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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.
Details of cell switch delay requirements for PCell/PSCell
Starting and ending point of the cell switch
For starting and ending point of the cell switch, RAN4 has agreed in the #106 meeting:
	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.




What is still open is the ending point of the RACH-less cell switch. Based on the RAN2 design, the UE will send RRC reconfiguration complete message to the target cell when accessing the cell. As proposed by some companies in the previous meeting, this can be considered to be the ending point of the LTM cell switch delay in the RACH-less cell switch case.
[bookmark: _Toc142661676]RACH-less cell switch delay ending point for PCell/PSCell is when the UE transmits RRC reconfiguration complete to the target cell.
Delay components
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 in 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. In LTM, usage of early TA and unified TCI state activation either before or at the cell switch is agreed. As a result, different UE behaviors are expected after receiving MAC-CE cell switch command. 
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: _Toc142661677]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: _Toc142661678][bookmark: _Toc142661148][bookmark: _Toc142661318][bookmark: _Toc142661397][bookmark: _Toc142661149][bookmark: _Toc142661319][bookmark: _Toc142661398][bookmark: _Toc142661150][bookmark: _Toc142661320][bookmark: _Toc142661399][bookmark: _Toc142661151][bookmark: _Toc142661321][bookmark: _Toc142661400]When the target cell is a current serving cell, TLTM-processing = 0.
Tsearch
The definition of Tsearch in legacy L3 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.

In the RAN4#108 meeting it was agreed not to define LTM cell switch requirements to an unknown target cell:
	Issue 3-3-3-1: Whether to define RACH-based cell switch delay requirements for unknown cell
< Agreement >: 
· Not define RACH-based cell switch delay requirements for unknown cell case, at least in R18.
 
Issue 3-3-3-2: Whether to define RACH-less cell switch delay requirements for unknown cell
< Agreement>: 
· Not define RACH-less cell switch delay requirements for unknown cell case, at least in R18. 




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. However, if the legacy definition of Tsearch is followed, the value for Tsearch equals to zero when the target cell is known. Therefore, since the requirements in Rel-18 are only defined for the known cell case, the value for Tsearch is always zero, and the parameter is not needed in the cell switch delay in Rel-18.
[bookmark: _Toc142661679]In Rel-18, because RAN4 agreed to define requirements only for a known target cell, the value for Tsearch is always zero. Hence, do not include Tsearch in the LTM cell switch delay equation.

TΔ and Tmargin
For L3 handover in section 6.1 of 38.133, T∆ and Tmargin are defined as:
· [bookmark: _Hlk138929953]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.
· Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cell in the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the measObjectNRs having the same SSB frequency and subcarrier spacing configured by MN and SN have different SMTC, Trs is the periodicity of one of the SMTC which is up to UE implementation. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.
· Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
[bookmark: _Hlk141962484]T∆ and Tmargin in the cell switch delay are needed for the fine time tracking and acquiring full timing information of the target cell.
When a TCI state is active, the UE is expected to track the timing of this TCI state. In LTM, TCI state may be activated before or at the cell switch command. 
[bookmark: _Hlk142310011]If the TCI state for the target cell indicated in the LTM cell switch command is activated before the cell switch command, it is expected that the UE is tracking the timing of this TCI state. This has been also the RAN1 motivation to specify TCI state activation before the cell switch command. Therefore, in our view at the cell switch command there is no need for acquiring the timing information of the target TCI state, and therefore, T∆ and Tmargin can be zero.
[bookmark: _Toc142661680]If TCI state activation is done before the LTM cell switch command, T∆ and Tmargin have value zero.
If the TCI state is activated at the cell switch command, it is expected that the UE needs to synchronize with the corresponding reference signal (SSB) and therefore needs to be allowed the time to do this. In the TCI state switching delay requirements, this corresponds to the parameters Tfirst-SSB and TSSB-proc. In the LTM cell switch delay, this part would be covered by T∆ and Tmargin. The legacy values can in our view be used as the baseline. However, the definition of Trs may need some adjustment to align with the definition of Tfirst-SSB.
[bookmark: _Toc142661160][bookmark: _Toc142661330][bookmark: _Toc142661409][bookmark: _Toc142661681]If TCI state activation is done at the cell switch command, use legacy values for T∆ and Tmargin as the baseline, considering any necessary alignment in the definition of T∆ (TRS) to correspond with the definition of Tfirst-SSB in the legacy TCI state switching delay requirement.
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].

In RACH-less LTM cell switch, random access procedure will take place before the cell switch command based on PDCCH order. If the random access can be completed before the cell switch command, the value of TIU can be zero. However, RAN4 should take into account that the RAN1 design of PDCCH ordered RACH within the LTM framework is not fully completed yet. Therefore, RAN4 should follow any new agreements related to PDCCH ordered RACH work in RAN1 to get the details correct. 
[bookmark: _Toc135078023][bookmark: _Toc142661682]If random access can be completed before the cell switch command (RACH-less cell switch), TIU = 0.
When random access is performed after the cell switch command, legacy definition of TIU can be used as the baseline.
[bookmark: _Toc135078024][bookmark: _Toc142661683]When random access happens after the cell switch command (RACH-based cell switch), legacy definition of TIU can be used as the baseline.
Known/unknown TCI state
The condition of known TCI state is defined for unified DL and UL TCI state in the following way:
	8.15.2	Known conditions for downlink TCI state
The downlink 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 downlink TCI state to the completion of active downlink TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target downlink TCI state or QCLed to the target downlink TCI state
-	Downlink TCI state 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 downlink TCI state before the downlink TCI state switch command
-	The target downlink TCI state remains detectable during the downlink TCI state switching period
-	The SSB associated with the downlink TCI state remain detectable during the downlink TCI switching period
-	SNR of the downlink TCI state ≥ -3dB
-	The SSB can be associated with either the serving cell PCI or a PCI different from serving cell PCI.
Otherwise, the downlink TCI state is unknown.

8.16.2	Known conditions for uplink TCI state
The uplink 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 uplink TCI state to the completion of active uplink TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target uplink TCI state or QCLed to the target uplink TCI state
-	Uplink TCI state 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 uplink TCI state before the uplink TCI state switch command
-	The RS configured in target uplink TCI state remains detectable during the uplink TCI state switching period
-	SNR of the RS configured in target uplink TCI state ≥ -3dB
-	The target uplink TCI state remains detectable during the uplink TCI state switching period
-	The SSB associated with the uplink TCI state remain detectable during the uplink TCI switching period
-	SNR of the uplink TCI state ≥ -3dB
-	The SSB can be associated with either the serving cell PCI or a PCI different from serving cell PCI.
Otherwise, the uplink TCI state is unknown.





RAN4 has discussed whether to introduce requirements for unknown target TCI state. Before the TCI state is activated (before or at the cell switch), the TCI state can be considered either known or unknown. In the existing TCI state switching requirements, the difference between the delay for known and unknown TCI states is the parameter TL1-RSRP, which consists of one L1 measurement period. For DCI-based TCI state indication, the requirements are only defined for known TCI states.
When the TCI state activation is done before the cell switch command, both unknown and known cases may be considered, since this does not impact the cell switch delay. However, when the TCI state is indicated (and activated) in the cell switch command, to align with the DCI-based TCI state indication requirement that is only defined for the known case, and to avoid long cell switch delay, at the cell switch RAN4 may consider only the case when the indicated (and activated) TCI state is known.
[bookmark: _Toc142661165][bookmark: _Toc142661335][bookmark: _Toc142661414][bookmark: _Toc142661166][bookmark: _Toc142661336][bookmark: _Toc142661415][bookmark: _Toc142661167][bookmark: _Toc142661337][bookmark: _Toc142661416][bookmark: _Toc142661168][bookmark: _Toc142661338][bookmark: _Toc142661417][bookmark: _Toc142661169][bookmark: _Toc142661339][bookmark: _Toc142661418][bookmark: _Toc142661684]For TCI state indication (and activation) at the cell switch command, define the requirements for a known target TCI state.
However, taking into account Proposal 9, it is not clear what is the expected UE behavior if the network indicates an unknown target TCI state in the LTM cell switch command. Considering that such an event may occur, RAN4 should clarify what is the expected UE behavior if the target TCI state at LTM cell switch is unknown.
[bookmark: _Toc142661685]RAN4 to clarify the expected UE behavior if the target TCI state at LTM cell switch command is unknown.
We have discussed the details of TCI state switching before the cell switch command in our companion contribution R4-2312523.
[bookmark: _Toc116995848]Conclusion
Proposal 1: RACH-less cell switch delay ending point for PCell/PSCell is when the UE transmits RRC reconfiguration complete to the target cell.
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: In Rel-18, because RAN4 agreed to define requirements only for a known target cell, the value for Tsearch is always zero. Hence, do not include Tsearch in the LTM cell switch delay equation.
Proposal 5: If TCI state activation is done before the LTM cell switch command, T∆ and Tmargin have value zero.
Proposal 6: If TCI state activation is done at the cell switch command, use legacy values for T∆ and Tmargin as the baseline, considering any necessary alignment in the definition of T∆ (TRS) to correspond with the definition of Tfirst-SSB in the legacy TCI state switching delay requirement.
Proposal 7: If random access can be completed before the cell switch command (RACH-less cell switch), TIU = 0.
Proposal 8: When random access happens after the cell switch command (RACH-based cell switch), legacy definition of TIU can be used as the baseline.
Proposal 9: For TCI state indication (and activation) at the cell switch command, define the requirements for a known target TCI state.
Proposal 10: RAN4 to clarify the expected UE behavior if the target TCI state at LTM cell switch command is unknown.
[bookmark: _Toc116995849]
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