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1 Introduction
The objectives of the work item on NR mobility enhancements are shown below[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 this contribution, we discuss the timing advance management aspects of the work item.
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[bookmark: _Ref114840128]Figure 1: RAN2 agreed baseline timeline for L1/L2 inter-cell mobility.
Figure 1 shows the RAN2 agreed baseline timeline for L1/L2 inter-cell mobility. The network has prepared a set of candidate configurations, and at some point in time, the network identifies a target cell for the handover. The NW then sends a cell-switch command to the UE, which executes the reconfiguration. Before starting communication with the target, the UE must acquire DL and UL synchronization with the target. On high level, the interruption consists of three parts: 
1. UE reconfiguration
2. DL synchronization
3. UL synchronization

In the work on mobility in Rel-18, RAN2 will work on reducing the duration of the UE reconfiguration, RAN1 and RAN4 will work on reducing the DL synchronization time and RAN1, RAN2 and RAN4 will work on reducing the UL synchronization time. All three parts are important. Solutions to reduce the DL synchronization time is discussed in [2].
The UL synchronization with the target cell is needed in order to establish the timing advance value to be used in the new cell where the UE transmits the PRACH towards the new cell starting the RACH process. The new TA is then received in the RAR. In order speed up the handover process, we will look at how to reduce the interruption time caused by the UL synchronization.
2.1	RACH-less handover
In some scenarios the target cell candidate may be considered sufficiently time aligned with the serving cell that the switch can be done without the need to establishing a timing advance for the new cell saving the whole RACH process. The disadvantage of the is RACH-less handover is that it will only work in specific scenarios such as small cells, where no timing advance is needed, synchronized cells if the UE can compensate for propagation delay differences or cases where the network has gained additional knowledge of the expected timing advance for the target cell. By giving the UE could get an indication of such cells, either in the candidate configuration or the L1/L2 mobility command, the UE will know in which cells to use RACH-less handovers. 
2.2	Establishing a TA-value before cell switch
If a timing advance value for the new cell is needed for the switch, an alternative is to do the DL and UL synchronization before the cell switch command is given to the UE as shown in Figure 2. 
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[bookmark: _Ref115358744]Figure 2: Timeline of the foreseen procedure for a L1/L2 handover.
The DL synchronization is anyway required for the UE to do measurement on neighbouring cells, but is also needed before the UL synchronization starts, since to transmit a PRACH to the target cell requires the timing of the target cell to be known in order to know at what time to transmit the PRACH.
Once the gNB detects based on the reported measurements that there is a target cell for a handover, it will trigger the UE to do a PRACH transmission towards this cell in the resources corresponding to the detected SSB in for the candidate cell. The triggering can be either be the RRC reconfiguration message or a PDCCH order. 
The target cell will then listen to the PRACH transmission and estimate the new TA-value to be used once the cell switch is triggered. This PRACH transmission is not followed by the remaining steps of the normal 2-step or 4-step random access procedures since requiring the UE to also receive the RAR would lead to an undesired interruption in the serving cell. By only transmitting the PRACH, the interruption can be limited to maximum two slots depending on the PRACH format used and the level of synchronisation in the network.
The target TA value is signalled from the target cell to the serving cell and the serving cell includes this value in the cell switch command. As discussed in [2], the cell switch command is what is known in RAN1 as beam indication and the TA-value for the target cell can be included there. 
Finally, in the Rel-18 MIMO work item, two TAs for multi-DCI will be introduced. This includes work on PDCCH-ordered RACH to establish a timing advance to a second cell[3]. As much commonality as possible should be targeted between that work and the TA management work in the Rel-18 mobility work item.
Based on the discussion in this discussion we propose the following:
[bookmark: _Toc115464065]For reduced latency in L1/L2 mobility, in order to establish the timing advance of the target cell before the cell switch, RAN1 will develop a mechanism for transmitting PRACH towards a target cell while the UE is still connected to the serving cell 
[bookmark: _Toc115464066]The cell switch command, i.e. the beam indication, will contain the TA-value for the target cell
[bookmark: _Toc115464067]For TA management in the Rel-18 mobility work item, align as much as possible with two TAs for multi-DCI in the Rel-18 MIMO work item
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For reduced latency in L1/L2 mobility, in order to establish the timing advance of the target cell before the cell switch, RAN1 will develop a mechanism for transmitting PRACH towards a target cell while the UE is still connected to the serving cell
Proposal 2	The cell switch command, i.e. the beam indication, will contain the TA-value for the target cell
Proposal 3	For TA management in the Rel-18 mobility work item, align as much as possible with two TAs for multi-DCI in the Rel-18 MIMO work item
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