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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 based 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 analyse how to perform dynamic switch among multiple candidate cells.
[bookmark: _Ref178064866]Discussion
Currently serving cell change is triggered by L3 signalling, UE needs to perform complete L2 and L1 resets, which leads to relativity long latency. L1/L2 based inter-cell mobility aiming to reduce mobility latency especially in intra-CU scenario. In our contribution, we discuss the possible enhancements to achieve dynamic switching for L1/L2 mobility.


Figure 1: Mobility in intra-CU scenario
HO command 
The principle of L1/L2 mobility enhancements is to enable dynamic switch among candidate serving cells based on L1/L2 signalling. With pre-configured candidate cells, L1/L2 signalling trigged cell switch is much efficiency in contrast to traditional HO preparation, since the propagation delay of HO command can be reduced by replacing RRC reconfiguration message with L1/L2 signalling, which avoids HO failure caused by the overdue HO command. 
[bookmark: _Toc110257302][bookmark: _Toc110261683][bookmark: _Toc110265483][bookmark: _Toc110412155][bookmark: _Toc110413303][bookmark: _Toc110414098][bookmark: _Toc110415041][bookmark: _Toc110949490][bookmark: _Toc110949499][bookmark: _Toc111032517][bookmark: _Toc115361772][bookmark: _Toc115436772]Compared with RRC reconfiguration message, L1/L2 signalling reduces the propagation delay of HO command.
And as indicated in WID, UE performs dynamic switch among candidate serving cells based on L1/L2 signalling. That is, NW-triggered mobility should be studied for L1/L2 cell switching. For L1/L2 signalling, considering MAC CE is relatively easy for extension, and MAC CE can carry more information by comparing to DCI. We prefer to utilize MAC CE for HO command design.
[bookmark: _Toc115438935]NW-triggered L1/L2 mobility, i.e. UE performs L1/L2 handover based on received handover command, is considered as high priority.
[bookmark: _Toc115438936]MAC CE is used for L1/L2 HO command delivery.
Furthermore, we would like to provide our considerations on information that should be included in L1/L2 HO command. Most basically, L1/L2 signalling shall be able to indicate which candidate to switch considering that multiple candidates are configurable. 
[bookmark: _Toc115438937]Target cell index should be indicated in L1/L2 HO command MAC CE.
On the other hand, with the reported L1 measurements for candidate monitoring, TCI state associated with SSB/CSI-RS of target may be also included in L1/L2 signalling to provide initial beam information for reception and receiving in target serving cell. 
And in last meeting, RAN2 reached an assumption on the definition of L1/L2 mobility interruption time as following. The endpoint of HO interruption time is the DL/UL reception/transmission on the indicated beam of the target cell, which means the HO interruption will be reduced if the beam is indicated in HO command.
[bookmark: OLE_LINK1]Assumption: HO interruption time for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. FFS if TRS tracking after HO and CSI RS measurement should also be included, i.e. the time to use a high-performance beam (can be clarified further).
We have proposed to perform TA acquisition before HO execution in another contribution [2], if TA is pre-obtained by NW, L1/L2 HO command MAC CE may also include TA information for subsequent transmission. 
[bookmark: OLE_LINK5][bookmark: _Toc115438938]L1/L2 HO command MAC CE may contains TCI state info, C-RNTI as well as TA info.
In legacy L3 HO command (RRC reconfiguration with sync), protocol handling is explicitly indicated by network in target cell configuration, i.e. PDCP re-establish indication, PDCP data recovery indication, RLC re-establish indication. As agreed in last meeting, both intra-DU and intra-CU inter-DU scenarios are supported for L1/L2 mobility, and R2 assumes that L2 is continued whenever possible (e.g. intra-DU), without Reset, with the target to avoid data loss, and the additional delay of data recovery. While for inter-DU case, partial L2 reset may be required due to different configurations. Currently, there is no limitation on whether inter-DU candidate cell and intra-DU candidate cell can be configured to UE simultaneously. As shown in Figure2, there would be a case that two candidate cells are in same DU (e.g., Cell2 and Cell3), and both of them are inter-DU to source cell (e.g., Cell1). If UE moves from Cell1 to Cell2, L2 reset should be performed due to inter-DU protocol handling. Subsequently, if UE moves from Cell2 to Cell3, there is no need to perform L2 reset again since the two cells belong to same DU. It can be observed that the relationship (i.e., inter or intra DU) between first source cell and target cell is unfixed. Considering UE has no knowledge of CU/DU deployment, and NW cannot predict UE movement, inclusion of the L2 reset indication in cell switch command is necessary.


Figure 2: An example on change of relationship between source cell and target cell
On the other hand, explicit inclusion of the protocol handling indication in HO command can benefit on designing common procedure for intra-DU and inter-DU L1/L2-based mobility.
Furthermore, RAN2 discussed two alternatives on RRC modelling for candidate cell configuration, and cellgroupconfig based model is one of the most promising way. While one bottleneck of cellgroupconfig based model is that PDCP data recovery are not included in current cellgroupconfig, and PDCP data recovery may be required for inter-DU scenario for data retransmission. Thus, including L2 reset indication in L1/L2 HO command MAC CE is necessary.
RadioBearerConfig information element
[image: D:\Users\Documents\TeamTalk2.0\60bf8178e4b078f7a0731248\temp/Image_20220929161134.png]
[bookmark: _Toc115438939]L2 reset indication (i.e. PDCP data recovery, RLC re-establish) is indicated in L1/L2 HO command MAC CE.

UE behaviour upon reception of HO command
L1/L2 mobility focus on the intra-CU scenario and both intra-DU case and intra-CU inter-DU cases are supported. As key refresh is not mandatory for intra-CU case, PDCP re-establishment can be omitted for L1/L2 mobility. And the remaining protocol handlings may differ among different scenarios.
· For intra-DU case, the configuration of target cell can be considered as unchanged. In that case, there is no necessary to reset L2 protocol stack. 
· For intra-CU and inter-DU case, partial L2 reset (i.e. RLC re-establishment, MAC reset) is required since the source cell and target cell belong to different DUs. In addition, PDCP data recovery is also required for PDCP PDU retransmission.
[bookmark: _Toc110257303][bookmark: _Toc110261684][bookmark: _Toc110265484][bookmark: _Toc110412156][bookmark: _Toc110413304][bookmark: _Toc110414099][bookmark: _Toc110415042][bookmark: _Toc110949491][bookmark: _Toc110949500][bookmark: _Toc111032518][bookmark: _Toc115361773][bookmark: _Toc115436773]For intra-DU case and intra-CU inter-DU cases, the L2 protocol handlings are different upon reception of HO command. 
[bookmark: _Toc115438940]For intra-DU case, L2 reset/reconfiguration can be omitted for latency reduction.
[bookmark: _Toc115438941]For inter-DU case, UE performs protocol handling as existing reconfiguration with sync but without security key refresh, i.e. MAC reset and RLC re-establishment and PDCP data recovery (for AM DRB).
Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1	Compared with RRC reconfiguration message, L1/L2 signalling reduces the propagation delay of HO command.
Observation 2	For intra-DU case and intra-CU inter-DU cases, the L2 protocol handlings are different upon reception of HO command.
Based on the discussion above, we have the following proposals:
Proposal 1	NW-triggered L1/L2 mobility, i.e. UE performs L1/L2 handover based on received handover command, is considered as high priority.
Proposal 2	MAC CE is used for L1/L2 HO command delivery.
Proposal 3	Target cell index should be indicated in L1/L2 HO command MAC CE.
Proposal 4	L1/L2 HO command MAC CE may contains TCI state info, C-RNTI as well as TA info.
Proposal 5	L2 reset indication (i.e. PDCP data recovery, RLC re-establish) is indicated in L1/L2 HO command MAC CE.
Proposal 6	For intra-DU case, L2 reset/reconfiguration can be omitted for latency reduction.
Proposal 7	For inter-DU case, UE performs protocol handling as existing reconfiguration with sync but without security key refresh, i.e. MAC reset and RLC re-establishment and PDCP data recovery (for AM DRB).

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