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1 Introduction
During RAN Plenary 94e, a new WID ‘Further NR mobility enhancement’ was approved with the following objective [1]: 
	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 discuss how to manage timing advance value for target cell in L1/L2-based inter-cell mobility procedure such that the handover (HO) can be significantly reduced.  
 
2. Discussions
2.1  Components of Handover Latency  
In L3-based Handover, the HO latency is defined as the time duration from UE receives handover command from the source cell to it sends the RRCReconfigurationComplete message as the confirmation for the handover (HO) command to target cell. The overall procedure can be split into three phases as depicted in FIG.1: 
· Phase-1: UE applies the RRC configuration of target cell after validation and processing the received L3 HO command ‘RRCReconfiguration’ message. This may take up to 36ms latency based on the requirement defined in TS 38.331 and TS 38.133. 
· Phase-2: Downlink synchronization based on SSB detection to obtain DL timing. 
· Phase-3: Uplink synchronization procedure to obtain the UL timing through a CFRA or CBRA procedure. 
As illustrated in FIG.1, the latency caused by UL RACH procedure is around 20ms. If the network can directly indicate the TA value associated with the candidate target cell to skip the RACH procedure in Phase-3, the HO latency can be improved naturally. 
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Figure 1: Latency components for L3-based HO procedure
The RACH-less handover operation was studied for LTE system and specified to reduce the interruption time of HO procedure. Two values are supported for TA indication without RACH, one is ‘0’ and the other is ‘same TA with the source cell’. The use case for the first value (i.e., ‘0’) is mainly target to small cell. ‘Keeping a same TA with the source cell’ can be used for the case that a SCell in the same TAG is switched to PCell. We believe these target use cases are still valid and important for L1/L2-based HO. Therefore, RACH-less operation should be supported to minimize the L1/L2-based HO latency.  


Proposal 1: 
· Support both RACH-based and RACH-less procedure for L1/L2-based handover procedure. 
· The candidate TA values defined in LTE can be used as starting point for RACH-less operation.  

2.2  RACH-Based Mechanism for TA acquisition
How to obtain a second TA for another TRP is being discussed under MIMO enhancement WI for multi-DCI mTRP operation. Two procedures are involved for the second TA towards the other TRP: 
· Step-1: Initial Timing Advance Value acquisition procedure.
· The initial TA value is set by means of the Random-Access procedure. 
· UE is provided with an initial TA associated with the second TRP by using RAR message based on estimating PRACH from UE
· Step-2: Maintenance of Uplink Time Alignment procedure. 
· After the initial TA value is set for UE, a Timing Advance Command MAC CE is used to update the TA values on a per TAG basis based on the uplink measurement of gNB to account for the UL arrival time changes e.g., caused by UE mobility etc. 

One basis difference between mDCI mTRP and L1/L2 based inter-cell mobility use case is that the existing MAC-CE based TA maintenance procedure can be directly used for mobility case after HO completion to the target cell. Therefore, enhancements made for two TAs in mDCI mTRP scenario in Step-2 (e.g., MAC-CE enhancement to support multi-TAG update) is not needed for L1/L2 inter-cell mobility. On the other hand, it is our understanding that the RACH-based initial TA acquisition in Step-1 is a common phrase for the mDCI mTRP and inter-cell mobility cases. As default, a unified solution should be targeted to minimize the standard/implementation/testing efforts.  

Proposal 2: 
· A unified solution to obtain initial TA for the second TRP is strived to support two TAs in mDCI mTRP and L1/L2-based inter-cell mobility. 


During RAN1 110 meeting, a couple of candidate RACH-based solutions were identified for further study as follows [2]: 
	Agreement
For multi-DCI based multi-TRP operation with two TAs, study the impact of two TAs for the following:
· RACH triggered by PDCCH order in intra-cell MTRP case 
· RACH triggered by PDCCH order in inter-cell MTRP case
· Which might require RACH enhancement as well 
· UE triggered RACH by CBRA or CFRA in RRC connected mode
Further details of enhancements needed (if any)



In Rel-15, after Xn based handover procedure is triggered, the source gNB extracts the RRCReconfiguration message from the target gNB and forwards it to UE, which includes one or more dedicated PRACH preambles and Contention Free RACH procedure can be used by UE to obtain an initial UL timing advance value. For Rel-18 L1/L2-based inter-cell mobility operation, the CFRA or CBRA configuration for each of multiple target candidate cells can be provided during handover preparation phase. It should be noted that this does not imply that UE start applying the configurations as multiple candidate cells are likely to be configured during preparation phase and the real target cell for L1/L2 handover is unclear yet. Instead, after receiving the L1/L2 HO CMD, UE starts applying the associated RACH configuration for CFRA or CBRA procedure as illustrated in FIG.2.   
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Figure 2: CFRA procedure for initial TA acquisition towards candidate target cell TRP


When considering the necessary information to reduce the latency of RACH procedure, a nature option is to pre-configure SSB for DL or PRACH resources for UL for each candidate cell by serving DU e.g., based on the configured L3 measurement report from UE. It should be noted that the measurement reports are transmitted to the serving cell only due to security consideration. Consequently, the RACH procedure (including both CFRA and CBRA) should be initiated by the serving cell as in legacy to obtain the initial TA for non-serving cell TRP. However, the initial timing advance value in RAR should be provided by non-serving cell TRP considering the non-idea backhaul latency between two TRPs in multi-DCI scenario to minimize the latency. Therefore, the Type-1 CSS configuration of candidate cell needs to be provided to UE together with RACH configuration in pre-configuration phase for L1/L2-based HO.  
Proposal 3:  
· For L1/L2-based inter-cell mobility, support to provide the following RACH configurations for each target candidate cell as part of pre-configuration before it is able to receive the L1/L2 HO command indicating HO triggering 
· RACH configuration (CFRA or CBRA is left for network decision)
· Type-1 CSS configuration. 

Proposal 4:  
· A new L1/L2 HO command is introduced and transmitted by the serving cell to trigger the RACH procedure for initial TA acquisition. 
Proposal 5: 
· The UE assumes that a DMRS antenna ports for Type-1 CSS reception is QCLed with the SSB of target cell indicated by the L1/L2 HO CMD or a SSB the UE identified during the RACH procedure if SSB is not provided. 

One more open issue is whether to additionally support UE-triggered RACH procedure, including both CFRA or CBRA operation. The basic idea is to configure a threshold by network as a metric to determine whether triggering RACH procedure or not. For example, one preamble (for CFRA) or multiple preamble resources (for CBRA) can be pre-configured for each candidate cell and provided to a UE by RRC signalling. Compared to network-based RACH procedure,  the UE-triggered RACH can further reduce HO latency. On the other hand, it may be argued that the complexity at network side maybe increased due to unknown preamble transmission occasion from UE. 
Proposal 6: 
· Support network-controlled RACH procedure that is triggered by a L1/L2 HO command. 
· FFS on UE-triggered RACH procedure. 
 

3. Conclusion 
In this contribution, we have presented our views on timing advance management for L1/L2 inter-cell mobility procedure. Based on the discussions in the previous sections, we propose the following: 
Proposal 1: 
· Support both RACH-based and RACH-less procedure for L1/L2-based handover procedure. 
· The candidate TA values defined in LTE can be used as starting point for RACH-less operation.  
Proposal 2: 
· A unified solution to obtain initial TA for the second TRP is strived to support two TAs in mDCI mTRP and L1/L2-based inter-cell mobility. 

Proposal 3:  
· For L1/L2-based inter-cell mobility, support to provide the following RACH configurations for each target candidate cell as part of pre-configuration before it is able to receive the L1/L2 HO command indicating HO triggering 
· RACH configuration (CFRA or CBRA is left for network decision)
· Type-1 CSS configuration. 
Proposal 4:  
· A new L1/L2 HO command is introduced and transmitted by the serving cell to trigger the RACH procedure for initial TA acquisition. 
Proposal 5: 
· The UE assumes that a DMRS antenna ports for Type-1 CSS reception is QCLed with the SSB of target cell indicated by the L1/L2 HO CMD or a SSB the UE identified during the RACH procedure if SSB is not provided. 
Proposal 6: 
· Support network-controlled RACH procedure that is triggered by L1/L2 HO command. 
· FFS on UE-triggered RACH procedure. 
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