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1. Introduction

In RAN #96 meeting, the revised WID on further NR mobility enhancements was approved [1]. One of the objectives is about L1/L2 based inter-cell mobility, the details are duplicated as following:
	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 last meeting, there is discussion on L1/L2 based inter-cell mobility, and a WF was approved [2]. This contribution provides discussion on L1/L2 inter-cell mobility delay requirements.

2. Discussion 
For the scenarios to define cell switch delay requirements, in last meeting, it was agreed that only define requirements for serving cell change within one CG, e.g., not define cell switch delay requirements for the case “PCell change with PSCell change” [2]. For serving cell change within one CG, in detail, there are two cases: SpCell change without SCell change, SpCell change with SCell change. In last meeting, it was agreed to define cell switch delay requirements for PCell change without SCell change and PSCell change without SCell change, but FFS on whether to define cell switch delay requirements for SpCell change with SCell change [2]. The candidate options are duplicated as below.

· Option 1: The requirements of SpCell change without SCell change are applicable to PCell/PSCell for SpCell change with SCell change. FFS: define delay requirements for SCell change at PCell/PSCell change.
· Option 2: FFS whether to define cell switch delay requirements for the following scenarios:

· PCell change with SCell change

· Role change between PCell and SCell in the same CG.

· Option 3: Specify cell switch requirements for the following scenarios:

· Target Pcell/SCell is not current SCell/PCell, and

· Target Pcell/SCell is current SCell/PCell.

For CA scenario, the RAN2 agreements in RAN2#119bis are duplicated as following:

	Agreements in RAN2#119bis
· L1L2 based mobility supports the following CA scenarios:
PCell change without SCell change
PCell change with SCell change
· Support NR-DC scenario in L1L2 based mobility, at least for the PSCell change without MN involvement case, i.e. intra-SN. 


According to the agreements in RAN2, it can be seen that L1/L2 based mobility supports CA scenarios including PCell change without SCell change and PCell change with SCell change. Furthermore, for L1L2 mobility, target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates. Based on above agreements in RAN2, from RAN4 point of view, it is necessary to define cell switch delay requirements for these scenarios.
Proposal 1: it is proposed to define cell switch delay requirements for SpCell change with SCell change:
· Target Pcell/SCell is not current SCell/PCell, and

· Target Pcell/SCell is current SCell/PCell.
In existing HO delay equals the applicable RRC procedure delay plus the interruption time. The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. Similar for L1/L2-based inter-cell mobility, the cell switch delay equals the applicable RRC procedure delay plus the interruption time. 

Proposal 2: for L1/L2-based inter-cell mobility, the cell switch delay equals the applicable RRC procedure delay plus the interruption time.
For the starting point of cell switch delay, it was agreed in last meeting that cell switch delay for PCell/PSCell starts at UE receives cell switch command [2]. For ending point of cell switch delay, for RACH-based case, the ending point is agreed as transmission of the new PRACH to the target cell, similar like the existing HO delay requirements. But for the For RACH-less case, the ending point is still under discussion. The candidated options are as following:

· Option 1: UE performs the first UL transmission on the indicated beam of the target cell.

· Option 2: UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.

· Option 3: Use same ending point as RAN1/2 (if any)
For ending point of cell switch delay, as proposed in Proposal 2, the cell switch delay equals the applicable RRC procedure delay plus the interruption time, which means the ending point of cell switch delay is also the ending point of interruption. According to RAN2 LS [3], 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. For RACH-less case, the ending point can be the first DL/UL reception/transmission on the indicated beam of the target cell, as assumed in RAN2.
Proposal 3: for RACH-less cell switch, the ending point is the first DL/UL reception/transmission on the indicated beam of the target cell. 
For RACH-based cell switch, it was agreed in last meeting to take the following delay requirements formula as a starting point for further discussion.

	· The baseline of RACH-based cell switch delay is 

Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU, where TIU is the uncertainty in acquiring the first available PRACH occasion in the new cell.
· FFS: components. Some components can be 0 in certain cases, if agreed.

· FFS: add/modify/remove other component(s).


In our view, the cell switch delay equals to RRC procedure delay plus the interruption time. And the interruption time is summation of time for cell search, timing tracking, UE processing, interruption uncertainty in acquiring the first available PRACH occasion in the new cell and SSB post-processing. In detail, Tcmd is RRC procedure delay. Tsearch is the time required to search the target cell. Tprocessing is time for UE processing. T∆ is time for fine time tracking and acquiring full timing information of the target cell. Tmargin is time for SSB post-processing. 
Tsearch could be zero for some cases. If the target cell is known, the time for cell search could be 0ms. According to RAN1 LS [4], it is agreed to support DL synchronization for candidate cell(s) based on at least SSB before cell switch command. For this case, Tsearch + Tprocessing + T∆ is zero.
	RAN1 LS (R1-2212948)

Agreement

· Regarding the potential RAN1 enhancements to reduce the handover delay / interruption for Rel-18 LTM

· Support at least DL synchronization for candidate cell(s) based on at least SSB before cell switch command

· Further study the necessary mechanism, e.g. signaling and UE capability

Agreement (Made in RAN1#110b-e)
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)



Proposal 4: Tsearch = 0 for following cases:

· the target cell is known, or
· DL synchronization for candidate cell(s) is performed before cell switch command

Proposal 5: Tprocessing  = 0 for the case that DL synchronization for candidate cell(s) is performed before cell switch command

Proposal 6: the time for time tracking T∆  = 0 for the case that DL synchronization for candidate cell(s) is performed before cell switch command

3. Conclusion
This contribution provides discussion on L1/L2 inter-cell mobility delay requirements. The proposals are:
Proposal 1: it is proposed to define cell switch delay requirements for SpCell change with SCell change:
· Target Pcell/SCell is not current SCell/PCell, and

· Target Pcell/SCell is current SCell/PCell.
Proposal 2: for L1/L2-based inter-cell mobility, the cell switch delay equals the applicable RRC procedure delay plus the interruption time.
Proposal 3: for RACH-less cell switch, the ending point is the first DL/UL reception/transmission on the indicated beam of the target cell. 
Proposal 4: Tsearch = 0 for following cases:

· the target cell is known, or
· DL synchronization for candidate cell(s) is performed before cell switch command

Proposal 5: Tprocessing  = 0 for the case that DL synchronization for candidate cell(s) is performed before cell switch command

Proposal 6: the time for time tracking T∆  = 0 for the case that DL synchronization for candidate cell(s) is performed before cell switch command
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