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1	Introduction
A WF on Rel-18 Mobility enhancement was approved in RAN4#106 meeting [1]. 
In this contribution, we discuss the remaining issues on L1/L2 inter-cell mobility delay requirements.
2	Discussion
General and Principles
	Issue 4-1-1: Whether define cell switch delay requirements for the case “PCell change with PSCell change”
Ad hoc agreement
< Agreement >: 
· 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”.
[bookmark: _Hlk127879225]Issue 4-1-2: Define cell switch delay requirements for SpCell change without SCell change
Offline agreement
< Agreement >: 
· Define cell switch delay requirements for:
· PCell change without SCell change
· PSCell change without SCell change

	Issue 4-1-3: Whether to define cell switch delay requirements for SpCell change with SCell change
< Wayforward >: FFS the following Options
· Option 1 (CATT, MTK): 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.
· MTK: If time permits, define cell switch delay requirements for SCell change at PCell change and focus on single non-PUCCH SCell.
· Option 2 (Apple, Intel): 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 (Huawei, CMCC, vivo, Ericsson): Specify cell switch requirements for the following scenarios:
· Target Pcell/SCell is not current SCell/PCell, and
· Target Pcell/SCell is current SCell/PCell.

Issue 4-1-4: Principles to follow and factors to consider when specify cell switch delay requirements 
< Wayforward >: Take the following principles and factors in consideration for further discussion
· RAN4 works for a general form of cell switch delay requirements and leave the value of some delay components as scenario-dependent, e.g. 
· FR1 to FR1, FR1 to FR2, FR2 to FR1, FR2 to FR2
· With pre-sync and without pre-sync cases
· When one of SCells is promoted to PCell, whether the SCell is for DL-only or both DL/UL
· intra- and inter-frequency cell switch
· FFS
· Companies are encouraged to analyse the impact on the components of cell switch delay of each factor.

Issue 4-1-5: LTM delay requirements
<Wayforward >: FFS the following Options
· Not define the LTM delay requirement which starts from UE receives RRC configuration on candidate cell(s).


Based on RAN2’s guidance, we think PSCell change without MN involvement could have higher priority in this release. So, considering the workload, we support to not define cell switch delay requirements for the case “PCell change with PSCell change”. We are open to define cell switch delay requirements for SpCell change with SCell change if time allowes in this release since they are in the scope clearly.
We slightly prefer to consider the case as higher priority that target Pcell/SCell is current SCell/PCell. Role change between PCell and SCell within MCG or PScell and Scell within SCG could be more possible and reduce the delay in LTM.
Proposal 1: Define cell switch delay requirements for the case “SpCell change with SCell change” in this release, and consider the case as higher priority that target Pcell/SCell is current SCell/PCell.
Timeline of cell switch delay
	[bookmark: _Hlk128502695]Issue 4-2-1: Starting point of cell switch delay for PCell/PSCell
Offline agreement
< Agreement >:
· Cell switch delay for PCell/PSCell starts at UE receives cell switch command.
Issue 4-2-2: Ending point of RACH-based cell switch delay for PCell/PSCell
Offline agreement
< Agreement >:
· For RACH-based cell switch, cell switch delay for PCell/PSCell ends at UE transmitting PRACH to the target cell.
Issue 4-2-3: Ending point of RACH-less cell switch delay for PCell/PSCell
< Wayforward >: FFS the following Options
· Option 1 (Apple, MTK, xiaomi): UE performs the first UL transmission on the indicated beam of the target cell.
· Option 2 (CTC, CMCC, ZTE, OPPO, Huawei): UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.
· Option 3 (Ericsson): Use same ending point as RAN1/2 (if any)
Issue 4-2-4: Procedure of cell switch
< Wayforward >: FFS the following Option
· Option 1 (MTK): Further discuss whether UE can perform T/F fine tracking (TΔ) if needed at first and then L1/L2/L3 processing (Tprocessing,2) to reduce the interruption time during cell switch.


As agreed in last RAN4 meeting, for RACH-based case, the timeline for L1/L2-based inter-cell mobility is defined as the time UE receives the cell switch command to UE starts transmission of the new uplink PRACH channel to the target cell.
RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. For RACH-less, the UE is not expected to acquire TA during the cell switch, but before cell switch command is received in L1/L2 based mobility. The feasibility of RACH-less may depend on RAN1, and RAN1 is working on RACH-based or RACH-less solutions of acquire TA of candidate cells. 
From RAN4’s perspective, both RACH-based and RACH-less based timeline for L1/L2 mobility delay need to be defined if RACH-less and RACH-based case are supported.
· For RACH-less case (if supported), the timeline for L1/L2-based inter-cell mobility is defined as the time 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-based case (if supported), the timeline for L1/L2-based inter-cell mobility is defined as the time UE receives the cell switch command to UE starts transmission of the new uplink PRACH channel to the target cell.
Proposal 2: For RACH-less case, the timeline for L1/L2-based inter-cell mobility is defined as 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.
Sub-topic 4-3 Detail of cell swith delay requirements for Pcell/PSCell
	Background: To discuss whether to include other components in L1/L2 inter-cell mobility delay except the components in the following table.
	[bookmark: _Hlk118408264]Components
	Meaning

	Tcmd
	Time for processing L1/L2-command (HARQ and parsing)

	Tprocessing,2
	Time for UE processing. This may include L2/3 reconfiguration, RF retuning, baseband retuning, security update if needed, etc.

	Tsearch
	Time required to search the target cell

	TΔ
	Time for fine tracking and acquiring full timing information

	Tmargin
	Time for SSB or CSI-RS post-processing

	TIU
	interruption uncertainty in acquiring the first available PRACH occasion in the new cell



Issue 3-3-1: RACH-based Cell switch delay for Pcell/PSCell
< Wayforward >: FFS the following options
· The baseline of RACH-based Cell switch delay requirements for PCell/PSCell 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: the exact value of each component. Some components can be 0 in certain cases, if agreed.
· FFS: add other components, e.g., execution time and/or TCI state switching time
Issue 3-3-2: RACH-less Cell switch delay for Pcell/PSCell
< Wayforward >: FFS the following options
· Option 1 (CTC, MTK):  Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU,
where TIU is the uncertainty in acquiring the first PUSCH transmission occasion or SR on PUCCH.
· Option 2 (Xiaomi): Tdelay = Tcmd + Tprocessing + T∆ + Tmargin + TTCI_switch +TCSI_report,
· Option 3 (OPPO):  Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU,
where TIU is the uncertainty in the first DL/UL reception/transmission on the indicated beam
· Option 4 (Ericsson): Tdelay = Tcmd + Tprocessing


The baseline of RACH-based Cell switch delay requirements for PCell/PSCell is command processing time and interruption: DL1/L2_mobility = Tcmd + Tinterrupt.
· Tcmd is L1/L2 command processing delay, e.g. MAC/DCI decoding time;
· Tinterrupt is the data interruption time during the mobility procedure including all the other components in L1/L2 inter-cell mobility delay except L1/L2 command processing delay (Tcmd). L1/L2 inter-cell mobility delay (DL1/L2_mobility) is defined as 
Proposal 3: DL1/L2_mobility = Tcmd + Tinterrupt, where Tinterruption includes all the other components in L1/L2 inter-cell mobility delay except L1/L2 command processing delay (Tcmd).
The interruption should at least consider the following components and the possible reduction.
· UE processing time;
· Cell search time;
· Fine timing tracking time;
· Uncertainty delay;
RAN2 agreed that a L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered. RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, FFS if the MAC CE or a DCI is used for the actual triggering. Thus, the MAC/DCI decoding delay should be one component instead of RRC processing delay in the timeline. 
For UE processing, the following is assumed to be performed after receiving the cell switch command: MAC/RLC reset (when configured), RF retuning (e.g. needed for inter-frequency), baseband retuning. No security update support in Rel-18 with L1/L2 based mobility.
For cell search, the target/candidate cell is assumed to be known or current SCell. In this case, Tsearch = 0. Otherwise, for inter-frequency neighbor cell which has not detected before, Tsearch could be long duration which is not an expected scenario for L1/L2 based faster mobility. 
Similar to L3 mobility, TΔ for fine time tracking and acquiring full timing information and Tmargin for SSB or CSI-RS post-processing are also needed for L1/L2 based mobility.
TIU is also needed due to interruption uncertainty in acquiring the first available PRACH occasion in the new cell or the first DL/UL reception/transmission on the indicated beam.

We prefer to consider known TCI state only and extra TCI state switching delay is not needed. If TCI state is unknown, UE is supposed to perform L1-RSRP measurement during cell switch, which leads to much longer delay and interruption, compared to legacy L3 HO. There is no benefit to trigger cell switch for unknown case.
Proposal 4: Consider known TCI state only and extra TCI state switching delay is not needed
In summary, we propose to consider the following components for L1/L2 based mobility delay:
Proposal 5: L1/L2 based inter-cell mobility delay should consider at least the following components
· Tcmd : L1/L2 command processing delay, e.g. MAC/DCI decoding time
· Tprocessing : UE processing time including MAC/RLC reset (when configured), RF retuning and baseband retuning
· Cell search time: if the target/candidate cell is assumed to be known or current SCell, Tsearch = 0
· TΔ : fine timing tracking time
· Tmargin: SSB or CSI-RS post-processing
· TIU: Interruption uncertainty in acquiring the first available PRACH occasion in the new cell or the first DL/UL reception/transmission on the indicated beam
3	Conclusion
In summary, we propose to consider the followings:
Proposal 1: Define cell switch delay requirements for the case “SpCell change with SCell change” in this release, and consider the case as higher priority that target Pcell/SCell is current SCell/PCell.
Proposal 2: For RACH-less case, the timeline for L1/L2-based inter-cell mobility is defined as 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.
Proposal 3: DL1/L2_mobility = Tcmd + Tinterrupt, where Tinterruption includes all the other components in L1/L2 inter-cell mobility delay except L1/L2 command processing delay (Tcmd).
Proposal 4: Consider known TCI state only and extra TCI state switching delay is not needed.
Proposal 5: L1/L2 based inter-cell mobility delay should consider at least the following components
· Tcmd : L1/L2 command processing delay, e.g. MAC/DCI decoding time
· Tprocessing : UE processing time including MAC/RLC reset (when configured), RF retuning and baseband retuning
· Cell search time: if the target/candidate cell is assumed to be known or current SCell, Tsearch = 0
· TΔ : fine timing tracking time
· Tmargin: SSB or CSI-RS post-processing
· TIU: Interruption uncertainty in acquiring the first available PRACH occasion in the new cell or the first DL/UL reception/transmission on the indicated beam
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