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1 Introduction
In RAN#86 meeting, the WID for further enhancements on MIMO for NR was approved [1], where the following WI objectives on enhancements on multi-beam (MB) operations are listed:
	1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 


In this contribution, we discuss potential enhancements on MB operations for Rel-17.
2 Efficient UL/DL beam management
In this section, we firstly analyze the current MB operations to investigate the limiting factors on latency/overhead. And then, we suggest the corresponding potential enhancements on UL/DL beam management.
2.1 Analysis on limiting factors of Rel-15/16 MB operation
In the Rel-15 MB operations, the DL/UL beam indication operates in an independent manner per channel/RS resource. It gives high flexibility on beam usage but it requires a large amount of signaling such as RRC reconfiguration or additional MAC-CE message in order to update spatial domain Tx/Rx parameter for channel(s)/RS(s) for high/mid mobility UE. The redundancy of DL/UL beam indication signaling is greater for single beam BC UE. In Rel-16 MB, there has been quite a significant reduction in terms of beam indication signaling mainly targeting single beam BC UE. 
One direction in Rel-16 was to use DL beam indication for UL beam indication so that UL beam indication can be omitted. The feature of default spatial relation/PL RS has been introduced in Rel-16 for PUCCH/PUSCH/SRS in this regard. To enable this, no spatial relation/PL RS are configured to those UL channels/RSs, then the QCL Type-D RS of the lowest ID CORESET or the lowest TCI codepoint for PDSCH is used as spatial relation RS for UL. One limitation of Rel-16 method is that the spatial relation RS for UL beam indication is tied to a DL beam for specific CORESET or PDSCH TCI codepoint so that gNB has to update TCI for that specific CORESET or codepoint to update spatial relation RS for UL. For single beam BC UE, signaling can be further reduced if one single beam indication message can update UE beam for all CORESETs/PDSCH and associated UL channels/RSs. 
Observation #1. For the default spatial relation introduced in Rel-16 the UL spatial relation is tied to a beam RS of a specific CORESET or a specific codepoint for PDSCH. 
In Rel-16, simultaneous TCI states / spatial relation activation across multiple CCs/BWPs via MAC-CE was introduced to operate a common beam for the multi-CCs based on applicable CC list. For DL, if a TCI state ID is indicated for a CORESET or TCI state IDs are activated for PDSCH on one CC, the same TCI state ID(s) can be indicated/activated for CORESET or PDSCH for other CCs within the same DL CC list. And for UL, if a spatial relation info is activated for a SP/AP SRS resource on one CC, the spatial relation info is applied for the SP/AP SRS resource(s) with the same SRS resource ID for other CCs within the same UL CC list. On the feature of multiple CCs/BWPs simultaneous TCI state / spatial relation update, there are still some rooms to be improved further. One limitation is that the target channels/RSs are limited to a single CORESET and a single SRS resource within a BWP so that gNB still needs to send multiple messages to update a beam for multiple CORESETs or multiple SRS resources. Another limitation is for using this feature together with the default spatial relation where some idea had been discussed for Rel-16 maintenance already.
Also, in Rel-16, MAC-CE based beam/PL RS update is supported on most of DL/UL channels. But in this operation, an independent MAC-CE message is required for each channel/RS.
Observation #2. On the feature of multiple CCs/BWPs simultaneous TCI state/spatial relation update, there are limitations on the applicable target channels/RSs. 
Observation #3. MAC-CE based beam/PL RS indication is supported on most of DL/UL channels, however, an independent MAC-CE is required for each channel/RS. 
2.2 Enhancement on joint UL/DL beam indication
To improve BM operation based on observations above, we suggest introducing RRC to configure a set of DL and UL channels/RSs that share a same DL RS for their QCL type-D RS or spatial relation RS. Target channel(s)/RS(s) can be configured to update the spatial domain Tx/Rx filter based on the single DL RS. When a QCL type-D RS or spatial relation RS is updated for a specific DL/UL channel by using legacy beam indication signaling, the same RS is applied for other linked channels/signals, where this linkage for different DL/UL channels/RSs is referred to as ‘beam linkage state’. For example, through configuring a beam linkage state to indicate a link between PDSCH QCL type-D RS and ACK/NACK PUCCH spatial relation, the ACK/NACK PUCCH spatial relation RS can automatically follow the QCL type-D RS of corresponding PDSCH. By supporting this feature, the higher association flexibility for associating different DL and UL channels/RSs can be achieved. This beam linkage state configuration can also be used to configure different channels/RSs across multiple CCs so that a common RS can be applied for QCL type-D RSs and spatial relation RSs for those linked DL/UL channels in multiple CCs. Another merit of this approach is that we can reuse legacy DL/UL beam indication signaling methods so that it can minimize specification impacts.
Proposal #1. Introduce ‘beam linkage state’ configured by RRC in which DL/UL channels/signals that share a common DL RS for QCL type-D RS and/or spatial relation RS are listed across one or multiple CCs. When a QCL type-D RS or spatial relation RS is updated for one of the channels/RSs in the list by legacy beam indication method, the same RS is applied as QCL type-D RS or spatial relation RS for other channels/RSs in the list.
2.3 Enhancement on dynamic beam update for control information
PDSCH/PUSCH beam can be updated by DCI using TCI/SRI field but PUCCH/PDCCH beam can be updated by RRC/MAC-CE only. In practice, gNB will choose a best beam for the UE for PDSCH/PUSCH by most recent measurement, e.g. by aperiodic beam report or aperiodic SRS transmission and the same beam RS is likely to be updated for PDCCH/PUCCH by separated MAC-CE/RRC signaling which is often redundant. Therefore, it is considerable to support automatic update of the PUCCH spatial relation from the updated spatial relation for PUSCH, and update of the CORESET QCL type-D RS from the updated QCL type-D RS for PDSCH, which would reduce signaling overhead and latency for updating beam RS for control channels. For example, the spatial relation of a PUCCH resource for a periodic CSI reporting can be updated whenever PUSCH beam is updated by UL DCI. 
Proposal #2. Consider updating beam RS for PDCCH/PUCCH by the dynamically updated beam RS for PDSCH/PUSCH by DCI.
3 UL beam selection for multi-panel UEs
In Rel-16, enhancements on multi-panel UE for UL transmission had been intensively discussed taking into account panel identification methods as [3]:
	Agreement@RAN1#95
In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported, where detailed usages for the panel-specific UL transmission are FFS
· The ID should be defined considering the possibility to reuse/modification of Rel-15 specification support or introducing new ID
· Note: RAN1 to avoid unnecessary specification support requiring UE to explicitly disclose its UL antenna panel implementation
· FFS: Whether UE capability signalling is introduced for panel-specific UL transmission

Agreement@RAN1#AH1901
An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is to be down-selected or merged from the following alternatives in next RAN1 meeting:
· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)
· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 
· Alt.3: an ID, which can be assigned for a target RS resource or resource set
· Alt.4: an ID which is additionally configured in spatial relation info

For purpose of further discussion on this topic for RAN1#96 and future meetings
Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.
· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission
Note: Above does not imply the support of either one or both of the categories but is only for efficient discussions at least for this meeting, which may also be updated further. Whether to support either one or both categories will depend on subsequent discussions
Note: There is no consensus among the companies in RAN1 whether MPUE-Assumption2 is in the work scope of Rel-16 WI

Working Assumption@RAN1#96bis
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.
· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.
· FFS on whether the ID can be used for panel-specific PRACH transmission, if supported.

Agreement@RAN1#97
Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.

gNB can configure/indicate panel-specific transmission for UL transmission, via
· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.
· A new panel ID may or may not be introduced.
· A panel specific signaling is performed using UL-TCI state
· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).
· No new MAC CE is specified for the purpose of introducing the ID.

Conclusion@RAN1#98
· From RAN1 point of view, a “UE panel” would be a logical entity and how to map physical UE antennas to the logical entity is up to UE implementation. 
· (Informative) For certain condition(s), gNB can assume the mapping between UE’s physical antennas to the logical entity “UE panel” activated for transmission will not be changed 
· FFS: Whether “UE panel” is transparent to gNB
· FFS: UE capability includes at least the number of “UE panels”.
· FFS: Whether/how to define the certain condition(s)
· For example: The duration of time over which the gNB assumes there will be no change
· For example: Until next update or report from UE
· (Informative) Depending on UE’s own implementation, a “UE panel” can have at least the following functionality as an operational role of 
· Unit of antenna group to control its Tx beam independently


Several discussion topics for MPUE were as follows: 
· Panel indication/reporting,
· Panel activation/deactivation, and
· Panel-specific power control/TA
In Rel-15/16 design, UE with multiple active panels have been considered in many different places. For SRS, SRS resources from a same or different panels are implicitly differentiated by SRS resource set configuration from power control and simultaneous SRS transmission perspective. For CB based UL, UEs with two active panels have been considered as partial/non-coherency capability. Two PT-RS ports are supported for two active panel UEs. For DL, it has been a common understanding that MTRP operation would be much useful for UEs with two active panels in FR2 compared with UEs with single active panel due to its capability on supporting two different QCL type-D RSs. In Rel-17, therefore, MPUE enhancement should support at least 2 active panels as that has been a baseline assumption for MPUE in Rel-15/16. 

Proposal #3: Rel-17 MPUE enhancement should support at least 2 active panels.

One problem of Rel-15/16 design for MPUE is that all these designs have been fragmented so that gNB cannot control UE panel, e.g. for UL interference management, because UE may change its panel usage/mapping for different UL transmission. Thus, the starting point of this topic needs to be the panel identification method for both gNB and UE to share a common understanding of the panel usage/mapping as intensively discussed during Rel-16. As a starting point, explicit panel ID can be considered as converged for panel identification method in Rel-16, where this ID can be configured/indicated to different channels/RSs so that gNB can control UL transmission from a specific panel, or at least a grouping of resources that would imply for a specific panel needs to be supported. 

Proposal #4: Panel identification method should be supported, e.g. explicit panel ID can be configured to UL channels/RSs so that gNB can control UL triggering from a specific UE panel.

One of the usages of that panel ID is for panel-specific power control considering that PA capability may be different across different panels. One other usage is for panel-specific TA especially for MTRP reception scenarios or for UE distributed panels (e.g. vehicle UEs that one panel at front bumper and another panel at rear bumper). 

Proposal #5: Support panel-specific power and timing control.

4 Conclusions
In this contribution, we have discussed the potential enhancements on MB operation. Based on the discussions above, following observation and proposals are given as:
Observation #1. For the default spatial relation introduced in Rel-16 the UL spatial relation is tied to a beam RS of a specific CORESET or a specific codepoint for PDSCH. 
Observation #2. On the feature of multiple CCs/BWPs simultaneous TCI state/spatial relation update, there are limitations on the applicable target channels/RSs. 
Observation #3. MAC-CE based beam/PL RS indication is supported on most of DL/UL channels, however, an independent MAC-CE is required for each channel/RS. 

Proposal #1. Introduce ‘beam linkage state’ configured by RRC in which DL/UL channels/signals that share a common DL RS for QCL type-D RS and/or spatial relation RS are listed across one or multiple CCs. When a QCL type-D RS or spatial relation RS is updated for one of the channels/RSs in the list by legacy beam indication method, the same RS is applied as QCL type-D RS or spatial relation RS for other channels/RSs in the list.
Proposal #2. Consider updating beam RS for PDCCH/PUCCH by the dynamically updated beam RS for PDSCH/PUSCH by DCI.
Proposal #3: Rel-17 MPUE enhancement should support at least 2 active panels.
Proposal #4: Panel identification method should be supported, e.g. explicit panel ID can be configured to UL channels/RSs so that gNB can control UL triggering from a specific UE panel.
Proposal #5: Support panel-specific power and timing control.
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