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Introduction
In RAN#94 meeting, a new Work Item was agreed to support timing advance management, the objective is listed below.  
	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
…
· 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]
…



This contribution provides initial considerations on timing advance management.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
In Rel-15, Timing advance (TA) is introduced to adjust the uplink transmission, to make the received signals from different UEs aligned at gNB side. One serving cell is configured to be associated with one TAG. Different serving cells can be associated with the same TAG or different TAG. Upon reception of a timing advance command for a TAG, the UE adjusts uplink timing for PUSCH/SRS/PUCCH transmission on all the serving cells in the TAG based on a value [image: ] that the UE expects to be same for all the serving cells in the TAG and based on the received timing advance command where the uplink timing for PUSCH/SRS/PUCCH transmissions is the same for all the serving cells in the TAG. 
The following figure gives an example for the main procedures of L1/L2 mobility. Before L1 ICBM, UE should have some information of multiple candidate cells. It can allow dynamic switching among the candidate cells through L1/L2 HO command. To shorten the uplink synchronization time after HO is confirmed by RAN2 as below. If UL synchronization can be done or partially done before L1/L2 mobility execution phase, it can shorten UL synchronization time and save HO interruption time.
	Assumption: To reduce HO interruption time, investigate e.g. solutions to reduce the time for UE reconfiguration (already in the WID), downlink and uplink synchronization after handover decision (other parts of dynamic switch not precluded).





Figure 1: main procedures of L1/L2 mobility

In LTE RACH-less procedure, the UE can skip the transmission of PRACH preamble and the reception of RACH Response to the target cell only Timing Advance (TA) of the target cell is neither 0 nor the same as the source cell, otherwise RACH-less cannot be performed. The LTE RACH-less is a good starting point to shorten the UL synchronization time. However, besides TA is approximate 0 or same as the source cell, if a UE knows the TA in advance or can be indicated with available TA value, RACH-less can also applied, too. The latter two cases are more typical and practical to support.
Proposal 1. When UL TA towards the target cell is available before handover, RACH-less can be supported.
Scenarios
First of all, it needs to clarify the scenarios of Rel-18 mobility, and then give the potential enhancements scope for TA management of this WID. 
From the frequency point of view, both of intra-frequency and inter-frequency scenarios need to be considered. Then timing advance management need to be enhanced to support inter-frequency inter-cell scenario.
Proposal 2. Timing advance management need to be enhanced to support inter-frequency inter-cell scenario.
Another issue is synchronization and non-synchronization are both possible, so non-synchronization should be enhanced for timing advance management, such as the downlink reference signaling.
Proposal 3. Timing advance management need to be enhanced to support non-synchronization inter-cell scenario.
According to the RAN2 conclusion, both of intra-DU and inter-DU scenario are supportive. 
	Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  


 
Thus, when under inter-DU scenario, there may be some new timing advance management requirements, we can postpone this part until RAN2 have more progress on the frame work of inter-DU and intra-DU inter-cell mobility.

Acquire the initial TA of a candidate cell
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]The initial timing advance is determined based on the TAC included in the random access response (RAR), and the UE updates the timing advance based on the received TAC MAC CE. UE can receive a RAR corresponding to the transmitted preamble (RAPID) and determine the uplink transmission timing based on the TAC included in MAC RAR before receiving a TAC MAC CE. For scenarios TA of a candidate cell is neither 0 nor the same as the source cell, the UE needs to acquire the TA by means of random access which causes interruption time after the HO command. Thus, enhancements of acquiring the TA of a candidate cell before the handover execution is needed. The method of acquiring the TA, PDCCH order can be used to trigger a contention-free RACH procedure. It can further study the necessary of CBRA for the candidate TA.
Proposal 4. To reduce the mobility interruption time, UE can be triggered to acquire the TA of a candidate cell before the handover execution.

In Rel-18, for M-DCI based M-TRP operation, two TAs are considered to achieve uplink transmission timing adjustment per TRP respectively, i.e., one serving cell should be associated with two TAs. Regarding how to achieve two TAs for one serving cell, there were some achievements in last two meetings, including two TAGs belonging to a serving cell, four association options between TAG and M-TRP, and up to two n-TimingAdvanceOffset value per serving cell, etc. In order to avoid redundant efforts caused by different TA enhancements for different application scenarios, a unified framework of Uplink Time Alignment should be used for both multi-DCI multi-TRP and inter-cell mobility scenarios. So it is straight forward to base on the progress of Rel-18 two TAs for multi-DCI as a starting point, for timing advance management of L1/L2 based inter-cell mobility for mobility, including there are can be TA value of a TCI state using a different PCI, which can be got through RACH triggered by PDCCH order.
However, Rel-18 two TAs for multi-DCI scope is studied with some limitations, including: 
· Serving cell remains the same
· Only focused on synchronized cells and intra-frequency scenarios
· It only is restricted with same DL and UL SCS.
Therefore, it needs additional enhancements for TA management of L1/L2 mobility according to the above limitations, such as:
· Support inter-frequency TA management
· Support non-synchronized intra-frequency TA management
· Further consider a separate SCS configurations of DL and UL
Basically, the initial timing advance of a candidate cell should be determined by the UE and separate random access procedures initiated for the candidate cell can be considered. If CFRA is applied, the UE determines the PRACH occasions and the transmitted preamble based on specific RRC messages or PDCCH order. Separate preamble groups of serving cell and candidate cells can be configured for UE. On the other hand, CBRA can be initiated directly by the UE based on the current specification. However, compared with CBRA, PDCCH order based random access is easier to implement and needs less spec efforts. Hence we prefer PDCCH order based random access to obtain the initial TA for the candidate cell.
Proposal 5. TA management of L1/L2 mobility can base on the progress of Rel-18 two TAs for multi-DCI as a starting point.
Proposal 6. Additional enhancements for TA management comparing with Rel-18 two TAs for multi-DCI contain:
· Support inter-frequency TA management
· Support non-synchronized intra-frequency TA management
· Further consider a separate SCS configurations of DL and UL
Proposal 7. PDCCH order based random access to obtain the initial TA for the candidate cell can be studied.
Maintain the TA of a candidate cell
Furthermore, after the random access procedure to the candidate cell, whether or not UE is required to maintain the TA for one or more candidate cells has two options:
· Option 1: UE does not need to maintain the TA value for candidate cells, and TA value for target cell can be within the L1/L2 mobility command send to UE at the HO execution stage.
· Option 2: UE has to maintain the TA for one or more candidate cells. Once gNB wants to switch UE to a candidate cell, gNB only needs to send the L1/L2 signaling to UE without any additional TA related information. If a valid TA is available for the indicated target cell, UE can switch to target cell without performing RACH, but with higher UE complexity. And the TA value may need to be updated e.g. due to UE mobility, TA value should be supportive of informing to UE.  One method is to use TCI based TAC indication which is associated with the PCI of the candidate cell.
Proposal 8. Study whether or not UE is required to maintain the TA for one or more candidate cells:
· [bookmark: _GoBack]Option 1: UE does not need to maintain the TA value for candidate cells, and TA value for target cell can be within the L1/L2 mobility command at the HO execution stage.
· Option 2: UE has to maintain the TA for one or more candidate cells.
Conclusion
In this contribution, we made the following proposals.
Proposal 1. When UL TA towards the target cell is available before handover, RACH-less can be supported.
Proposal 2. Timing advance management need to be enhanced to support inter-frequency inter-cell scenario.
Proposal 3. Timing advance management need to be enhanced to support non-synchronization inter-cell scenario.
Proposal 4. To reduce the mobility interruption time, UE can be triggered to acquire the TA of a candidate cell before the handover execution.
Proposal 5. TA management of L1/L2 mobility can base on the progress of Rel-18 two TAs for multi-DCI as a starting point.
Proposal 6. Additional enhancements for TA management comparing with Rel-18 two TAs for multi-DCI contain:
· Support inter-frequency TA management
· Support non-synchronized intra-frequency TA management
· Further consider a separate SCS configurations of DL and UL
Proposal 7. PDCCH order based random access to obtain the initial TA for the candidate cell can be studied.
Proposal 8. Study whether or not UE is required to maintain the TA for one or more candidate cells:
· Option 1: UE does not need to maintain the TA value for candidate cells, and TA value for target cell can be within the L1/L2 mobility command at the HO execution stage.
· Option 2: UE has to maintain the TA for one or more candidate cells.
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