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1 Introduction
The Rel-16 NR MIMO WID [1] includes objective related to improvements to beam management procedures. In this contribution we provide our views regarding multi-beam enhancements for Rel-16 including remaining details of enhanced beam selection mechanism with low latency and low overhead, beam failure recovery for SCell and beam measurement and reporting of L1-SINR.
2 Latency and overhead reduction
2.1 Beam activation for group of CCs
In RAN1#98 the following agreement was made to support joint TCI activation for a group of CCs. 
	Agreement
For latency/overhead reduction across multiple CCs/BWPs, support single MAC-CE to activate at least the same set of PDSCH TCI state IDs for multiple CCs/BWPs
· Example 1: Reuse Rel-15 MAC-CE to activate same set of TCI state IDs for all active BWPs in same band or cell group(s) on FR2
· Support of this mode can be indicated by UE capability
· To operate in this mode, UE may expect the same QCL-TypeD RS is configured for same TCI state ID for all BWPs in each band or cell group(s)
· For activation MAC-CE received on any active BWP in a band or cell group(s), indicated activated TCI state IDs will be applied to every active BWP in that band or cell group(s)
· Example 2: Reuse Rel-15 MAC-CE to activate one set of TCI state IDs (including both QCL Type-A and Type-D RSs) for an active BWP of the CC indicated by the MAC-CE to be applied to all active BWPs in same band or cell group(s) on FR2
· Note: The QCL Type A RS(s) applied to each CC/BWP is that corresponding to the same resource ID(s) indicated by the TCI state IDs 
· FFS: operation/signaling details including the possibility to activate different sets of PDSCH TCI state IDs for multiple CCs/BWPs
· Note: QCL type-A comes from the BWP where the TCI state is applied



	In CA scenarios of FR2, DL beam is typically shared across multiple CCs by implementation. It is therefore, natural to consider joint update of the DL transmission beams on group of CCs. On the other hand, for CA configuration with large number of CCs (scenario, where conventional per CC activation of TCI state incur large overhead) reuse of the same beam may not be always optimal considering changes of the wavelength within considered large BWs. It is therefore possible to have different beamforming setting in different CCs correcting such errors. Considering this it seems necessary to limit such enhancement only for the case when beam management is carried out on one CC and the acquired beam is reused on another CC by using cross carrier QCL-Type D signalling. In this case joint activation of the TCI states on multiple CCs should be performed based on the reference signal configured in QCL Type D part of the active TCI state. Once UE receive activation of TCI state for a CC with QCL Type D reference signal, all other TCI state(s) on other CC with the same reference signal in QCL Type D part of TCI should be also assumed as activated. Since the spatial relation update for dedicated PUCCH and SRS (except SRS for beam management) would also require similar per-CC MAC CE signalling, the propose concept should be also extended for uplink as well. Therefore, the following proposal can be made:  

Proposal 1:
· Joint activation of the multiple TCI states in different CCs is supported for TCI states that has the same reference signal in QCL Type D part of TCI state.
· Extended the above mechanism to joint activation of spatial relation info on multiple CCs for dedicated PUCCH and SRS (except SRS for beam management)
2.2 Default spatial relation info
In RAN1#98 the following agreement was made to support default spatial relation. 
	Agreement 
At least for UEs supporting beam correspondence, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = 'BeamManagement', is not configured in FR2, the applied default spatial relation for the dedicated-PUCCH/SRS is down-selected from the followings in RAN1#98bis
· Alt.1: default TCI state or QCL assumption of PDSCH (e.g. the most recent slot and the lowest CORESET ID)
· Alt.2: one of an active TCI state of CORESET
· FFS: details of which TCI state
· Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH
· Alt.4: CORESET#0 QCL assumption
· Alt.5: pathloss reference RS
· FFS: details of which pathloss reference RS
· FFS: whether to apply the above for UEs not supporting beam correspondence



According to our understanding, the target scenario of supporting default spatial relation for PUCCH is configuration (or UE capability) of a single active TCI state for PDSCH/PDCCH. From this perspective several alternatives from the agreement above become equivalent to each other. In other scenarios, e.g., when UE is activated with more than one active TCI state for PDCCH/PDSCH, such signalling optimization is not well justified and may complicate system operation. Considering this we propose to limit the corresponding enhancement only for the case, when UE is configured by higher layers with a single active TCI state for PDCCH/PDSCH.

Proposal 2: 
· Limit applicability of default spatial relation for dedicated-PUCCH/SRS to configuration (or UE capability) corresponding single active TCI state per PDCCH/PDSCH.
2.3 Spatial relation update for PUCCH resources 
In RAN1#97 the working assumption was made to support spatial relation update per group of PUCCH resources. 
	Working Assumption
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· At least up to two groups per BWP
· FFS: Details on configuring the groups including whether to use implicit method or explicit method
· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· Another example, each corresponding to different active spatial relation at least for single TRP case
· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16


	Considering the need of support legacy operation with spatial relation update on PUCCH resource level, explicit configuration of PUCCH group seems more robust and future proof solution. The group for PUCCH resources can be semi-statically configured by RRC with association of PUCCH resource ID to a PUCCH group DI. Since support of multiple PUCCH group is motivated by multi beam / TRP transmission, it should be further discussed whether or not PUCCH resource can be associated with at most one PUCCH group ID. Regarding number of PUCCH groups. Considering that most of the multi-TRP deployment scenarios consider two TRP transmission to the UE, support of two PUCCH groups seems sufficient. 
Proposal 3:
· PUCCH resource group is explicitly configured by RRC
· FFS whether PUCCH resource ID should be associated with at most one PUCCH group
· Support at most two PUCCH groups in Rel-16

3 Beam recovery on SCell

	Agreement from RAN1#97:

Agreement
On BFRQ procedure for SCell
· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell
· FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1

Agreements from RAN1#98:
Agreement
Support that the BLER threshold for SCell BFD is the same as the default value of rlmInSyncOutOfSyncThreshold.

Agreement
· For SCell BFR, support maximum number of RS for new beam identification per BWP to be 64.
· The range of threshold for SCell new beam identification is based on range specified in RSRP-Range.

Agreement
For SCell with both UL and DL, at least reuse the same BFRQ procedure as SCell with DL only.
· Note: Whether to support CBRA/CFRA based BFRQ for both scenarios is a separate issue.
· Note: At least from RAN1 perspective, there is no need for introducing restrictions on MAC CE transmission for BFR in Rel-16 
· FFS: Whether PUCCH-BFR can be configured on SCells

Agreement
Support PUCCH-BFR to be configured by either one of PUCCH format 0 and PUCCH format 1
· FFS: details when PUCCH-BFR transmission is to be made in the same slot with other uplink signal(s).

Conclusion
· The details on MAC CE for BFR, and whether to transmit a MAC CE to carry BFRQ information for 1 SCell or multiple SCells is up to RAN2
· RAN1 identified that beam failure on multiple SCells can occur simultaneously but have not reached consensus on how often this occurs
Agreement
Include the above conclusion as part of LS to RAN2. 

Conclusion
From RAN1 perspective, the response after UE transmits PUCCH-BFR can be a normal uplink grant with C-RNTI/MCS-C-RNTI
· No RAN1 spec impact

Agreement
Send an LS to RAN2 suggesting higher priority for SCell BFR MAC CE than at least UL data, and to have a higher priority for SCell step 1 PUCCH than normal SR
· To be included as part of LS to RAN2

Agreement
RAN1 will conclude on the following issue in RAN1#98bis
Q3: Is there a case where the SR-like dedicated PUCCH resource for SCell BFR is not configured? If the SR-like dedicated PUCCH resource is not configured, one possible option being considered by RAN2 is that the UE follows the existing framework for requesting uplink resources when no uplink resources are available (i.e. performs CBRA on SpCell).

Agreement
The BFRR to step 2 is a normal uplink grant to schedule a new transmission for the same HARQ process as PUSCH carrying the step 2 MAC CE
· The procedure is the same as normal “ACK” for PUSCH
· When UE receives BFRR to step 2, UE can consider BFR procedure is finished
· No RAN1 spec impact
· Included as part of LS to RAN2

Agreement
Down-select one of the following alternatives on UE behavior when no new beam RS is configured in RAN1#98bis
· Alt 1: UE shall expect gNB to configure at least one new beam RS if BFR for corresponding SCell is configured
· Alt 3: If new beam RS is not configured, all SSBs are considered as new beam RS candidates




3.1 BFR on SCell with both DL and UL
In the previous RAN1 meeting, it was agreed that for SCell with DL and UL, at least the same procedure for BFR as in SCell with DL only is reused. However, this procedure will not take advantage of the UL available in the SCell. Furthermore, it was also agreed that for Step 2 MAC-CE transmission, carrying the NBI, there will be no restrictions from RAN1 perspective. Based on these agreements it is desirable to have an SCell BFR mechanism which utilizes the SCell UL in order to ameliorate the loading of the PCell for SCell BFR purposes. 

The proposed solution utilizes PUSCH transmission carrying MAC-CE over the SCell UL and is illustrated in Figure 1. In this case, the Step 1 procedure is similar to the SCell BFRQ with DL only i.e., using SR-like PUCCH configuration over the PCell or a non-failed SCell. In response the PCell or non-failed SCell can configure a single or multi-slot PUSCH grant (with repetition) over the UL of the failed SCell where the UE transmits a MAC-CE containing the NBI and failed CC index. In this case, the UE is not expected to use the spatial filter associated with PUCCH-Spatialrelationinfo for uplink transmission. Instead it can use a spatial domain transmission filter of its choice to transmit the PUSCH by ignoring the configured spatial relation information. The spatial filter for UL transmission can be decided by the UE based on spatial filter used to determine the NBI on the failed SCell. In case of multi-slot PUSCH with repetition, the same MAC-CE is transmitted over all repetitions. Although the gNB might not know the exact UL beam to monitor, it can perform beam sweeping over the multiple repetitions of the PUSCH and leverage combining gain over these beams. It does not necessarily need the optimal beam in order to decode the MAC-CE in the received PUSCH provided combining gain can be leveraged. Once the MAC-CE is decoded, the usual beam recovery can proceed as in step 3. In this case, the MAC-CE will have higher priority over data. 



[bookmark: _Ref16687218]Figure 1 BFR over SCell with UL using MAC-CE for NBI

Proposal 4: 
· For BFR on SCell with both DL and UL, BFR can be performed over the SCell UL with step 2 MAC-CE transmission over PUSCH with repetition. The gNB can perform beam sweeping to leverage combining gain to decode MAC-CE
· The UE ignores configured spatial relation info for PUSCH grant in response to step 1 and is expected to determine the spatial domain transmission filter for transmitting PUSCH containing MAC-CE of step 2.

3.2 SCell BFR when SR-Like PUCCH is not configured 
The following question was addressed to RAN1 as part of LS from RAN2: 

Q3: Is there a case where the SR-like dedicated PUCCH resource for SCell BFR is not configured? If the SR-like dedicated PUCCH resource is not configured, one possible option being considered by RAN2 is that the UE follows the existing framework for requesting uplink resources when no uplink resources are available (i.e. performs CBRA on SpCell).

[bookmark: _GoBack]When the SR-like PUCCH is not configured for SCell BFR, a fall back option needs to be defined. For this purpose of exposition, the following two options can be considered:
1. UE performs CBRA on SpCell for requesting uplink resources according to current framework.
2. A normal SR is utilized for transmitting MAC-CE on already available resources where the MAC-CE for BFR has higher priority than data or other MAC-CE transmissions.
In case of the first solution, performing CBRA for SCell BFR would likely compromise the PRACH capacity of initial access. Since PRACH resources are in general very expensive, it would be desirable to find a solution which can avoid the need to use CBRA process for SCell BFR fall back.
We propose to utilize the second solution since this is similar to using the agreed solution for SCell BFR without the need for Step 1. To this end, there is still an FFS point from agreement in RAN1#97 on whether step 2 MAC-CE can be multiplexed on a PUSCH not triggered by step 1. We propose to answer the FFS question in the affirmative i.e., for the proposed solution, it should be possible to multiplex the step 2 MAC-CE on PUSCH over a non-failed cell, not triggered by Step 1 with the assumption that the MAC-CE for SCell BFR has higher priority than other MAC-CE/data. Then the conventional SR can be leverage to multiplex the step 2 MAC-CE which then acts as the fall back solution in the absence of Step 1. 
Proposal 5:
· For SCell BFR, when SR-like PUCCH is not configured (i.e., when Step 1 is not used), a conventional SR can be used to multiplex Step 2 MAC-CE on any PUSCH resource where the BFR MAC-CE has higher priority than data and other MAC-CE transmissions from a RAN1 perspective. 

4 L1-SINR reporting
	Agreement
When gNB configures UE to report SSBRI/CRI and corresponding L1-SINR, the following report format is supported.
	CSI report number
	CSI fields

	CSI report #n
	CRI or SSBRI #1, if reported

	
	CRI or SSBRI #2, if reported

	
	CRI or SSBRI #3, if reported

	
	CRI or SSBRI #4, if reported

	
	SINR #1, if reported

	
	Differential SINR #2, if reported

	
	Differential SINR #3, if reported

	
	Differential SINR #4, if reported



· FFS: range and step size of differential SINR
· Differential SINR #N is determined based on the difference between measured SINR corresponding to the CRI/SSBRI #N and the measured SINR corresponding to CRI/SSBRI #1
· The SINR #1 is the largest SINR among reported SINRs
· The range of SINR is [-23, 40] dB
· The SINR is quantized based on what is specified in 38.133

Agreement
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on ZP-IMR only:
· CMR and IMR are 1-to-1 mapped from signaling perspective

Agreement
Support gNB to configure L1-SINR based beam report for both non-group based and group based beam reporting.

Agreement
Support that the BLER threshold for SCell BFD is the same as the default value of rlmInSyncOutOfSyncThreshold.

Agreement
· For SCell BFR, support maximum number of RS for new beam identification per BWP to be 64.
· The range of threshold for SCell new beam identification is based on range specified in RSRP-Range.

Agreement
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, down-select at least one of the following resource configuration schemes in RAN1 #98b:
· Option 1a: CMR and IMR are 1-to-1 mapped
· 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: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· Option 2a: 1 CMR can be mapped to 1 or more than 1 IMRs
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N*M IMR(s), and each CMR is associated with every M IMR(s) in order
· UE may assume that the NZP CSI-RS resource for channel measurement and the M NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'
· For each SINR, interference is measured based on accumulating measurement of all the associated M IMR(s)
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· [Option 2b: 1 CMR can be mapped to 1 or more than 1 IMRs
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N*M IMR(s), and each CMR is associated with every M IMR(s) in order
· For each SINR, interference is measured based on one selected/reported IMR
· 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: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer]
· [Option 2c: 1 CMR can be mapped to 1 or more than 1 IMRs
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of M*K IMR(s)
· UE measures N CMR(s) firstly, and selects K CMR(s) based on L1-RSRP. Then, the L1-SINR of K CMR(s) are calculated with the M*K IMR(s), where CMR(s) and IMR(s) are 1:M mapped in order.
· For each SINR, interference is measured based on selected/reported NZP-IMR
· 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: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer]
· Option 3: 1 IMR can be mapped to 1 or more than 1 CMRs
· In a CSI-reportConfig, gNB configures a list of NK CMR(s) and another list of N NZP-IMR(s). They are K:1 mapped in order.
· For each SINR, interference is measured based on associated one IMR for a CMR.
· UE may assume that the K NZP CSI-RS resource(s) for channel measurement and NZP CSI-RS resource for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer


	According to Rel-15 specification, L1-RSRP reporting for beam management is supported using CSI framework. For that purpose reportQuantity configuration of CSI-ReportConfig can be set to 'none', 'cri-RSRP' or 'ssb-Index-RSRP'. Considering that L1-SINR can be used with CSI-RS and SSB, the reportQuantity can be extended to also include ‘cri-SINR’ and ‘ssb-Index-SINR’.
	For L1-SINR based on SSB, interference measurements based on the Rel-15 approach without explicit configuration of IMR resource should be supported. In this case, CSI-ReportConfig should support association with one resource setting corresponding to SSB resource. 
	For L1-SINR based on CSI-RS, similar to Rel-15, CSI-ReportConfig can be associated with one or multiple resource settings. When CSI-ReportConfig is associated with singe resource setting, both channel and interference measurement should be performed using the same NZP CSI-RS resource. When CSI-ReportConfig is associated with two resource settings, when one resource setting is configured to be based on ZP-IMR, in RAN1#98 meeting it was agreed to support 1:1 mapping between NZP CSI-RS for CMR and ZP CSI-RS for IMR. Such configuration should be supported for all time domain behavior of L1-SINR report, i.e., aperiodic, periodic and semi-persistent configuration of CSI-ReportConfig.
	For L1-SINR based NZP CSI-RS for CMR and another NZP CSI-RS as IMR, several interference measurement resource configuration options were agreed in [98‑NR‑20] email discussion on details for CMR/IMR for NZP-IMR based SINR based beam selection. Among the agreed alternatives, options 2b and 2c require support of IMR index reporting. Considering limited time for completion of NR Rel-16, such options may require additional specification efforts, which should be avoided. Moreover, considering RAN4 assumption of single shot measurement for channel and interference parts of SINR, the possible overhead optimizations offered by Options 2a and 3 may not be urgent. With L1-SINR measurement restrcition, gNB can emulate different combination of the interfering beams over different time occasion of the same NZP CSI-RS resource. Therefore, it seems preferable to focus specification work for L1-SINR on Option 1a in Rel-16 with possible optimizations based on other options in the future NR releases. Similar to L1-SINR reporting based on NZP CSI-RS for CMR and ZP CSI-RS for IMR, aperiodic, periodic and semi-persistent CSI-ReportConfig should be also supported when NZP CSI-RS are used for both CRM and IMR.
	Regarding relative L1-SINR quantization, the reporting step of differential L1-SINR can be set to 2 dB similar to SINR reporting for mobility.	Such granularity is also similar to CQI report. The range differential L1-SINR report can be also set according to 0dB to -30dB, similar to Rel-15 SINR report in TS 38.133.
	CSI occupancy and priority rules of L1-SINR should follow L1-RSRP reporting with modification that L1-SINR should have lower priority to L1-RSRP but higher priority than other CSI reports.
Summarizing discussion above the following proposal can be made:
Proposal:
· Introduce new CSI reporting configuration of ‘cri-SINR’ and ‘ssb-Index-SINR’to support L1-SINR report
· Aperiodic, periodic and semi-persistence CSI reporting configuration is supported for L1-SINR
· For L1-SINR based on SSB, CSI-ReportConfig is associated with singe resource setting
· For L1-SINR based on NZP CSI-RS when CSI-ReportConfig associated with two NZP CSI-RS resource settings, support 1 to 1 mapping between CMR and IMR, i.e., Option 1a
· Differential L1-SINR quantization follows SINR quantization defined in TS 38.133
· CPU occupancy rules for L1-SINR is the same as L1-RSRP
· In case of collision L1-SINR report has lower priority than L1-RSRP report but higher priority than other CSI reports
Summary
In this contribution we provided our views regarding multi-beam enhancements for Rel-16. The following proposals were made:

Beam activation for a group of CCs
· Joint activation of the multiple TCI states in different CCs is supported for TCI states that has the same reference signal in QCL Type D part of TCI state.
· Extended the above mechanism to joint activation of spatial relation info on multiple CCs for dedicated PUCCH and SRS (except SRS for beam management)
Default spatial relation info for PUCCH/SRS
· Limit applicability of default spatial relation for dedicated-PUCCH/SRS to configuration (or UE capability) corresponding single active TCI state per PDCCH/PDSCH.
Spatial relation update for PUCCH resources
· PUCCH resource group is explicitly configured by RRC
· FFS whether PUCCH resource ID should be associated with at most one PUCCH group
· Support at most two PUCCH groups in Rel-16
Beam recovery on SCell
· For BFR on SCell with both DL and UL, BFR can be performed over the SCell UL with step 2 MAC-CE transmission over PUSCH with repetition. The gNB can perform beam sweeping to leverage combining gain to decode MAC-CE
· The UE ignores configured spatial relation info for PUSCH grant in response to step 1 and is expected to determine the spatial domain transmission filter for transmitting PUSCH containing MAC-CE of step 2.
· For SCell BFR, when SR-like PUCCH is not configured (i.e., when Step 1 is not used), a conventional SR can be used to multiplex Step 2 MAC-CE on any PUSCH resource where the BFR MAC-CE has higher priority than data and other MAC-CE transmissions from a RAN1 perspective. 

L1-SINR reporting
· Introduce new CSI reporting configuration of ‘cri-SINR’ and ‘ssb-Index-SINR’to support L1-SINR report
· Aperiodic, periodic and semi-persistence CSI reporting configuration is supported for L1-SINR
· For L1-SINR based on SSB, CSI-ReportConfig is associated with singe resource setting
· For L1-SINR based on NZP CSI-RS when CSI-ReportConfig associated with two NZP CSI-RS resource settings, support 1 to 1 mapping between CMR and IMR, i.e., Option 1a
· Differential L1-SINR quantization follows SINR quantization defined in TS 38.133
· CPU occupancy rules for L1-SINR is the same as L1-RSRP
· In case of collision L1-SINR report has lower priority than L1-RSRP report but higher priority than other CSI reports
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