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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the RAN4 #106 meeting, the L1/L2 based inter-cell mobility were discussed and WF [1] has been approved. In this paper, some issues on L1/L2 inter-cell mobility delay requirements are further discussed.
2. [bookmark: OLE_LINK108][bookmark: OLE_LINK109]Discussion
Issue 4-1-3: Whether to define cell switch delay requirements for SpCell change with SCell change
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]In last meeting, companies had different views on cell switch delay requirements for SpCell change with SCell change. The Way forward during the last meeting is duplicated as below [1]:
	< 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.


[bookmark: OLE_LINK51]In CA case, UE could keep DL/UL synchronization with both PCell and active SCell. So if the target  
PCell/SCell is current SCell/PCell, it is unnecessary for UE to synchronize again with target cell, in which case, the cell switch delay is different with others. So we think the case where “Target PCell/SCell is current SCell/PCell” shall be specified separately. 
Proposal1: 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 4-2-3: Ending point of RACH-less cell switch delay for PCell/PSCell
In last meeting, companies had different views on ending point of RACH-less cell switch delay for PCell/PSCell. The Way forward during the last meeting is duplicated as below [1]:
	< 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)


For RACH-less cell switch, UE needs not to transmit PRACH to the target cell. So we could not follow the definition as RACH-based cell switch. In this case, we need to find an occasion that is easy to be identified by network to indicate the ending point of RACH-less cell switch.
As RAN2 assumed, 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.
So we think the ending point of RACH-less cell switch delay is that UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. 
Proposal 2: For RACH-less cell switch, cell switch delay for PCell/PSCell ends at UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.

Issue 4-2-4: Procedure of cell switch
In last meeting, companies had different views on procedure of cell switch. The Way forward during the last meeting is duplicated as below [1]:
	< 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.


In our understanding, when UE perform T/F fine tracking, the precondition is that the target cell is a known cell for UE or UE has searched the target cell. However, Tsearch is contained in Tinterruption, in which case, if tend to reduce the interruption time during cell switch by performing T/F fine tracking (TΔ) if needed at first and then L1/L2/L3 processing (Tprocessing,2), the target cell should be known cell.
Proposal3: Under the condition that target cell is known, 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.
Issue 4-3-1: RACH-based Cell switch delay for Pcell/PSCell
In last meeting, companies had different views on RACH-based Cell switch delay for Pcell/PSCell. The Way forward during the last meeting is duplicated as below [1]:
	<Wayforward >: 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 opinion, for RACH-based, the starting point and ending point of LTM are same as legacy L3 mobility. So we think the components of LTM could reuse as L3 mobility in TS38.133. It could be shown as
Tdelay = Tcmd + Tsearch + Tprocessing + Tmargin + TIU + T∆,
where, Tcmd is the time for processing L1/L2-command, Tsearch is the time required to search the target cell, Tprocessing is the time for UE processing, T∆ is time for fine time tracking and acquiring full timing information of the target cell, Tmargin is the time for SSB or CSI-RS post-processing, TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell.
For other components, we think the specific mechanism and procedures of LTM is important to study it. So wait for RAN2 progress.
Proposal 4: For RACH-based case,
Tdelay = Tcmd + Tsearch + Tprocessing + Tmargin + TIU + T∆,
where, TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell.
Proposal 5: Wait for RAN2 progress to add other components.

Issue 4-3-2: RACH-less Cell switch delay for Pcell/PSCell
In last meeting, companies had different views on RACH-less Cell switch delay for Pcell/PSCell. The Way forward during the last meeting is duplicated as below [1]:
	<Wayforward >: Take the following delay requirements formula as a starting point for further discussion
· FFS: The baseline of RACH-less cell switch delay is 
Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU,
· FFS: the ending point
· FFS: the exact value of each component. Some components can be 0 in certain cases, if agreed.
· FFS: add/modify/remove other component(s).


For RACH-less case, the cell switch delay could be shown as
Tdelay = Tcmd + Tsearch + Tprocessing + Tmargin + TIU + T∆,
where, Tcmd, Tsearch, Tprocessing, T∆ and Tmargin are same as those of RACH-based cell switch. TIU is the uncertainty in the first DL/UL reception/transmission on the indicated beam.
For Tsearch, it depends on whether to consider unknown cell case for RACH-less cell switch, i.e., issue 3-3-7. If not, Tsearch could be excluded.
Proposal 6: For RACH-less case, the cell switch delay could be shown as
Tdelay = Tcmd + Tsearch + Tprocessing + Tmargin + TIU + T∆,
where, Tcmd, Tsearch, Tprocessing, T∆ and Tmargin are same as those of RACH-based cell switch. TIU is the uncertainty in the first DL/UL reception/transmission on the indicated beam.
· If do not consider unknown cell case for RACH-less cell switch, Tsearch could be excluded.

Issue 4-3-3: Processing time: Tprocessing
In last meeting, companies had different views on Processing time. The Way forward during the last meeting is duplicated as below [1]:
	< Wayforward >: FFS the following Options
· Option 1 (CTC, Huawei, CMCC, ZTE, Nokia): The time for UE processing could be reduced if some procedures have been done before UE receive the cell switch command or for some scenarios.
· Option 1a (CMCC): Tprocessing = 0 for the case that DL synchronization for candidate cell(s) is performed before cell switch command
· Option 1b (ZTE): For intra-DU scenario, UE processing time could be reduced.
· Option 1c (Nokia): LTM is very different from legacy L3 HO. MAC / RLC reset, BB retuning and RF retuning scenarios for LTM are captured in TLTM-processing instead of  Tprocessing2. TLTM-processing is 0ms depending in some conditions (no extra processing needed).
· [bookmark: _Hlk128507505]Option 2 (Apple): Reuse execution time defined in CHO as the processing time in LTM cell switch delay requirements. 
· Option 3 (QC): RAN4 to not assume UE can always finish a processing of RRC configurations for LTM cells before LTM handover command reception, e.g. the processing and loading the configuration before the LTM handover command reception can be limited to measurement related configurations of the LTM cells. And RAN4 to not assume the processing and loading the measurement configuration of the LTM cell before LTM handover command reception means the entire downlink configuration of the LTM target cell is processed and loaded.
· Option 4 (MTK): 
· To avoid defining too much Tprocessing,2 values for different scenarios, suggest focusing only on the typical scenarios and classifying the scenarios into limited groups.
· Categorize all the scenarios into at most four groups depending on if L2/L3 reconfiguration or L1 reconfiguration is needed:
	
	L2/L3 reconfiguration
	L1 reconfiguration
	Typical scenario

	Group#1
	Y
	Y
	· intra-DU or Inter-DU, intra-frequency or inter-frequency cell switch with L1 and L2/L3 reconfiguration

	Group#2
	N
	Y
	· intra-DU or Inter-DU, intra-frequency or inter-frequency cell switch without L2/L3 reconfiguration but with L1 reconfiguration:
· including switch to active SCell without L2/L3 reconfiguration

	Group#3
	N
	N
	· intra-frequency cell switch without L1/L2/L3 reconfiguration, maybe intra-DU or inter-DU

	Group#4
	Y
	N
	· intra-frequency cell switch with L2/L3 reconfiguration, maybe intra-DU or inter-DU


· Tprocessing,2=20ms for intra-FR cell switch and Tprocessing,2=40ms for inter-FR cell switch when software processing for L2/L3 reconfiguration and L1 reconfiguration is needed. FFS: the value for other groups.


As RAN2 assumed, the time for UE processing, before and after cell switch command, respectively. This may include L2/3 reconfiguration, RF retuning, baseband retuning, security update if needed, etc.
In our understanding, if some procedures have been done before UE receives the cell switch command, i.e. security update, the time for UE process could been reduced in certain case.
Proposal 7: The time for UE processing could been reduced if some procedures have been done before UE receive the cell switch command.

Issue 4-3-4: T/F fine tracking: TΔ and Tmargin
In last meeting, companies had different views on T/F fine tracking. The Way forward during the last meeting is duplicated as below [1]:
	< Wayforward >: FFS the following Options
· Option 1 (Apple, MTK, Xiaomi): The baseline is: TΔ=1 Tfirst-RS, Tmargin = 2ms
· FFS: whether TΔ and Tmargin can be 0 under certain conditions.
· Option 2 (CMCC, Huawei): TΔ = 0 for the case that DL synchronization for candidate cell(s) is performed before cell switch command


TΔ is the time fine tracking and acquiring full timing information and Tmargin is the time for SSB post-processing, the procedure is same as L3 HO. So, we think the requirements for L3 HO could be reuse as baseline. In addition, for L1/L2 mobility, we think the DL synchronization for candidate cell(s) could be performed before cell switch command, in which case, TΔ can be 0.
Proposal 8: Reuse the requirements for L3 HO as baseline, i.e., TΔ=1 Tfirst-RS, Tmargin = 2ms.
· Under the condition that DL synchronization for candidate cell(s) has been performed before cell switch command, TΔ can be 0.

Issue 4-3-5: Cell search for RACH-based cell switch: Tsearch
In last meeting, companies had different views on cell search for RACH-based cell switch. The Way forward during the last meeting is duplicated as below [1]:
	<Wayforward >: FFS the following Options
· For RACH-based cell switch, Tsearch equals to 0 when target cell is known or target cell is current active Scell
· FFS: whether to define requirements for unknown cell.


[bookmark: OLE_LINK37][bookmark: OLE_LINK38]If UE could know the valid target cell and beam information in advance, the time for cell search could reach to 0ms. In this case, target cell is known for UE. Target cell is current active Scell equal to target cell is known.
Proposal 9: For RACH-based cell switch, Tsearch equals to 0 when target cell is known or target cell is current active Scell.

Issue 4-3-11: Tinterruption
In last meeting, companies had different views on Tinterruption. The Way forward during the last meeting is duplicated as below [1]:
	< Wayforward >: FFS the following proposals
· Proposal 1 (Apple, CTC, CMCC, OPPO): The components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd
· Proposal 2 (Nokia): LTM cell switch interruption time should be minimized, and upper limit should be agreed not to exceed the existing L3 HO interruption time. The target should be to be as close to a beam switch delay as possible.
· Proposal 3 (Huawei): There is almost no interruption during cell switch procedure when target Pcell/SCell is current SCell/PCell.


[bookmark: OLE_LINK22][bookmark: OLE_LINK27]When UE processes the cell switch command, it could remain the connection with source cell. So it should be excluded from Tinterruption. In which case, the components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd.
Proposal 10: Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd.
Issue 4-4-1: known cell conditions
In last meeting, companies had different views on known cell conditions. The Way forward during the last meeting is duplicated as below [1]:
	<Wayforward >: FFS the following Options
· Use the following known cell condition as a baseline for further study:
· The target cell is known if it has been meeting the following conditions:
· During the last 5 seconds before the reception of the cell switch command:
· the UE has sent a valid L1 or [L3] measurement report for the target cell and
· One of the SSBs measured from the NR target cell being configured remains detectable according to the cell identification conditions specified in clause 9.3,
· One of the SSBs measured from the target cell also remains detectable during the cell switch delay according to the cell identification conditions specified in clause 9.3.
· otherwise it is unknown.


We agree add the L1 measurement report for the target cell in known case.
Proposal 11: Agree with the above option as known cell conditions. 
3. Summary
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]In this paper, we provide our views on L1/L2 inter-cell mobility delay requirements. From this discussion we have derived the following observations and proposals: 
Proposal1: Specify cell switch requirements for the following scenarios:
· Target Pcell/SCell is not current SCell/PCell, and
· Target Pcell/SCell is current SCell/PCell.
Proposal 2: For RACH-less cell switch, cell switch delay for PCell/PSCell ends at UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.
Proposal3: Under the condition that target cell is known, 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.
Proposal 4: For RACH-based case,
Tdelay = Tcmd + Tsearch + Tprocessing + Tmargin + TIU + T∆,
where, TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell.
Proposal 5: Wait for RAN2 progress to add other components.
Proposal 6: For RACH-less case, the cell switch delay could be shown as
Tdelay = Tcmd + Tsearch + Tprocessing + Tmargin + TIU + T∆,
where, Tcmd, Tsearch, Tprocessing, T∆ and Tmargin are same as those of RACH-based cell switch. TIU is the uncertainty in the first DL/UL reception/transmission on the indicated beam.
· If do not consider unknown cell case for RACH-less cell switch, Tsearch could be excluded.
Proposal 7: The time for UE processing could been reduced if some procedures have been done before UE receive the cell switch command.
Proposal 8: Reuse the requirements for L3 HO as baseline, i.e., TΔ=1 Tfirst-RS, Tmargin = 2ms.
· Under the condition that DL synchronization for candidate cell(s) has been performed before cell switch command, T∆ can be 0.
Proposal 9: For RACH-based cell switch, Tsearch equals to 0 when target cell is known or target cell is current active Scell.
Proposal 10: Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd.
Proposal 11: Agree with the above option as known cell conditions. 
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