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Introduction
In RAN#86, further enhancements on MIMO for NR have been approved [1]. The objective includes:
· 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 will discuss the enhancement on multi-beam operation including L1-based beam indication and UL multi-panel selection.

L1-based beam indication
In RAN1#103_e, the following agreements related to L1-based beam indication were reached [2].
	Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· [bookmark: _Hlk60753675]The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP 
· FFS: Additional enhancement such as L1-based beam indication with group-common DCI
· FFS: Whether the Rel.17 beam indication can also apply to beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels
· FFS: Additional details on extending the support of L1-based beam indication when separate UL (from DL) common beam indication is configured
 
Agreement
In RAN1#104-e, on the Rel-17 L1-based TCI state update (beam indication) for the unified TCI framework, interested companies are to provide the following:
· How to use DCI formats 1_1 and 1_2 for UL-only (in case of separate DL/UL) TCI state update (beam indication) 
· Note: The agreement implies that DCI formats 1_1 and 1_2 can be used for UL-only TCI state update beam indication). 
· FFS: Using DCI format 1_1 and 1_2 without DL assignment, and with a new acknowledgment mechanism directly in response to decoding DCI format 1_1 and 1_2, e.g., analogous to SPS PDSCH release
· Whether/how to support at least one additional DCI format dedicated for UL-only beam indication (in case of separate DL/UL), including:
· Whether the format can also be used for DL-only beam indication (in case of separate DL/UL) and joint DL/UL beam indication
· Whether it is a “brand new” format or based on some extension of the existing DCI formats other than 1_1 and 1_2 (e.g. 1_0, 0_0, 0_1, or 0_2)
· If UL-related DCI is used, whether it is accompanied with UL grant or not
· Acknowledgment mechanism

Agreement
On Rel.17 DCI-based beam indication: 
· Regarding application time of the beam indication: if beam indication is received, down-select from the following:
· Alt1: the first slot that is at least X ms or Y symbols after the DCI with the joint or separate DL/UL beam indication
· Alt2: the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication 
· FFS: whether any existing timing defined for DCI based TCI/spatial relation update can be used for X/Y
· FFS: When to apply the minimum indication delay (e.g., when the newly indicated beam is different with the previously indicated beam)

Agreement
On Rel.17 DCI-based beam indication, the beam application time is to be down-selected or modified from the following:
· Alt1: The beam application time can be configured by the gNB based on UE capability
· Support a UE capability for the minimum value of beam application time
· FFS: the exact minimum values of beam application time supported by UE 
· FFS: whether existing UE capability can be reused as this UE capability.
· FFS: whether different beam application time values are supported for uplink and downlink
· FFS: whether UE capability needs to be introduced for the maximum value of beam application time
· Alt2: The beam application time is fixed and defined in specification
· Alt3: The beam application time can be configured by the gNB where the minimum value of beam application time is fixed and defined in specification
Consider multi-panel UE, layer 1/2 inter-cell cases, carrier aggregation aspects 


Beam application time
It was agreed in RAN1#103_e that a DCI format 1_1/1_2 can be used to support joint or separate DL/UL beam indication. For the purpose of robustness, the ACK/NAK of the PDSCH scheduled by the DCI can be used as an acknowledgement to the beam indication. A leftover issue is to determine when to apply the beam indication. 
In terms of the application time of the beam indication, we prefer X ms or Y symbols after acknowledgment of the joint or separate DL/UL beam indication (Alt-2). This alternative is consistent with the design principle of a beam indication that corresponding to an acknowledgement in Rel-15 (e.g. MAC-CE based beam indication).
Moreover, we prefer X or Y can be configured by the gNB based on UE capability (Alt-1) since a configurable beam application time is beneficial to meet different latency requirement. For the determination of the minimum values of X or Y, the values of timeDurationForQCL can be considered as a starting point.
Proposal 1: For the down-selection of beam application time, the following option is preferred:
· if beam indication is received, the beam indication is applied from the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication 
· X or Y can be configured by the gNB based on UE capability
UL-only beam indication using DCI formats 1_1 and 1_2 
Another leftover issue on L1-based beam indication is how to use DCI formats 1_1 and 1_2 for UL-only beam indication. As agreed in the previous meeting, the ACK/NAK of the PDSCH scheduled by the DCI format 1_1 or 1_2 can be used as an acknowledgement to the beam indication. In this case, UL-only beam indication is possible only when DL assignment is available and this may result in latency issue. In our view, UL-only beam indication using DCI formats 1_1 and 1_2 should be decoupled with DL assignment. To this end, a mechanism analogous to SPS PDSCH release is preferred to provide a beam indication acknowledgement to DCI formats 1_1/1_2 without the involvement of a DL assignment.
Proposal 2: For UL-only beam indication using DCI formats 1_1 and 1_2, 
· a mechanism analogous to SPS PDSCH release is preferred to provide a beam indication acknowledgement to DCI formats 1_1/1_2 without the involvement of a DL assignment.
Conclusions
In this contribution, we discussed the enhancements on multi-beam operation and the corresponding proposals are listed as follows.
Proposal 1: For the down-selection of beam application time, the following option is preferred:
· [bookmark: _GoBack]if beam indication is received, the beam indication is applied from the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication
· X or Y can be configured by the gNB based on UE capability
Proposal 2: For UL-only beam indication using DCI formats 1_1 and 1_2, 
· a mechanism analogous to SPS PDSCH release is preferred to provide a beam indication acknowledgement to DCI formats 1_1/1_2 without the involvement of a DL assignment.
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