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Introduction
The work item on further NR mobility enhancements was proposed as follows [1]:
1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized
In previous RAN1 meeting, we already discussed the necessary L1 enhancements for LTM. In this contribution, we will discuss some remaining issues about L1 enhancements.
Discussion on L1 measurement for inter-cell beam management
Beam indication of target cell
Beam indication for the channel/signal not following R17 uTCI
We already agreed that the beam indication in LTM should at least based on Rel-17 unified TCI framework. And about the beam indication of target cell, we have reached the following agreement [2]:
112 Agreement
· At least for Rel-17 unified TCI framework based beam indication included in cell switch command (i.e. scenario 2), beam indication applies to signals/channels that follow or are configured to follow Rel-17 unified TCI at the target cell(s) 
· FFS: beam indication for mTRP case

In Rel-17 unified TCI, some channels or signals might not follow Rel-17 unified TCI based RRC configuration. However, before cell switch, UE does not process the RRC configuration of target cell and correspondingly it does not know which signal/channel doesn’t follow the Rel-17 unified TCI indicated in cell switch command. For those channels/signals do not follow the indicated unified TCI, there is a FL proposal:
FL proposal
· For beam indication of target cell based on Rel-17 unified TCI framework applied to CORESET#0 and CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets where no TCI state activation is provided, followUnifiedTCI-state is not enabled or not provided, the following alternatives are further studied, and one alternative will be down-selected at RAN1#113. 
· Alt.1: Follow the indicated TCI state until a new TCI state is configured or activated by the target cell
· Alt.4: No new behaviour is introduced on top of Rel-17 unified TCI 
· i.e. the network schedules transmission only based on the CORESET following Rel-17 unified TCI, and/or the corresponding beam information would be configured by the target cell after cell switch
The rules on the determination about the beam for these channel/signal should be specified in case that UE needs to receive these channel/signal. Therefore, we support alt.1 that the beam indicated in cell switch command should be used to all channel/signals before new TCI state is configured or indicated by the target cell.
Proposal 1: For the channel/signals of target cell that do not follow R17 unified TCI state, we support Alt.1 that the indicated unified TCI state in cell switch command should be used before new TCI state is activated or indicated by the target cell.
Joint or separate DL/UL beam indication
In Rel-17 unified TCI framework, there are joint DL/UL beam indication and separate DL/UL beam indication, which are configured by RRC signaling. In LTM, before cell switch, UE does not process the RRC configuration of target cell. Then, it does not know whether joint DL/UL beam indication or separate DL/UL beam indication for target cell is configured. 
Based on RAN2’s LS reply, the RS configuration and CSI resource configuration are included in the LTM-Config IE and are outside of the LTM candidate cell configuration. If the TCI states configuration of candidate cells can be also configured outside of the LTM candidate cell configuration, joint or separate DL/UL beam indication mechanism can be configured via RRC signaling in RRC pre-configuration.
Proposal 2: Joint or separate DL/UL beam indication mechanism can be configured via RRC signaling in RRC pre-configuration if the TCI states configuration of candidate cells can be also configured outside of the LTM candidate cell configuration.

UE behaviour for RACH based cell switch
In RAN1 114 meeting, about the beam indication of target cell, we reached the following agreement [3]:
114 Agreement
On top the confirmed working assumption, on the presence of beam indication within cell switch command, at least for scenario 2 following is supported:
· A field to indicate 1 joint or 1 pair of UL and DL unified TCI State index for the target cell field is always present in the cell switch command.
· FFS UE behaviour for the beam indication field for the RACH-based handover scenario after cell switch command
Based on the LS from RAN2, if the TA value is provided in cell switch command, RACH-less Cell switch is triggered. Then, from our understanding, RACH based cell switch is triggered if TA value is not included in cell switch command. We already agreed that a field to indicate TCI state of targe cell is always present. Then what is the UE behaviour for the beam indication field if RACH based cell switch is triggered? 
UE can just ignore the indicated beam in cell switch command and reselect a beam and corresponding RO of target cell to perform RACH. While, to reduce the time to switch to target cell, UE can use the beam indicated by the TCI state and the RO associated with the QCL resource, SSB index in the TCI state to perform RACH to target cell because the TCI state is selected based the L1 measurement results, no need to waste time to reselect a beam.
Proposal 3: If RACH based cell switch is triggered, UE can use the beam indicated by the TCI state in cell switch command and the RO associated with the QCL resource, SSB index, in the TCI state to perform RACH to target cell

Discussion on Cell switch
The first UL data transmission to the target cell
Based on LS from RAN2 [4], the resource for the first UL data transmission to the target cell can be dynamic grant and configured grant. For dynamic grant, UE monitors PDCCH for dynamic scheduling from the target cell after cell switch. While, the configured grant occasion is configured by serving cell.
Observation 1: Dynamic grant and configured grant can be used for the first UL data transmission to the target cell based on the LS from RAN2.
Based on the RAN2’s LS [5], for RACH-less LTM, the UE determines successful reception of its first UL data based on receiving a PDCCH addressing the UE’s C-RNTI in the target cell scheduling a new transmission after the first UL data. About CG PUSCH for first UL data transmission to target cell, before UE determines the successful reception of its first data, automatic retransmission by timer with CG is supported for the first UL data transmission with CG. During such procedure, first UL data transmission might be performed several times as shown in figure 1. And the transmit beam of CG PUSCH might be different each time. Therefore, RAN2 agreed that the association between CG occasion and beam should be configured in RRC to support reselection of beam and RO each time the first UL data transmission is performed. And the UE uses a CG occasion associated with the indicated beam in MAC for the first time.


Fig.1 CG PUSCH based first UL data transmission
Observation 2: For CG PUSCH based first UL data transmission to target cell, the association between CG PUSCH occasions and beams should be configured.
Given that we already have a conclusion that CSI acquisition for candidate/target cell will not be performed [3], then the precoding matrix W for CG PUSCH can be obtained to transmit the first UL data to target cell. 
113 Conclusion
There is no consensus to support the following procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay/interruption in Rel-18 LTM
· CSI acquisition for candidate before reception of cell switch command
Note: At least for the candidate cells which are current serving cells, the CSI acquisition prior to cell switch command will be supported
Therefore, single layer and single port can be assumed for the CG PUSCH to target cell, in which case the precoding matrix W=1.
Proposal 4: For the CG PUSCH of target cell for first UL data transmission, only single layer with one port transmission is supported.

Conclusion
In this contribution, we discussed the remaining issues about L1 enhancements for LTM. Based on above discusses, we provide the following proposals:
Proposal 1: For the channel/signals of target cell that do not follow R17 unified TCI state, we support Alt.1 that the indicated unified TCI state in cell switch command should be used before new TCI state is activated or indicated by the target cell.
Proposal 2: Joint or separate DL/UL beam indication mechanism can be configured via RRC signaling in RRC pre-configuration if the TCI states configuration of candidate cells can be also configured outside of the LTM candidate cell configuration.
Proposal 3: If RACH based cell switch is triggered, UE can use the beam indicated by the TCI state in cell switch command and the RO associated with the QCL resource, SSB index, in the TCI state to perform RACH to target cell
Observation 1: Dynamic grant and configured grant can be used for the first UL data transmission to the target cell based on the LS from RAN2.
Observation 2: For CG PUSCH based first UL data transmission to target cell, the association between CG PUSCH occasions and beams should be configured.
Proposal 4: For the CG PUSCH of target cell for first UL data transmission, only single layer with one port transmission is supported.
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