further investigate potential constraints of simultaneous SRS-SpatialRelationInfo update across CCs/BWPs.
Beam failure recovery for SCell
In this section, we continue the ongoing discussions of BFR for SCell and present our views and preference correspondingly. Following the procedure of BFR for SCell, it includes BFD, NBI, BFRQ Step 1, BFRQ Step 2 and BFRR. In RAN1#97 meeting, the two-step BFRQ was dicided. However there are still some remaining issue(s) to decide from standard perspective.
PUCCH-BFR
	Working Assumption
In addition to previous agreement that PUCCH-BFR is configured in PCell/PSCell, it is also agreed that PUCCH-BFR can be configured in PUCCH-SCell if PUCCH group is configured
· For non-DC case, down-select one of the following alternatives in RAN1#99
· Alt1a: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group
· If more than 1 PUCCH-BFR resources are configured for a UE, UE can pick one of them to transmit BFRQ
· Alt1b: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group
· PUCCH-BFR resource is shared among the CCs belonging to the respective PUCCH group
· Alt2: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per UE
· The down-selection is based on the assumption of SR configuration behavior supported in current spec
The above PUCCH group refers to the existing PUCCH group description in TS38.213.


For SCell with both UL and DL, the PUCCH-BFR can be configured per PUCCH group in a BWP and we think it’s better to allow the flexibility for a UE to send 1st BFRQ on any CCs, including SCell. Therefore, we have following proposal. 
Proposal 4: For the 1st step BFRQ, RAN1 confirms the working assumption and supports Alt.1b that one PUCCH-BFR resource can be configured per BWP and send on any CC which is applicable.
QCL assumption after BFRR
	Agreement
At least for PDCCH, after K symbols after receiving response to step 2 MAC-CE, UE applies the new beam indicated in step 2 MAC-CE at least for the DL reception on the failed SCell if a new beam is identified.
· Applies for all CORESETs in the failed SCell
· FFS: Any other channel
· FFS: value of K


After K symbol(s) after a UE receives BFRR and before new TCI-state or SpatialRelationInfo configured/activated, the UE applies the new beam for all CORESET(s) for the failed SCell. It is also nature for the UE to assume the same QCL-TypeD for PDSCH as PDCCH.  
Proposal 5: After K symbols after receiving BFRR, a UE applies the new beam for both PDCCH and PDSCH.  
L1-SINR measurement and reporting
Due to the simplicity of L1-RSRP measurement, L1-RSRP was specified for beam reporting in Rel.15 NR as a baseline. However, without any consideration of intra-cell and inter-cell interference, the reported beam with relatively high L1-RSRP may still suffer from strong spatially steered interference, particularly at FR2. Therefore, it makes sense for a UE to report L1-SINR to gNB to reflect the interference environment experienced by UE. 
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	Agreement
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 
· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR
· FFS: interference measurement is performed using CMR additionally
· Support of L1-SINR is optional
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities
· Note: CSI-RS above is CSI-RS for BM


Since RAN1 has conclude that interference calculation can be up to UE implementation. For the joint usage of ZP-IMR and NZP-IMR, a UE may take the advantage of this configuration to measure both inter-cell and intra-cell interference. So we have following
Proposal 6: Confirm the working assumption that maximum 1 ZP-IMR and NZP IMR(s) (interference measurement is taken on both).
CMR and NZP-IMR mapping
For the simple one-to-one mapping between CMR and ZP-IMR, the agreement was achieve in RAN1#98. During RAN1#98bis meeting, the one-to-one mapping between CMR and NZP-IMR was agreed as well and leave the one-to-many mapping without RRC signaling impact as FFS. 
	Agreement
For NZP-IMR based interference measurement, option 1a is supported
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N IMR(s), and they are 1:1 mapped
· For each SINR, interference is measured based on each associated NZP-IMR only
· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Whether QCL-TypeD can be configured to each NZP IMR
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· FFS: Additional support of option 2a (without RRC signalling impact)

Conclusion
How to measure interference for L1-SINR from configured ZP/NZP IMR resources is up to UE implementation.


From signaling perspective, Option 1 can be viewed as a fundamental and general approach to facilitate L1-SINR based beam sweeping procedures. For Option 2x (x = a/b/c), single CMR mapping to 1 or more IMR(s) can be viewed to support DL P2 beam sweeping procedure with L1-SINR as metric instead of L1-RSRP. For L1-SINR calculation at UE, the interference can be accumulated, if more than one IMRs (multiple potential interference beams) are configured or activated for the UE to measure in order to enable MU-MIMO scheduling. However, for interference calculation, we understand that it is up to UE implementation according to the conclusion above. 
With the agreed 1-on-1 N CMR(s) to N IMR(s) mapping, if all N CMRs are the same CMR, then this configuration can actually be generalized to 1-to-many mapping. A UE with such configuration can measure all N NZP-IMRs and calculates L1-SINR by its implementation without any additional RRC signaling impact. Therefore we have following proposal
Proposal 7: With 1:1 N CMRs to N NZP-IMRs mapping, a UE can be configured with all CMRs being the same CMR to facilitate Option 2a without RRC impact.
Z and Z’ determination
After RAN1#98bis meeting, there was an email discussion related to L1-SINR timing at UE side. The following agreement was achieved and to be further narrow down in RAN1#99 meeting. It is obvious the calculation complexity can be roughly ordered as L1-RSRP < L1-SINR < wideband CQI, where the CQI calculation involves interference as well. Then in our view, the time domain requirement of L1-SINR can be upper bounded by wideband CQI calculation i.e., the values of Z1 and Z1’ in Alt.2. Not to mention that, in this way, there is only limited standard impact.
	Agreement
For a CSI report, when reportQuantity is configured to be “ssb-Index-SINR” or “csi-SINR”, the value of O_CPU = 1. 
· Make the decision of Z and Z’ based on one of the following alternatives 
· Alt 1: 
· Z = Z3 + a fixed offset value, where the detail value is FFS
· Z’ = beamReportTimingforL1-SINR
· beamReportTimingforL1-SINR is separately reported from beamReportTiming for L1-RSRP
· Alt 2:
· Z = Z1
· Z’ = Z1’
· Z1 and Z1’ are selected from Table 5.4-2 in 38.214
· Alt 3:
· Z = Z3
· Z’ = Z3’
· Alt 4
· Z = N * Z3
· Z’ = N * Z3’
· N>1, FFS detailed value, e.g. N=2
· FFS: additional UE capability e.g. maximum number of total number of CMR/IMR for L1-SINR measurement across CCs within a slot.


Proposal 8: As for the timing of L1-SINR reporting, RAN1 Spec reuses the values of Z1 and Z1’ from Table 5.4-2 in TS 38.214.
Conclusions
Finally, allow us to repeat our proposals to draw attention.
Proposal 1: Confirm the two working assumptions that PL RS can be activated/updated via a MAC CE for AP-SRS/SRS and PUSCH, if there is no strong concern from RAN4 regarding the LS.
Proposal 2: It seems premature to decide whether to support simultaneous TCI-state activation/updating for both PDSCH and PDCCH across multiple bands.
Proposal 3: Before conforming the working assumptions, RAN1 needs to further investigate potential constraints of simultaneous SRS-SpatialRelationInfo update across CCs/BWPs.
Proposal 4: For the 1st step BFRQ, RAN1 confirms the working assumption and supports Alt.1b that one PUCCH-BFR resource can be configured per BWP and send on any CC which is applicable.
Proposal 5: After K symbols after receiving BFRR, a UE applies the new beam for both PDCCH and PDSCH.  
Proposal 6: Confirm the working assumption that maximum 1 ZP-IMR and NZP IMR(s) (interference measurement is taken on both).
Proposal 7: With 1:1 N CMRs to N NZP-IMRs mapping, a UE can be configured with all CMRs being the same CMR to facilitate Option 2a without RRC impact.
Proposal 8: As for the timing of L1-SINR reporting, RAN1 Spec reuses the values of Z1 and Z1’ from Table 5.4-2 in TS 38.214.
