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Introduction
[bookmark: _Hlk492027000]In order to reduce the mobility latency, in Rel-18 WID on Further NR mobility enhancements, RP-222332 [1], one of the objectives was agreed to specify mechanism and procedures of Layer 1/Layer 2 (L1/L2) based inter-cell mobility which includes the following items:

	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 details for timing advance acquisition of target cell in L1/L2-based inter-cell mobility.

Discussion
In the first RAN2 WG meeting [2] on L1/L2-based inter-cell mobility, L1/L2-based inter-cell mobility is defined as a procedure in which a gNB receives L1 measurement reports from UEs and relying on which the gNB changes UEs’ serving cell(s) via L1/L2 signalling. The gNB prepares one or multiple candidate cells and provides the candidate cell configurations to the UE.
[image: ]
[bookmark: _Ref114564145]Figure 1 RAN 2 Time Chart model for L1/L2-based inter-cell mobility [3]

Figure 1 shows the time chart model used in RAN2 [3] capturing the components of mobility latency in L1-L2-based inter-cell mobility. As shown in the figure, when the UE switches from the source cell to a target cell, there is a need to adjust the downlink and uplink synchronization with respect the target cell. The uplink synchronization is needed to acquire the timing advance (TA) of the target cell. 
In some cases, the TA of the target cell can be the same as that of the source cell or the TA of the target cell is known before, e.g., zero in case of small cells. In such cases, Random Access Channel (RACH)-less handover can be performed to minimize the handover interruption time. More details on RACH-less handover are given later in the document. 
However, in many other cases, candidate non-serving cells for the target cell can be widely distributed with different propagation delays, therefore, upon handover, there must be a need to acquire the TA of the target cell. In such cases, there can be the following two alternative ways to acquire the TA of the target cell.
RACH-based Procedure
This is based on the legacy RACH-based handover, where the UE performs random-access procedure with the target cell to establish the connection. In order to reduce the latency to detect the target cell beam, a beam of the target cell can be indicated to the UE by the source cell before the handover. The UE may use the indicated beam of the target cell to select a RACH occasion to transmit the preamble (i.e., MSG1) which is typically a contention-free preamble given to the UE in the handover command. However, even with the target cell beam indication, the RACH-based handover would incur longer handover interruption time due to the need of MSG1 transmission and MSG 2 (RACH Response (RAR)) reception to acquire the TA.
Observation 1: RACH-based handover incurs larger handover interruption time due to the need of MSG1 transmission and MSG 2 (RAR) reception to acquire the TA. 
RACH-less Procedure
In RACH-less handover, the UE can skip the transmission of preamble and the reception of RAR to the target cell and can send immediately L3 message confirming the reconfiguration (e.g., RRC Reconfiguration Complete) to the target cell. This is possible when the UE already knows the TA of the target cell, which is not an issue for co-located serving and target cells or when TA is zero as mentioned before. 
However, for the cases, when TA needs to be updated with respect to the target cell, to skip the MSG1 and MSG2, the TA of the target cell needs to be known at the UE. One way to achieve that by acquiring the TA of the target cell before the handover while being served by the source cell. It may be an issue to be discussed in RAN4 if this possible as this may require some additional requirements such as multiple PHY/MAC protocol stack or dedicated time gap where the UE can detach from the source cell to acquire the TA of the target cell. RAN1 can send LS to RAN4 to ask if early TA acquisition before handover, i.e., while being served by the source cell, is possible or not. 
Proposal 1: RACH-less L1/2 inter-cell mobility is used to reduce the interruption caused by UL synchronization in case the timing advance of the target cell is known beforehand. 
Proposal 2: RAN1 can send LS to RAN4 to ask if early TA acquisition before handover, i.e., while being served by the source cell, is possible or not.
In L1/L2-based inter-cell mobility, multiple cells can be prepared as a set of candidate target cells. In order to limit the implementation complexity at the UE, early UL (as well as DL) synchronization can only be limited to a sub-set of prepared target cells. For instance, based on L1/2 measurements, the source cell may identify the target cell of handover and can instruct the UE to perform DL/UL synchronization with respect to that target cell. Once the UE acquires the DL/UL synchronization with respect to the target cell, the source cell can initiate the cell switch. 
In this case, since the UE acquires the TA of a prepared target cell while being served the source cell, the UE may need to simultaneously maintain at least two TAs, one with source cell and others with the prepared target cells. This may particularly be applicable for the ICBM as the target scenario after the handover. In Rel-18 MIMO enhancements, the support of two TAs for UL multi-DCI was agreed [4]. There is a discussion to allow this feature to both intra and inter-cell multi-DCI scenarios. In particular, two timing advance groups (TAGs) per serving cell, each corresponding to different UL timing, may be maintained by the UEs to support multi-DCI operations and there are several options being discussed on how to associate TAG to UL transmissions (e.g., via TCI state, CORESETPoolIndex, etc..). A similar solution can be used for L1/L2-based inter-cell mobility so that the UE can acquire and maintain TA of a prepared target cell before the actual handover. 
Observation 2: In Rel-18 MIMO enhancements, two timing advance groups (TAGs) per serving cell, each corresponding to different UL timing is supported. 
Proposal 3: For L1/L2-based inter-cell mobility, the UE can support at least two TAs associated with the source and prepared target cells. 
Assuming that TA is known, and RACH-less handover can be performed using the knowledge of indicated target cell beam given by the source cell. The details of RACH-less handover for L1/L2-based inter-cell mobility are FFS and can be discussed once it is supported.
Conclusion
In this contribution, we discuss the details of timing advance acquisition of target cell in L1/L2-based inter-cell mobility such that the handover interruption time can be minimized. The following observations and proposal have been made:
Observation 1: RACH-based handover incurs larger handover interruption time due to the need of MSG1 transmission and MSG 2 (RAR) reception to acquire the TA.
Proposal 1: RACH-less L1/2 inter-cell mobility is used to reduce the interruption caused by UL synchronization in case the timing advance of the target cell is known beforehand.
Proposal 2: RAN1 can send LS to RAN4 to ask if early TA acquisition before handover, i.e., while being served by the source cell, is possible or not.
Observation 2: In Rel-18 MIMO enhancements, two timing advance groups (TAGs) per serving cell, each corresponding to different UL timing is supported. 
Proposal 3: For L1/L2-based inter-cell mobility, the UE can support at least two TAs associated with the source and prepared target cells.
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