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[bookmark: _Toc116995841]Introduction
In this contribution we discuss the details of LTM cell switch delay. The discussion involves our current views about the different delay components, taking into account the ongoing status of the discussion about L1 measurement requirements and RAN1/RAN2 status.
Discussion
LTM interruption
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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, while RRC-based L3 handover delay should be the upper limit. The design of the delay components should be flexible enough to accommodate both ends of the delay budget. Furthermore, interruption caused by LTM handover should not exceed the interruption caused by L3 handover.
[bookmark: _Toc135078015][bookmark: _Toc135084128]LTM handover delay/interruption may, depending on the scenario, vary between MAC-CE based TCI state switching and L3 handover delay/interruption.

[bookmark: _Toc135078016][bookmark: _Toc135084129][bookmark: _Toc132021231]Interruption caused by LTM handover shall not exceed the interruption time caused by L3 handover. 
Details of cell switch delay requirements for PCell/PSCell
RAN4 has agreed the following about the starting and ending point of LTM cell switch delay:

	Issue 4-2-1: Starting point of cell switch delay for PCell/PSCell
< 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
< Agreement >:
· For RACH-based cell switch, cell switch delay for PCell/PSCell ends at UE transmitting PRACH to the target cell.
Issue 3-2-1: Ending point of RACH-less cell switch delay for PCell/PSCell
< Agreement>:
· Wait for more progress in RAN2




Furthermore, in RAN4#106-bis meeting, the following agreements were made regarding the baseline of RACH-based and RACH-less cell switch delay for PCell and PSCell:

	Issue 3-3-1: RACH-based Cell switch delay for Pcell/PSCell
< Agreement>:
· The baseline of RACH-based cell switch delay requirements is Tdelay = Tcmd + Tprocessing / TLTM-processing + Tsearch + T∆ + Tmargin + Tuncertainity/TIU, where Tuncertainity/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/remove/modify other component(s).
Note: ‘/’ means ‘or’ here.
Issue 3-3-2: RACH-less Cell switch delay for Pcell/PSCell
< Agreement>:
· The baseline of RACH-less cell switch delay requirements is Tdelay = Tcmd + Tprocessing,2 / TLTM-processing + Tsearch + T∆ + Tmargin + Tuncertainity/TIU,
· FFS: the ending point
· FFS: the exact value of each component. Some components can be 0 in certain cases, if agreed.
· FFS: add/remove/modify other component(s).
Note: ‘/’ means ‘or’ here.




In the following we discuss the components of Tdelay further one by one.
Tcmd
The value for Tcmd, which corresponds to the time it takes for the UE to process the MAC-CE cell switch command, was agreed to be THARQ+3ms in the last RAN4 meeting.
TLTM-processing
Tprocessing consists of e.g. MAC/RLC reset, BB retuning and RF retuning and presumably RRC processing. In legacy handover scenarios, the value for Tprocessing is 20 ms when source and target cell are in the same frequency range, and the value is 40 ms when source and target cell are in different frequency ranges.

As defined by RAN2, the difference in Tprocessing compared to legacy is that part of the processing may happen already after the network has configured the candidate cells to the UE and before the actual cell switch command. Hence, Tprocessing is split into Tprocessing1 and Tprocessing2 in the RAN2 discussions, where Tprocessing1 happens before the cell switch command and Tprocessing2 happens after the cell switch command.
From RAN4 point of view, the LTM HO delay and interruption to be defined only contains the Tprocessing2 part i.e. the processing that is done after the cell switch command. As we have proposed in the previous meetings, since LTM is a lower layer procedure, LTM design is different from legacy L3 HO and hence, the processing delay should be captured in TLTM-processing instead of Tprocessing2. Therefore, in the following we refer to this parameter as TLTM-processing.
RAN4 can assume that UE is able to perform at least part of the processing of candidate cell RRC configurations directly upon arrival and prior to cell switch. In some cases, partial RRC loading can be done before the cell switch command. The amount of processing that remains to be done after the cell switch command may depend on the scenario.
[bookmark: _Toc135078017][bookmark: _Toc135084130]Some of the RRC processing can be done prior to the cell switch command to reduce the cell switch delay. FFS which parts of the processing are done before and after the cell switch command.
The value of TLTM-processing may depend at least on:
· Whether the target cell is a current serving cell or a neighbor cell
· Frequency range of the source and target cell
· Whether the UE has performed DL/UL synchronization before the cell switch command

In our view, when the target cell is a current serving cell, the overall delay can be very short and TLTM-processing can be zero.
[bookmark: _Toc135078018][bookmark: _Toc135084131]When the target cell is a current serving cell, TLTM-processing = 0.
Tsearch
The definition of Tsearch in legacy handover is:
· Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE.
The value of Tsearch in legacy HO delay is zero when the target cell is known. RAN4 has not yet agreed the known cell condition for LTM HO or whether unknown cell case will be supported by the WI. If RAN4 agrees to include requirements for both known and unknown cells and the definition of Tsearch is followed from the legacy, Tsearch should be zero also for LTM when the target cell is known.
[bookmark: _Toc132021238][bookmark: _Toc135078019][bookmark: _Toc135084132]If delay requirements are defined for known and unknown target cell, Tsearch = 0 when the target cell is known.
Also, when the target cell is a current serving cell, Tsearch can in our view be zero.
[bookmark: _Toc135078020][bookmark: _Toc135084133]If delay requirements are defined for known and unknown target cell, Tsearch = 0 when the target cell is a current serving cell.
Considering the requirements when the target cell is unknown, this depends on the exact known cell definition and the steps taken before the cell switch. As it was agreed in the last meeting, RAN4 should wait for RAN1 progress before making final agreements about the requirements related to the target cell being known and unknown.
[bookmark: _Toc135078021][bookmark: _Toc135084134]Value of Tsearch in the unknown target cell scenario is pending on RAN1 agreements and the definition of known cell condition.
TΔ and Tmargin
For L3 handover in section 6.1 of 38.133, T∆ and Tmargin are defined as:

· T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs for both known and unknown target cell.
· Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.

Legacy values can be used as baseline for T/F fine tracking: TΔ=1 Tfirst-RS, Tmargin = 2ms. TΔ and Tmargin can be 0 under certain conditions.
[bookmark: _Toc132021237][bookmark: _Toc135078022][bookmark: _Toc135084135]T/F fine tracking baseline is: TΔ=1 Tfirst-RS, Tmargin = 2ms. TΔ and Tmargin can be 0 under certain conditions.
Tuncertainty/TIU
For L3 handover in section 6.1 of 38.133, TIU is defined as:

· TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].

With PDCCH ordered RACH before LTM cell switch, random access procedure will take place before the cell switch command based on PDCCH order (RACH-less cell switch). If the random access can be completed fully before the cell switch command, TIU can be zero. However, RAN1 design of PDCCH ordered RACH within the LTM framework is not completed yet. Therefore, RAN4 should take into account any new agreements related to PDCCH ordered RACH work in RAN1 to get the details correct. 
[bookmark: _Toc135078023][bookmark: _Toc135084136]If random access can be fully completed before the cell switch command, TIU = 0.
When random access is performed after the cell switch command, legacy definition of TIU can be used as the baseline. However, RAN4 should wait for further RAN1 agreements about random access after cell switch.
[bookmark: _Toc135078024][bookmark: _Toc135084137]If random access happens after the cell switch command, legacy definition of TIU can be used as the baseline depending on RAN1 agreements.
TCI state switching related
According to RAN1 LS (R1-2304276), RAN1 has agreed that unified TCI framework is used for LTM. In our understanding it is still open whether Rel-15/16 TCI framework is supported as well. 
[bookmark: _Toc135078025][bookmark: _Toc135084138]RAN1 has agreed that unified TCI is supported for LTM. FFS whether Rel-15/16 TCI framework is supported as well.

In unified TCI based beam indication, the procedure consists of the following steps:
1. RRC-based configuration of TCI states (joint UL/DL TCI states or separate UL and DL TCI states)
2. MAC-CE based activation of up to 8 TCI states
3. DCI-based indication of single TCI state

According to the LS, RAN1 has also agreed that TCI state activation of a candidate cell can at least be received before the cell switch command, which means that the UE may start measuring the SSBs before the cell switch command. It is still FFS whether the activation may happen together with the cell switch command. 
Details of the TCI state indication at the cell switch command are not clearly agreed, and this depends on whether the TCI state activation happens before or at the cell switch command. RAN1 is still discussing different options which may lead to different delays. Therefore, regarding the TCI state activation/indication related requirements, to be able to have more meaningful discussion, we think RAN4 should wait for RAN1 to complete the work. 
[bookmark: _Toc135078026][bookmark: _Toc135084139]The details of TCI state activation/indication before and/or after the cell switch command have not been agreed by RAN1.

[bookmark: _Toc135078027][bookmark: _Toc135084140]Wait for further RAN1 agreements regarding TCI state activation/indication.

Known cell condition
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”. 
As the L1-measurement types are not yet clear, we cannot see if there is a need for known cell condition or not. 
[bookmark: _Toc132021246][bookmark: _Toc135078028][bookmark: _Toc135084141]Discuss known cell conditions after LTM L1-measurements are clear

[bookmark: _Toc116995848]Conclusion
Observation 1: LTM handover delay/interruption may, depending on the scenario, vary between MAC-CE based TCI state switching and L3 handover delay/interruption.
Proposal 1: Interruption caused by LTM handover shall not exceed the interruption time caused by L3 handover.
Proposal 2: Some of the RRC processing can be done prior to the cell switch command to reduce the cell switch delay. FFS which parts of the processing are done before and after the cell switch command.
Proposal 3: When the target cell is a current serving cell, TLTM-processing = 0.
Proposal 4: If delay requirements are defined for known and unknown target cell, Tsearch = 0 when the target cell is known.
Proposal 5: If delay requirements are defined for known and unknown target cell, Tsearch = 0 when the target cell is a current serving cell.
Proposal 6: Value of Tsearch in the unknown target cell scenario is pending on RAN1 agreements and the definition of known cell condition.
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: If random access can be fully completed before the cell switch command, TIU = 0.
Proposal 9: If random access happens after the cell switch command, legacy definition of TIU can be used as the baseline depending on RAN1 agreements.
Observation 2: RAN1 has agreed that unified TCI is supported for LTM. FFS whether Rel-15/16 TCI framework is supported as well.
Observation 3: The details of TCI state activation/indication before and/or after the cell switch command have not been agreed by RAN1.
Proposal 10: Wait for further RAN1 agreements regarding TCI state activation/indication.
Proposal 11: Discuss known cell conditions after LTM L1-measurements are clear
[bookmark: _Toc116995849]
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