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Introduction
The approved WID [1] includes enhancements on Rel-18 LTM (L1/L2 triggered mobility), including L1 enhancements for inter-cell beam management and timing advance management. Specifically, in order to achieve latency reduction in mobility scenario, timing advance management is targeting enhancement on TA acquisition/maintenance for candidate serving cell.
	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]



In this contribution, we discuss the enhancement on timing advance management.
Discussion
TA acquisition for candidate cell
The following agreements were made in previous meetings.
	Agreement 
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)

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)

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

Working Assumption
UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
· FFS: other impacts on RAN1 spec



In RAN1 #110bis-e meeting, it was agreed to support TA acquisition of candidate cell(s) before cell switch command is received in Rel-18 LTM. Specifically, regarding mechanism to acquire TA of the candidate serving cell(s), it was agreed to support RACH-based approach by PDCCH ordered RACH triggering. In RAN1 #112 meeting, regarding whether to support RACH-less approach, UE-based TA measurement was to be supported as working assumption. In our view, the entire procedure of TA acquisition for candidate cell(s) can be quite diverged according to RACH-based/less solution. In RACH-based solution, gNB may have knowledge of acquired TA for candidate cell(s) from UE RACH transmission. However, up to whether RAR is transmitted or not, UE may or may not have knowledge of acquired TA for candidate cell(s). On the other hand, in RACH-less solution, for example in case of UE based TA measurement, gNB doesn’t need to know TA value and may only need to know that the UE is capable of UE based TA measurement for candidate cell(s). So, considering limited TU of Rel-18 LTM in RAN1, we prefer to focus on already agreed RACH-based approach and further discuss on RACH-less approach if time allows.
Proposal #1: Prefer to firstly complete RACH-based approach (i.e., PDCCH ordered RACH) for TA acquisition.

Details on TA acquisition with RACH-based approach
The following agreements were made in previous meetings.
	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

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
· TA updating (i.e. re-acquisition of TA) for candidate cell can be triggered by NW. 
· same triggering mechanism reuse the initial TA acquisition, i.e., PDCCH order triggered RACH in a candidate cell

Agreement
For Rel-18 LTM, Random Access Preamble indices and indication of RACH occasions with the associated SSB indices are configured for each candidate cell. 
Note: the detailed signalling is left to RAN2

Agreement
The PDCCH order from the source cell contains the indication of candidate cell.
· The reserved bit(s) in DCI format 1_0 for PDCCH order can be used for indication of cell identity

Agreement
For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured/indicated
· If reception of RAR is not configured/indicated (without RAR)
· TA value of candidate cell is indicated in cell switch command
· FFS: whether UE should re-transmit PRACH when reception of RAR is not configured/indicated
· FFS: how UE determine the transmit power of subsequent PRACH triggered by PDCCH order
· If reception of RAR is configured/indicated (with RAR), FFS
· whether RAR is received from serving cell or candidate cell
· if RAR is received from candidate cell, whether Type1-PDCCH CSS of the candidate cell is configured to the UE
· content of RAR
· FFS: signaling for configuration/indication of whether RAR needs to be received
· UE can report the support combination of with RAR only and without RAR only, where support of one default scheme is the baseline UE approach for LTM
· Send LS to RAN2 and RAN3 to check the feasibility about this agreement
· Note: Definition of candidate cells is up to RAN2
Agreement
· For PDCCH-order based RACH for TA measurement for candidate cells, legacy CBRA is not supported

Agreement
If reception of RAR is configured/indicated, RAR contains at least TA of candidate cell.
· The maximum number of TA values memorized by UE is a UE capability
· FFS: whether other parameters such as UE ID, candidate cell ID etc. is contained in RAR 

Agreement
Whether RAR needs to be received is configured by RRC.

Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured, UE autonomous re-transmission of PRACH is not allowed, regardless of the configuration of PreambleTransMax.

Agreement
When reception of RAR is configured, support RAR is received from serving cell at least in intra-DU case. 

Agreement
When reception of RAR is configured, support RAR is received from serving cell in inter-DU case.
· FFS: RA response window related issues

Agreement 
For PDCCH ordered RACH mechanism in R18 LTM, when reception of RAR is configured, 
· the UE stores(remembers/maintains/handles) a TA for at least one candidate cell
· storing(remembering/maintaining/handling) corresponding TAs for more than one candidate cell is up to UE capability
· detailed number of candidate cell is up to UE capability 

Agreement
For PDCCH-order based PRACH for candidate cell study the following issues:
· whether/how prioritizations for transmission power reduction for a PRACH transmission to a LTM candidate cell is performed
· whether/how prioritizations for prioritization of a PARCH transmission to a LTM candidate cell compared to an overlapped (in time and frequency) serving cell UL transmission

Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured
· Whether power ramping is performed or not is determined from PDCCH order
· If power ramping is performed, 
· whether PRACH is an initial transmission or retransmission is explicitly indicated in PDCCH order (FFS exact indication mechanism)
· power ramping-up value is configured 
· else, the power should be determined by open-loop power control



In previous meeting, PDCCH ordered RACH was agreed to be supported for TA acquisition of candidate cell(s). It was agreed that each PRACH configuration can be configured per candidate cell, and gNB can trigger PDCCH ordered CFRA with indication of candidate cell id for a UE to acquire TA of the candidate cell. In the last meeting, it was agreed that UE stores(remembers/maintains/handles) a TA for at least one candidate cell, when reception of RAR is configured. In this case, After TA acquisition, acquired TA can be explicitly associated with (TAG of) each candidate cell configuration. Furthermore, for several meetings, it had been discussed regarding the number of acquired TAs/TAGs for candidate cell(s). There was a discussion that up to two TA/TAG can be associated with a candidate cell, considering two TA operation in the candidate cell. However, in our view, it is not necessary to consider two TA for M-DCI based M-TRP in Rel-18 LTM based handover procedure, so it is not preferred to mix up Rel-18 LTM TA management and Rel-18 MIMO two TA. We think that up to one TA/TAG per candidate cell is sufficient and multiple candidate cells can be associated with the same TAG when the multiple candidate cells have the same TA value.
Proposal #2: After TA acquisition for candidate cell(s), TA/TAG can be explicitly associated with the candidate cell(s) when reception of RAR is configured.
· Up to one TA/TAG per candidate cell configuration is sufficient, and not prefer to mix up Rel-18 LTM TA management and Rel-18 MIMO two TA.

In RAN1 #112 meeting, it was agreed that RAR reception can be configured by RRC signaling. If RAR reception is configured, RAR is received from serving cell for both intra-DCI and inter-DU case, as agreed in the last meeting. In this case, QCL assumptions for PDCCH scheduling RAR and RAR PDSCH should be investigated. In the current specification, in order to receive PDCCH scheduling RAR(DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI) in response to a PRACH(CFRA) initiated by a PDCCH order, i) UE assume that the PDCCH scheduling RAR has the same QCL properties with the PDCCH order(if the PRACH is for the SpCell), or ii) UE assume that the PDCCH scheduling RAR has the same QCL properties with the CORESET associated with the Type1-PDCCH CSS(if the PRACH is for a SCell). At least for PDCCH scheduling RAR, it is quite natural to use QCL assumption of CORESET associated with serving cell type 1 CSS (i.e., above ii) for candidate cell TA acquisition. However, regarding the RAR PDSCH, in legacy, UE assumes that RAR PDSCH is QCLed with SSB used for the corresponding RACH transmission. In Rel-18 LTM, PDCCH ordered RACH is transmitted to candidate cell and RAR is transmitted from serving cell, so the legacy QCL assumption cannot be applicable anymore, e.g., the SSB for RACH transmission is associated with the candidate cell while RAR is transmitted from the serving cell via associated type 1 CSS. This issue should be further discussed. In our view, the same QCL properties with the CORESET associated with the Type1-PDCCH CSS can be assumed for RAR PDSCH, which is natural for the case to receive RAR from serving cell. Also, it should be investigated that which UE ID is to be used for CRC scrambling of PDCCH scheduling RAR. Since PRACH transmission to acquire TA of candidate cell is not for serving cell anymore, it should be clarified whether the PDCCH scheduling RAR can be scrambled by the RA-RNTI calculated from the serving cell or another RNTI for candidate cell(s). In addition, as discussed in the last meeting, the contents of RAR MAC CE also should be discussed. Lastly, since it was agreed to receive RAR from serving cell, RAR window timing needs to be further considered especially for inter-DU case considering the network delay on forwarding RAR, e.g., additional delay on starting point of RAR window or additional RAR window length can be considered for receiving RAR.
Furthermore, there was a discussion regarding retransmission of PRACH when reception of RAR is not configured. However, it was concluded that UE autonomous re-transmission of PRACH is not allowed, as agreed in the last meeting. In our view, in order to avoid RACH transmission failure when reception of RAR is not configured which may cause additional delay since there is no RAR for UE to confirm the success of RACH transmission, the repetition number (as discussed in Rel-18 CE) for PRACH transmission can be adaptively indicated by ordering DCI wherein channel quality of candidate cell(s) is dynamically changing.
Proposal #3: When reception of RAR is configured, support that the same QCL properties with the CORESET associated with the Type1-PDCCH CSS is assumed for PDCCH scheduling RAR and RAR PDSCH.
Proposal #4: When reception of RAR is configured, support additional delay on starting point of RAR window or additional RAR window length, especially for inter-DU case.
Proposal #5: When reception of RAR is not configured, support indication of the PRACH repetition number (as discussed in Rel-18 CE) in PDCCH order.

Conclusion
[bookmark: _GoBack]In this contribution, we have discussed the enhancement on Rel-18 LTM TA management, and provided the following proposals.

Proposal #1: Prefer to firstly complete RACH-based approach (i.e., PDCCH ordered RACH) for TA acquisition.
Proposal #2: After TA acquisition for candidate cell(s), TA/TAG can be explicitly associated with the candidate cell(s) when reception of RAR is configured.
· Up to one TA/TAG per candidate cell configuration is sufficient, and not prefer to mix up Rel-18 LTM TA management and Rel-18 MIMO two TA.
Proposal #3: When reception of RAR is configured, support that the same QCL properties with the CORESET associated with the Type1-PDCCH CSS is assumed for PDCCH scheduling RAR and RAR PDSCH.
Proposal #4: When reception of RAR is configured, support additional delay on starting point of RAR window or additional RAR window length, especially for inter-DU case.
Proposal #5: When reception of RAR is not configured, support indication of the PRACH repetition number (as discussed in Rel-18 CE) in PDCCH order.
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