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Introduction
Rel-16 MIMO work item aims to specify the enhancements identified for NR MIMO, including enhancements on multi-beam operation, primarily targeting FR2 operation. The detailed objectives are as follows [1].
· 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 paper, we discuss the remaining issues for Rel-16 multi-beam operation, including latency/overhead reduction, beam management with L1-SINR and SCell BFR. The rest of this paper is structured as follows. Section 2 is on latency/overhead reduction, Section 3 is on L1-SINR and Section 4 is on SCell BFR. 

Remaining issues on Rel-16 latency/overhead reduction
Confirm WA on the applicable timing of MAC CE based pathloss RS update
Reason for changes
RAN1 agreements on MAC CE application timing for SRS/PUSCH pathloss RS update have not been captured in the spec. In previous meetings, RAN1 sent LS R1-1911616 to ask RAN4 opinion, and RAN4 provided LS reply R4-1915929 to confirm RAN1 WA and suggested that RAN1 spec to capture the applicable timing. In addition, RAN4 suggests to add the condition that TCI state of the activated/updated pathloss RS is known, and to consider 2 more milliseconds for UE processing time.
	R4-1915929
· 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 pathloss 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 pathloss RS should be captured in RAN1 spec.


Summary of changes
Capture the applicable timing as in RAN1 WA for MAC CE based pathloss RS update for PUSCH and AP/SP SRS resource set, respectively, with RAN4 suggestions from RAN4 LS reply.
Consequences if not approved
The gNB and the UE have different assumptions on the timing to apply new pathloss for UL transmit power.

Proposal 1: Confirm and capture WA on applicable timing for pathloss RS activated/updated by MAC-CE.
The indicative TP is provided below, using SRS power control in TS 38.213 section 7.3.1 as an example. It is noted that similar updates are needed for PUSCH power control in TS 38.213 section 7.1.1.
	< Start of the text proposal on TS 38.213 v16.0.0 section 7.3.1 >
< Unchanged parts are omitted >
If the UE is provided enablePLRSupdateForPUSCHSRS, a MAC CE [11, TS 38.321] can provide by SRS-PathlossReferenceRS-Id a corresponding RS resource index  for aperiodic or semi-persistent SRS resource set . 
-	if the UE receives a MAC CE activation command for one SRS-PathlossReferenceRS-Id, the UE applies the activation command in the first slot that is 2ms after slot  where  is the slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command,  is the SCS configuration for the PUCCH and  is time for 5th measurement sample of the pathloss RS if the TCI state of the pathloss RS is known as described in [10, TS 38.133]. 
< Unchanged parts are omitted >
< End of the text proposal on TS 38.213 v16.0.0 section 7.3.1 >




Clarification on the selection of tracked pathloss RSs
Reason for changes
As stated in RAN1 working assumption, the MAC CE applicable timing for SRS/PUSCH pathloss RS update is only for the RSs not tracked by UE. However, current spec does not provide a method to enable gNB awareness on which pathloss RSs are tracked by the UE.
	Working assumption@ RAN1#98bis
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 pathloss RS by the MAC CE is not tracked.
· UE is only required to track the activated pathloss RS if the configured pathloss RSs by RRC is greater than 4.
· It is up to UE whether to update the filtered RSRP value for previous pathloss RS 3ms after sending ACK for the MAC CE.
· Send an LS to RAN4 asking opinion on this working assumption. 


Summary of changes
Define selection rule(s) on the tracked pathloss RSs.
Consequences if not approved
The gNB is not aware on which pathloss RSs are tracked by the UE. The gNB and the UE may have different assumptions on the timing to apply new pathloss for UL transmit power determination.

To be more specific, for PUSCH, PUCCH, and SRS, respectively, the maximum configurable pathloss RSs by RRC is 64, and the total number is also up to 64. One simple rule to select 4 RSs to track is by ordering the IDs, for example, selecting the 4 with lowest IDs. It is noted that one RS may be configured with multiple IDs, for example, RS ID like SSB index/CSI-RS resource ID, and pathloss RS ID like PUSCH-PathlossReferenceRS-Id, SRS-PathlossReferenceRS-Id, etc. Using SRS power control as an example, one candidate solution to choose 4 CSI-RSs out of all configured pathloss RSs with lowest resource IDs to track, if the number of CSI-RS resources is smaller than 4, then complete the remaining part with SSBs with lowest SSB indexes, if any. Another candidate solution is that 4 pathloss RSs with lowest SRS-PathlossReferenceRS-Id are tracked, which means that UE would not track those pathloss RSs with a SRS-PathlossReferenceRS-Id larger than 3. The later candidate solution may be easier to be implemented in spec, as shown in the following indicative TPs
Therefore we propose the following rule on the selection of tracked pathloss RSs.
Proposal 2: UE is only required to track 4 pathloss RS with lowest IDs, if configured number of pathloss RSs is larger than 4.

In addition, Rel-16 introduces default mode for pathloss RS update, e.g., enableDefaultBeamPlForPUSCH0_0, enableDefaultBeamPlForSRS, etc., and UE shall always monitor the QCL-TypeD RS contained in CORESET TCI states or lowest TCI states configured for PDSCH for the default pathloss estimation. Since the default mode are mostly probably enabled for each active CC/BWP, the UE complexity is already quite high and there is no need for the UE to monitor any other configured pathloss RSs. As shown in the following indicative TP, only when UE is not in the default mode, the UE needs to track some of the configured pathloss RSs.
Therefore we propose the following additional rule on the selection of tracked pathloss RSs.
Proposal 3: If default pathloss mode was enabled, UE is not required to track any additional pathloss RS other than default pathloss RSs.
The indicative TP corresponding to Proposal 2 and 3 is provided below, assuming WA confirmed as in Proposal 1. Please note that we use SRS power control in TS 38.213 section 7.3.1 as an example. It is noted that similar updates are needed for PUSCH power control in TS 38.213 section 7.1.1.
	< Start of the text proposal on TS 38.213 v16.0.0 section 7.3.1 >
< Unchanged parts are omitted >
If the UE is provided enablePLRSupdateForPUSCHSRS, a MAC CE [11, TS 38.321] can provide by SRS-PathlossReferenceRS-Id a corresponding RS resource index  for aperiodic or semi-persistent SRS resource set . 
-	if the UE receives a MAC CE activation command for one SRS-PathlossReferenceRS-Id larger than 3 and the UE is not provided enableDefaultBeamPlForSRS, the UE applies the activation command in the first slot that is 2ms after slot  where  is the slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command,  is the SCS configuration for the PUCCH and  is time for 5th measurement sample of the pathloss RS if the TCI state of the pathloss RS is known as described in [10, TS 38.133]. 
< Unchanged parts are omitted >
< End of the text proposal on TS 38.213 v16.0.0 section 7.3.1 >




Remaining issues on Rel-16 L1-SINR measurement/reporting
Clarification on NZP+ZP interference measurement for L1-SINR
Reason for changes
NZP+ZP based interference measurement for L1-SINR is captured in the spec with a bracket. In previous meetings, companies had concerns on how to measure the single ZP IMR if CMRs are configured with different QCL-TypeD indications. To address this concern, we propose to add a restrictions that all CMR should be QCLed w.r.t ‘QCL-TypeD’ if both NZP IMRs and ZP IMR are configured for L1-SINR.
Summary of changes
Add the restriction that all CMR should be QCLed w.r.t ‘QCL-TypeD’ if both NZP IMRs and ZP IMR are configured. 
Consequences if not approved
NZP+ZP based interference measurement for L1-SINR is not supported.

Proposal 4: If NZP+ZP IMRs are configured for L1-SINR report, support CMRs are QCLed with respect to ‘QCL-TypeD’.
The indicative TP is provided below.
	< Start of the text proposal  38.214 v16.0.0 section 5.2.1.2>
< Unchanged parts are omitted >
-	 [When three Resource Settings are configured, the first one Resource Setting (given by higher layer parameterresourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS. The second one (given by either higher layer parameter csi-IM-ResourcesForInterference) is for interference measurement performed on CSI-IM, where each NZP CSI-RS resource set for channel measurement is associated with one CSI-IM resource for interference measurement. The Third one (given by higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on 1 port NZP CSI-RS with density 3 REs/RB.]
-	UE may expect that the NZP CSI-RS resources in each NZP CSI-RS resource set for channel measurement are QCLed with respect to ‘QCL-TypeD’.
< Unchanged parts are omitted >
< End of the text proposal  38.214 v16.0.0 section 5.2.1.2>



Clarification on scheduling restriction on NZP IMR
Reason for changes
Since Rel-15, For a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET. For L1-SINR measurement, each NZP CMR can be associated with one NZP IMR and UE may apply 'QCL-TypeD' assumption of NZP CMR to measure the associated NZP IMR. Therefore, the associated NZP IMR cannot be configured over the symbols during which the UE is also configured to monitor the CORESET too.
Summary of changes
In L1-SINR measurement, if the CMR is associated with a NZP-CSI-RS-ResourceSet with parameter repetition set to 'on', both the CMR and the associated IMR cannot be configured over the symbols during which the UE is also configured to monitor the CORESET.
Consequences if not approved
Collisions between NZP IMRs and the CORESETs may occur.

Proposal 5: If NZP IMRs are configured for L1-SINR report, and associated NZP CMR set is with parameter repetition set to 'on', the NZP IMRs cannot be configured over the symbols during which the UE is also configured to monitor the CORESET. 
The indicative TP is provided below.
	< Start of the text proposal on TS 38.214 v16.0.0 section 5.1.6.1>
< Unchanged parts are omitted >
For a CSI-RS resource for channel measurement associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET, . If the CSI-RS resource for channel measurement is associated with a NZP CSI-RS resource for interference measurement, UE shall not expect the NZP CSI-RS resource for interference measurement to be configured over the symbols during which the UE is also configured to monitor the CORESET. while While for other NZP-CSI-RS-ResourceSet configurations, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. This also applies to the case when CSI-RS and the CORESET are in different intra-band component carriers, if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied by the search space set(s).
< Unchanged parts are omitted >
< End of the text proposal on TS 38.214 v16.0.0 section 5.1.6.1>



Clarification on UE measurement behaviour if reportQuantity=none
Reason for changes
In current spec, whether the beam training would be based on L1-RSRP or L1-SINR measurement is left to UE implementation if reportQuantity set to ‘none’, even gNB configures dedicated interference measurement resources. It would impact the performance due to the ignorance of interference if UE only performs L1-RSRP based measurement and Rx beam selection when dedicated IMRs are available and configured by gNB on purpose.
Summary of changes
If more than one resource settings are associated with a reportConfig with reportQuantity set to ‘none’, L1-SINR should be calculated.
Consequences if not approved
UE may perform L1-RSRP measurement even dedicated IMRs are configured and the performance will be impacted.

Proposal 6: When reportQuantity=none and the number of associated resource settings is larger than 1, UE performs L1-SINR measurement.
The indicative TP is provided below.
	< Start of the text proposal on TS 38.214 v16.0.0 section 5.2.1.4.2>
< Unchanged parts are omitted >
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'none', then the UE shall not report any quantity for the CSI-ReportConfig. When more than one resource settings are associated with the CSI-ReportConfig, the UE shall perform L1-SINR measurement.
< Unchanged parts are omitted >
< End of the text proposal on TS 38.214 v16.0.0 section 5.2.1.4.2>



Clarification on interference measurement for group based L1-SINR reporting
Reason for changes
In the previous meeting, it was agreed that group-based L1-SINR reporting is supported. If dedicated IMR is not configured, interference is measured on CMR, otherwise, interference is measured based on associated IMR. In Rel-15, 2 CRIs and corresponding L1-RSRPs can be reported for group-based beam reporting, where the 2 CSI-RS resources can be received simultaneously by the UE. Then, the 2 CSI-RS resources can be used for multi-TRP/panel transmission. As there is mutual interference between multiple TRP/panel, the interference between the 2 CMRs should be considered for L1-SINR calculation. However, which 2 CMRs can be received simultaneously by UE is unknown when gNB configures IMR set for L1-SINR reporting. In such a case, the other CMR received simultaneously can be assumed as IMR, for the UE to calculate the L1-SINR for one CMR. Therefore, RAN1 spec (e.g., TS38.214) could provide additional support for group-based L1-SINR report, by defining that for L1-SINR of one CMR, the interference can be measured on the other CMR reported as well as on the IMR (if configured) associated with the CMR.
Summary of changes
If the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', for L1-SINR of one CMR, the interference can be measured on the other CMR reported in the same reporting instance.
Consequences if not approved
The L1-SINR is inaccurate, as the inter-beam interference is not taken into account.

Proposal 7: For group-based L1-SINR reporting, after deciding the two CMRs to report, when calculating L1-SINR of one CMR, the other CMR that is simultaneously receivable is assumed as IMR.
The indicative TP is provided below.
	< Start of the text proposal on TS 38.214 v16.0.0 section 5.2.1.4.2>
< Unchanged parts are omitted >
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-SINR' or 'ssb-Index-SINR', 
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'disabled', the UE shall report [in a single report] nrofReportedRSForSINR (higher layer configured) different CRI or SSBRI for each report setting.
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, [where CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.] For L1-SINR report, when one resource associated with one CRI or SSBRI of the two different CRIs or SSBRIs reported in a single reporting instance is used for channel measurement, the resource associated with the other  CRI or SSBRI reported in the same reporting instance is used for interference measurement.
< Unchanged parts are omitted >
< End of the text proposal on TS 38.214 v16.0.0 section 5.2.1.4.2>



Remaining issues on Rel-16 Beam failure recovery for SCell
Clarification on BFR procedure if no new beam found
Reason for changes
If  is found and reported to gNB in SCell BFR MAC CE, UE Rx beam for receiving PDCCH and Tx beam for transmitting PUCCH on SCell is based on  . However, if  is not found, UE behavior on receiving PDCCH and transmitting PUCCH on SCell is undefined even after 28 symbols from the reception of gNB response to BFR MAC CE. The communication on SCell is still not recovered.
Summary of changes
Specify the ‘default behaviour’ if  is not found for SCell BFR.
Consequences if not approved
UE behavior is undefined after the detection of gNB’s response to SCell BFR MAC CE, if  is not found.

To be more specific, if UE reports ‘no new beam’ in SCell BFR MAC CE, even it can successfully detect gNB’s response, SCell is still not recovered since no suitable beam can be used for transmissions and reception. Although one possible ‘default behaviour’ could be that UE does not expect transmission and reception on this SCell any longer, to be more constructive, one candidate solution is that gNB could trigger aperiodic L1-RSRP measurement and report for the failed SCell. And the UE could use the reported beam with the highest reported L1-RSRP for the follow-up PDCCH reception and PUCCH transmission till reconfiguration or reactivation of the CORESET TCI state and PUCCH spatial relation, respectively. To accelerate this procedure, gNB’s response to BFR MAC CE can be used to carry the CSI request and the grant of PUSCH for L1-RSRP report.
Proposal 8: Support to specify UE behaviour after detection of gNB’s response to SCell BFR MAC CE if the UE reports no new beam found.
The indicative TP is provided below, using the PDCCH Rx beam as an example. It is noted that similar updates are needed for PUCCH Tx beam.
	< Start of the text proposal on TS 38.213 v16.0.0 section 6>
< Unchanged parts are omitted >
A UE can be provided, by schedulingRequestIDForBFR, a configuration for PUCCH transmission with a link recovery request (LRR) as described in Clause 9.2.4. The UE can transmit in a first PUSCH at least one MAC CE providing one index for at least one corresponding SCell with radio link quality worse than Qout,LR, an index  for a periodic CSI-RS configuration or for a SS/PBCH block provided by higher layers, as described in [11, TS 38.321], if any, for a corresponding SCell. After 28 symbols from a last symbol of a PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value, the UE
-	receives PDCCH on the at least one SCell with same antenna port quasi-collocation parameters as the ones associated with a corresponding index , if any
-	transmits PUCCH on a PUCCH-SCell using a same spatial domain filter as the one corresponding to  for periodic CSI-RS or SS/PBCH block reception, as described in Clause 9.2.2, if 
-	the UE is provided PUCCH-SpatialRelationInfo for the PUCCH-SCell,
-	the PUCCH transmission with the LRR was on the PCell or the PSCell, and
-	the PUCCH-SCell is included in the at least one SCell
where the SCS configuration for the 28 symbols is the smallest of the SCS configurations of the active DL BWP for the PDCCH reception and of the active DL BWP(s) of the at least one SCell.
If an index  is not available, the UE receives PDCCH on the at least one SCell with same antenna port quasi-collocation parameters as the ones associated with a corresponding index reported in the latest aperiodic L1-RSRP report triggered by the same PDCCH. 
< Unchanged parts are omitted >
< End of the text proposal on TS 38.213 v16.0.0 section 6>



Summary of proposals
The observations and proposals of this paper are summarized as follows. 
Overhead/latency reduction 
Proposal 1: Confirm and capture WA on applicable timing for pathloss RS activated/updated by MAC-CE.
Proposal 2: UE is only required to track 4 pathloss RS with lowest IDs, if configured number of pathloss RSs is larger than 4.
Proposal 3: If default pathloss mode was enabled, UE is not required to track any additional pathloss RS other than default pathloss RSs.

L1-SINR
Proposal 4: If NZP+ZP IMRs are configured for L1-SINR report, support CMRs are QCLed with respect to ‘QCL-TypeD’.
Proposal 5: If NZP IMRs are configured for L1-SINR report, and associated NZP CMR set is with parameter repetition set to 'on', the NZP IMRs cannot be configured over the symbols during which the UE is also configured to monitor the CORESET. 
Proposal 6: When reportQuantity=none and the number of associated resource settings is larger than 1, UE performs L1-SINR measurement.
Proposal 7: For group-based L1-SINR reporting, after deciding the two CMRs to report, when calculating L1-SINR of one CMR, the other CMR that is simultaneously receivable is assumed as IMR.
[bookmark: _GoBack]
SCell BFR
Proposal 8: Support to specify UE behaviour after detection of gNB’s response to SCell BFR MAC CE if the UE reports no new beam found.
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