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1. INTRODUCTION
In RAN#86, a work item for further enhancements on MIMO for NR has been agreed [1]. For multi-beam operation, following objectives are identified:

	· Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
· 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:
· Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
· Unified TCI framework for DL and UL beam indication
· Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
· 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 issues and associated standards impacts to enhance multi-beam operation. 
2. BEAM MANAGEMENT FOR L1/L2-CENTRIC INTER-CELL MOBILITY
The objective of L1/L2-centric inter-cell mobility is to provide efficient beam management between adjacent cells. Based on the existing framework of Rel-15/16 beam management, following aspects should be considered for inter-cell mobility:
· Beam measurement 
· Beam measurement of reference signals from cells other than the serving cell is the basis to determine optimized beam selection for inter-cell operation. While other reference signals (e.g., CSI-RS or SRS) can be utilized based on gNB implementation for inter-cell operation (e.g., via scrambling identity), existing beam measurement framework does not allow to measure SSB transmitted by cells other than the serving cell. Given that SSB based beam measurements provide efficient beam measurements without additional signaling overheads, it should be supported as a part of inter-cell beam measurement.
· Beam indication 
· While existing TCI state allows beam indication based on a reference signal from a serving cell, a reference signal from cells other than the serving cell is not allowed to be utilized. In order to achieve efficient operation for beam indication of inter-cell operation, existing TCI state framework should be enhanced. 
· Beam failure recovery 
· Given that beam failure recovery is an essential procedure which provides reliability and enables standalone operation of FR2, enhancement of beam failure recovery should be a part of inter-cell mobility. Enhancements to monitoring, candidate beam selection and reporting for other cells can be considered.
· As the number of cells to be monitored, selected and reported increases, UE implementation complexity and power consumption also increases. In that regard, enhanced operation of beam failure recovery should consider efficient operation with reasonable power consumption. For example, prioritization of beams from the serving cell over other cells can be considered.

[bookmark: _Hlk47345657]Observation 1: While SSB provides efficient beam measurements without additional signalling overheads, existing beam measurement framework does not allow SSB based beam measurements.

Observation 2: Existing TCI state framework does not allow beam indication based on a reference signal from cells other than the serving cell.


Observation 3: Beam failure recovery is an essential procedure which provides reliability and enables standalone operation of FR2.

Observation 4: As the number of cells to be monitored, selected and reported increases, UE implementation complexity and power consumption also increase.

Proposal 1: SSB based beam measurement for inter-cell operation should be supported.

Proposal 2: An indication of a reference signal from cells other than the serving cell should be supported in TCI state for inter-cell operation.

Proposal 3: Efficient beam failure recovery operation for inter-cell operation should be supported.

3. UNIFIED TCI FRAMEWORK FOR DL AND UL
Although DL and UL beam are highly correlated (i.e., beam correspondence), their corresponding beam indication methods are independent with TCI state for DL and spatial relation info for UL, respectively. Generally, independent methods may provide benefits such as implementation flexibility, but they result in a higher signaling overhead and additional latency without providing performance benefits. Based on the observations, the concept of unified TCI framework for DL and UL has been proposed to support efficient beam indication methods. For the unified TCI framework, following aspects should be considered:
· Enhancement of DL TCI state
· Introduction of SRS in DL TCI state
· Beam Correspondence
· Since Rel-15, beam correspondence has been a mandatory UE capability for FR2 where its type of support (i.e. with or without network assistance) is indicated through UE capability signaling. Meaning that, for FR2, beam correspondence is an essential feature that all UEs need to support for beam management operation. Based on this understanding, there’s no reason not to utilize existing channel information based on beam correspondence.
· Signaling overhead
· For Rel-15 DL TCI state indication, a gNB needs to allocate CSI-RS resources for TCI state indication; however, the gNB can already be aware of channel information based on SRS transmissions. Such CSI-RS transmission induces large signaling overhead considering there can be a maximum of 64 DL beams and thus the overhead should be minimized by utilizing existing information
· More accurate beam information 
· A beam in FR2 may experience beam change due to UE mobility and dynamic blockage.The latest available information from the UE can help to provide a better utilization of the transmission beams. For example, if SRS transmission represents a more recent RS transmission than CSI-RS, it may provide better information and corresponding performance benefits. 
· Introduction of UL TCI state
· Introduction of DL RS in UL TCI state
· As mentioned above, beam correspondence is an essential feature of NR beam management. Given that, beam indication based on DL RS should be supported considering beam correspondence as well as UL TCI state. 
· Introduction of power control parameter per UL TCI state
· From Rel-15, beam specific UL transmit power control is supported (e.g., per SRI). However, existing beam specific UL power control mechanism may not apply for UL TCI (e.g., UL TCI state indication based on DL RS). Given that, an enhanced mechanism to support beam specific UL transmit power should be considered. For example, a set of power control parameters can be configured for each of the UL TCI states.

Observation 5: Introduction of UL RS in DL TCI state and DL RS in UL TCI state provides performance benefits based on beam correspondence, less signalling overhead and more accurate beam information.

Observation 6: UL TCI state may not support beam specific power control as the current power control mechanism is based on SRI.

Proposal 4: DL TCI state based on UL RS and UL TCI state based on DL RS should be supported.

Proposal 5: Beam specific power control should be supported in UL TCI state. 
4. UL BEAM SELECTION FOR UES EQUIPPED WITH MULTI-PANELSAgreement
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
On the issue of uplink transmit beam selection that facilitates UE panel specific uplink beam selection, there is no consensus in RAN1 to introduce additional specification support in RAN1. No further discussion for Rel-16 from RAN1 perspective. 


UL Panel Indication
In Rel-16 beam management discussions on UL panel indication, UL-TCI framework and panel-ID indication were agreed in RAN1#97 [2]. Based on the agreement, the two candidates were discussed for down selection in RAN1#98, however, the above conclusion has been made due to lack of consensus [3]. Although the two candidates were contradicting each other, a compromise proposal to support panel ID in an UL TCI state has been proposed by the feature lead [4]. Considering Rel-17 WID [1] includes unified TCI framework, introducing panel ID in an UL TCI state can be a reasonable proposal to support UL panel indication from a gNB. 
Observation 7: As the scope of Rel-17 WID includes unified TCI framework, introducing panel ID in an UL TCI state can be a reasonable proposal.

Proposal 6: Discussion on specification support of panel ID indication can consider a panel ID indication in an UL TCI state as a starting point.

UE centric UL Panel Determination
On the other hand, more efficient indication mechanisms may be considered. Since a UE may have a better understanding of panel related information (e.g., UE battery power consumption, PMPR, etc.), UE determination of an UL panel may be more efficient than gNB determination for some useful cases. 
Observation 8: A UE may have a better understanding of panel related information than a gNB. 

Proposal 7: Consider UE centric UL panel determination for some useful cases.


5. CONCLUSIONS
This contribution discussed potential enhancement for Sub-topic. Based on the presented discussion, we make the following observations and proposals,

Observation 1: While SSB provides efficient beam measurements without additional signalling overheads, existing beam measurement framework does not allow SSB based beam measurements.

Observation 2: Existing TCI state framework does not allow beam indication based on a reference signal from cells other than the serving cell.

Observation 3: Beam failure recovery is an essential procedure which provides reliability and enables standalone operation of FR2.

Observation 4: As the number of cells to be monitored, selected and reported increases, UE implementation complexity and power consumption also increase.

Observation 5: Introduction of UL RS in DL TCI state and DL RS in UL TCI state provides performance benefits baed on beam correspondence, less signalling overhead and more accurate beam information.

Observation 6: UL TCI state may not support beam specific power control as the current power control mechanism is based on SRI.

Observation 7: As the scope of Rel-17 WID includes unified TCI framework, introducing panel ID in an UL TCI state can be a reasonable proposal.

Observation 8: A UE may have better understanding of panel related information than a gNB. 

Proposal 1: SSB based beam measurement for inter-cell operation should be supported.

Proposal 2: An indication of a reference signal from cells other than the serving cell should be supported in TCI state for inter-cell operation.

Proposal 3: Efficient beam failure recovery operation for inter-cell operation should be supported.

Proposal 4: DL TCI state based on UL RS and UL TCI state based on DL RS should be supported.

Proposal 5: Beam specific power control should be supported in UL TCI state. 

Proposal 6: Discussion on specification support of panel ID indication can consider a panel ID indication in an UL TCI state as a starting point.

Proposal 7: Consider a UE centric UL panel determination for some useful cases.
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