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1. Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK110][bookmark: OLE_LINK111]In the last RAN4 meeting, WF on L1/L2 inter-cell mobility was approved. In this contribution [1], some open issues on L1/L2 inter-cell mobility delay requirements are further discussed.
2. Discussion
Timeline of cell switch delay for Pcell/PSCell
The timeline in Figure 1 and the meaning of components are the basis for analyzing cell switch delay requirements for Pcell/PSCell:
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Figure 1
Table 1
	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 4-2-3: Ending point of RACH-less cell switch delay for PCell/PSCell
< Wayforward >: FFS the following Options
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]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 the ending point of RACH-less cell switch delay for PCell/PSCell, we support that the ending point of cell switch delay for PCell/PSCell is that UE performs the first UL transmission on the indicated beam of the target cell. And if RAN2 define some indication, RAN4 should align with RAN2.
Proposal 1: The ending point of RACH-less cell switch delay for PCell/PSCell is that UE performs the first UL transmission on the indicated beam of the target cell. And if RAN2 define some indication, RAN4 should align with RAN2.
Detail of cell swith delay requirements for Pcell/PSCell
For the principles to follow when specify cell switch delay requirements, at least conclude the following:
Based on RAN1’s agreement, both DL and UL will support synchronization before cell switch command. So, it is reasonable to classify the cell switch delay into pre-sync and without pre-sync cases [2]. And the components of cell switch delay include Tsearch,T∆, Tmargin and TIU will have the different values. 
In addition, intra- and inter-frequency cell switch may also have an impact on cell switch delay, the definition of known/unknown may be different for intra-frequency and inter-frequency, and the case of‘role change’ may need the differentiation.
Proposal 2: RAN4 at least take the following principles in consideration for cell switch delay requirements.
· Pre-sync and without pre-sync cases
· Intra- and inter-frequency cell switch cases
Issue 4-3-4: T/F fine tracking: TΔ and Tmargin
< 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
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]We support option 1. For the certain conditions where TΔ and Tmargin can be 0, we believe that for the case of the TCI state to use for the target cell is already in the active TCI state list, it is also necessary for the UE to meet the Te requirement for an initial transmission, that is, at least one SSB is available at the UE during the last 160ms [3], then the UE does not need to perform T/F fine tracking on subsequent initial transmission, that is, TΔ and Tmargin can be 0.
For option 2，RAN1 already support synchronization before cell switch command. However, we believe that even if pre DL-sync is applied, it may be necessary to perform T/F fine tracking after receiving a cell switch command, which means that TΔ may not necessarily be 0.
Proposal 3: The baseline is: TΔ=1 Tfirst-RS, Tmargin = 2ms
· When TCI state to use for the target cell is already in the active TCI state list, it is also necessary for the UE to meet the Te requirement for an initial transmission, that is, at least one SSB is available at the UE during the last 160ms, then TΔ and Tmargin can be 0.
Issue 4-3-5: Cell search for RACH-based cell switch: Tsearch
<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.
Issue 4-3-6: Cell search for RACH-less cell switch: Tsearch
<Wayforward >: FFS the following Options
· For RACH-less cell switch, Tsearch equals to 0 when target cell is known or target cell is current active Scell.

For the condition where Tsearch can be skipped for RACH-based and RACH-less cell switch, we support that Tsearch equals to 0 when target cell is known or target cell is current active Scell. And if pre DL-sync is applied, Tsearch can be 0.
Proposal 4: For RACH-based and RACH-less cell switch, Tsearch equals to 0 when target cell is known or target cell is current active Scell.
Proposal 5: If pre DL-sync is applied, Tsearch can be 0.
[bookmark: _Hlk127883748]Issue 4-3-7: TCI state switching time
< Wayforward >: FFS the following Options
· Option 1 (Intel, MTK, OPPO): no need to add TCI state switching time in cell switch delay.
· Option 2 (ZTE, Xiaomi): FFS to add TCI state switching time in cell switch delay.
Proposal 6: For PCell/PSCell switch delay, extra TCI state switching time is not needed.
Issue 4-3-11: Tinterruption
< 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.
We support Proposal 1. For Proposal 2, it is also a basic principle because of the intention of LTM cell switch. The interruption time expected to 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 7: The components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd.
Proposal 8: 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.
3. Conclusion
[bookmark: _Toc423020280][bookmark: _GoBack]In this paper, we provide our views on L1/L2 inter-cell mobility delay requirements. From this discussion we have derived the following proposals: 
Proposal 1: The ending point of RACH-less cell switch delay for PCell/PSCell is that UE performs the first UL transmission on the indicated beam of the target cell. And if RAN2 define some indication, RAN4 should align with RAN2.
Proposal 2: RAN4 at least take the following principles in consideration for cell switch delay requirements.
· Pre-sync and without pre-sync cases
· Intra- and inter-frequency cell switch cases
Proposal 3: The baseline is: TΔ=1 Tfirst-RS, Tmargin = 2ms
· When TCI state to use for the target cell is already in the active TCI state list, it is also necessary for the UE to meet the Te requirement for an initial transmission, that is, at least one SSB is available at the UE during the last 160ms, then TΔ and Tmargin can be 0.
Proposal 4: For RACH-based and RACH-less cell switch, Tsearch equals to 0 when target cell is known or target cell is current active Scell.
Proposal 5: If pre DL-sync is applied, Tsearch can be 0.
Proposal 6: For PCell/PSCell switch delay, extra TCI state switching time is not needed.
Proposal 7: The components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd.
Proposal 8: 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.
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