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[bookmark: _Ref488331639]Introduction 
In RAN#94 meeting, WID [1] has been agreed to further study mobility enhancement, and one of the objectives is to study L1/L2 triggered mobility, which aiming to reduce the HO latency as well as interruption.

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 provide the general signalling flow for LTM. And we further analyse the latency components for handover procedure and discuss the possible aspects that can be optimized for synchronization procedure.
[bookmark: _Ref178064866]Discussion
Stage-2 procedure for LTM 
R18 LTM is introduced for HO interruption time reduction especially for intra-CU scenario. In the last two meetings, RAN2 has studied the basic components as well as applicable scenarios for LTM. With agreements reached so far, the stage-2 signaling flow for LTM can be given as below:




Figure 1. LTM stage-2 procedure

1. UE performs measurement and reporting according to the measurement configuration provided by source cell.
2. The source cell decides to use LTM.
3. Handover preparation for LTM. 
  Note: It is in RAN3’s scope to define the detailed signalling interaction between CU and DU for candidate cell preparation.
4. The source cell sends an RRCReconfiguration message to the UE, containing the configuration of LTM candidate cell(s).
5. The UE sends an RRCReconfigurationComplete message to the source cell.,
6. The UE maintains connection with the source cell after receiving LTM configuration, and performs L1 measurement for the candidate cell(s).  
7. The source cell triggers cell switch procedure by sending an L1/L2 signalling to the UE, containing target cell index as well as the information required to access to the target cell. UE applies the stored corresponding configuration for the target cell and synchronises to the target cell. 
   If the UE has pre-synchronised with the target cell, the UE skips the synchronization procedure upon reception of cell switch command.
8. UE transmits/receives data to/from the target cell with the indicated TCI state and completes the LTM handover procedure. The UE keeps LTM configurations after successful completion of LTM handover procedure.
[bookmark: _Toc118470615]Adopt the procedure in Figure 1 for LTM as baseline.

[bookmark: _Hlk117847684]Latency reduction for LTM
Traditional handover triggered by L3 signalling requires UE to perform L3 measurement and reporting, processing of HO command delivered through RRC signalling as well as the whole set of protocol re-establishment, which leads to long latency, large overhead and long interruption time. To explore the possible latency reduction for LTM, the HO latency component has been studied and defined in email discussion [2]. The details of each component contributing to the overall HO latency are outlined as following:
[image: Timeline
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Figure 2. Components of mobility latency for LTM before enhancement 

· UE Reconfiguration 
UE reconfiguration includes RRC processing and UE processing time, and the UE processing consists of the delay for L2/3 reconfiguration as well as RF/baseband retuning.
· Synchronization
After receiving cell switch command, the UE may perform synchronization procedure as following:
· DL synchronization
Upon HO command is received, UE is required to start synchronizing to the DL of target cell, i.e., acquire time and frequency synchronization with a cell and detect the physical layer Cell ID of the cell. 
· UL synchronization
UE performs RACH to target cell for UL synchronization after DL synchronization procedure. RACH procedure related latency may be owning to the available PRACH resource selection, Msg1-Msg4 transmission, contention-based RACH opportunity, etc.  
[bookmark: _Toc115257156][bookmark: _Toc115354637][bookmark: _Toc115436997][bookmark: _Toc115438595][bookmark: _Toc118129594][bookmark: _Toc118450902][bookmark: _Toc118461306][bookmark: _Toc118465845][bookmark: _Toc118470623]LTM latency mainly includes the delay of UE reconfiguration and synchronization procedure. 

DL synchronization enhancement
DL synchronization requires UE to acquire time and frequency synchronization with a cell and to detect the physical layer Cell ID of the cell by receiving the primary synchronization signal (PSS) and secondary synchronization signal (SSS) of the cell. 
For LTM, RAN2 has assumed that it’s RAN1/4 work to discuss whether to perform DL synchronization to candidate/target cell before receiving the cell switch command. 

UL synchronization enhancement
In the last meeting, RAN2 agreed to support both RACH-based and RACH-less procedure for LTM. 
RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this.  
RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 
For RACH-based LTM, both CBRA and CFRA are supported. For CBRA, RACH resources can be carried in candidate cell’s configuration as in legacy. While for CFRA, whether RACH resources for CFRA for LTM can be provided in cell switch MAC CE is FFS. In our understanding, providing CFRA resource in cell switch command requires additional inter-DU interaction on resource allocation for inter-DU scenarios, which may cause additional latency. To be simple, we can just follow the existing way, i.e., RACH resource for CFRA for LTM is provided in RRC configuration.
[bookmark: _Toc118470616]For CFRA-based LTM, RACH resource is provided in candidate cell configuration (i.e. in RRC configuration) as in legacy.
For RACH-LESS LTM, it is assumed that UE does not need to trigger RACH to target cell upon reception of cell switch command. One issue is how UE obtains the UL grant for first UL transmission to complete handshake with target cell. In R14 LTE, if RACH-less HO is configured, the UE accesses the target cell via the uplink grant pre-allocated to the UE in the RRC message. If the UE does not receive the pre-allocated uplink grant in the RRC message from the source eNB, the UE monitors the PDCCH of the target cell for dynamic scheduling. 
In LTM, UL grant allocation can follow similar way as R14 RACH-Less HO. Both pre-configured and dynamic scheduled way can be supported. For example, the UL grant can be dynamically scheduled for intra-DU case. And for inter-DU scenario, the UL grant can be pre-configured in candidate cell configuration to avoid inter-DU interaction. That is, the UL grant for RACH-LESS LTM can be pre-configured in candidate cell configuration or dynamically scheduled.
[bookmark: _Toc118470617]For RACH-Less LTM, UE accesses the target cell via the UL grant pre-configured in candidate cell configuration or dynamically scheduled.
To further minimize the mobility latency due to TA acquisition, RAN1 agreed to study TA acquisition of candidate cell(s) before cell switch command is received in LTM. How to perform TA acquisition of candidate cell(s) before cell switch command is received in LTM can be further studied.
The possible ways are given below:
· Perform RACH procedure before cell switch command is received:
One alternative to reduce the latency of TA acquisition for LTM is to perform RACH procedure in advance, i.e. before cell switch command is received. R18 MIMO is currently studying two TA enhancements for multi-DCI based multi-TRP operation, and RACH enhancements may be introduced for TA acquiring of a cell with different PCI with serving cell, we may follow the similar way to perform inter-cell RACH procedure for acquiring the target cell TA.  
· UL RS based TA estimation
SRS-based TA estimation is another way for TA acquisition. Similar way as positioning, NW can measure the received SRS which is associated with non-serving beam to obtain TA. 
· Consider other methods to acquire TA:
Other ways for TA acquisition can also be considered for synchronization latency reduction. For example, UE/NW can estimate the DL timing difference between source cell and target cell to update the TA.
[bookmark: _Toc118129595][bookmark: _Toc118450903][bookmark: _Toc118461307][bookmark: _Toc118465846][bookmark: _Toc118470624]TA acquisition can be optimized for asynchronized scenario to minimize the mobility    latency due to synchronization procedure.
[bookmark: _Toc118470618]For LTM, TA acquisition and indication for candidate cell(s) before cell switch execution are supported. 
LTM completion/failure handling
In traditional handover, UE sends an RRC reconfiguration complete message to target cell once UE successfully applied the target cell configuration. Similar success indication is also required for LTM to inform target cell that UE has applied the corresponding configuration provided in candidate cell configuration. 
Currently there are two alternatives on the RRC modelling for candidate cell configuration:
a.	Model 1: One RRCReconfiguration message (or FFS RRCReconfiguration IEs) for each candidate target configuration
b.	Model 2: One CellGroupConfig IE (FFS additional IEs) for each candidate target configuration
we understand for the model 1, RRC reconfiguration complete message can be reused for LTM success indication since the candidate cell configuration is provided in an RRC reconfiguration IE. For model 2, a new LTM success indication is better as cellgroupconfig IE is configured for each candidate, it is overkill to use a L3 message as response. Once UE receives cell switch command, UE should send the LTM success indication as the first UL message to target cell, which can be carried in the first UL message for RACH-Less LTM or in msg 3/A for RACH-based LTM.
[bookmark: _Toc118470619]UE sends LTM success indication to target cell upon reception of cell switch command, e.g. in the first UL message for RACH-Less LTM or in msg 3/A for RACH-based LTM.
One more issue is how to declare the LTM completion or failure. For failure detection, T304-like mechanism can be considered as baseline. That is, UE starts a T304-like timer once cell switch command is received, and if LTM is not successfully completed during T304-like running period, the LTM procedure is considered as failed. 
Furthermore, the condition for LTM completion should also be defined in RAN2. Regarding to RACH-based LTM, it is straightforward to rely on RACH success to declare LTM completion. For RACH-Less LTM, existing way can be followed, i.e., in R14, RACH-Less HO is considered as successfully completed if UE receives UE contention resolution MAC CE during T304 running. For RACH-Less LTM, cell switch can be considered as completed if a DL message for LTM success indication confirmation is received, e.g., contention resolution MAC CE as in R14 RACH-Less HO can be reused or RAN2 can further discuss which DL message is utilized for LTM success indication confirmation.
[bookmark: _Toc118470620]T304-like mechanism is used for LTM failure declaration.
[bookmark: _Toc118470621]For RACH-based LTM, handover is considered as completed if RACH procedure is successfully completed.
[bookmark: _Toc118470622]For RACH-Less LTM, handover is considered as completed if a DL message for LTM success indication confirmation is received.

Conclusion
Based on the discussion in section 2 we have following observations:
[bookmark: _GoBack]Observation 1	LTM latency mainly includes the delay of UE reconfiguration and synchronization procedure.
Observation 2	TA acquisition can be optimized for asynchronized scenario to minimize the mobility    latency due to synchronization procedure.
Based on the discussion above, we have the following proposals:
Proposal 1	Adopt the procedure in Figure 1 for LTM as baseline.
Proposal 2	For CFRA-based LTM, RACH resource is provided in candidate cell configuration (i.e. in RRC configuration) as in legacy.
Proposal 3	For RACH-Less LTM, UE accesses the target cell via the UL grant pre-configured in candidate cell configuration or dynamically scheduled.
Proposal 4	For LTM, TA acquisition and indication for candidate cell(s) before cell switch execution are supported.
Proposal 5	UE sends LTM success indication to target cell upon reception of cell switch command, e.g. in the first UL message for RACH-Less LTM or in msg 3/A for RACH-based LTM.
Proposal 6	T304-like mechanism is used for LTM failure declaration.
Proposal 7	For RACH-based LTM, handover is considered as completed if RACH procedure is successfully completed.
Proposal 8	For RACH-Less LTM, handover is considered as completed if a DL message for LTM success indication confirmation is received.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
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