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Introduction
This contribution discusses target performance enhancements for the L1/L2 based inter-cell mobility, which is one of the objectives in the WID [1].
The contribution is organized as the following. In section 2.1, based on the latency model, we discuss the aspects that can be enhanced to reduce the latency and provide the potential enhancements. In section 2.2, we discuss the applicable scenarios of the objective. The proposals are summarized in Section 3. 
Discussion
2.1 Latency Model
Latency of legacy handover
In order to find the latency that could be enhanced for L1L2 mob, firstly we should take the legacy L3 handover procedure as baseline to analysis the latency. The legacy L3 handover procedure is as following figure:


Figure-1.Procedure for legacy handover
The data transmission interruption latency for legacy handover is resulted in by handover execution and TRS tracking, i.e. the UE shall stop the data transmission from/to the source cell upon the reception of handover command, and can restart the data transmission from/to the target cell when the UE complete the TRS tracking and CSI measurement and report for the target cell.
Observation 1: For the legacy HO (e.g. R15 HO), the data transmission interruption latency are mainly introduced by the following aspects:
· UE processing of the target cell configuration
· DL synchronization to the target cell, including SSB/MIB acquiring
· UL synchronization to the target cell (i.e. acquire the TA of the target cell via RACH procedure)
· TRS tracking, CSI measurement and report
Latency enhancement for L1L2 based mobility
The UE behavior during the handover execution includes: 
· RRC message processing
· DL sync to the target cell
· UL sync to the target cell.
As for the RRC message processing, including the decoding of the RRC message, applied the RRC message, as for handover, UE shall perform MAC reset, RLC reestablishment, PDCP reestablishment or PDCP data recovery upon applied RRC message. Considering the L1L2 based mobility, even though the candidate cell configuration is pre-configured for UE, UE shall apply the configuration upon reception the L1L2 based mobility command, so the latency for RRC processing couldn’t be omitted, but considering the limited applicable scenario for L1L2 based mobility, the content of the RRC message could be reduced, which could reduce the latency due to the reduced content of RRC message and reduced UE behavior. At least for intra-DU case, RAN2 could consider the feasible of omitting the MAC reset /RLC reestablishment/PDCP reestablishment/PDCP data recovery for L1L2 based mobility. 
Observation 2: Reducing L2 handling (e.g. omit MAC reset, RLC reestablishment, PDCP reestablishment or PDCP data recovery) upon L1L2 based mobility execution could reduce the RRC message processing latency.
In order to access the target cell, UE need to get the timing information of the target cell before perform RACH procedure, i.e. get DL sync for target cell, in general, UE may need to perform cell searching, SSB/MIB acquisition, and the UE may omit reading the MIB if the UE already has the required timing information. One solution to avoid the latency introduced by DL sync is that, UE could perform the timing information acquisition of the target cell before the reception of L1L2 based mobility command. It is feasible to configure the UE to measure the SSB or CSI/RS of target cell before UE perform L1L2 based mobility.
Observation 3: Acquiring DL timing information of the target cell before reception L12 based mobility command could omit the latency introduced by DL sync for target cell.
In general, UE triggers RACH procedure to get TA for completing UL sync to target cell, similar as the discussion of DL sync part, if the UE could get available TA for the target cell before UE perform handover execution, the UE could skip the RACH procedure which could reduce the latency introduced by RACH. Generally UE get the TA by sending preamble or SRS to NW, the NW can calculate the TA value and send it to UE. One solution to get the TA value for target cell before UE perform handover execution is UE sending the preamble or SRS in advance.  How to get the TA of the target cell before handover execution depends on RAN1 discussion, anyway get available TA of the target cell in advance should be considered to reduce the latency introduced by UL for target cell.
Observation 4: Getting TA of the target cell in advance could reduce the latency introduced by UL sync (by RACH) for target cell.
In order to reduce the latency introduced by TRS tracking, CSI measurement and report, UE can perform the procedure ahead. The configuration for TRS tracking/CSI measurement and report can be pre-configured for UE. The UE perform the CSI measurement and report before reception L1L2 based mobility command, NW could schedule the UE for data transmission immediately after sending the L1L2 based mobility command.
Observation 5: Performing TRS tracking and CSI measurement and report for target cell before reception of L1L2 based mobility command by pre-configuration could reduce the latency introduced by TRS tracking and CSI measurement and report.
As above discussion, one possible L1L2 mob procedure for handover can be show as following:


Figure-2.Procedure for handover based on L1L2 command
Proposal 1: To reduce latency for L1L2 based mobility, the following are considered as the potential performance enhancements:
a) At least for intra-DU, omit MAC reset, RLC reestablishment, PDCP reestablishment or PDCP data recovery upon L1L2 based mobility execution
b) UE acquire DL timing information of the target cell before reception L1L2 based mobility command
c) Get TA of the target cell in advance
d) Perform TRS tracking, CSI measurement and report for target cell before reception of L1L2 based mobility command by pre-configuration
2.2 Applicable Scenarios
As the WID specified, the following scenarios shall be discussed:
	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


Considering the intra-DU case is easier than the inter-DU case, the UE behavior and inter-node interaction for intra-DU could be different from these for inter-DU case. E.g. as discussion above, for intra-DU case, it is feasible to omit the MAC reset, RLC reestablishment etc. and the inter-node interaction could only involve one DU and CU, but for the inter-DU case, it should involve one CU and at least 2 DUs. So it is better to discuss intra-DU case firstly, and then the inter-DU case could be discussed based on the progress on intra-DU case. 
Observation 6：For intra-DU case, it is possible to use simplified configuration for candidate cells (e.g. using same L2 configuration among cells) and reduce the latency further by avoiding L2 reconfiguration.
Observation 7: For inter-DU case, comparing with intra-DU case, the following additional impacts are expected,
· L2 configuration for  the candidate cell 
· Additional L2 handling at UE side
· RAN3 impacts(e.g. impact on CU-DU interface)
Proposal 2: RAN2 should prioritize the discussion on intra-DU case.
It is also agreed the L1L2 based mobility could apply to SA, CA and NR DC with serving cell change within one CG, considering the PCell mobility has more impact on the performance, and the UE behavior for PCell change is more complexity than serving cell change for CA or DC case, so it is better to take the standalone case with higher priority, the CA and NR-DC case can be discussed based on the progress on SA.
Proposal 3: RAN2 should prioritize the discussion on standalone case.
As for intra-frequency, or inter-frequency, FR1 and FR2, from RAN2 point view, the signaling and UE behavior has no obvious difference, so the solution should be unified for intra-frequency and inter-frequency, both FR1 and FR2. 
As for source and target cells may be synchronized or non-synchronized, it is obvious that the solution of supporting non-synchronized will also supporting synchronized case, so the discussion should base on the condition that supporting source and target cells are non-synchronized.
Proposal 4: Aim at an unified solution for the following cases, 
· Source and target cells are synchronized or non-synchronized.
· Source and target cells are  intra-frequency and inter-frequency, 
· For both FR1 and FR2.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Based on the previous analysis in section 2, our main contributions are summarized as follows:
Latency Model
Observation 1: For the legacy HO (e.g. R15 HO), the data transmission interruption latency are mainly introduced by the following aspects:
· UE processing of the target cell configuration
· DL synchronization to the target cell, including SSB/MIB acquiring
· UL synchronization to the target cell (i.e. acquire the TA of the target cell via RACH procedure)
· TRS tracking, CSI measurement and report
Observation 2: Reducing L2 handling (e.g. omit MAC reset, RLC reestablishment, PDCP reestablishment or PDCP data recovery) upon L1L2 based mobility execution could reduce the RRC message processing latency.
Observation 3: Acquiring DL timing information of the target cell before reception L12 based mobility command could omit the latency introduced by DL sync for target cell.
Observation 4: Getting TA of the target cell in advance could reduce the latency introduced by UL sync (by RACH) for target cell.
Observation 5: Performing TRS tracking and CSI measurement and report for target cell before reception of L1L2 based mobility command by pre-configuration could reduce the latency introduced by TRS tracking and CSI measurement and report.
Proposal 1: To reduce latency for L1L2 based mobility, the following are considered as the potential performance enhancements:
a) At least for intra-DU, omit MAC reset, RLC reestablishment, PDCP reestablishment or PDCP data recovery upon L1L2 based mobility execution
b) UE acquire DL timing information of the target cell before reception L1L2 based mobility command
[bookmark: _GoBack]c) Get TA of the target cell in advance
d) Perform TRS tracking, CSI measurement and report for target cell before reception of L1L2 based mobility command by pre-configuration
Applicable Scenarios
Observation 6：For intra-DU case, it is possible to use simplified configuration for candidate cells (e.g. using same L2 configuration among cells) and reduce the latency further by avoiding L2 reconfiguration.
Observation 7: For inter-DU case, comparing with intra-DU case, the following additional impacts are expected,
· L2 configuration for  the candidate cell 
· Additional L2 handling at UE side
· RAN3 impacts(e.g. impact on CU-DU interface)
Proposal 2: RAN2 should prioritize the discussion on intra-DU case.
Proposal 3: RAN2 should prioritize the discussion on standalone case.
Proposal 4: Aim at an unified solution for the following cases, 
· Source and target cells are synchronized or non-synchronized.
· Source and target cells are  intra-frequency and inter-frequency, 
· For both FR1 and FR2.
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