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Introduction
In RAN4 105 and RAN4 106, R18 L1L2-triggered mobility was discussed in RRM session and the WFs are agreed in [1], [2]. Based on discussion RAN4 has common understanding on the following baseline delay requirements for cell switch.
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).

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).


The above baseline is generally aligned with RAN2’s assumption listed in [3].
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Figure 2-1: Components of Mobility Latency (before enhancements) in [3]
Based on all above information, we provide our views on the cell switch delay requirements for R18 L1L2-triggered mobility.

Discussion 
<On generals and principles>
In last meeting, the following issues are discussed.
[bookmark: _Hlk127879225]Issue 4-1-2: Define cell switch delay requirements for SpCell change without SCell change
Offline agreement
< Agreement >: 
· Define cell switch delay requirements for:
· PCell change without SCell change
· PSCell change without SCell change

Issue 4-1-3: Whether to define cell switch delay requirements for SpCell change with SCell change
< 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.


As agreed in last RAN2 meeting, CellGroupConfig is mandatorily present in LTM candidate cell configuration. The current SCell can be either in active or de-activated state. For the agreements in 4-1-2, ‘PCell change without SCell change’, does this means SCell is still the same state as that before cell switch? We think the agreements in 4-1-2 is not clear enough and updates are needed.
Proposal 1  Update agreements for issue 4-1-2 as:
· Define cell switch delay requirements for:
· PCell change without SCell change
· PSCell change without SCell change
· Note: 'without SCell change' include the scenarios where 
· there is no SCellConfig in the CellGroupConfig of candidate target cell configuration, i.e. SpCell only, or 
· the SCell, including the activated/de-activated state, is not changed during SpCell change.
One important case is the switch between SpCell and SCell, i.e. target SpCell is current SCell. For inter-band CA, if non-co-located scenario is considered, UE may be either closer to the current SpCell or SCell, and the role switch may improve the performance. Note that the SCell may also be either activated or not. In general, when discussing on how to determine a specific term in the cell switch delay is zero or not, we think RAN4 should focus on whether the BWP of the target cell, either an SpCell or an SCell, is the same as one of current serving cell or not. If not, some delay would need to be counted for the RF+BB adjustments.
Proposal 2  Specify cell switch requirements for the following scenarios:
· Target PCell/SCell is not current SCell/PCell, and
· Target PCell/SCell is current SCell/PCell.
Note: The current SCell can be either activated or de-activated.

In last meeting, the following issue is discussed.
Issue 4-1-4: Principles to follow and factors to consider when specify cell switch delay requirements 
< Wayforward >: Take the following principles and factors in consideration for further discussion
· RAN4 works for a general form of cell switch delay requirements and leave the value of some delay components as scenario-dependent, e.g. 
· FR1 to FR1, FR1 to FR2, FR2 to FR1, FR2 to FR2
· With pre-sync and without pre-sync cases
· When one of SCells is promoted to PCell, whether the SCell is for DL-only or both DL/UL
· intra- and inter-frequency cell switch
· FFS
· Companies are encouraged to analyse the impact on the components of cell switch delay of each factor.


RF warm-up and T-processing can be considered if UE needs to switch to an inter-frequency target SpCell. The delay can be shortened, if target SpCell is current SCell. How much shortening can be performed depends on the state of the current SCell.
Proposal 3  In the cell switch delay requirements, T_processing is specified in a case-by-case manner based on the current state of target cell.
In last meeting, the following issues are discussed.
Issue 4-1-5: LTM delay requirements
<Wayforward >: FFS the following Options
· Not define the LTM delay requirement which starts from UE receives RRC configuration on candidate cell(s).


Downlink/uplink sync can be performed before cell switch. In our companion papers we have provided our views regarding impact of these to the L1 measurement. We think during the downlink sync or the uplink sync the corresponding BWP of the UE needs to be prepared. Therefore, the RF warm-up, if needed, should be performed before or during the corresponding sync procedure. If the RF warm-up and base band reconfiguration is on-going, interruption would occur.
Proposal 4   There is potential application delay and interruption for a cell on which DL sync is indicated to be performed by UE and/or UE needs to be prepared to transmit PRACH to the target cell. RAN4 will discuss the corresponding delay and interruption requirements. If needed, send LS to RAN1/2 to inform them about this conclusion.

<On Timeline of cell switch delay for Pcell/PSCell >
In last meeting, the following issue is discussed.
Issue 4-2-3: Ending point of RACH-less cell switch delay for PCell/PSCell
< 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, the UL sync is not performed during cell switch procedure. As the end point, UE may perform UL/DL transmission in the target cell, which is based on the TCI and/or uplink timing indication it has maintained before the cell switch.
For FR1, beam indications are not always necessary, but UL/DL timing indication and UL pathloss indication can be possible. Therefore, we prefer to revise the wording a little.
Proposal 5  For RACH-less cell switch, the end point is defined when UE performs the first DL/UL reception/transmission on the target cell based on the indicated transmission configuration.
In last meeting, the following issue is discussed.
Issue 4-2-4: Procedure of cell switch
< 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.


Firstly, in our understanding, for the inter-frequency cell switch, the L1/L2/L3 reconfiguration includes RF warm-up and software processing. T/F tracking should be performed after UE correctly configures at least L1 according to the RRC configuration from gNB. UE should obtain the RRC configuration details, e.g. BWP configuration, QCL configuration, SSB configuration etc., before UE performs T/F tracking. 
On the other hand, certainly the L2/L3 reconfiguration is not related to T/F tracking in physical layer. We note that the MAC/RLC/PDCP reset is up-to RAN2 decision. UE processing of these procedures can be postponed after T/F tracking.
Proposal 6  UE can not perform T/F tracking before necessary L1 reconfiguration, which get the UE's L1 ready to receive DL of the target cell. 
If needed, some other L1 configuration, L2/L3 reconfiguration and L2 reset can be performed during cell switch, i.e. in some cases it can be performed after the T/F tracking.

<On Detail of cell switch delay requirements for Pcell/PSCell >
In last meeting, the following issue is discussed.
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).
· Other options omitted…


Full configuration, reference configuration and delta configuration are being discussed in RAN2. In last RAN2 meeting the following agreements is achieved.
Agreed: Usage of reference configuration: 
- 	Candidate delta configuration is applied on top of the reference configuration to form a complete candidate configuration (FFS if done at cell switch or before the cell switch)
- 	The complete candidate configuration is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset RLC or PDCP. 
-	To support reconfigurations that requires reset of RLC PDCP, this should be possible (in principle same a full config) 
-	FFS if more than RLC PDCP should be kept and how much of “replacing” need to be specified.
-	FFS if the reference configuration can be derived from the current UE configuration at some point of time. 



Based on reference configuration, the UE internal memory needed for saving RRC configurations can be saved. Forming the full configuration before cell switch does not have significant gain in reducing interruption, but may have quite large cost in UE’s memory if multiple candidate cells are configured. As discussed in proposal 6, we see some configurations are not necessary before UE performs DL sync.
Proposal 7  For the baseline requirement, RAN4 assume UE forms the complete configuration and applies it during the execution of cell switch command. Before cell switch command, only necessary L1 configuration are formed and applied.
Regarding the following issue,
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


The options listed are not contradictory to each other. Both of them should be supported.
In last meeting, the following issues are discussed.
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.

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.



As discussed in our companion paper, fine-Rx-beam-based L1 measurement, if configured, should be performed on known cell only. RAN4 not to consider fine-Rx-beam-based L1 measurement requirements if the measurement is indicated to be performed on unknown cell.
For LTM cell switch based on either rough-Rx-beam-based L1 measurement or fine-Rx-beam-based L1 measurement, the cell should also be known when cell switch command is received. Otherwise, UE may still need to perform cell search, which cause quite long delay/interruption during the cell switch, and the potential benefit introduced by LTM is wasted. Considering L3 measurement based HO/PSCel_change already support the unknown case, we think as the optimization to legacy L3 HO/PSCel_change, it is reasonable not to consider the known case at least in RAN4. In other word, RAN4 NOT to define requirements if the cell switch command indicates switching to a cell that is unknown.
Proposal 8  RAN4 not to define cell switch delay requirements for the case that the target cell is unknown.
In last meeting, the following issue is discussed.
[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.


For the FR2 SCell activation delay requirement, in the known cell case, L1-RSRP measurement delay is not included in the considered timeline. However, for the unknown cell case, the L1-RSRP measurement delay is included in the timeline. In our understanding, the design of above requirements aims at including only necessary parts in the corresponding processing delay, while keeping the testing feasibility. For the unknown SCell case, since UE will not report to network the quality of the SCell before CSI reporting, from testability perspective actually the TCI of SCell is also ‘blindly’ selected by the network. Hence, UE should firstly perform L1-RSRP measurement for the case of unknown SCell activation, since the activation of the unknown cell and unknown TCI are simultaneously. For the unknown SCell case, from testability perspective there is no other way unless simultaneous activation of the unknown cell and unknown TCI.
In LTM, the situation is similar. TCI state switching needs to be considered is up to NW configuration/ indication. For example, if TCI is indicated within cell switch command, TCI switching time is added in the LTM cell switch delay. However, RAN4 may also consider the case that TCI switching is not included in the cell switch.
Proposal 9  If TCI is indicated within cell switch command, TCI switching time is added in the cell switch delay. However, from the perspective of optimising RRM requirement, the TCI switching time can be precluded from cell switch delay if RAN4 only define requirements for the case TCI is not indicated within cell switch command.

In last meeting, the following issue is discussed.
Issue 4-3-10: PL-RS measurement
< Wayforward >: FFS the following Option
· Option 1 (Intel): If UL TCI state switch is included in cell switch command, possible extra delay is expected due to non-maintained PL-RS. Further discuss whether to consider non-maintained PL-RS case.


Activation of TCI state of target cell can be performed before cell switch command, within the cell switch duration, or after cell switch command. TRS tracking, PL-RS maintenance are all related to the TCI state switching, in case for R17 unified TCI. If TCI state switching is indicated in cell switch command, in our view it would be straight forward to re-use the conclusions from R17 feMIMO, and no addition enhancement is needed.
Proposal 10  Re-use the conclusions of R17 feMIMO for the case when the UL TCI is indicated in cell switch command..

In last meeting, the following issue is discussed.
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.


The LTM interruption mainly comprise the needed RF warm-up and reconfiguration of L1/L2/L3, which should be T_processing,2 in Figure 1. For the case when RACH is needed, RACH collision needs to be considered in the interruption time. Before RACH is sent to the target cell, there is no possibility that network can schedule this UE in the corresponding CG.
On the other hand, if TCI state is indicated in cell switch command, no interruption is needed according to R17 feMIMO conclusions.
Proposal 11  For RACH-based cell switch, T_interruption at least include the time of Tprocessing,2 and T_IU.
For RACH-less cell switch, T_interruption at least include T_processing,2

Conclusions
Based on above analysis, we have following proposals.
Proposal 1  Update agreements for issue 4-1-2 as:
· Define cell switch delay requirements for:
· PCell change without SCell change
· PSCell change without SCell change
· Note: 'without SCell change' include the scenarios where 
· there is no SCellConfig in the CellGroupConfig of candidate target cell configuration, i.e. SpCell only, or 
· the SCell, including the activated/de-activated state, is not changed during SpCell change.
Proposal 2  Specify cell switch requirements for the following scenarios:
· Target PCell/SCell is not current SCell/PCell, and
· Target PCell/SCell is current SCell/PCell.
Note: The current SCell can be either activated or de-activated.
Proposal 3  In the cell switch delay requirements, T_processing is specified in a case-by-case manner based on the current state of target cell.
Proposal 4   There is potential application delay and interruption for a cell on which DL sync is indicated to be performed by UE and/or UE needs to be prepared to transmit PRACH to the target cell. RAN4 will discuss the corresponding delay and interruption requirements. If needed, send LS to RAN1/2 to inform them about this conclusion.
Proposal 5  For RACH-less cell switch, the end point is defined when UE performs the first DL/UL reception/transmission on the target cell based on the indicated transmission configuration.
Proposal 6  UE can not perform T/F tracking before necessary L1 reconfiguration, which get the UE's L1 ready to receive DL of the target cell. If needed, some other L1 configuration, L2/L3 reconfiguration and L2 reset can be performed during cell switch, i.e. in some cases it can be performed after the T/F tracking.
Proposal 7  For the baseline requirement, RAN4 assume UE forms the complete configuration and applies it during the execution of cell switch command. Before cell switch command, only necessary L1 configuration are formed and applied.
Proposal 8  RAN4 not to define cell switch delay requirements for the case that the target cell is unknown.
Proposal 9  If TCI is indicated within cell switch command, TCI switching time is added in the cell switch delay. However, from the perspective of optimising RRM requirement, the TCI switching time can be precluded from cell switch delay if RAN4 only define requirements for the case TCI is not indicated within cell switch command.
Proposal 10  Re-use the conclusions of R17 feMIMO for the case when the UL TCI is indicated in cell switch command..
Proposal 11  For RACH-based cell switch, T_interruption at least include the time of Tprocessing,2 and T_IU.
For RACH-less cell switch, T_interruption at least include T_processing,2
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