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1 Introduction
In RAN#94-e meeting, new Rel-18 WID on L1/L2 inter-cell mobility was reached as in [1]. As identified below, TA management for inter-cell mobility operation is one of the objectives according to the WID.
	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 share our initial views on a design framework and principle and some potential enhancements for timing advance management to support mobility latency reduction. 
2 Discussion
2.1 Preliminary consideration on TA management for mobility
As analyzed in our companion contribution [2], components dominantly contributing to interruption latency are downlink synchronization, uplink synchronization and Tfirst-data, wherein, Tfirst-data is a time duration from RAR to the first DL/UL reception/ transmission on the indicated beam of the target cell. In order to reduce interruption latency, uplink synchronization should be completed earlier than the cell switch command. With this consideration, the UE may require to acquire and maintain timing advance for multiple candidate target cells before receiving cell switch command. After receiving cell switch command, the UE will be able to apply the timing advance maintained for the target cell to determine uplink timing.
For timing advance management for mobility, it mainly intends to maintain TA for multiple candidate target cells but not apply them before the target cell is activated, therefore managing multiple TAs and enabling one of the TAs for uplink timing determination should be regarded as a starting point for studying TA enhancement of Rel-18 mobility.
Figure 1 below illustrates one possible procedure of timing advance management for mobility latency reduction. UE determines uplink timing of uplink transmissions to the source cell based on timing advance associated with the source cell and determines uplink timing of uplink transmissions to the target cell indicated by the cell switch command based on the corresponding timing advance. 
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Figure 1 Timing advance management
As TA enhancement is being discussed under another agenda item, i.e. A.I. two TAs for multi-DCI multi-TRP, and has made some preliminary progresses. In order to minimize workload on both agenda items, we propose to design as much commonalities as possible for TA enhancement of Rel-18 MIMO two TAs and Rel-18 L1/L2 based inter-cell mobility, e.g., design a unified PDCCH order or TAC signaling. Meanwhile whether to reuse similar design on multiple TAG configurations supported in Rel-18 MIMO two TAs enhancement needs to be further justified.
Proposal 1: It is recommended to maintain as much commonalities as possible on timing advance enhancement for both agenda items 9.1.1.2 (i.e. two-TAs for MIMO) and 9.12.2(i.e. TA for mobility).
2.2 Time Alignment group (TAG)
In A.I. 9.1.1.2, the issue on whether to configure two TAGs within a serving cell or two TAs within one TAG within a serving cell has been discussed and it has been agreed that more than one TAGs can be configured within a serving cell. However, for L1/L2 based inter-cell mobility, the analogous issue needs to be discussed as well for the reason that there are some differences between those two scenarios.
In multi-DCI multi-TRP operation, only one set of TAG configurations is needed, and UE is required to maintain each timing advance for the respective TAG and further determine uplink timing of uplink transmissions associated with each of the TAGs. However, in inter-cell mobility operation, serving cell configuration for source cell and candidate cells may be different depending on the configuration of candidate cells, e.g. multiple candidate cell group configurations are configured, therefore multiple sets of TAG configurations are required, wherein each set is associated with a source cell or a candidate cell. 
In an example shown in Figure 2, four serving cells are configured for source cell and two serving cells are configured for target cell. Normally speaking, indexes of serving cells associated with source cell and target cell should be individual, and TAG configuration of source cell and target cell should also be individual accordingly, otherwise a quite complex association will be required.
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Figure 2 Cell group configuration of source cell and target cell in CA scenario
Proposal 2: Regrading TAG configuration for L1/L2 based inter-cell mobility, support individual TAG configuration for source cell and candidate cells.
In order to reduce interruption latency caused by UL synchronization, timing advances associated with the configured TAG for candidate cell(s) should be maintained in addition to TA acquisition before cell switch command. The maintained timing advance for target cell can not be applied or take effect until receiving cell switch command or cell switch is completed.
If individual TAG configuration of different Cells is supported, TAGs configured for different cells might have the same TAG-ID, therefore the association between TAG and candidate cell can be considered analogous to the association between TAG and TRP.   
Different from TA enhancements for multi-DCI multi-TRP, uplink transmissions associated with candidate cells may not be transmitted simultaneously with those associated with source cell, hence the maintained TA values for candidate cells are not needed to be associated with UL channels/signals before cell switching. Based on the above analysis, we think that only the association between TAG and candidate cell is required for mobility.  
Proposal 3: Support introducing association between TAG and cell to identify TAGs configured for source cell and candidate cells.
2.3 [bookmark: _GoBack]Timing Advance Acquisition
In general, network acquires the initial timing advance based on PRACH transmission from UE and indicates timing advance value to UE through RAR or MSGB, wherein RAR or MSGB is associated with a Random Access Preamble IDentifier (RAPID).
For CBRA, UE is required to perform SSB based measurement to determine a PRACH occasion for preamble transmission. If the same logic is used for L1/L2 based inter cell mobility, it seems that measurement for all candidate cells is extremely complicated and time-consuming. Moreover, we think that it is not clear till now on candidate cell configuration and corresponding measurement configuration, so it is hard to justify the impact of different candidate cell configuration and related measurement configuration in CBRA procedure.
Observation 1: CBRA procedures to acquire timing advance values for candidate cells can be time-consuming.
For CFRA, PDCCH order based RACH should be considered foremost. The UE can determine the PRACH occasions and the transmitted preamble directly based on the indication of PDCCH order. Without determination of the preamble index and the PRACH occasion by UE, timing advance acquisition can cost less time duration compared with CBRA.
Proposal 4: PDCCH order based RACH should be supported firstly to acquire timing advance for the candidate cells.
As the detailed configurations related to DL/UL synchronization in the pre-configuration for cell switch has not been clarified by RAN2 until now, and it is not clear whether both UL and UL synchronization for candidate cells can be completed before cell switching, the following analysis represents our initial views at this stage. If UE does not receive RRC messages indicative of search space or CORESET to receive downlink messages from candidate cells, UE should be capable of receiving RAR associated with candidate cells by utilizing search spaces configured for source cell. If search space or CORESET is configured for each candidate cell, detecting PDCCH order in all configured search spaces is a challenging work to UE. Based on the analysis above, PDCCH order from the source cell should be allowed to trigger random access procedures for candidate cells.
Proposal 5: PDCCH order command from source cell can trigger RACH for candidate cells. 
During discussion on Two TAs enhancement for multi-DCI multi-TRP, PDCCH order based RACH is considered as well, hence a unified PDCCH order design should be considered. For instance, a cell identification field can be introduced to identify serving cell and non-serving cell in multi-DCI multi-TRP and to identify source cell and candidate cell in mobility. For other RACH related indications, e.g. SSB index, Random Access Preamble index and PRACH Mask index, further considerations are needed.
Observation 2: Support the design of a unified PDCCH order for Rel-18 L1/L2 inter-cell mobility and Rel-18 MIMO Two TAs enhancement.
2.4 Timing Advance updating
In legacy specification, TAC can indicate to update the current timing advance maintained by UE. For L1/L2 inter-cell mobility, initial timing advance acquisition can be much earlier than cell switch command, and timing advance updating should be considered to ensure validity of each maintained TA. 
Typically, network determines timing advance adjustment amount according to the measurement of uplink transmissions from UE and indicate the TAC. Considering whether UE can transmit uplink signals except PRACH to candidate cells is still unclear, mechanisms of timing advance updating deserves further study. 
Proposal 6: To endure validity of timing advance maintained for candidate cells, mechanisms of timing advance updating should be further considered.
Although detailed TAC MAC CE signaling design is up to RAN2, we prefer to raise the following considerations to clarify the issue of TA updating. Assumed that mechanism of timing advance updating has been specified, and analogous to Two TAs enhancement, enhancement of TAC signaling needs to be considered in the following aspects. 
· [bookmark: OLE_LINK2]Method 1: A candidate cell identification is included in the TAC MAC CE.
In this method, UE can identify which candidate cell should update timing advance value by candidate cell identification indicated in the TAC MAC CE. Wherein, timing advance value is associated with the TAG-Id indicated in the TAC MAC CE. 
· Method 2: Multiple TACs are included in the TAC MAC CE.
In this method, the association between a TAC and a cell is determined by implicitly method rather than explicitly including a candidate cell identification in TAC MAC CE. To be specific, implicitly method is to associate each TAC to a cell according to an order, e.g. the order of PCI.
· Method 3: The network signals timing advance related offset value for candidate cells in DCI format.
In this method, the network signals TAC to UE to update uplink timing advance for source cell and signals offset values to UE to update uplink timing advance for candidate cells. The UE determines the timing advance for candidate cells based on the timing advance for source cell and the offset values.
Observation 3: RAN 1 shall consider similar method of TAC enhancements specified in A.I. two TAs enhancement for Rel-18 L1/L2 inter-cell mobility once mechanism of timing advance updating is supported.
2.5 Timer to ensure TA validity 
For time alignment timer (TAT), it is configured in TAG-Config per TAG in the current specification. According to subclause 5.2 in TS 38.321, the MAC entity will start or restart the corresponding TAT once receiving a TAC from RAR or TAC MAC CE. When the TAT expires, the UL synchronization status is "non-synchronized", and uplink transmissions except PRACH are not allowed, and random access procedures are required to acquire the initial timing advance value.
For timing advance management for L1/L2 inter-cell mobility, a timer analogous to TAT should be considered to ensure validity of timing advance value maintained for candidate cells. A plurality of issues related to the timer need to be considered, especially for mechanism of timing advance updating is not supported, e.g. when to start or restart the timer, and how to specify UE behaviour in case of timer expiry. 
Proposal 7: A timer analogous to TAT to ensure validity of timing advance maintained for candidate cells should be considered.
3 Conclusion
[bookmark: OLE_LINK25]In this contribution, we discuss the basic scope and some further methods for timing advance management to support mobility latency reduction with the following observations and proposals.
Observation 1: CBRA procedures to acquire timing advance values for candidate cells can be time-consuming.
Observation 2: Support the design of a unified PDCCH order for Rel-18 L1/L2 inter-cell mobility and Rel-18 MIMO Two TAs enhancement.
Observation 3: RAN 1 shall consider similar method of TAC enhancements specified in A.I. two TAs enhancement for Rel-18 L1/L2 inter-cell mobility once mechanism of timing advance updating is supported.

Proposal 1: It is recommended to maintain as much commonalities as possible on timing advance enhancement for both agenda items 9.1.1.2 (i.e. two-TAs for MIMO) and 9.12.2(i.e. TA for mobility).
Proposal 2: Regrading TAG configuration for L1/L2 based inter-cell mobility, support individual TAG configuration for source cell and candidate cells.
Proposal 3: Support introducing association between TAG and cell to identify TAGs configured for source cell and candidate cells.
Proposal 4: PDCCH order based RACH should be supported firstly to acquire timing advance for the candidate cells.
Proposal 5: PDCCH order command from source cell can trigger RACH for candidate cells.
Proposal 6: To endure validity of timing advance maintained for candidate cells, mechanisms of timing advance updating should be further considered.
Proposal 7: A timer analogous to TAT to ensure validity of timing advance maintained for candidate cells should be considered.
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