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1. Introduction
In this contribution, we discuss some issues related to TA management in Rel-18 LTM, including TA indication, TA measurement and TA/TAG association. In Rel-18 mobility WID [1], RAN Plenary has agreed to specify a L1/L2 triggered mobility procedure, aiming to reduce latency in mobility/handover. In previous RAN1 meetings [2] [3] [4], RAN1 has made some agreements with respect to LTM, as shown in the followings. In subsequent sections, we discuss and provide our opinions on these related issues. 
	RAN1 #110b(e)
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
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

RAN1 #111
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
· 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

RAN1 #112
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.




2. Discussion
2.1.  TA indication
In RAN1#112, we have agreed as below that RAR can be configured to be not transmitted during a PDCCH order triggered CFRA procedure for LTM. Meanwhile, the TA value acquired from the CFRA procedure can be transmitted in a CSC. Then, there is a following agreement to discuss on whether to support RA preamble retransmission when RAR is configured. 
	RAN1 #112
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
on whether UE should initiate re-transmit PRACH when reception of RAR is not configured/indicated, down select one from the following alternatives.
· Alt 1: UE autonomous re-transmission of PRACH is not allowed (e.g., by setting the number of allowed PRACH transmission to the minimum value of PreambleTransMax=1)
· Alt 2: UE autonomous Re-transmission of PRACH is allowed, 
· The number of PRACH transmission will be defined e.g. set the times of RACH transmission to the minimum value of PreambleTransMax


Our view is UE autonomous re-transmission should still be supported. Since if it’s not supported, performance of CFRA procedure triggered by PDCCH order would be downgraded. If RA transmission is failed, UE needs to wait for network sending another one PDCCH order for the RA transmission. Larger delay could be foreseen in this case. Since shortening latency of performing LTM is one of important KPIs of LTM, we deem it is important to still support RA re-transmission. 
Proposal 1: UE autonomous Re-transmission of PRACH is allowed, when reception of RAR is not configured. 
Another one issue is how to perform the autonomous retransmission given that RAR is not available. We suggest that whether to initiate autonomous retransmission at UE side can be based on whether UE receives a CSC indicating a TA value. In addition, UE should receive such CSC during a given time interval. This method can be performed similarly as how UE receives RAR. The overall framework can be referred from RAR-based PRACH re-transmission scheme. Accordingly, the discussion efforts in the following RAN1 meeting could be reduced.  
Proposal 2: UE performs autonomous retransmission of PRACH if UE does not receive a CSC indicating a TA value during a given time interval. 
Moreover, there is one issue related to TA indication timing, i.e., when to indicate TA value for a candidate/target cell. This issue could be similar to when to indicate beam indication, which is currently discussed in other agenda. In our views, RAN1 should support TA value can be indicated before the CSC, where one use case is that TA value is indicated by RAR, if RAR is configured. 
Proposal 3: Support TA value indicated via RAR can be received before a cell switch command. 
In Rel-18 MIMO WI, it has been agreed to introduce two TAGs for M-TRP operation. However, for mobility enhancement, it is different from M-TRP operation, which does not need to mandate the UE to communicate with two cells simultaneously. Thus, it could be unnecessary for a UE to maintain more than one TAGs in a serving cell for mobility enhancement. However, the TA could be different for a UE to transmit uplink signals to different cells, as the propagation delay could be quite different. When UE starts to communicate with the target cell, it is necessary to apply a proper TA. The TA management for mobility should include two aspects:
· TA measurement for uplink signals to target cell
· TA update for uplink signals to target cell.
Proposal 4: TA management for Rel-18 mobility does not require more than two TAGs in a serving cell. 
2.2.  TA measurement
For TA measurement, in RAN1 #112, the following agreement has been achieved.
	RAN1 #112
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


With the following analysis, we consider UE-based TA measurement using Rx timing difference is very useful. Therefore, we suggest confirming the WA in RAN1#112b(e). 
Proposal 5: Confirm Working assumption on 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). 
UE-based TA measurement and update is a possible way for RA-less solution. The UE can measure the TA based on downlink timing for downlink signals. In this way, the UE needs to know a first TA for a first downlink signal, and the UE can measure the timing for a second downlink signal. Then, by comparing the timing difference between the two downlink signals, the UE can obtain the propagation difference between the two downlink signals so that the UE can estimate the second TA for the link with the same direction as the second downlink signal based on the first TA from the first signal and timing difference between two signals. Such measurement should require the two downlink signals are well-synchronized. 
Figure 1 illustrates UE-based TA measurement. It can be observed that for well-synchronized cells, UE based TA measurement is possible. When the serving cell and target cell are well-synchronized, the UE can estimate the TA for uplink signal 2 to target cell based on the TA in serving cell and the timing difference between downlink signals from serving cell and target cell. 
[image: ]
Figure 1: UE-based TA measurement
The potential drawback is that it could require additional PRACH procedure. Therefore, it can be considered as a complimentary, e.g., fallback operation, if any RACH-less solution is not configured/enabled. When the serving cell and target cell are not well synchronized, the UE-based TA measurement could be inaccurate, since the start timing for the DL signals for both cells could be quite different. Then, the RACH based solution can be used as a complimentary for TA measurement. For example, the gNB can use PDCCH-ordered PRACH for TA measurement.
2.3.  Association between TA/TAG and candidate cell
For mobility, the UE may not need to maintain the communication with both source cell and candidate/target cell. In such case, the UE could only need to maintain one TA and apply the TA when it starts to communicate with a cell. When the UE is communicating with the source cell, the network can indicate a TAC based on the TA measurement from a PRACH toward the source cell or the UE can autonomously update the TA. Similarly, when the UE is communicating with the candidate/target cell, the network can indicate a TAC based on the TA measurement from a PRACH toward the target cell or the UE can autonomously update the TA. Therefore, it is unnecessary to associate the TA/TAG with a candidate/target cell.
Proposal 6: Do not support associating the TA/TAG with a candidate/target cell.
3. Conclusion
According to the above discussion(s) on TA management of LTM, we have the following proposal(s). 
Proposal 1: UE autonomous Re-transmission of PRACH is allowed, when reception of RAR is not configured. 
Proposal 2: UE performs autonomous Re-transmission of PRACH if UE does not receive a CSC indicating a TA value during a given time interval. 
Proposal 3: Support TA value indicated via RAR can be received before a cell switch command. 
Proposal 4: TA management for Rel-18 mobility does not require more than two TAGs in a serving cell. 
Proposal 5: Confirm Working assumption on 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). 
Proposal 6: Do not support associating the TA/TAG with a candidate/target cell.
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