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[bookmark: _Toc116995841]Introduction
In this paper, we will focus on the issues related to LTM delay requirements. 

[bookmark: _Toc116995842]Discussion
LTM delay budgets
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Figure 1: LTM Delay scenarios, LTM interruption delay budget should be between TCI switch and L3 Handover
LTM cell switch command is based on MAC CE similarly to MAC CE based active TCI state switch. Therefore, the starting point of LTM delays should be MAC CE based active TCI state switch delay scenario instead of RRC-based L3 Handover. This doesn’t mean that LTM wouldn’t benefit from using the usual Tdelay structure but it means that the design of the delay components should be flexible enough to accommodate both ends of the delay budget.   
[bookmark: _Toc132021231][bookmark: _Toc127564335]Highest delay scenario for LTM can use similar components to L3 Handover (Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU). Lowest delay scenario for LTM should be based on MAC CE based TCI switch delay. Conditions are FFS. 

LTM Open issues
	Issue 4-3-1: RACH-based Cell switch delay for Pcell/PSCell
<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).




For RACH-based case, similar baseline to other delay components can be used. For LTM, Tprocessing is expected to be different based on the UE conditions, and cell switch command. Therefore, the Tprocessing for LTM should be different than Tprocessing for L3 handover. 
[bookmark: _Toc132021232]For RACH-based cell switch delay, TLTM-delay = Tcmd + TLTM-processing + Tsearch + T∆ + Tmargin + TIU.  Some components can have value 0 in certain cases. 
	Issue 4-3-2: RACH-less Cell switch delay for Pcell/PSCell
<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).
 



RAN1 has still many open questions regarding the RACH-less design and RAN4 should not work on top of moving baseline. Therefore, RAN4 can focus on other issues in LTM and resolve RACH-less delay requirements once RAN1 has made more agreements.
[bookmark: _Toc132021233]RAN4 RACH-less delay work waits for RAN1 to finalise RACH-less design.  

	Issue 4-3-3: Processing time: Tprocessing
< 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).
· 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.




Being a lower level mobility procedure, LTM design is different from legacy L3 HO. Therefore, MAC / RLC reset, BB retuning and RF retuning scenarios for LTM should be captured in TLTM-processing instead of  Tprocessing2. TLTM-processing is 0ms depending on some conditions (no extra processing needed). RAN4 can assume that UE is able to perform processing of RRC configurations either upon arrival, or prior to cell switch. In some cases, partial RRC loading can be done before the cell switch command. 
[bookmark: _Toc132021234]Some of the RRC processing can be done prior to the cell switch to reduce the delay. FFS what parts are done when the configuration arrives. 
[bookmark: _Toc132021235]At least partial RRC processing is done before the cell switch command. Exact conditions can be FFS. 
[bookmark: _Toc132021236]TLTM-processing Should consider a scenario where the user plane does not need reset, and there is no need for further RRC processing. 
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.
	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




T/F fine tracking baseline is: TΔ=1 Tfirst-RS, Tmargin = 2ms. TΔ and Tmargin can be 0 under certain conditions.
[bookmark: _Toc132021237]T/F fine tracking baseline is: TΔ=1 Tfirst-RS, Tmargin = 2ms. TΔ and Tmargin can be 0 under certain conditions.
	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.




[bookmark: _Toc132021238]For RACH-based cell switch, Tsearch equals to 0 when target cell is known.
[bookmark: _Toc132021239]Define requirements for RACH-based scenario with unknown target 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.




As we discussed under issue 4-3-2, RAN1 has still many open questions regarding the RACH-less design and RAN4 should wait for further conclusions from RAN1 before agreeing on the details of this topic. 
[bookmark: _Toc132021240]Cell search for RACH-less cell switch waits for RAN1 
	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.
 




TCI state switching is a valid scenario for LTM. The time should be considered in the LTM. In some cases, the time can be very low. 
[bookmark: _Toc132021241]TCI state switching delay shall be considered depending on the scenario. The design requires LTM mobility measurements to be discussed first. 
	Issue4-3-8: Whether to define PCell/PSCell switch delay requirements for unknown TCI state case
<Wayforward >: FFS the following Options
· Only define cell switch requirement for known TCI state case in LTM for FR2.




LTM should support scenario where target TCI state is known, and the switch is very fast. LTM should also support a scenario where target TCI state is unknown as LTM is a mobility procedure. Exact delays are FFS. 
[bookmark: _Toc132021242]LTM should support scenario where TCI state is known, and the switch very is fast. LTM should also support a scenario where TCI state is unknown as LTM is a mobility procedure. Exact delay components for LTM are FFS.

	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.



 
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. 
We think that in the scenario when the target Pcell/SCell is a current SCell/PCell, there is almost no interruption during cell switch procedure. 
[bookmark: _Toc132021243]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. 
[bookmark: _Toc132021244]TLTM-interruption delay shall consider the case where the interruption is close to TCI switching delay. 
[bookmark: _Toc132021245]There is almost no interruption during cell switch procedure when target Pcell/SCell is a current SCell/PCell.

	Issue 4-4-1: known cell conditions
<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.




For LTM, there is no need to define time (seconds) restriction since the last L3 measurement report was received. Therefore, we should specify “Before the reception of the cell switch command the UE has sent a valid L1 or [L3] measurement report for the target cell”. 
[bookmark: _Toc132021246]Discuss known cell conditions after LTM mobility measurements are clear 
[bookmark: _Toc132021247]Remove “During the last 5 seconds” from known cell conditions

	Issue 4-4-2: known TCI state conditions
<Wayforward >: FFS the following Options
· Use the following known TCI state condition as a baseline for further study:
· The TCI state is known if the following conditions are met:
· During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of cell switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
· Cell switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
· The UE has sent at least 1 L1-RSRP report for the target TCI state before the cell switch command
· The TCI state remains detectable during the cell switching period
· The SSB associated with the TCI state remain detectable during the cell witching period
· SNR of the TCI state ≥ -3dB
· Otherwise, the TCI state is unknown.




[bookmark: _Toc132021248]Discuss known cell conditions after LTM mobility measurements are clear. 
[bookmark: _Toc132021249]Revisit the known TCI state conditions for LTM. 

[bookmark: _Toc116995848]

Conclusion
Proposal 1: Highest delay scenario for LTM can use similar components to L3 Handover (Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU). Lowest delay scenario for LTM should be based on MAC CE based TCI switch delay. Conditions are FFS.
Proposal 2: For RACH-based cell switch delay, TLTM-delay = Tcmd + TLTM-processing + Tsearch + T∆ + Tmargin + TIU.  Some components can have value 0 in certain cases.
Proposal 3: RAN4 RACH-less delay work waits for RAN1 to finalise RACH-less design.
Proposal 4: Some of the RRC processing can be done prior to the cell switch to reduce the delay. FFS what parts are done when the configuration arrives.
Proposal 5: At least partial RRC processing is done before the cell switch command. Exact conditions can be FFS.
Proposal 6: TLTM-processing Should consider a scenario where the user plane does not need reset, and there is no need for further RRC processing.
Proposal 7: T/F fine tracking baseline is: TΔ=1 Tfirst-RS, Tmargin = 2ms. TΔ and Tmargin can be 0 under certain conditions.
Proposal 8: For RACH-based cell switch, Tsearch equals to 0 when target cell is known.
Proposal 9: Define requirements for RACH-based scenario with unknown target cell.
Proposal 10: Cell search for RACH-less cell switch waits for RAN1
Proposal 11: TCI state switching delay shall be considered depending on the scenario. The design requires LTM mobility measurements to be discussed first.
Proposal 12: LTM should support scenario where TCI state is known, and the switch very is fast. LTM should also support a scenario where TCI state is unknown as LTM is a mobility procedure. Exact delay components for LTM are FFS.
Proposal 13: 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 14: TLTM-interruption delay shall consider the case where the interruption is close to TCI switching delay.
Proposal 15: There is almost no interruption during cell switch procedure when target Pcell/SCell is a current SCell/PCell.
Proposal 16: Discuss known cell conditions after LTM mobility measurements are clear
Proposal 17: Remove “During the last 5 seconds” from known cell conditions
Proposal 18: Discuss known cell conditions after LTM mobility measurements are clear.
Proposal 19: Revisit the known TCI state conditions for LTM.
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