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1 Introduction
In RAN#94-e meeting, new Rel-18 WID on L1/L2 inter-cell mobility was reached as in [1]. As identified below, TA management for inter-cell mobility operation is one of the objectives according to the WID.
	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]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized


In this contribution, we share our initial views on a design framework and principle and some potential enhancements for timing advance management to support mobility latency reduction. 
2 Discussion
2.1 Preliminary consideration on TA management for mobility
As analyzed in our companion contribution [2], components dominantly contributing to interruption latency are downlink synchronization, uplink synchronization and Tfirst-data, wherein, Tfirst-data is a time duration from RAR to the first DL/UL reception/ transmission on the indicated beam of the target cell. In order to reduce interruption latency, uplink synchronization should be completed earlier than the cell switch command. With this consideration, the UE may require to acquire and maintain timing advance for multiple candidate target cells before receiving cell switch command. After receiving cell switch command, UE will be able to apply the timing advance acquired or maintained for the target cell to determine uplink timing.
For timing advance management for mobility, it mainly intends to acquire TA for multiple candidate target cells but not apply them before the target cell is activated, therefore acquiring multiple TAs and enabling one of the TAs for uplink timing determination should be regarded as a starting point for studying TA enhancement of Rel-18 L1/L2 triggered mobility.
Figure 1 below illustrates one possible procedure of timing advance management for mobility latency reduction. UE determines uplink timing of uplink transmissions to the source cell based on timing advance associated with the source cell and determines uplink timing of uplink transmissions to the target cell indicated by the cell switch command based on the corresponding acquired timing advance. 
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Figure 1 Timing advance management
Although TA enhancement is being discussed under another agenda item, i.e., A.I. two TAs for multi-DCI multi-TRP, and has made some preliminary progresses, the design requirements of TA for these two agenda items are actually different. For instance, TA enhancement for multi-DCI multi-TRP mainly focus on association of TA to UL channels/signals and initial timing advance acquisition through RACH procedure, while TA enhancement for L1/L2 triggered mobility focuses on acquiring timing advance with lower latency and the association of TA to candidate cell. Therefore, we tend to treat TA enhancement for L1/L2 triggered mobility and multi-DCI multi-TRP as two independent designs.
Proposal 1: Timing advance management for L1/L2 triggered mobility and two TAs enhancement for multi-DCI multi-TRP should be treated as two independent designs.
2.2 Number of TA acquired for candidate cells
In RAN1#110b-e meeting, the following agreement on TA acquisition of candidate cell(s) has been endorsed [3].
	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)


According to the progress of RAN2, currently they only discussed that candidate cells can be early configured before cell switch and configuration model of candidate cells and the specific maximum number of configurable candidate cells has not been discussed and determined yet. But it is conservatively estimated that at least 7 candidate cells can be configured, analogous to Rel-17 ICBM. For Rel-18 L1/L2 triggered mobility, DL/UL synchronization might be operated for multiple candidate cells rather than only for the target cell indicated by the cell switch command. Therefore, whether to operate DL/UL synchronization for all configured candidate cells or a subset of candidate cells deserves consideration.
Obviously operating DL/UL synchronization for all configured candidate cells is time-consuming and complicated, which definitely is not workable to reduce mobility latency, hence operating DL/UL synchronization for a subset of candidate cells should be considered to be supported. Then, the determination of the subset of candidate cells and the maximum size of subset of candidate cells require clarification, e.g., the rule to determine a subset of candidate cell is up to L1 measurement or possible moving trajectory for UE, gNB informing or implementation.
Regarding TA acquisition of a subset of candidate cells, the legacy topology for TRP deployment should be considered as a starting point. As shown in Figure 2, although six candidate cells are configured for UE, basically only three or four candidate cells circled in red line may be the target cell with quite high probability, and acquiring TA of the other candidate cells seems worthless. Therefore, the maximum size of the subset of candidate cells which require TA acquisition should be at most 4.
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Figure 2 Deployment scenarios for inter-cell mobility
Proposal 2: For TA acquisition of candidate cell(s), support to acquire TA of a subset of configured candidate cells.
· FFS: Rule for determining the subset of candidate cells.
· FFS: Maximum size of the subset of candidate cells, e.g., 3 or 4.
In the legacy specification, TAG is applied to manage TA for multiple serving cells in a cell group. For L1/L2 triggered mobility, whether to acquire one or more TAs for a candidate cell is determined by the framework of candidate cell configuration.
· If only serving cell is configured for a candidate cell, each candidate cell requires to acquire one TA and the acquired TA can be associate with the corresponding candidate cell directly.
· If a cell group is configured for a candidate cell, the number of acquired TAs is related to the number of TAGs.
· If the whole cell group is configured with the same TAG, only one TA is needed then. TA acquisition can be operated in PCell only and the acquired TA is shared by all serving cells in the TAG, which means that it will not bring additional complexity compared with the case that only one serving cell is configured for a candidate cell.
· If more than one TAGs are configured for the cell group, TA acquisition based on the framework of TAG should be applied. It should be noted that TA acquisition latency for multiple TAGs is much larger than that for only one TAG due to TA acquisition has to be operated for each TAG individually.
· As one may argue that MTRP operation should be considered for candidate cell due to the discussion on two TAs enhancement in another agenda item, and then more than one TAs are required for a candidate cell. However, such scenario seems unnecessary, especially at the beginning of the discussion on L1/L2 triggered mobility. In one aspect, single TRP scenario should be considered as a starting point since it is the typical and essential scenario in reality. In another aspect, latency reduction of TA management is the main target for L1/L2 triggered mobility, and taking MTRP operation into consideration will complicate the discussion of L1/L2 triggered mobility. Therefore, we tend to discuss the issue of typical L1/L2 triggered mobility scenario firstly at this stage and discuss MTRP scenario after the overall L1/L2 triggered mobility design is completed or stabilized.
Based on the analysis above, acquiring one TA for a candidate cell should be considered as a starting point to not introduce much complexity and latency to TA management in L1/L2 triggered mobility.
Proposal 3: For TA acquisition of candidate cell(s), support to acquire one TA of a candidate cell.
· FFS: Whether to acquire more than one TAs of a candidate cell, wherein each TA is associated with a TAG.

2.3 Mechanism to acquire TA
In RAN1#110b-e meeting, the following agreement on TA acquisition of candidate cell(s) was endorsed [3].
	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)


· RACH-based solutions
For UE-triggered RACH, UE is required to perform SSB based measurement (i.e., RSRP) to determine a PRACH occasion for preamble transmission. If RACH procedures are required for multiple candidate cells, it seems that SSB measurement for all candidate cells is extremely complicated and time-consuming. Moreover, we think that it is not clear till now on candidate cell configuration and corresponding measurement configuration, so it is hard to justify the impact of different candidate cell configuration and related measurement configuration in UE-triggered RACH procedure. For instance, if PRACH configuration for each candidate cell is to be configured, the RRC signaling overhead might be so huge.
Observation 1: UE-triggered RACH procedure to acquire TA for candidate cells can be time-consuming.
For PDCCH order based RACH, UE can determine the PRACH occasion and the transmitted preamble directly based on the indication fields of PDCCH order. Without determination of the preamble index and the PRACH occasion by UE, timing advance acquisition can cost less time duration compared with UE-triggered RACH.
Meanwhile, as analyzed in sub-section 2.2, TA acquisition should be operated for a subset of candidate cells. In such case, PDCCH order can be extended to indicate UE the candidate cell which requires TA acquisition and a new signaling to inform UE the subset of candidate cells is not needed. 
Proposal 4: PDCCH order based RACH should be supported to acquire timing advance for the candidate cells.
As the detailed configurations related to DL/UL synchronization in the pre-configuration for cell switch has not been clarified by RAN2 until now, and it is not clear whether both UL and UL synchronization for candidate cells can be completed before cell switching, the following analysis represents our initial views at this stage. If UE does not receive RRC messages indicative of search space or CORESET to receive downlink messages from candidate cells, UE should be capable of receiving RAR associated with candidate cells by utilizing search spaces configured for source cell. If search space or CORESET is configured for each candidate cell, detecting PDCCH order in all configured search spaces is a challenging work to UE. Based on the analysis above, PDCCH order from the source cell should be allowed to trigger random access procedures for candidate cells.
Proposal 5: PDCCH order command from source cell can trigger RACH procedures for candidate cells.
· RACH-less solutions
Noted that RACH-based solutions might have large latency due to PRACH must be transmitted in a specific PRACH occasion among all valid PRACH occasions within a period, but they have high reliability instead. Whether RACH-less solutions for L1/L2 triggered mobility can have low latency and high reliability needs to be considered.
RACH-less mechanism in LTE is specific to some scenarios, e.g., small cell or co-located source/target cells, where the TA for candidate cell is the same as that for source cell or equal to 0. In this method, the latency of acquiring TA of candidate cells is 0 in principle. However, for other typical scenarios, TA acquisition solutions except this should be considered.
Proposal 6: RACH-less mechanism in LTE can be supported for L1/L2 triggered mobility TA acquisition if target cell is small cell or source and target cells belong to the same TAG.
· SRS based TA acquisition
For TA updating after initial TA has been acquired in legacy TA framework, PUSCH/SRS based TA acquisition can be applied based on network implementation, where network determines TA based on the reception of SRS from UE and indicates TAC to UE. 
If the similar method is applied for L1/L2 triggered mobility, some potential methods or enhancements should be considered as follows.
· To reuse legacy SRS resources or configure dedicated SRS resources additionally for TA acquisition.
· Source cell should be informed the reception timing of SRS measured by the candidate cell.
· To indicate TA by TAC MAC CE as legacy or a new signaling.
The latency of RACH-based solution results from determining available PRACH occasion for PRACH transmission and receiving RAR, and the latency of SRS based solution results from determining transmission of SRS and receiving TAC MAC CE. It cannot to conclude whether SRS based solution has lower latency than RACH-based solution unless the potential enhancements mentioned above have been taken into account.
· Rx timing difference based
If DL synchronization for a candidate cell has been completed before UL synchronization, basically it can be supposed that the corresponding DL timing has been achieved by UE, hence TA of a candidate cell can be determined based on the TA of source cell and Rx timing difference between source cell and the candidate cell.
Basically, for RACH-based or SRS based TA acquisition solutions, the TA is determined by the network through uplink signal measurement. As the transmission timing of uplink signals is determined using the downlink reception timing as reference, the determination of timing advance by the network can take both the uplink and downlink propagation delay into account.
Alternatively, if the determination of TA is up to UE and based on the Rx timing difference between source cell and candidate cell, TA difference between source cell and candidate cell might simply be twice of the Rx timing difference assuming the same values of downlink and uplink propagation delay. The determination above might be inappropriate when the values of downlink and uplink propagation delay are different (e.g., corresponding to different physical path in a separate TCI indication). Hence TA acquisition by the network would be more reliable than that by the UE.
TA related assistance information from network can improve reliability of Rx timing difference based solution to a certain extent, however much more specification efforts will be required. Meanwhile the latency caused by informing the TA related assistance information to UE should not be neglected, and whether Rx timing difference based solution can still have low latency needs further evaluation as well.
Observation 2: In terms of reducing latency and minimizing specification effort, SRS based and Rx timing difference based solution to acquire TA of the candidate cells might NOT outperform RACH based solution.
Based on the analysis above, comparison of TA acquisition solutions for L1/L2 triggered mobility is given in Table 1. Among RACH based solutions, PDCCH order based solution is better due to no need of PRACH occasion and preamble determination by UE. Generally RACH-less solutions have lower reliability than RACH based solutions, but might have lower latency as trade-off, therefore the down-selection of RACH-less based solutions should not be made until enough evaluations are reached.
Table 1 Comparison of TA acquisition solutions
	solutions
	application scenarios
	specification impacts
	reliability
	latency
	complexity

	UE-triggered RACH
	wide
	less
	high
	large
	high

	PDCCH order based RACH
	wide
	less
	high
	large
	low

	RACH-less mechanism in LTE
	narrow
	less
	/
	basically 0
	low

	SRS based
	wide
	huge
	medium
	medium(further evaluation)
	low

	Rx timing difference based
	wide
	huge
	low
	low(further evaluation)
	high


Proposal 7: On mechanism to acquire TA of the candidate cells, RAN1 further evaluates reliability and latency of RACH-less solutions except RACH-less mechanism as in LTE.
2.4 Association between TA and candidate cell
In RAN1#110b-e meeting, the following agreement on association between TA and candidate cell has been endorsed [3].
	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 some extent, whether to associate TA or TAG to candidate cell depends on whether one or more TAs are required for a candidate cell. If multiple TAs are required, each TA is associated with a TAG configured for the candidate cell, and association between TAG and candidate cell needs clarification. 
The alternatives listed in the agreement is quite similar as that for association of TA to UL channels/signals in A.I. 9.1.1.2 (i.e., two TA for multi-DCI multi-TRP), however such common design might be inappropriate. For multi-TRP operation, uplink signals associated with both TRPs can appear, hence the association of TA-TAG-TRP-UL signal is needed. For L1/L2 triggered mobility, generally uplink signals are transmitted to the source cell before cell switch command and to the target cell after cell switch command, and TA is switched from the value for source cell to that for target cell once cell switch command is received, which means association of TA to uplink signals is not needed and only association between TA and candidate cell needs further consideration.
[bookmark: _GoBack]For Alt 1, the implicit indication is considered as follows. Combining with the mechanisms of TA acquisition analyzed in sub-section 2.3, if RACH configurations, SSB configurations, SRS resources for TA acquisition or TCI state are configured as a part of candidate cell(s) configuration, and they are associated with TA, it means that TA is implicitly associated with candidate cell. For Alt2, if TA related information for candidate cell is configured under IE of candidate cell configuration, such configuration can already reflect the association between TA and candidate cell.
Based on the analysis above, whether the association between TA and candidate cell is implicit or explicit should be determined by the model of candidate cell configuration and the detailed IE carried in the candidate cell configuration.
Proposal 8: For TA acquisition of candidate cell(s) before cell switch command is received, support to associate TA and candidate cell explicitly (Alt2).
· Note: Detailed association should be determined after the mechanism to acquire TA is stable.
2.5 Mechanism to ensure TA validity
In legacy specification, TAC is used to update the current timing advance maintained by UE to ensure validity after initial TA has been acquired through RACH procedures. Network determines timing advance adjustment amount according to the measurement of uplink transmissions (e.g., SRS) from UE and indicate the TAC to UE. For L1/L2 triggered mobility, initial timing advance acquisition might be much earlier than cell switch command, and timing advance updating should also be considered to ensure validity of each acquired TA.
Considering whether UE can transmit uplink signals except PRACH to candidate cells is still unclear, mechanisms of timing advance updating deserves further study.
For time alignment timer (TAT), it is configured in TAG-Config per TAG in the current specification. According to subclause 5.2 in TS 38.321, the MAC entity will start or restart the corresponding TAT once receiving a TAC from RAR or TAC MAC CE. When the TAT expires, the UL synchronization status is "non-synchronized", and uplink transmissions except PRACH are not allowed, and random access procedures are required to acquire the initial timing advance value.
For timing advance management for L1/L2 triggered mobility, a timer analogous to TAT should be considered to ensure validity of timing advance value acquired for candidate cells. A plurality of issues related to the timer need to be considered, especially for mechanism of timing advance updating is not supported, e.g., when to start or restart the timer, and how to specify UE behaviour in case of timer expiry.
Proposal 9: Mechanisms to endure validity of timing advance acquired for candidate cells should be further considered.
3 Conclusion
[bookmark: OLE_LINK25]In this contribution, we discuss some potential mechanisms and methods for timing advance management to support mobility latency reduction with the following observations and proposals.
Observation 1: UE-triggered RACH procedure to acquire TA for candidate cells can be time-consuming.
Observation 2: In terms of reducing latency and minimizing specification effort, SRS based and Rx timing difference based solution to acquire TA of the candidate cells might NOT outperform RACH based solution.

Proposal 1: Timing advance management for L1/L2 triggered mobility and two TAs enhancement for multi-DCI multi-TRP should be treated as two independent designs.
Proposal 2: For TA acquisition of candidate cell(s), support to acquire TA of a subset of configured candidate cells.
· FFS: Rule for determining the subset of candidate cells.
· FFS: Maximum size of the subset of candidate cells, e.g., 3 or 4.
Proposal 3: For TA acquisition of candidate cell(s), support to acquire one TA of a candidate cell.
· FFS: Whether to acquire more than one TAs of a candidate cell, wherein each TA is associated with a TAG.
Proposal 4: PDCCH order based RACH should be supported to acquire timing advance for the candidate cells.
Proposal 5: PDCCH order command from source cell can trigger RACH procedures for candidate cells. 
Proposal 6: RACH-less mechanism in LTE can be supported for L1/L2 triggered mobility TA acquisition if target cell is small cell or source and target cells belong to the same TAG.
Proposal 7: On mechanism to acquire TA of the candidate cells, RAN1 further evaluates reliability and latency of RACH-less solutions except RACH-less mechanism as in LTE.
Proposal 8: For TA acquisition of candidate cell(s) before cell switch command is received, support to associate TA and candidate cell explicitly (Alt2).
· Note: Detailed association should be determined after the mechanism to acquire TA is stable.
Proposal 9: Mechanisms to endure validity of timing advance acquired for candidate cells should be further considered.
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