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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#104_e, the following agreements related to L1-based beam indication were reached [2].
	Agreement
For beam indication with Rel-17 unified TCI, support DCI format 1_1/1_2 without DL assignment:
· Use ACK/NACK mechanism analogous to that for SPS PDSCH release with both type-1 and type-2 HARQ-ACK codebook:
· Upon a successful reception of the beam indication DCI, the UE reports an ACK 
· Note that upon a failed reception of the beam indication DCI, a NACK can be reported.
· For type-1 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined based on a virtual PDSCH indicated by the TDRA field in the beam indication DCI, based on the time domain allocation list configured for PDSCH
· For type-2 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined according to the same rule for SPS release 
· The ACK is reported in a PUCCH k slots after the end of the PDCCH reception where k is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or provided dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCI-Format1-2-r16 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI
· When used for beam indication:
· CS-RNTI is used to scramble the CRC for the DCI 
· The values of the following DCI fields are set as follows:
· RV = all ‘1’s
· MCS = all ‘1’s
· NDI = 0
· Set to all ‘0’s for FDRA Type 0, or all ‘1’s for FDRA Type 1, or all ‘0’s for dynamicSwitch (same as in Table 10.2-4 of TS38.213) 
· FFS: Whether HPN is also used     
· Use the existing TCI field (always present) to signal the following: 1) Joint DL/UL TCI state, 2) DL-only TCI state (for separate DL/UL TCI), 3) UL-only TCI state (for separate DL/UL TCI) 
· FFS: Whether both DL TCI and UL TCI states can be signaled in one instance of beam indication DCI
· FFS: Relation with joint vs separate TCI (DL and/or UL) switching, including M/N>1 if supported
· In addition, use the following DCI fields as the fields are being used in Rel-16:
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
· TDRA
· Downlink assignment index (if configured)
· TPC command for scheduled PUCCH
· PUCCH resource indicator 
· PDSCH-to-HARQ_feedback timing indicator (if present)   
· The remaining unused DCI fields and codepoints are reserved in R17
· Support UE to report whether or not to support TCI update by DCI format 1_1/1_2. 
· For a UE supporting TCI update by DCI format 1_1/1_2, it must support TCI update by using DCI 1_1/1_2 with DL assignment, and support of the above feature for TCI update by DCI format 1_1/1_2 without DL assignment is UE optional
· FFS: How to handle the case when there is only UL data
· FFS: The case for UE being indicated with separate UL TCI in DCI format 1_1/1_2 with DL assignment
· FFS: When more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint is/are applied 
· Support of this feature is UE optional
· The “lowest codepoint” function can be configured on or off.
· FFS: Interaction with the DCI based beam update if needed, whether/how to support the case with M or N > 1 if supported
· Note: This agreement on DCI beam indication design is not to be used to be against the support of the cases of M/N>1. The support of M/N>1 will be separately discussed and not dependent on the decision here.



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/NACK 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 RAN1#104_e, 6 options are provided for the application time of the beam indication. Among them, Alt2A is preferred, which is the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication. This is because Alt2A 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).
Proposal 1: For the down-selection of beam application time, the Alt2A 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 [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication.
DCI formats 1_1/1_2 without DL assignment for beam indication 
In the previous meeting, it was supported that DCI formats 1_1/1_2 without DL assignment can be used for beam indication with Rel-17 unified TCI. The TCI field for the DCI format can be used to indicate one of the joint DL/UL TCI state, DL-only TCI state and UL-only TCI state. A leftover issue is whether the TCI field can be used to signal both DL TCI and UL TCI states in one instance. In our view, if separate DL/UL TCI is enabled, simultaneous update of both DL TCI and UL TCI states using the TCI field should be supported. Otherwise, unnecessary latency is expected if DL TCI state is updated in one instance and UL TCI state is updated in another instance. Also, to support this functionality, the newly designed MAC-CE should be able to associate both DL TCI state and UL TCI state to the same codepoint of the DCI field.
Proposal 2: For the DCI format 1_1/1_2 without DL assignment for beam indication, support the existing TCI field to signal both DL TCI and UL TCI states in one instance.
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 Alt2A 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 [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication.  
Proposal 2: For the DCI format 1_1/1_2 without DL assignment for beam indication, support the existing TCI field to signal both DL TCI and UL TCI states in one instance.
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