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1	Introduction
The Rel-16 MIMO enhancement work item was approved in RAN#80 with a list of enhancement areas including specifying enhanced mechanism on UL and/or DL transmit beam selection to reduce latency and overhead, i.e.,  
	<Captured in latest Rel-16 eMIMO WID>
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· 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


In this discussion paper, we would like to provide our analysis and view on enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead for Rel-16 MIMO enhancement work item.

2 Discussion
At least following aspects of enhancement on UL and/or DL transmit beam selection to reduce latency and overhead have been discussed in RAN1. 
2.1 Sub-time Unit for BM RS Shorter than 1 OFDM Symbol
For the idea of introducing sub-time unit for beam management RS shorter than 1 OFDM symbol, RAN1 confirmed that it will not be introduced in Rel-16 WI, as captured in following RAN1 agreement.  
	<RAN1 agreement>
Agreement
For latency and overhead reduction for DL beam management,
· No new CSI-RS design and no new term such as ‘sub-time unit’ or ‘sub-symbol’ are introduced in Rel-16, i.e., no support of sub-time unit for beam management RS shorter than 1 OFDM symbol
Companies can provide further evaluation results and proposals for faster DL beam operation other than those requiring sub-time unit.



2.2 Spatial Relation Updates for AP-SRS via MAC-CE
Based on RAN1 discussion, the agreement on supporting MAC CE based spatial relation update for aperiodic SRS per resource level had been made, including AP-SRS usage of codebook-based UL, non-codebook-based UL, beam management and antenna switching, that is:
Till this RAN4 meeting, RAN1 has concluded the following agreement for DL/UL beam indication with reduced latency and overhead: 
	<RAN1 agreement>
Agreement made in RAN1#96Bis
The working assumption made in RAN1#96 is confirmed
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level
· FFS: Whether this is a UE optional feature
FFS: Whether above is applicable regardless of the aperiodic SRS target use

Agreement made in RAN1#97
The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.

Working Assumption made in RAN1#97
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level

Agreement made in RAN1#98
The following working assumption is confirmed with modification (in red):
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level.
· In case of antenna switching, UE does not expect to be configured with different spatial relation within the same set



Based on this, the above newly introduced MAC-CE based spatial relation update for aperiodic SRS should be considered when RAN4 specifies requirement for aperiodic SRS based mechanism, such as the following features in Rel-16 RRM requirement enhancement: 
· The requirements for LTE SRS carrier switching and NR SRS carrier switching will be specified in Rel-16.
· FFS whether to specify the requirements for NR SRS antenna port switching will be discussed in Rel-16.

Proposal-1: In Rel-16 RRM requirement enhancement WI, the newly introduced MAC-CE based spatial relation update for aperiodic SRS should be considered when RAN4 specifies requirement for aperiodic SRS based mechanism.

2.3 Updating Pathloss RS for PUSCH/SRS via MAC-CE
By identifying several options as below RAN1 agreement providing, RAN1 has discussed of updating pathloss RSs for power control for PUSCH/SRS via MAC-CE: 
	<RAN1 agreement>
Agreement made in RAN1#98
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).


However, based on our understanding, this feature has not impact on RAN4 RRM requirement since RAN4 don’t have requirement involving the procedure of configuring pathloss RS. 
Observation-2: No RAN4 impact has been identified due to newly introduced mechanism of updating pathloss RS for PUSCH/SRS via MAC-CE. 

2.4 Simultaneous Spatial Relation Update for Multiple PUCCH Resources
In RAN1#97, the working assumption was made to introduce at least up to two PUCCH groups per BWP, where details on configuring the groups including whether to use implicit method or explicit method.
	<RAN1 agreement>
Working Assumption made in RAN1#97
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



Although the detailed definition of PUCCH grouping has not be finalized in RAN1, we identified no RAN4 impact from introducing this new mechanism of simultaneous spatial relation update for multiple PUCCH resources. 
Observation-3: No RAN4 impact has been identified due to newly introduced mechanism of simultaneous spatial relation update for multiple PUCCH resources with one MAC-CE.

2.5 Default Spatial Relation for PUCCH/SRS in FR2
Assuming single beam operation for gNB side, that is, gNB configures a single beam for all DL/UL channel to a UE based on gNB-side beam correspondence, if the gNB updates DL TCI state for DL beam by MAC CE, the NW should also update the spatial relation for UL by MAC CE. This UL beam indication can cause a redundant MAC CE overhead for single beam operation. By targeting of reducing signaling overhead, RAN1 discussed to define the default spatial relation for PUCCH/SRS to follow to an active TCI state: 
Till this RAN4 meeting, RAN1 has concluded the following agreement for DL/UL beam indication with reduced latency and overhead: 
	<RAN1 agreement>
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




Based on the above introduction of default spatial relation for PUCCH/SRS in FR2, no RAN4 RRM impact has been identified.
Observation-4: No RAN4 impact has been identified due to newly introduced default spatial Relation for PUCCH/SRS in FR2.

2.6 Simultaneous TCI States Activation/Selection across Multiple CCs/BWPs
For simultaneous TCI states activation/selection across multiple CCs/BWPs, RAN1 has the following agreement: 
	<RAN1 agreement>
Agreement made in RAN1#98
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



From our understanding, in current RAN4 RRM requirement in TS38.133, there is no specific requirement which involves TCI state activation/selection across multiple CCs/BWPs, and no impact on TCI switch delay is identified. 
Observation-5: No RAN4 impact on Rel-15 active TCI state switching delay requirement has been identified due to newly introduced simultaneous TCI states activation /selection across multiple CCs/BWPs.

However, for the mechanism simultaneous TCI states activation/selection across multiple CCs/BWPs, RAN4 need to discuss the necessity of introducing additional requirement for this new mechanism. 
Proposal-2: In Rel-16 MIMO enhancement WI, requirement on simultaneous TCI states activation/selection across multiple CCs/BWPs should be defined.


3 Conclusion
In this paper, we provided our analysis and view on enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead for Rel-16 MIMO enhancement work item, with following observations and proposals: 
Proposal-1: In Rel-16 RRM requirement enhancement WI, the newly introduced MAC-CE based spatial relation update for aperiodic SRS should be considered when RAN4 specifies requirement for aperiodic SRS based mechanism.
Observation-2: No RAN4 impact has been identified due to newly introduced mechanism of updating pathloss RS for PUSCH/SRS via MAC-CE. 
Observation-3: No RAN4 impact has been identified due to newly introduced mechanism of simultaneous spatial relation update for multiple PUCCH resources with one MAC-CE.
Observation-4: No RAN4 impact has been identified due to newly introduced default spatial Relation for PUCCH/SRS in FR2.
Observation-5: No RAN4 impact on Rel-15 active TCI state switching delay requirement has been identified due to newly introduced simultaneous TCI states activation /selection across multiple CCs/BWPs.
Proposal-2: In Rel-16 MIMO enhancement WI, requirement on simultaneous TCI states activation /selection across multiple CCs/BWPs should be defined.

4 Reference
[1] RP-192271,	“Revised WID: Enhancements on MIMO for NR”, Samsung.
[2] RP-192270,	“Status Report for WI: Enhancements on MIMO for NR”, Samsung

5 Appendix
5.1 RAN1 Agreement on DL/UL Beam Indication with Reduced Latency and Overhead
Till this RAN4 meeting, RAN1 has concluded the following agreement for DL/UL beam indication with reduced latency and overhead: 
	<RAN1 agreement>
Agreement made in RAN1#95: 
Decide (agree on) either one of the followings in RAN1 NR-AH 1901:
· Alt.1: Support sub-time unit for beam management RS shorter than 1 OFDM symbol in a reference numerology.
· No new RS for beam management is introduced in Rel-16.
· FFS: details including IFDMA-based, DFT-based, larger subcarrier spacing based, etc, or limited to only for P-3.
· Alt.2: No support of sub-time unit for beam management RS shorter than 1 OFDM symbol.

Agreement made in RAN1 NR-AH 1901
For UL beam management latency reduction in controlling PUCCH spatial relation, the maximum RRC configurable number of spatial relations for PUCCH (i.e., maxNrofSpatialRelationInfos) is increased to be 64 per BWP.
· FFS: RRC and/or MAC CE signaling overhead reduction related to this.

Agreement
For latency and overhead reduction for DL beam management,
· No new CSI-RS design and no new term such as ‘sub-time unit’ or ‘sub-symbol’ are introduced in Rel-16, i.e., no support of sub-time unit for beam management RS shorter than 1 OFDM symbol
Companies can provide further evaluation results and proposals for faster DL beam operation other than those requiring sub-time unit

Agreement made in RAN1#96
For signaling overhead reduction on updating/configuring spatial relation for PUCCH, support simultaneous spatial relation update/configuration for multiple PUCCH resources 
· FFS signaling details to be decided in next meeting, including down-selection/merging among the following options
· Spatial relation update for all PUCCH resources in a CC by one MAC CE
· Spatial relation update per Rel-15 PUCCH resource set
· Spatial relation update per group of PUCCH (which might need to be introduced for Rel-16) 
· PUCCH spatial relation info configured in a BWP could be applied across different BWP or different cells
· Other options are not precluded.

Agreement
In RAN1#96bis, determine whether to support the configuration of up to 64 candidate beams for BFR by RRC signaling.
· FFS signaling details including whether MAC-CE message can choose a subset of the candidate beams as active resources for new beam identification in Rel-16

Working Assumption
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level
· FFS: Whether this is a UE optional feature
· Note: Qualcomm prefers to have this as a UE optional feature

Agreement made in RAN1#96Bis
The working assumption made in RAN1#96 is confirmed
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level
· FFS: Whether this is a UE optional feature
FFS: Whether above is applicable regardless of the aperiodic SRS target use

Agreement
Simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE 
· As a starting point, the group should correspond to all the PUCCHs in a BWP when a single active spatial relation is applied before and after activation
· If there is no consensus on the details of the grouping, only one group per BWP will be supported in Rel-16 which will correspond to all the PUCCHs in a BWP
Detailed design on the MAC CE is up to RAN2

Agreement
Support the configuration of up to 64 candidate beams for BFR by RRC signalling, without introducing additional MAC CE signalling for down-selecting a subset of beams.
· The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling
This applies per BWP.

Agreement made in RAN1#97
The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.

Working Assumption made in RAN1#97
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level

Working Assumption made in RAN1#97
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

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
Down-select in RAN1#98 from the following options for beam management enhancements:
· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission
· FFS: Whether to support SRI in addition to CRI/SSBRI
· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)
· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple
· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.
· FFS: Enhancement on UL beam configuration for virtual PHR. 
· Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specicfiation support.
If no consensus in RAN1#98, no further discussion in RAN1.

Agreement made in RAN1#98
The following working assumption is confirmed with modification (in red):
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level.
· In case of antenna switching, UE does not expect to be configured with different spatial relation within the same set

Agreement
At least for UEs supporting beam correspondance, 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
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

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).

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

Conclusion in RAN1#98
On the issue of beam management enhancements to address MPE, there is no consensus in RAN1 to introduce additional specification support in RAN1. No further discussion for Rel-16 from RAN1 perspective.
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