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1. Introduction
In RAN1#110bis-e meeting, following agreements were made for timing advance management to reduce latency [1].
	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


In this contribution, we discuss timing advance management for Rel-18 LTM.
2. Mechanism to acquire TA of candidate cells
In the last meeting, RAN1 assumed that there are RACH-based and RACH-less solutions on mechanism to acquire TA of the candidate cell(s). Also, RAN1 gave following examples for each of them. 
	RACH-based solutions: 
PDCCH ordered RACH, UE-triggered RACH, higher layer triggered RACH from NW other than L3 HO cmd
RACH-less solutions:
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)


According to these examples, it seems RACH-less solutions mean TA acquisition by gNB or UE not using Random Access procedure. On the other hand, TS 36.300 says that RACH-less HO is only timing adjustment indication or reuse timing advance from a source eNB. Moreover, RAN2 assumes RACH-less if the UE doesn’t need to acquire TA during the cell switch. To avoid confusion with RAN2, it is better that the definition of RACH-less is aligned with RAN2. 
Proposal 2.1: 
· The definition of RACH-less solutions should be aligned with RAN2.
For Rel-18 LTM, we assume procedure of TA management as in Figure 1. We think that DL synchronization of candidate cells needs to be done before TA acquisition because DL timing can be obtained by SSB detection, and DL reference timing of candidate cells is used for TA calculation of the candidate cells.
Proposal 2.2:
· For Rel-18 LTM, DL synchronization of candidate cells needs to be done before TA acquisition.
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Figure 1: Assumed procedure of TA management of the candidate cell(s)
For Rel-18 LTM, in the last meeting, further study on mechanism to acquire TA of the candidate cell(s) was agreed. Therefore, we first analyze the mechanisms of TA acquisition for candidate cell(s) from the perspective of applicable scenarios. After that, we further analyze the TA acquisition procedures of different schemes.

2.1 Applicable scenarios
From all the candidate schemes, RACH-based solutions are the most important and straightforward method to obtain TA of candidate cells on different frequencies. RACH-based solutions are applicable to different deployment scenarios, including intra-band/ inter-band CA, synchronized/ unsynchronized NW, and activated/ deactivated candidate cells (if defined). However, the solutions without RACH may have restrictions on applicable scenarios. For example, UE based TA measurement may be not applicable to inter-band CA scenario or unsynchronized NW. In addition, if we consider the case where deactivated SCell is configured as candidate cell and UL transmission can be allowed on such deactivated SCell, PRACH should be a better choice than SRS. 
For RACH-based solutions, PDCCH order RACH should be supported because NW can trigger TA of certain candidate cells based on reported L1 measurement results and NW decided potential target cells. For Rel-18 LTM, as agreed in RAN2, SCell can be also configured as candidate cell. In legacy, the RA procedure on an SCell can only be initiated by a PDCCH order. From this perspective, PDCCH order RACH is also the most preferred solution for candidate cells, while UE triggered RACH has lower priority. Moreover, we do not think higher layer triggered RACH from NW other than L3 HO command is needed as the benefit is not clear in Rel-18 LTM.
Proposal 2.3: 
· To acquire TA of the candidate cells, RACH-based solutions should be supported. 
· PDCCH order RACH has the highest priority and should be considered as a starting point.

2.2 TA acquisition procedure
We also compare and analyze different schemes from the perspective of TA acquisition procedure. In the analysis, we divide the procedure of TA acquisition into triggering TA acquisition, and TA measurement and update. On the other hand, the RACH-less mechanism as in LTE, which was mentioned as an example in the agreement, is excluded from the analysis in terms of procedure, because it does not require TA acquisition. Higher layer triggered RACH from NW other than L3 HO command is also excluded as the benefit is not clear in Rel-18 LTM. The assumed procedures of four schemes are analyzed as four patterns, as shown in Figure 2. For RACH-based solutions, e.g., PDCCH order or UE-triggered RACH, TA can be calculated at serving cell or candidate cells, and RAR is transmitted on SpCell, if legacy rule is followed. On the other hand, RACH-less solutions include SRS based measurement at NW, which uses SRS instead of PRACH, and UE based measurement at UE, e.g., Rx difference timing based. 
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Figure 2: Assumed procedures of four schemes to acquire TA of the candidate cell(s)
2.2.1 Triggering TA acquisition
First, we consider triggering TA acquisition.  For Rel-18 LTM, we assume that TA acquisition is triggered for candidate cell(s) that meets certain condition(s) and triggering types are classified as NW-triggered type and UE-triggered type. NW-triggered type corresponds to PDCCH order RACH or SRS based measurement, and UE-triggered type corresponds to UE-triggered RACH or UE based measurement. These triggering types affect important components for TA management. Thus, we analyze two types from the perspectives of latency for triggering TA acquisition of the candidate cell(s), overhead to update TA of the candidate cell(s), and UE complexity. The results of the analysis are shown in Table 1.  Based on the results, it is beneficial to consider UE-triggered type from latency and overhead perspectives in terms of triggering TA acquisition.
Observation 2.1 
· For Rel-18 LTM, it is beneficial to consider UE-triggered type from latency and overhead perspectives in terms of triggering TA acquisition.

Table 1: Analysis on triggering types of TA acquisition for candidate cell(s)
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2.2.2 TA measurement and update
Next, we consider TA measurement and update. We analyze TA measurement and update of candidate cell(s) from the perspectives of latency/robustness to avoid cell switch failure, signaling overhead, and UE complexity. The results of the analysis are shown in Table 2. Based on the results, it is beneficial to consider UE based measurement from latency, robustness, and overhead perspectives. 
Observation 2.2: 
· For Rel-18 LTM, it is beneficial to consider UE based measurement from latency, robustness, and overhead perspectives in terms of TA measurement and update.
Table 2: Analysis on TA measurement of candidate cell(s)
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Based on above analysis on TA acquisition procedure, UE-triggered schemes, including UE-triggered RACH and UE based measurement may have some benefits and can be further studied.
Proposal 2.4 
· To acquire TA of the candidate cells, support to further study following schemes.
UE-triggered RACH
UE based TA measurement  
3. Configuration for TA acquisition
In the last meeting, TA acquisition of the candidate cell(s) before cell switch command is received in L1/L2 based mobility was agreed, but whether this can be applied to the candidate cell when it is deactivated SCell was FFS. This is because some companies said that definition of deactivated SCell as candidate cells is ambiguous. On the other hand, in the RAN2#119bis meeting, the following agreements were made.        
	・A L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered.
・For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.


From the agreements above, we can assume that current PCell/SCell can be configured as candidate cells by RRC signaling. In other words, these agreements clarify that deactivated SCell is supported as the candidate cell. So, we can support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility when it is deactivated SCell.
Proposal 3.1:
· Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility when it is deactivated SCell.
For TA acquisition of a candidate cell before cell switch command is received, the association between TA/TAG and candidate cell was discussed in the last meeting, where explicit and implicit association were raised. On the other hand, in the RAN2#119bis meeting, the following agreement was made.
	RAN2 assumes that candidate cell configuration can only be modified / released by Network.


From the agreements above, it is simple and straightforward to consider explicit association, e.g., the association is provided as a part of candidate cell(s) configuration. If a candidate cell is a deactivated SCell, since it is not decided yet whether any signaling/information can be transmitted on deactivated SCell, implicit association is not desirable. In addition, even if some signaling transmission may be allowed on deactivated SCell, it may not apply to any deactivated SCell. Thus, explicit association should be supported.
Proposal 3.2: 
· For TA acquisition of a candidate cell before cell switch command is received, support Alt2: Associate TA/TAG and candidate cell explicitly.
· The association is provided as a part of candidate cell(s) configuration.
· This also applied to candidate cell when it is deactivated SCell.
For Rel-18 LTM, UE needs to perform RACH procedure to the candidate cell(s). On the other hands, PRACH configurations of candidate cells are different. Thus, PRACH configuration of the candidate cell(s) should be provided to UE, as a part of candidate cell(s) configuration.
Proposal 3.3:
· For Rel-18 LTM, support PRACH configuration associated with each candidate cell.
· The association is provided as a part of candidate cell(s) configuration.

4. Conclusion
In this contribution, we discussed enhancements on timing advance management. Based on the discussion, we made following observations and proposals.
Proposal 2.1: 
· The definition of RACH-less solutions should be aligned with RAN2.
Proposal 2.2:
· For Rel-18 LTM, DL synchronization of candidate cells needs to be done before TA acquisition.
Proposal 2.3: 
· To acquire TA of the candidate cells, RACH-based solutions should be supported. 
· PDCCH order RACH has the highest priority and should be considered as a starting point.
Proposal 2.4 
· To acquire TA of the candidate cells, support to further study following schemes.
UE-triggered RACH
UE based TA measurement  
Proposal 3.1:
· Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility when it is deactivated SCell.
Proposal 3.2: 
· For TA acquisition of a candidate cell before cell switch command is received, support Alt2: Associate TA/TAG and candidate cell explicitly.
· The association is provided as a part of candidate cell(s) configuration.
· This also applied to candidate cell when it is deactivated SCell.
Proposal 3.3:
· For Rel-18 LTM, support PRACH configuration associated with each candidate cell.
· The association is provided as a part of candidate cell(s) configuration.
Observation 2.1 
· For Rel-18 LTM, it is beneficial to consider UE-triggered type from latency and overhead perspectives in terms of triggering TA acquisition.
Observation 2.2: 
· For Rel-18 LTM, it is beneficial to consider UE based measurement from latency, robustness, and overhead perspectives in terms of TA measurement and update.
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