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1. Introduction
[bookmark: _Hlk30969022]The Rel-18 WID on further NR mobility enhancement [1] includes the following RAN1-centric objectives:
	· 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]


In this contribution, we will discuss the potential issues of current timing advance mechanism for supporting L1/L2 based inter-cell mobility for mobility latency reduction and then identify the potential enhancements needed for timing advance management. 
2. Discussion on TA Acquisition
It was agreed to support PDCCH ordered RACH to acquire TA of candidate cells for LTM:
	Agreement
On mechanism to acquire TA of the candidate cell(s) in Rel-18 LTM, at least support PDCCH ordered RACH.
   The PDCCH order is only triggered by source cell
   FFS: the details including content of DCI, RACH resource configuration, RAR transmission mechanism, etc.
   Note: any other RACH-based solutions are for discussion separately

Agreement
For PDCCH ordered RACH in LTM, at least the following enhancements are supported
· Introduce indication of candidate cell and/or RO of candidate cell in DCI
· configuration of RACH resource for candidate cell(s) is provided prior to the PDCCH order
· FFS: whether/how to transmit RAR

Agreement
On whether RAR is needed for PDCCH ordered RACH for a candidate cell in LTM, the following alternatives are considered for further study
· Alt 1: RAR is needed
· Alt 2: RAR is not needed
· Note: If Alt 2 is supported, TA value of candidate cell is indicated in cell switch command
· Alt 3: whether RAR is needed can be configured



One FFS point about PDCCH ordered RACH for a candidate cell in LTM is whether RAR is needed or not. The only use case of PDCCH ordered RACH to a candidate cell in LTM is to obtain the TA of that candidate cell.  As in current specification, after the UE transmits PRACH initiated by a PDCCH order, the UE shall attempt to detect DCI format 1_0 of RA_RNTI, which is the RACH response. The corresponding RAR message include the value of TA and UL grant. For a candidate cell of the LTM, those information in RAR is not needed.  The system does not need to indicate the TA value of one candidate cell before the UE is commanded to switch to the candidate cell. And, the PRACH transmission towards to a candidate cell seems not to trigger a UL grant. 
[bookmark: _Hlk125575724]Proposal 1: Not support RAR for a PDCCH ordered RACH to a candidate cell in LTM.
In the current design, the PDCCH ordered RACH is triggered by DCI format 1_0 with C-RNTI and FDRA set to all 1s. In our view, the DCI format 1_0 shall be reused here for PDCCH ordered RACH to a candidate cell of the LTM. However, the current DCI does not indicate a cell. Therefore, one DCI field shall be added to DCI format 1_0 to indicate one candidate cell. 
For supporting the DCI format 1_0 triggering a PRACH transmission towards a candidate cell, there generally exists various alternatives:
· Alt1: One new RNTI for PDCCH ordered RACH to candidate cell of LTM is introduced. A DCI format 1_0 with CRC scrambled with this new RNTI and FDRA set to all 1s has one DCI field indicating a indicator of one candidate cell of the LTM. 
· Alt2: The same DCI format 1_0 with CRC scrambled with C-RNTI and FDRA set to all 1s are used for triggering PRACH transmission to the serving cell or one candidate cell of the LTM. Such DCI format 1_0 shall include one DCI field to indicate one cell, serving cell or one candidate cell, if the UE is configured with one or more candidate cells for LTM. 
In our view, Alt2 is preferred since no extra RNTI is needed. The DCI field indicating cell only exists when the UE is configured with candidate cell(s) for the LTM and the bit-width of this DCI field can be determined by the number of configured candidate cell.
[bookmark: _Hlk125575729]Proposal 2: DCI format 1_0 with C-RNTI and FDRA set to all 1s is re-used for PDCCH ordered RACH in LTM 
· One DCI field is added to indicate one candidate cell or the serving cell.
· This DCI field has  bits, when the UE is configured with N candidate cells.
It was agreed to further study both RACH-based and RACH-less solutions for acquiring TA of candidate cells:
	Agreement
On mechanism to acquire TA of the candidate cells, the following solutions can be further studied:
•         RACH-based solutions
e.g., PDCCH ordered RACH, UE-triggered RACH, higher layer triggered RACH from NW other than L3 HO cmd
•         RACH-less solutions
e.g., SRS based TA acquisition, Rx timing difference based, RACH-less mechanism as in LTE, UE based TA measurement (including UE based TA measurement with one TAC from serving cell)


We have made agreement of supporting PDCCH ordered RACH. Besides the PDCCH ordered RACH, we shall also consider supporting other methods for acquiring TA of candidate cell for LTM since the resource cost of RACH method is too high.
One method we shall support to obtain the TA of one non-serving cell is to utilizing the SRS signal. The UE can be requested to send SRS to a candidate cell and the gNB of the candidate cell can receive the SRS and then measure the arrival timing of that SRS, which can then be used to calculate the TA of that non-serving cell. One thing to be noted is that NR positioning supports SRS resource for positioning, where the spatial relation info of one SRS resource for positioning can be SSB or PRS of a non-serving cell and the pathloss RS of one SRS resource for positioning can be SSB of a non-serving cell. Those configurations enable the SRS resource for positioning can be properly received by a non-serving cell. The same mechanism can be utilized here for TA acquisition of candidate cell. The gNB can configure a joint TCI state or UL TCI state with a SSB or CSI-RS resource of a candidate cell to an SRS resource and also DL RS of the candidate cell as the pathloss RS. That SRS resource can be measured by the non-serving cell to obtain the TA.
[bookmark: _Hlk125575735]Proposal 3: Support transmitting SRS to a candidate cell for measuring TA of candidate cell of LTM.
Another method we shall also consider is that the UE can obtain the TA of one candidate cell through measuring the timing of the DL signal of that candidate cell. To obtain the TA of one candidate cell, the UE can first measure the following values: the DL timing of serving cell, the DL timing of candidate cell that can be measured from the SSB or CSI-RS resource of that candidate cell and the TA value of the current serving cell. Assume the candidate cell and the serving cell are synchronized, the TA of that candidate cell would be the TA value of the current serving cell being offset by the difference between the DL timing of serving cell and the DL timing of the candidate cell. If the candidate cell and serving cell are not synchronized, the offset between DL timing of the serving cell and the candidate value shall be provided to the UE so that the UE can compensate that in the calculation of TA of the candidate cell. On the other hand, instead of calculating the TA of candidate cell at the UE side, the UE can report the information of measured DL timing of the candidate cell to the system and the system then can calculate the TA of the candidate cell. In summary, we can consider two different options for this mechanism:
· Option 1: the UE measures the DL timing of one candidate cell and reports the measured DL timing of the candidate cell to the serving cell.  Since the system has the information of DL timing offset between the serving cell and the candidate cell, the system can calculate the offset of TA for the candidate cell with respect to the TA value of the serving cell for that UE. 
· Option 2: the UE measures the DL timing of one candidate cell and then calculate the TA value of that candidate cell based on the current TA value of the serving cell. To support this option, the system needs to provide timing offset between the DL timing of the serving cell and the candidate cell to the UE if they are not time synchronized. 
Option 2 is preferred over option 1 since in option 2, the UE can keep updating the TA of the candidate cell without any extra configuration information from the system if the timing offset between serving cell and candidate cell does not vary. However, in option 1, the UE would have to keep reporting the information of DL timing of the candidate cell and the system needs to provide updated TA value to the UE accordingly when the UE moves. Therefore, we propose to support option 2.
[bookmark: _Hlk125575744]Proposal 4: Support the UE to calculate the TA of one candidate cell based on measuring the DL timing of the candidate cell.
3. Discussion on TA management
It was agreed to study a couple of alternatives of managing the TA of candidate cell:
	Agreement
For TA acquisition of a candidate cell before cell switch command is received, study at least the following alternatives of associating TA/TAG to candidate cell:
· Alt1: Associate TA/TAG and candidate cell implicitly, e.g.,
· the association between TA/TAG and TCI states can be configured
· Alt2: Associate TA/TAG and candidate cell explicitly, e.g.,
· the association is provided as a part of candidate cell(s) configuration
· the association between TA/TAG and SSB(s)/TRS(s) is provided as a part of candidate cell(s) configuration


Regarding how to associate TA to a candidate cell, in our view, the most preferred way is to associate the TA with a candidate explicitly. Each TA can be explicitly provided in configuration of each candidate cell. Other alternatives discussed in last meeting would cause unnecessary system complexity. For example, about the alt of associating TA with TCI state, the drawback is each cell would have multiple TCI states but the cell has only had one TA, configuring the same TA in each TCI state would definitely complicate the system and increase the configuration overhead. Another alternative of associating TA with SSB/TRS has the similar issue.
[bookmark: _Hlk125575749]Proposal 5: The association between TA and candidate cell is provided explicitly.
Another necessary enhancement is to indicate the TA value of the target cell before the UE starts the HO procedure. In current specification, the earliest TA is delivered in RAR message and other TA values are delivered in MAC CE after the RRC connection is completed. To improve the latency of L1/L2-based inter-cell mobility, it is necessary to indicate the TA of a non-serving cell before the UE handovers to the target cell. The best way to indicate the TA of non-serving cell is to indicate the TA along with the handover command. 
[bookmark: _Hlk125575754]Proposal 6: Support to indicate the TA of non-serving cell in the handover command.
4. Conclusions
In this contribution, we investigate the issues of TA management for L1/L2-based inter-cell mobility. Accordingly, the following proposals were made:
Proposal 1: Not support RAR for a PDCCH ordered RACH to a candidate cell in LTM.
Proposal 2: DCI format 1_0 with C-RNTI and FDRA set to all 1s is re-used for PDCCH ordered RACH in LTM 
· One DCI field is added to indicate one candidate cell or the serving cell.
· This DCI field has  bits, when the UE is configured with N candidate cells.
Proposal 3: Support transmitting SRS to a candidate cell for measuring TA of candidate cell of LTM.
Proposal 4: Support the UE to calculate the TA of one candidate cell based on measuring the DL timing of the candidate cell.
Proposal 5: The association between TA and candidate cell is provided explicitly.
Proposal 6: Support to indicate the TA of non-serving cell in the handover command.
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