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Introduction
[bookmark: _Ref494215420]In RAN#86, it was approved to identify and specify enhancements on multi-beam operation as part of Rel-17 FeMIMO WID [1]. The corresponding objective is listed below,
	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 give our views on potential issues on multi-beam enhancements.

Discussion
Latency and overhead reduction on beam management
Common beam assumption
Regarding the common beam for data and control transmission/reception for DL and UL. The fundamental objective is to make sure that the beams for all channels are the same. In our views, there are two possible ways to make it work. 
One way is to further enhance the existing beam indication mechanism by defining default beam assumption to be the beam configured for the same channel, directly or indirectly. In Rel-15/16 specification, default beam for PDSCH/PUCCH/PUSCH has been well defined. For PDSCH scheduled by DCI 1_0/1_1, the default QCL assumption is to follow the scheduling PDCCH beam or the TCI state configured for the CORESET with the lowest ID in the latest slot, depending on the scheduling delay and whether tci-PresentInDCI is configured or not. For PUCCH, the default spatial relation assumption is to follow the TCI state configured for the CORESET with the lowest ID in the latest slot, or the activated TCI state with the lowest ID applicable to PDSCH if CORESETs are not configured on the CC.For PUSCH scheduled by DCI 0_0, the default spatial relation assumption is to follow the spatial relation used by PUCCH resource with the lowest ID, or the TCI state configured for the CORESET with the lowest ID in the latest slot if PUCCH is not configured on the CC.
Based on the Rel-15/16 specification, we can see that the determination of default beams for different channels are not exactly the same, e.g., scheduling PDCCH or CORESET with the lowest ID in the latest slot, activated TCI state with the lowest ID applicable to PDSCH, etc. Therefore, new default beam assumptions should be defined to achieve common beam. 
Observation 1: Common beam cannot be achieved based on Rel-15/16 specification.
The other way is to specify a new beam indication mechanism. For example, a MAC CE or DCI signaling can be used to indicate a common beam for all channels. Furthermore, considering different latency and reliability requirements, we can define a MAC CE signaling for beam indication for UL/DL control channels, and further define a DCI signaling for beam indication for UL/DL data channels. RRC configuration can be used to switch between current beam indication mechanism and the new defined beam indication mechanism.
Observation 2: New signaling can be used to achieve common beam indication for different channels.
Proposal 1: Adopt at least one of the following ways to achieve common beam
· Alt1: define unified default beams for different channels based on current beam indication mechanism 
· Alt2: define new beam indication signaling for different channels

Unified TCI framework
During the discussion in Rel-16, UL TCI framework was proposed for panel specific UL transmission. An example of UL TCI framework can be found in the agreement made in RAN1#97 [2].
	Agreement
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.

 (For example) Alt.2 UL-TCI states
	Valid UL-TCI state Configuration
	Source (reference) RS
	(target) UL RS 
	[qcl-Type ]

	1
	SRS resource (for BM) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	2
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	3
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	4
	DL RS(a CSI-RS resource or a SSB) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	5
	SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	6
	UL RS(a SRS for BM) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]


 



Regarding the unified TCI framework, there are some open issues which should be discussed. 
If two reference RSs are configured in a DL TCI state, one of them is QCL Type-D RS and the other is QCL Type-A/C RS. However, for UL TCI state, only QCL Type-D/spatial-relation RS is needed. Therefore, whether and how to configure a list of TCI states shared by both UL and DL may need to be discussed. 
Besides, if the QCL Type-D/spatial-relation RS is SRS in a TCI state, it is possible that the TCI state can be used for DL channel/RS. It’s also possible that CORESET ID can be configured as QCL reference. Also, SRS resource index may not be needed in UL DCI. On the other hand, UL TCI state trigger field may be added into UL DCI. The corresponding spec impact should be further discussed, such as, 
· Indication of the number of antenna ports for codebook based UL Tx
· Rank indication for non-codebook based UL Tx
Observation 3: On unified TCI framework design, some open issues should be discussed and decided,
· Issue1: how to support a common list of TCI states shared by both UL and DL
· Issue2: whether the SRI field can be deleted/ignored from DCI and if yes, what’s the spec impact 

L1/L2-centric inter-cell mobility
In order to support L1/L2-centric inter-cell mobility, UE is required to measure reference signals from non-serving cells and report the RS with higher channel quality. In our views, the configuration of reference signals for L3 mobility can be reused for L1/L2-centric mobility to achieve low resource overhead and low UE complexity. 
Regarding the reporting of measurement results, aperiodic beam reporting should be prioritized to achieve low latency and reduce power consumption. In order to enable inter-cell beam measure and report, PCI should be included in measurement resources configuration. Besides, the beam measurement delay requirement may need to be modified considering RF retuning time.
Regarding BFR, whether and how to support UE to recover to a neighbor cell should be studied.
Observation 4: For inter-cell beam management, L3 mobility RS can be used for L1/L2-based beam measurement and reporting to achieve low resource overhead and low UE complexity.
Although the advantage of L1/L2-based inter-cell mobility is clear, there are some fundamental issues behind this feature. Conventionally, beam management refers to L1/L2 based measurement and reporting. It mainly provides help to gNB to configure the transmission related parameters, e.g., TCI state, MCS, etc. When it comes to mobility, RAN2 should be involved. However, there seems not to have related work plan in RAN2. Thus, we suggest to lower the priority of inter-cell mobility.
Proposal 2: For Rel-17 MIMO, L1/L2-centric inter-cell mobility is de-prioritized.

Panel specific UL beam selection 
Panel specific UL beam selection has been discussed since Rel-16. However, due to the lack of consensus on whether to introduce panel ID in specification, this feature was not supported. 
Although panel specific UL beam selection was not supported in Rel-16, we have spent a lot of time on this feature, and some valuable agreements have been made. In order to complete this feature on time and avoid duplicated work, we should start discussion based on the agreements achieved in Rel-16.
Proposal 3: On panel specific UL beam selection, the agreements achieved in Rel-16 should be considered as a starting point. 

Indication of panel ID
Regarding to the indication of panel ID, in Rel-15 specification, spatial information indication for UL RSs and channels could be configured as SSBRI/CRI/SRI, and it supports to implicitly map each SRS resource set to different panels upon UE implementation. However, if the spatialRelationInfo RS is DL signal such as SSB/CSI-RS, e.g., for PUCCH spatial information configuration, gNB/UE would have no knowledge about which panel should be used to transmit UL signal. In addition, it is known that in Rel-15 UE FG 2-30 (Uplink beam management: Support of SRS based beam management) is optional with capability signaling. For UE with beam correspondence, it is possible that no SRS is configured. Therefore, mapping each SRS resource set to a panel is not always feasible. In order to design a unified solution for both UE w/ and w/o beam correspondence, a new ID should be explicitly introduced.
Regarding the indication of panel-specific UL transmission, panel ID can be explicitly configured in spatialRelationInfo or UL TCI state together with the reference RS. 
Proposal 4: Support to introduce a new ID for indicating panel specific UL beam selection.
Proposal 5: Panel ID can be explicitly configured in spatialRelationInfo or UL TCI state together with the reference RS.

Panel selective transmission for each channel/RS
During Rel-16 discussion, MPUE-Assumption3 was supported in RAN1#96b, where multiple panels are implemented at UE and multiple panels can be activated at a time but only one panel can be used for transmission.  Generally, this feature aims UL coverage enhancement for FR2 considering the UE power consumption, e.g., selecting the panel with better UL link quality as the transmission panel. Regarding the panel specific indication usage, in our opinion, it could be used for the transmission of PUSCH, PUCCH and SRS to achieve UL coverage enhancement. For PRACH, considering the transmission of PRACH always associated with SSB, in our opinion, it is preferred to be up to UE implementation.
Proposal 6: Support panel selective transmission for PUSCH, PUCCH and SRS, excluding PRACH.

Enhancements on beam reporting with panel information
Before indicating UE which panel should be used for UL transmission, gNB should first get the channel quality of each panel. For UE with beam correspondence, DL RS can be configured as spatialRelationInfo RS for UL transmission. Therefore, it’s necessary to enhance DL beam management procedure. One direct and explicit solution is to configure UE to report panel ID together with each pair of {CRI/SSBRI, RSRP/SINR}. In order to save the beam reporting overhead, another solution is to configure group based beam reporting, where each group corresponds to one panel. The mapping between panels and beam groups can be further discussed, e.g., mapping according to panel ID or associating the first beam group with the panel receiving SSB.
Proposal 7: Support UE to explicitly/implicitly report panel information in beam reporting.

Conclusion
In this contribution, we gave our views on the potential issues on multi-beam enhancements. The following observations and proposals are achieved:
Observation 1: Common beam cannot be achieved based on Rel-15/16 specification.
Observation 2: New signaling can be used to achieve common beam indication for different channels.
Observation 3: On unified TCI framework design, some open issues should be discussed and decided,
· Issue1: how to support a common list of TCI states shared by both UL and DL
· Issue2: whether the SRI field can be deleted/ignored from DCI and if yes, what’s the spec impact 
Observation 4: For inter-cell beam management, L3 mobility RS can be used for L1/L2-based beam measurement and reporting to achieve low resource overhead and low UE complexity.
Observation 5: UE panel activation/deactivation status reporting is not necessary.
Proposal 1: Adopt at least one of the following ways to achieve common beam
· Alt1: define unified default beams for different channels based on current beam indication mechanism 
· Alt2: define new beam indication signaling for different channels
Proposal 2: For Rel-17 MIMO, L1/L2-centric inter-cell mobility is de-prioritized.
Proposal 3: On panel specific UL beam selection, the agreements achieved in Rel-16 should be considered as a starting point. 
Proposal 4: Support to introduce a new ID for indicating panel specific UL beam selection.
Proposal 5: Panel ID can be explicitly configured in spatialRelationInfo or UL TCI state together with the reference RS.
Proposal 6: Support panel selective transmission for PUSCH, PUCCH and SRS, excluding PRACH.
Proposal 7: Support UE to explicitly/implicitly report panel information in beam reporting.
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