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Introduction
In RAN #94-e [1], several objectives were proposed on further enhancement for mobility: 
	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


1. 
In this paper, we share our views on the timing Advance management. The rest of this paper is structured as follows. Section 2 discuss our consideration on the design principal of timing advance management. Section 3 provides our technique views on potential enhancements of timing advance management. Summary and conclusion are provided in Section 4.
On the design principal of timing advance management
In the scope of Rel-18 mobility enhancement, latency reduction is one of the main targets. In L3 handover, there are many factors which impact the latency, including measurement and reporting, RRC process and the random access. In Figure 1, the total interruption time during L3 handover are divided into UE reconfiguration, DL synchronization, UL synchronization and first DL/UL reception/ transmission after RAR. according to an endorsed CR in RAN2 [2]. After UE receives handover command(Tcmd+Tprocessing,2) and acquires DL synchronization (Tsearch+TΔ+Tmargin), UE initiates the random access procedure in the target cell by sending PRACH in corresponding RO (TIU), and the timing advance will be indicated to UE in the RAR(TRAR).
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Figure 1: Estimated latency for L3 handover UL synchronization
It is obvious that random access procedure contributes to major portion of latency. The latency can be even longer depending on the configuration of PRACH resource periodicity, which can be as long as 160ms. It may take longer time when contention based random access (CBRA) is performed due to additional contention resolution procedure. 
Observation 1: Time consumed on random access procedure is the major factor of L3 handover latency.
DAPS (Dual active protocol stack) based handover in NR Rel-16 aims to achieve 0ms interruption for handover. In DAPS based handover, UE maintains two protocol stacks, one for the serving cell and the other one for the target cell. Although the DL interruption time due to handover is diminished in DAPS, UE still acquires TA value from the target cell through RACH procedure when establishing the second protocol stack. For UE supporting L1 inter-cell beam management, to reduce the time consumed by the random access procedure to acquire UL synchronization after receiving cell switch command and DL synchronization, the timing advance in the target cell could be indicated before handover execution in L1/L2 based mobility. In detail, UE may acquire and maintain the timing advance of target cell while still served by the source cell with original TA. 
Proposal 1: Timing advance acquisition before handover should be supported in L1/L2 based mobility.
The concept of indicating neighbour cell’s TA when served by serving cell is under discussion in Rel-18 MIMO Evolution for Downlink and Uplink [3]. Two TAs for UL transmission in multi-DCI based multi-TRP operation was considered. It is motivated by two reasons: different DL timing at the two TRPs due to imperfect time synchronization; different propagation delays from the two TRPs to a given UE. In L1/L2 mobility, the following aspects should be considered additionally:
1. There is only one extra TA for one additional TRP in mTRP scenario, while in L1/L2 mobility there are more than one candidate cells.
2. In mTRP scenario, UE is required to transmit UL data to the additional TRP with a different TA. While, in the L1/L2 mobility, capability of inter-cell beam management is not a prerequisite.
3. In mTRP scenario, the extra TA is still associated with TRP in the same serving cell, e.g. configuring two TAGs belonging to a serving cell. While in L1/L2 mobility, extra TAs are associated with neighbor cells.
Besides, in Rel-18 MIMO multi-TA, there is an assumption that timing difference of arrival of signals from two TRPs are within the CP. It could be foreseen that different assumptions may bring different designs. Considering the similar requirement of multi-TA between Rel-18 mTRP and L1/L2 mobility, Rel-18 MIMO mTRP two TA mechanism can be considered as the baseline and focus on L1/L2 mobility specific enhancement.
Proposal 2: For L1/L2 based mobility, RAN1 should strive to have a unified design as the multi-TA mechanism in Rel-18 MIMO mTRP WI, with the potential following L1/L2 mobility specific enhancement:
· TA acquisition for more than one candidate cells
· TA acquisition by UE without capability of ICBM
· TA association and maintenance with neighbour cell

Potential enhancements of timing advance management
Timing advance acquisition
To acquire the TA of target cell, solutions can be classified into two categories: RACH based and non-RACH based. For the RACH based method, serving cell needs to send RACH resource request to the candidate cells based on UE’s measurement results. The procedure is illustrated in the figure below. If there are multiple candidate cells, depends on the design of RAN2, UE may either need to send multiple RACH preamble to multiple candidate cells, or send one preamble to the target cell determined by higher layers. When UE performing random access toward to target cell and receiving response from target cell, the transmission/reception in serving cell may be suspended. Such impact needs to be considered at serving cell since in this case UE still served by the serving cell. As RACH was designed for UL synchronization, its reliability and accuracy for timing advance acquisition can be guaranteed. 
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Figure 2: An example of RACH based TA acquisition procedure for L1/L2 mobility
Proposal 3: RACH based solution for timing advance acquisition before handover should be supported in L1/L2 based mobility.
In LTE, RACH-less handover was specified. UE applies either same TA value as in the source cell or zero TA value in the target cell after handover. This assumption makes RACH-less handover have limited application scenarios, the same drawback apply to L1/L2 based mobility if RACH-less solution reused. The second one is solutions based on SRS transmission by UE similar to methods discussed in positioning. For example, UE may transmit an SRS towards to target cell, and TA value could be derived by the NW. Several issues need to be considered for SRS-based solution, including SRS transmission timing, neighbour cell SRS resource acquisition. 
Proposal 4: SRS-based TA acquisition could be considered if time permits. 
Beside the mechanism to acquire the TA, the number of TA to be obtain should also be considered, since the number of candidate cell could be more than one in mobility scenario. To reduce the latency of handover, UE should be able to acquire at least one extra timing advance in addition to the one applied for serving cell. For the case that the number of candidate cell is more than one, more inputs from other working groups are needed to justify the necessity and feasibility. RAN2 may answer whether one extra TA is enough for latency reduction or whether network is able to determine only one target cell among multiple candidate cells at some time before handover. RAN4 may determine whether UE is capable to maintain more than one neighbour cell TA values.
Proposal 5: For the timing advance management in L1/L2 based mobility, at least one candidate cell’s TA could be acquired by UE before handover.
Timing advance application 
In RAN2#119-e meeting, following agreement was achieved:
	ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility.
RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.


Based on the observation and RAN2’s agreement above, whether timing advance acquired before handover is applied for transmission depends on the UE capability as well as the scenario. If inter-cell mTRP operation is supported by NW and UE, and NW configured UE to operate with inter-cell multi-TRP, then the TA of candidate cell may be applied for data transmission on target cell even before handover and the target cell play as a TRP under serving cell. In this case, L1/L2 based handover command may somehow trigger a “role change” between serving cell TRP and target cell TRP to finish the handover. TA value applied for TRP associated with neighbour cell PCI before handover will become the serving cell TA after handover.
Proposal 6: For a UE support Rel-18 inter-cell mTRP, support UE to apply candidate cell’s timing advance before the L1/L2 based handover, and UE’s serving cell’s timing advance will be replaced by this TA after handover execution. 
If inter-cell mTRP operation is not supported by NW or UE, then the TA acquired before handover will never been used for data transmission until the handover command is received. For the RACH based TA acquisition mechanism, after UE transmits the preamble towards to the target cell, an RAR message sent by the target cell can be received, in which UE obtains the initial TA value for this target cell. Different from legacy TA update mechanism, UE shall not replace its current TA value with the serving cell with the value included in RAR from neighbour cell. 
Proposal 7: For a UE does not support Rel-18 inter-cell mTRP, the candidate cell’s timing advance acquired before the L1/L2 based handover is applied after HO command is received. 
Summary and conclusion
In this contribution, we observe and propose the following:
Observation 1: Time consumed on random access procedure is the major factor of L3 handover latency.

Proposal 1: Timing advance acquisition before handover should be supported in L1/L2 based mobility.
Proposal 2: For L1/L2 based mobility, RAN1 should strive to have a unified design as the multi-TA mechanism in Rel-18 MIMO mTRP WI, with the potential following L1/L2 mobility specific enhancement:
· TA acquisition for more than one candidate cells
· TA acquisition by UE without capability of ICBM
· TA association and maintenance with neighbour cell
Proposal 3: RACH based solution for timing advance acquisition before handover should be supported in L1/L2 based mobility.
Proposal 4: SRS-based TA acquisition could be considered if time permits. 
Proposal 5: For the timing advance management in L1/L2 based mobility, at least one candidate cell’s TA could be acquired by UE before handover.
Proposal 6: For a UE support Rel-18 inter-cell mTRP, support UE to apply candidate cell’s timing advance before the L1/L2 based handover, and UE’s serving cell’s timing advance will be replaced by this TA after handover execution. 
Proposal 7: For a UE does not support Rel-18 inter-cell mTRP, the candidate cell’s timing advance acquired before the L1/L2 based handover is applied after HO command is received. 
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