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Introduction
[bookmark: _Hlk115336765][bookmark: OLE_LINK13][bookmark: OLE_LINK14]According to the WID of Further NR mobility enhancements [1], one of the objectives under L1/L2 based inter-cell mobility  latency reduction is TA management as shown below:
	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.
[bookmark: OLE_LINK2]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


As shown in Figure 1, in L3 handover model, the procedure of UL synchronization for target cell is executed after receiving L3 HO command and DL synchronization, and it takes at least 10ms. To reduce the mobility latency, uplink synchronization can be optimized, e.g., advance the uplink synchronization for candidate cell(s) to before the handover.
[image: ]
[bookmark: _Hlk110609751]L3 handover model
[bookmark: _Ref115361022][bookmark: _Hlk115361400]Support to perform uplink synchronization for candidate cell(s) before the handover to reduce the mobility latency.
When uplink synchronization for candidate cells is performed before handover, the following aspects should be considered to facilitate TA management for L1/L2 mobility:
· TA acquisition for candidate cells.
· TA maintenance for candidate cells.
· TA application.
[bookmark: _Hlk115256184]TA acquisition 
In Rel-15, initial time alignment is realized by the absolute TAC carried in RAR or absolute TAC MAC CE during the random access procedure. Random access procedure can be gNB-initiated by sending PDCCH order to UE or UE-initiated by its RRC and MAC entity, for the events including DL or UL data arrival during RRC_CONNECTED when UL synchronization status is non-synchronized and to establish time alignment for a secondary TAG. Whether to execute handover depends on gNB and also whether another TA is needed for the candidate cell(s) depends on the measurements at gNB. Hence, compared with UE-initiated RACH procedure, the gNB-initiated RACH procedure is more appreciative to acquire UL timing alignment to each candidate cell before handover. 


An example of initial time alignment procedure by RACH triggered by PDCCH order 
[bookmark: _Hlk115278945][bookmark: _Hlk115279000]To support early RACH triggered by the PDCCH order to achieve initial time alignment for candidate cells before handover, the configuration of candidate cell(s), e.g., RACH and SSB need to be applied before handover.  Besides, with consideration of scheduling restriction between RACH procedure and signals from the serving cell, especially in inter-frequency scenarios, the maximum number of candidate cell(s) that UE can achieve time alignment before handover also should be discussed and may be indicated in UE capability.
Support early RACH triggered by the PDCCH order to achieve initial time alignment for candidate cells before handover.
The configuration of RACH for candidate cell(s) needs to be applied before handover.
The maximum number of candidate cell(s) that UE can achieve time alignment before handover should be discussed and may be indicated in UE capability.



Except for early RACH triggered by PDCCH order, for intra-frequency scenarios, initial time alignment also can be achieved by other UL signals, e.g., SRS. In this case, UE transmits SRS based on the downlink receive timing of the source gNB, and candidate gNBs measure the SRS and forward the measurement results to source gNB. Meanwhile, candidate gNBs also can calculate their own timing advance value based on the SRS resource and then forward it to the source gNB respectively. As shown in Figure 3, in synchronous scenarios, the timing advance value calculated by candidate gNB(s) is , and the timing advance value calculated by the source gNB(s) is . Source gNB can obtain correct TA values of the candidate gNB(s) as .  In asynchronous scenarios, the downlink timing difference between source gNB and candidate gNB(s) can be obtained by interaction in advance, thus the TA value of the candidate gNB(s) also can be acquired similarly.


An example of timing advance adjustment procedure 
Support UL measurement based on SRS to achieve initial time alignment for candidate cells before handover in intra-frequency scenarios. 
[bookmark: _Hlk115354948][bookmark: _Hlk115354933]After the serving gNB obtains absolute TA values, UE can be informed by the absolute TAC carried in RAR or absolute TAC MAC CE as shown in Figure 4.  To avoid ambiguity in the relationship between TACs and cells, cell identity, e.g., PCI needs to be added in the absolute timing advance command MAC CE.


Absolute Timing Advance Command MAC CE
Support to introduce cell identity, e.g., PCI in the absolute timing advance command MAC CE to avoid ambiguity of the relationship between absolute TACs and cells.
TA maintenance 
After achieving initial time alignment for candidate cells, the multiple TAs for candidate cells should be maintained by UE before handover. Thus, when receiving the L1/L2 cell switch command, UE can transmit UL signals based on the timing advance value of the target cell at once.  However, maintenance of multiple TAs requires corresponding UE capability, since UE needs to monitor and maintain the synchronization of multiple uplinks simultaneously. And in AI 9.1.1.2, two TAs had been discussed in MTRP scenarios and UE capability on maintaining TAs for two TRPs had been agreed. Similarly, a UE capability on TAs maintenance for candidate cells also should be supported in L1/L2 mobility. As for the maximum number of TAs UE can maintain simultaneously, it needs further discussion.
 Whether to support the maintenance of multiple TAs for candidate cell(s) and serving cell or not shall be a UE capability, and the maximum number of the TAs is FFS.
[bookmark: _Hlk115344628]If maintenance on multiple TAs for candidate cell(s) and serving cell is not supported by UE, the most straightforward method is that UE only maintains the TA of the source gNB before handover and maintains the TA of the target gNB after handover. Thus, multiple TAs for candidate cells would be maintained at the gNB side based on Msg1 or SRS. And when the network determines to perform handover, the TAC for the target gNB could be carried in cell switch command for the UE. If maintenance of multiple TAs for candidate cells is supported by UE, besides initial time adjustment in the RACH procedure, how to adjust the UL timing for candidate cells respectively needs further study.
If maintenance of multiple TAs for candidate cell(s) and serving cell is not supported by UE, the TAC for the target cell could be carried in cell switch command for the UE.
If maintenance of multiple TAs for candidate cell(s) and serving cell is not supported by UE, how to adjust the UL timing for candidate cells respectively needs further study.

Conclusions 
1. Support to perform uplink synchronization for candidate cell(s) before the handover to reduce the mobility latency.
Support early RACH triggered by the PDCCH order to achieve initial time alignment for candidate cells before handover.
The configuration of RACH for candidate cell(s) needs to be applied before handover.
The maximum number of candidate cell(s) that UE can achieve time alignment before handover should be discussed and may be indicated in UE capability.
Support UL measurement based on SRS to achieve initial time alignment for candidate cells before handover in intra-frequency scenarios. 
Support to introduce cell identity, e.g., PCI in the absolute timing advance command MAC CE to avoid ambiguity of the relationship between absolute TACs and cells.
Whether to support maintenance on multiple TAs for candidate cell(s) and serving cell or not shall be a UE capability, and the maximum number of the TAs is FFS.
1. 
1.1. 
If maintenance on multiple TAs for candidate cell(s) and serving cell is not supported by UE, the TAC for the target cell could be carried in cell switch command for the UE.
If maintenance on multiple TAs for candidate cell(s) and serving cell is not supported by UE, how to adjust the UL timing for candidate cells respectively needs further study.
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