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1. Introduction
A revised Rel.16 MIMO WID was agreed in RAN#85 with the following scope.
· 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 UL-only, where PCell can be operating on FR1 as well as FR2

· Specify measurement and reporting of either L1-RSRQ or L1-SINR
This contribution presents our views in these areas. 
2. UL Beam management with latency / overhead reduction
2.1. Default beam for PUCCH/SRS

It was agreed in RAN1#98 to introduce a default beam assumption for dedicated PUCCH and SRS (except for “BeamManagement”) in FR2, when higher-layer configuration of UL spatial relation info is not provided.  Down-selection is to be conducted among the following candidates in RAN1#98bis.
	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, a default spatial relation for dedicated-PUCCH/SRS is applied

· FFS: Detail on the 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




A default beam assumption, if fixed over time, simplifies UE implementation at the cost of lower beam adaptation flexibility. One particular benefit of a default UL beam assumption is to allow more flexible UL beam management, so it needs to be time adaptive.

· Alt.1 stipulates that the default UL assumption can be linked to the default TCI state or QCL assumption of PDSCH (e.g. the most recent slot and the lowest CORESET-ID). 
Although the intention is to mimic Rel.15 behavior, this does not serve any purpose of UE complexity reduction. Secondly, since the default PDSCH beam may be different than the actual beam for PDCCH/PDSCH, the actual UL beam is also different than the actual PDCCH/PDSCH beam, which will result in miscued UL beam. The issue is more severe when Tx beam of different CORESETs are far apart from each other, which is the most typical use case. 
· Alt-2 is ambiguous in terms of details, e.g. which CORESET and which default TCI state is selected. 

· Alt-3 allows flexible UL beam selection. Since A-SRS/ PUCCH is associated to a triggering PDCCH, aligning the DL Rx beam and UL Tx beam fits the intended use case of beam correspondence. 

· Alt-4 has the same issue of alt-1, and doesn’t work in some cases (e.g. inter-band CA).
· Alt-5 intends to reuse the DL pathloss RS of PUCCH/SRS as its UL beam reference. This has some technical merits and worth studying; however since pathloss RS discussion is ongoing, this proposal should be further studied. 
Proposal 1 Down-select between alt-3 and alt-5, after pathloss RS assumption becomes clear. 
2.2. Cross-BWP/CC beam management with one MAC-CE

It was agreed in RN1#98 to support activation of TCI states in multiple BWP/CC with one MAC-CE.

	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



BWP was introduced in NR mainly to support UEs with different bandwidth capabilities. From NW deployment perspective, different BWPs within the same CC are generally configured with the same TCI states. Hence using a single MAC-CE for cross-BWP activation within a CC should be supported.  In comparison, it is less likely that different CCs are configured with the same TCI states. This is a less typical use case and the real-life gain from overhead reduction may not be as significant. Our preference is not to target cross-CC TCI activation, unless it can be easily piggybacked in the cross-BWP activation solution without any extra specification work. 

Proposal 2 Support reusing a Rel.15 MAC-CE for cross-BWP TCI activation within a CC. A higher layer configuration is introduced to indicate whether such cross-BWP activation is switched ON/OFF. 
Proposal 3 Do NOT support cross-CC TCI activation, unless it can be supported with the same mechanism for cross-BWP activation with no extra specification work. 
2.3. Pathloss RS update for PUCCH/SRS with MAC-CE

The following agreement on pathloss RS for UL beam management was agreed in the last two meetings. 
	Agreement

Decide in RAN1#98 whether to support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.

· FFS: Condition that the RS for PL will follows the downlink RS in spatial relation.

· FFS: When the spatial relation of AP-SRS for CB/NCB UL is activated by MAC-CE, UL power control parameters for PUSCH can be activated via the MAC-CE.

Agreement

Continue discussion on the support of updating pathloss RSs for power control for PUSCH and SRS via MAC-CE, including the following candidates until RAN1#98bis:

· Option 1: For codebook based PUSCH transmission, the pathloss RS follows DL RS in spatial relation associated with SRI indicated in scheduling DCI, if the pathloss RS is not configured and periodic DL RS is configured in the spatial relation.

· FFS: the cases of non-codebook based PUSCH, SRS

· Option 2: Pathloss RS is associated/configured for downlink RS in spatial relation info.

· gNB can configure more than 4 pathloss RSs.

· Option 3: At least the pathloss RSs for SRS or PUSCH can be explicitly activated/updated by the MAC-CE

· FFS: The other power control parameters including P0, alpha, and a closed loop process index are also activated by the MAC-CE

· FFS on whether to support the number of configured pathloss RSs are more than four.

· Note: The MAC-CE is the activation MAC CE for ap-SRS/sp-SRS.

· Option 4: Support updating TCI state for periodic CSI-RS by MAC CE.

· Note: The periodic CSI-RS is used for pathloss reference.

· Option 5: Support semi-persistent CSI-RS for pathloss reference RS.

· Note: Baseline is that the same transmission power is applied within SRS resource set (same as Rel-15).




· PUCCH

For PUCCH, pathloss reference RS is configured within PUCCH-SpatialRelationInfo. As soon as MAC-CE updates the spatial relation info, its pathloss reference RS is also updated. Therefore the current RRC/MAC-CE signaling appears sufficient. On a side note, it has been agreed to increase the number of spatial relation info to 64. Given that maximum number of pathloss reference RS is 4 in Rel.15. It would be natural to align these two maximum capabilities. 
PUCCH-SpatialRelationInfo ::=           SEQUENCE {

    pucch-SpatialRelationInfoId         PUCCH-SpatialRelationInfoId,

    servingCellId                           ServCellIndex                                                    OPTIONAL,   -- Need S

    referenceSignal                         CHOICE {

        ssb-Index                               SSB-Index,

        csi-RS-Index                                NZP-CSI-RS-ResourceId,

        srs                                     SEQUENCE {

                                                    resource                            SRS-ResourceId,

                                                    uplinkBWP                           BWP-Id

                                                }

    },

    pucch-PathlossReferenceRS-Id            PUCCH-PathlossReferenceRS-Id,

    p0-PUCCH-Id                             P0-PUCCH-Id,

    closedLoopIndex                         ENUMERATED { i0, i1 }

}

PUCCH-SpatialRelationInfoId ::=         INTEGER (1..maxNrofSpatialRelationInfos)

Proposal 4 Increase the maximum number of pathloss reference RS for PUCCH to 64, in line with the maximum number of spatial relation info.

· SRS
For SRS, spatial relation info is configured per resource, while pathloss reference RS is configured per SRS resource set. 
SRS-ResourceSet ::=                     SEQUENCE {

    srs-ResourceSetId                       SRS-ResourceSetId,

    srs-ResourceIdList                      SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId    OPTIONAL, -- Cond Setup

…..
    pathlossReferenceRS                     CHOICE {

        ssb-Index                               SSB-Index,

        csi-RS-Index                            NZP-CSI-RS-ResourceId

    }                                                                                                   OPTIONAL, -- Need M

    srs-PowerControlAdjustmentStates        ENUMERATED { sameAsFci2, separateClosedLoop}                OPTIONAL, -- Need S

    ...

}

Within the candidate options in the last meeting, Option 3 is to move pathloss reference RS from resource-set level to resource-level, so that MAC-CE can explicitly update the pathloss reference RS when updating the spatial relation info. MAC-CE therefore needs a new field for pathloss reference RS. Option 2, in our understanding, is to introduce implicit pathloss reference RS associated with each spatial relation info in the RRC configured states. Both are acceptable in our view, while option 2 may be slightly preferable. 
Proposal 5 For SRS power control, adopt option 2 where each spatial relation info is RRC configured to be associated with a pathloss reference RS. 
· PUSCH
For codebook-based PUSCH, PUSCH power control parameter SRI-PUSCH-PowerControl is dynamically indicated by SRI in UL grant. Up to maxNrofSRI-PUSCH-Mappings=16 power control parameter SRI-PUSCH-PowerControl can be configured to a UE. Each SRI-PUSCH-PowerControl includes a pathloss reference RS. The maximum number of pathloss reference RS is maxNrofPUSCH-PathlossReferenceRSs =4. 
PUSCH-PowerControl ::=              SEQUENCE {

    tpc-Accumulation                    ENUMERATED { disabled }                                                 OPTIONAL, -- Need S

…
    pathlossReferenceRSToAddModList     SEQUENCE (SIZE (1..maxNrofPUSCH-PathlossReferenceRSs)) OF PUSCH-PathlossReferenceRS

OPTIONAL, -- Need N

    pathlossReferenceRSToReleaseList    SEQUENCE (SIZE (1..maxNrofPUSCH-PathlossReferenceRSs)) OF PUSCH-PathlossReferenceRS-Id

OPTIONAL,  -- Need N

    twoPUSCH-PC-AdjustmentStates        ENUMERATED {twoStates}                                                  OPTIONAL, -- Need S

    deltaMCS                            ENUMERATED {enabled}                                                    OPTIONAL, -- Need S

    sri-PUSCH-MappingToAddModList       SEQUENCE (SIZE (1..maxNrofSRI-PUSCH-Mappings)) OF SRI-PUSCH-PowerControl                                                                                                                OPTIONAL, -- Need N

    sri-PUSCH-MappingToReleaseList      SEQUENCE (SIZE (1..maxNrofSRI-PUSCH-Mappings)) OF SRI-PUSCH-PowerControlId
OPTIONAL  -- Need N

}

P0-PUSCH-AlphaSet ::=               SEQUENCE {

    p0-PUSCH-AlphaSetId                 P0-PUSCH-AlphaSetId,

    p0                                  INTEGER (-16..15)                                                       OPTIONAL, -- Need S

    alpha                               Alpha                                                                   OPTIONAL  -- Need S

}

P0-PUSCH-AlphaSetId ::=             INTEGER (0..maxNrofP0-PUSCH-AlphaSets-1)

PUSCH-PathlossReferenceRS ::=       SEQUENCE {

    pusch-PathlossReferenceRS-Id        PUSCH-PathlossReferenceRS-Id,

    referenceSignal                     CHOICE {

        ssb-Index                           SSB-Index,

        csi-RS-Index                        NZP-CSI-RS-ResourceId

    }

}
PUSCH-PathlossReferenceRS-Id ::=    INTEGER (0..maxNrofPUSCH-PathlossReferenceRSs-1)

SRI-PUSCH-PowerControl ::=          SEQUENCE {

    sri-PUSCH-PowerControlId            SRI-PUSCH-PowerControlId,

    sri-PUSCH-PathlossReferenceRS-Id    PUSCH-PathlossReferenceRS-Id,

    sri-P0-PUSCH-AlphaSetId             P0-PUSCH-AlphaSetId,

    sri-PUSCH-ClosedLoopIndex           ENUMERATED { i0, i1 }

}

SRI-PUSCH-PowerControlId ::=        INTEGER (0..maxNrofSRI-PUSCH-Mappings-1)

The existing Rel.15 mechanism appears overall fine in Rel.16, as both spatial relation info and pathloss reference RS for PUSCH is implicitly derived from the SRS resource pointed by SRI in UL grant. When MAC-CE updates the pathloss RS and spatial relation info for SRS, the same update applies to PUSCH One possible enhancement is to increase the number of pathloss reference RS to 64, in line with the number of spatial relation info. 
Proposal 6 Increase the maximum number of pathloss reference RS configurable to PUSCH to 64. 
3. Beam failure recovery on SCell
A host of agreements were made in the last meeting on SCell beam failure recovery. An LS was sent to RAN2 to update on these agreements, together with answer to an earlier RAN2 LS. 
	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

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

Q1: Can the UE transmit BFR MAC CE using UL grant of any serving cell or should there be a restriction not to send it on failed serving cell(s)?

R1: At least from RAN1 perspective, there is no need for introducing such restrictions on MAC CE transmission for BFR in Rel-16.

Q2: If the UE already has the UL grant on serving cell(s) on which BFR MAC CE can be transmitted based on the answer to question 1, is the UE still required to transmit SR-like indication for BFR?

R2: In this case, UE is not required to transmit SR-like indication for SCell BFR.

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).

R3: RAN1 did not discuss this case. RAN1 plans to conclude on this by RAN1#98bis.

Q4: Is the SR-like dedicated PUCCH resource for SCell BFR configured for each SCell separately or is it common for all SCell(s) of the same cell group (i.e. MCG/SCG)?

R4: The SR-like dedicated PUCCH resource for SCell BFR is not configured separately for each SCell. 

Q5: What conditions are used for the (successful) completion of the SCell BFR?

R5: When UE receives beam failure recovery response (BFRR) to step 2, UE can consider BFR procedure is finished, where 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, which is the same as normal “ACK” for PUSCH.
Additional information

RAN1 would like to provide the following additional information on SCell BFR to RAN2.

· RAN1 suggests RAN2 to give higher priority for SCell BFR MAC CE than at least UL data, and also higher priority for SCell BFR PUCCH than normal SR

· 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

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


It is clear that when beam reporting is turned ON, UE needs to measure some RS. The difference is where this measurement RS comes from, e.g. explicit configuration (option 1) or default assumption (e.g. option 2). It is our understanding SSB may not be available in every SCell. In the current specification SSB is present in one cell in inter-band CA. Hence, if SSB is to be assumed, different band must use the same set of candidate beams (at least for inter-band CA), which limits NW implementation flexibility. Although option 1 incurs slightly higher RRC overhead, this is less a concern in our view compared to NW implementation restriction. Option 1 is also more future proof and includes option 2 as a special case.
Proposal 7 UE shall expect NW to configure at least one new beam RS for each SCell. 
One remaining issue is whether BFR-PUCCH configuration is mandatory. In case BFR-PUCCH resource is not configured, a possible fallback procedure (e.g. based on CBRA/CFRA) can be triggered, most likely on PCell, similar to Rel.15 PCell BFR. As PCell is the primary link between UE/NW, a fallback procedure is reasonable to allow fast NW awareness of beam failure and quick recovery to SSB beam. Whether this is absolutely necessary for SCell is debatable. First, SCell is for capacity boost and not for connectivity robustness, so extremely fast link recovery is less motivated. NW can always wait until SCell recover by itself, or deactivate SCell when it is unserviceable. Secondly, a fallback RA procedure is essentially an implicit BFR reporting mechanism similar to Rel.15 PCell BFR. Assuming N SCells performing fallback on PCell, an overhead of at least N or NM RACH resources need to be reserved on PCell, where M is the number UEs. As RACH overhead was one of the main concerns against reusing PCell BFR mechanism for SCell, the same concern should still be valid. 
Proposal 8 BFR-PUCCH configuration is mandatory for SCell. 
4. L1-SINR based beam measurement 
The following agreements on L1-SINR beam measurement were reached in the previous two meetings. 
	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

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:

· Option 1: CMR and IMR are 1-to-1 mapped

· Option 2: 1 CMR can be mapped to 1 or more than 1 IMRs

· Option 3: 1 IMR can be mapped to 1 or more than 1 CMRs

· Option 4: More than 1 IMRs can be mapped to more than 1 CMRs. 

Agreement

Support gNB to configure L1-SINR based beam report for both non-group based and group based beam reporting.
Agreement from email discussion after RAN1#98
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


The baseline should be option 1a, where CMR and IMR are 1-to-1 mapped. UE assumes CMR/IMR resources are piece-wise QCL-ed, at least with respect to type-D. Option 1a should at least be supported due to its affinity to Rel.15 and minimum impact to UE implementation. 
Proposal 9 For NZP-IMR, Option 1a is adopted as the baseline, where N CMR and N IMR are piece-wise QCL-ed. 
The remaining options propose either 1-to-M or M-to-1 CMR/IMR mapping, aiming to reflect panel/beam pairing hypotheses. For instance with 1-to-M mapping, M IMR resources can be used to emulate interferences from M panels. Interference can be either measured from a single IMR source (along with IMR-index reporting), or accumulated across M IMR to emulate total interference from M panels. 
Our understanding is that all use cases of option 2a/2b/2c/3 can be equally supported by option 1a. More particular, it is not prohibited that N CMR resources (or N IMR resources) are, based on NW implementation, divided into K groups, where each group is assigned to a panel. It is also not precluded that different CMR (or IMR) resources are functionally the same RS resource, but assigned with different logic RS IDs. NW may therefore replicate the same signal on different CMR (or IMR) resources within a group, or transmit accumulated interference on a particular IMR resource. Therefore, functional wise, no clear benefit of option 2a/2b/2c/3 is found compared to option 1a. 

Observation 1 All functionalities of option 2a/2b/2c/3 can be supported by option 1a.  
Option 1a does not necessarily generate more air-interference overhead than option 2a/2b/2c/3, given that different CMR (or IMR) resources may be exactly the same RS signal, despite assigned with different logical RS ID.  Air-interface overhead may be further reduced by aperiodic CRM/IMR, without compromising beam measurement flexibility. 
Observation 2 Option 1a does not necessarily result in higher air-interface overhead than option 2a/2b/2c/3.
The only benefit of option 2a/2b/2c/3 against option 1a appears to be reduced RRC overhead. First, this in our view is not the main objective of Rel.16 and therefore out of scope. Second, considering the additional RAN1 specification impact, such benefits (even if true) are not worth pursuing within the Rel.16 time frame. 

Proposal 10 Do NOT support option 2a/2b/2c/3. 

5. Conclusions
In this contribution we presented our views on multi-beam operation enhancements in Rel.16.
Observation 3 All functionalities of option 2a/2b/2c/3 can be supported by option 1a.  

Observation 4 Option 1a does not necessarily result in higher air-interface overhead than option 2a/2b/2c/3.

Proposal 11 Down-select between alt-3 and alt-5, after pathloss RS assumption becomes clear. 
Proposal 12 Support reusing a Rel.15 MAC-CE for cross-BWP TCI activation within a CC. A higher layer configuration is introduced to indicate whether such cross-BWP activation is switched ON/OFF. 
Proposal 13 Do NOT support cross-CC TCI activation, unless it can be supported with the same mechanism for cross-BWP activation with no extra specification work. 
Proposal 14 Increase the maximum number of pathloss reference RS for PUCCH to 64, in line with the maximum number of spatial relation info.

Proposal 15 For SRS power control, adopt option 2 while each spatial relation info is RRC configured to be associated with a pathloss reference RS. 

Proposal 16 Increase the maximum number of pathloss reference RS configurable to PUSCH to 64. 
Proposal 17 UE shall expect NW to configure at least one new beam RS per SCell. 
Proposal 18 BFR-PUCCH configuration is mandatory for SCell. 
Proposal 19 For NZP-IMR, Option 1a is adopted as the baseline, where N CMR and N IMR are piece-wise QCL-ed. 

Proposal 20 Do NOT support option 2a/2b/2c/3. 
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