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Introduction
In RAN#94 meeting, a new Work Item [1] was agreed to support timing advance management.  Some agreements were achieved during RAN1#111 meeting. 
This contribution provides further considerations on timing advance management.
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PDCCH ordered RACH for TA acquisition
During the last meeting, PDCCH ordered RACH triggered by source cell was agreed to support. 
	Agreement RAN1#111
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 RAN1#111
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



Configuration of RACH resource for candidate cell(s)
It was agreed that configuration of RACH resource for candidate cell(s) is provided prior to the PDCCH order. The remaining issue is how to configure RACH resource for candidate cell(s), the framework of which should be given by RAN1, and then designed by RAN2.
[bookmark: OLE_LINK2]Firstly, configuration of RACH resource for candidate cell(s) can be provided per candidate cell if multiple candidate cells are applied. UE can get TA of the candidate cell via RACH procedure if the RACH is based on SSB from the candidate cell. To trigger RACH procedure for a candidate cell, RACH resource should be configured for the candidate cell. Since each configured candidate cell is likely to be provided by reference configuration and delta configuration, it is natural to configure RACH resource for each configured candidate cell. Sharing RACH resource among candidate cells may cause some issues like collision of preamble/RO.
Second, according to the issue of the configuration of RACH resource is configured under the serving cell or candidate cell, we prefer the RACH resource is configured under the candidate cell. 
Proposal 1. Configuration of RACH resource for candidate cell(s) can be provided per candidate cell
Content of PDCCH order
For the indication of candidate cell in DCI, we support to include it in the PDCCH order. Considering RACH configurations are configured for each candidate cell, gNB can transmit a PDCCH order to UE which indicates an SSB of the candidate cell, and then the UE will transmit preamble towards the candidate cell and get initial TA of the candidate cell via the TA indication. However, UE cannot tell the indicated SSB belongs to the serving cell or the candidate cell, as both the serving cell and the candidate cell may have SSB with the same SSB index. To address this issue, a simple way is to introduce a candidate cell ID field in the PDCCH order. With such field, UE can know in which cell (i.e., a serving cell or a candidate cell) the triggered RACH procedure should be operated and for which cell the received TA value is applied. For example, if the candidate cell ID in the PDCCH order is set to a non-zero value, the UE knows the RACH procedure is operated for the candidate cell corresponding to the value.
For the other information in the PDCCH order, they can reuse the current fields without any repurpose.
Proposal 2. Introduce a candidate cell ID field in the PDCCH order to indicate the RACH procedure is performed to the serving cell or a candidate cell. 
RAR transmission
For RAR transmission, at least no RAR should be supported, since TA indication can be carried in the LTM command. In this case, RAR is useless. However, considering the current RACH procedure, it is considered to be complete until RAR is received. So in order to align the understanding between gNB and UE, it needs additional rule to skip RAR for PDCCH ordered RACH for TA acquisition.
	 Agreement RAN1#111
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
· [bookmark: _GoBack]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



Proposal 3. On whether RAR is needed for PDCCH ordered RACH for a candidate cell in LTM, RAR is not needed.
Other mechanism to obtain TA of candidate target cell
For mechanism to obtain TA of candidate target cell, both of RACH-based and RACH-less were agreed to support during RAN1#109b-e meeting. Besides PDCCH ordered RACH, there are still other solutions for TA acquisition. 
	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
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]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)



RACH-based solutions
For UE-triggered RACH, it suffers more challenges comparing with PDCCH-ordered RACH. 
· First, UE has to decide when to trigger a RACH procedure. However, as we known, the additional event triggering should be defined first. 
· Second, UE-triggered RACH have more steps, including RAR reception, MSG3 transmission, contention resolution. All four steps need to be improved to support before HO command in L1/L2 mobility. Not only the significant standards work but also it may impact the data transmission on the source cell. 
Proposal 4. UE-triggered RACH suffers more challenges, including transition/reception interruption to the source cell, and more specification work.
RACH-less solutions
For RACH-less solutions, RACH-less mechanism as in LTE can be supported. 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. 
Proposal 5. For RACH-less solutions, RACH-less mechanism as in LTE can be supported
For SRS based TA acquisition, we do not support it due to its complexity design and huge specification impact. SRS based TA acquisition requires to resolve the following two issues. First, SRS transmission towards the candidate cell, including the SRS configuration and the timing of transmission. Second, SRS detection of candidate cell, including resource reservation and big efforts for proceed. Thus, SRS based TA acquisition is not preferred.
Proposal 6. SRS based TA acquisition is not supported in Rel-18 mobility.
Number of TA for candidate cells needs to be acquired
For number of TA needs to be acquired, we support the proposal 1.3 from the FL. For the second FFS, two TAs for a candidate cell cannot be configured. It is not a typical case for L1/L2 mobility. 
Proposal 7. Support the proposal 1.3 for number of TA needs to be acquired
	Proposal 1.3: For TA management in L1/L2 based mobility, support at least one of each of the candidate cells can may be associated with 1 acquired TA/TAG other than the TA/TAG used for the serving cell
•         FFS: the maximal number of TA/TAG associated with candidate cell(s) can be handled by UE
•         FFS: whether two TA(s)/TAG(s) for a candidate cell can be configured
•         Note1: for STRP operation, more than 1 TA/TAG per candidate cell is not needed
•         Note2: it can be separately discussed regarding whether the TA/TAG of candidate cell(s) is indicated before or by the received cell switch command if network indication is supported
•         Note3: it is also possible that no additional TA is required for candidate cells when candidate cells use the same TA as the serving cell.
•         Note4: the main bullet doesn’t imply that the candidate cells either have to be in the same TAG as the serving cell or have to belong to a second TAG. For example, if we agree to have N candidate target cells for TA acquisition, each of them can be associated with at least one TA/TAG according to this proposal.


TA indication
Association between TA and candidate target cell
According to the association between TA and candidate target cell, the following two alts can both be studied.
	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



For Alt1, associate TA/TAG and candidate cell implicitly, such as TA/TAG and TCI state are associated. When TCI state is indicated, the associated TA value will be applied to the candidate cell. Alt 2 associate TA/TAG and candidate cell by explicit configuration. 
Alt 2 is more generic for every methods to obtain TA value for a candidate cell. RACH-based or RACH less. For example, all the RACH less methods may not have a chance to indicate TCI state, but it always aware of the candidate cell. 
Proposal 8. Support Alt2: Associate TA/TAG and candidate cell explicitly  
When does the TA value of candidate target cell being indicated
For the time that the TA value of candidate target cell being indicated, Proposal 2.2 was discussed. 
	Proposal 2.2:  On the indication of the TA value of the target cell, discuss and down select from the following alternatives:
· Alt1: before the cell switch command given to the UE
· Alt2: within the cell switch command



We support Alt2. Since Alt 1 if the indication given to the UE before the cell switch command, 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 signalling 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.  
Proposal 9. On the indication of the TA value of the target cell, Alt2: within the cell switch command can be used.
Conclusion
In this contribution, we made the following proposals.
Proposal 1. Configuration of RACH resource for candidate cell(s) can be provided per candidate cell
Proposal 2. Introduce a candidate cell ID field in the PDCCH order to indicate the RACH procedure is performed to the serving cell or a candidate cell. 
Proposal 3. On whether RAR is needed for PDCCH ordered RACH for a candidate cell in LTM, RAR is not needed.
Proposal 4. UE-triggered RACH suffers more challenges, including transition/reception interruption to the source cell, and more specification work.
Proposal 5. For RACH-less solutions, RACH-less mechanism as in LTE can be supported
Proposal 6. SRS based TA acquisition is not supported in Rel-18 mobility.
Proposal 7. Support the proposal 1.3 for number of TA needs to be acquired
Proposal 8. Support Alt2: Associate TA/TAG and candidate cell explicitly. 
Proposal 9. On the indication of the TA value of the target cell, Alt2: within the cell switch command can be used.
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