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[bookmark: _Toc116995841]Introduction
In this contribution we discuss the remaining details of LTM cell switch delay. The discussion is based on the RAN4#108bis way forward for part 1 [1].
Scenarios
PSCell switch
	Issue 3-1-1: Whether to specify cell switch delay requirements for PSCell switch
< Agreement>:
· Specify cell switch delay requirements for PSCell switch.




RAN4 agreed that the requirements for PCell and PSCell LTM cell switch shall be defined in Rel-18, but RAN4 has not discussed whether there is a difference in the cell switch delay when PCell or PSCell is in question and how to define the requirements for different cells.
The procedure for cell switch is similar for both PCell and PSCell, so in our view the same delay requirements can be used. The applicability of the scenarios just needs to be defined for each cell. For PSCell, the scenarios that are supported are:
PSCell switch to a neighbor cell: 
FR1 PSCell à FR1 cell
FR1 PSCell à FR2 cell
FR2 PSCell à FR1 cell
FR2 PSCell à FR2 cell

PSCell switch to a current serving cell:

FR1 PSCell à FR1 SCG SCell
FR2 PSCell à FR2 SCG SCell

[bookmark: _Toc149904392]Reuse LTM PCell switch delay for PSCell.
Another issue to be discussed is to decide where in the specification the LTM cell switch delay requirements for PSCell switch should be captured. PCell switch requirements are captured in section 6 for Connected state mobility. PSCell switch requirements may be either captured in the same section under section 6 or they can be captured in section 8 similar to existing PSCell related requirements (e.g. PSCell change/addition). Both options may work, but since requirements related to PSCell change without PCell handover are otherwise captured in section 8, it would be logical to define the LTM PSCell switch requirements in section 8 as well. Avoiding duplication of the text between the PCell and PSCell sections shall be avoided when possible.
[bookmark: _Toc149904393]Define LTM PSCell switch delay requirements in section 8.
We have captured the requirements with this approach in our companion draft CR [2].
Remaining details of the components of cell switch delay
LTM cell switch delay requirements for PCell were captured in the big CR in the last meeting in [3].
TLTM-processing
In the last meeting it was agreed that the default value for TLTM_processing is defined as 20 ms for intra-FR cell switch and 40 ms for inter-FR cell switch. It was left open whether a shorter value can be considered in some scenarios or if the UE supports a capability of shorter processing time.
	Issue 3-2-1-1: Processing time 
Agreement online
<Agreement>:
· Tprocessing,2 /T LTM_processing can be 20ms for the intra-FR cell switch. Meanwhile, further discuss and down-select based on the two options:
· Option 1: FFS whether a smaller value can be considered based on other conditions/scenarios. FFS additional UE capabilities can be introduced for these conditions/scenarios.
· Option 2: introduce UE capability with up to 2 candidate values, one value is 20ms, and FFS the other one. 
· Tprocessing,2 /T LTM_processing for inter-FR cell switch is twice of that for intra-FR cell switch.




For all UEs, we think it should be assumed that in the case of role switch scenario, especially when the target SCell has uplink configured, the processing delay should be shorter than 20 ms or 40 ms. For this scenario, we think shorter delays for TLTM-processing should be defined. 
[bookmark: _Toc149904394]For role switch scenario, shorter LTM processing delay than 20 ms or 40 ms should be defined.
To enable even faster LTM cell switch in all scenarios and even in the case early DL sync and TA acquisition is not done, defining a capability for faster UE processing makes sense, if there are UE vendors that are interested to support such capability. 
[bookmark: _Hlk148514349]Tfirst-RS and TRS-proc
For T/F tracking, it was agreed that when the target TCI state is on the active TCI state list for LTM candidate cells, Tfirst-RS (TΔ) and TRS-proc (Tmargin) have value 0. Otherwise, legacy values are reused. Other scenarios when the value can be 0 were left FFS.
	[bookmark: _Hlk148512993]Issue 3-2-2-1: T/F fine tracking: TΔ and Tmargin
Ad hoc agreement
<Agreement >:
· If TCI state of target cell has been activated before cell switch command, and the TCI state indicated is in the active TCI state list, and measurement period of L1-RSRP is no longer than 160ms, TΔ = 0 and Tmargin = 0. 
· Else If TCI state indicated in cell switch command is not in the active TCI state list that has been activated for the target cell, when the measurement period of L1-RSRP is no longer than 160ms, whether additional delay is needed is FFS.
· Otherwise, TΔ=1 Tfirst-RS, Tmargin = 2ms.




Furthermore, it was agreed that in role switch scenario, the target TCI state may also be on the active list of the target serving cell to be considered active:
	Issue 1-1-7: TCI state activation in role switch scenario

< Agreement>
· When the target cell is a current serving cell (role switch) and the target TCI state in LTM cell switch command or SSB index indicated in PDCCH order is already on the active TCI state list for that serving cell or on the LTM candidate cell active TCI state list, consider the target TCI state activated.




The agreement for issue 1-1-7 was not yet captured in the endorsed draft CR. We have included this agreement in our draft CR for this meeting in [3].
[bookmark: _Toc149904395]The agreement related to serving cell active TCI state list in issue 1-1-7 is still to be captured in the LTM cell switch delay requirement. 
Regarding the FFS point about whether TRS can also be used as the QCL source for TCI state, this discussion is in our understanding not finished in RAN1. Therefore, we prefer to leave this part FFS.
[bookmark: _Toc149904396]RAN1 is still discussing using TRS as QCL source for LTM candidate cell TCI state. This part should be FFS in RAN4 until RAN1 concludes whether TRS can be used.
TLTM-RRC-processing/Texecution
RAN4 agreed to introduce an additional parameter to cover the time for ASN.1 decoding and validity/compliance check during cell switch command. It was also agreed to introduce an optional UE capability for early ASN.1 decoding and validity/compliance check before the cell switch command.
	Issue 3-2-5-1: Execution time
Ad Hoc agreement
 
< Agreement >:
· From RAN4 perspective, introduce new optional UE capability for early ASN.1 decoding and validity/compliance check [of LTM candidates]. FFS on capability design.
· For UE not supporting [early ASN.1 decoding and validity/compliance check], Texecution_time/Ttarget-RRC-processing for ASN.1 decoding and validity/compliance check of target cell configuration should be added in the cell switch delay requirements. The value is 10ms.
· Further discuss the conditions that the UE with new capability can work with early ASN.1 decoding and validity/compliance check.




What is left open is that if the UE supports the capability for early ASN.1 decoding and validity/compliance check, when and to which cells is the UE expected to perform this step. There are two options:
1. UE performs early ASN.1 decoding and validity/compliance check after receiving LTM candidate cell RRC configuration for all candidate cells in the configuration.
2. UE performs early ASN.1 decoding and validity/compliance check for only some of the candidate cells e.g. for the most probable target cell.
RAN4 should discuss whether 1. or 2. is the intention of the new UE capability, or whether both can be supported.
[bookmark: _Toc149904397]RAN4 to discuss whether a UE supporting the capability for early ASN.1 decoding and validity/compliance check shall perform early ASN.1 decoding and validity/compliance check for all candidate cells or just for the (most probable) target cell.
We think that in the most common case, when early TCI state activation and/or early TA acquisition triggered by PDCCH order are part of the LTM procedure before the cell switch, network will initiate these steps only for the candidate cell that will most likely be the target cell in the LTM cell switch command. Therefore, if the UE receives early TCI state activation and/or PDCCH order for a candidate cell, the UE may expect that the candidate cell in these steps will be the target cell in the coming LTM cell switch command. Therefore, if the UE can only perform early ASN.1 decoding and validity/compliance check for the most potential target cell, the UE can do this for the target cell when receiving the early TCI state activation command or PDCCH order. 
[bookmark: _Toc149904398]The UE supporting capability for early ASN.1 decoding and validity/compliance check can perform these steps before the cell switch command only for the candidate cell for which TCI state is activated or early RACH is initiated by PDCCH order.
PL-RS measurement
	Issue 3-2-4-1: Extra time for PL-RS measurement
<Way Forward> FFS the following options:
· Option 1 (MTK): 
· For SpCell switch delay, the PL-RS to use should be one of the SSBs UE performs L1-RSRP measurement on.
· For SpCell switch delay, UE does not need extra time to measure the PL-RS if L1-RSRP measurement period of corresponding SSB is no longer than 160ms.
· Option 2 (vivo): The PL-RS of the TCI activated/indicated in cell switch command is not maintained at the endpoint of the cell switch delay.
· For RACH-based cell switch or early-RACH-based RACH-less cell switch, UE uses the SSB for PRACH transmission as the default PL-RS, before the PL-RS in the target TCI is maintained. If the SSB for PRACH transmission is the same as QCL source of the indicated TCI, UE is NOT required to transmit UL based on the target TCI before TCI activation time.
· For all other RACH-less cell switch, UE is assumed to follow the same behaviour as R17 ICBM.
· No additional interruption is assumed.
· Option 3 (Ericsson): No additional delay or conditions are needed for PL-RS measurement.




As we have discussed in our paper for the general aspects AI [4], we think the UE can do PL-RS estimation based on the same SSB as is used for the fine T/F tracking. If TCI state is activated before the cell switch, the UE would do this step once it receives the early TCI state activation MAC-CE and maintains the PL-RS until the cell switch command. Hence, in this case, there is no need for a component for PL-RS estimation in the cell switch delay.
[bookmark: _Toc149904399]When TCI state has been activated before the cell switch, PL-RS estimation is not part of the cell switch delay.
If TCI state activation is done at the cell switch, PL-RS shall be part of the cell switch delay. In this case, it can be assumed that the same SSB is configured as PL-RS as is configured for L1-RSRP measurement/as a QCL source for the DL TCI state, so the UE can use the same SSB that is used for DL synchronization (Tfirst-RS) also for PL-RS. Hence, no additional delay is needed for this step.
[bookmark: _Toc149904400]When TCI state activation is done at the cell switch, UE uses the same SSB for PL-RS and fine T/F tracking (Tfirst-RS). No additional delay due to PL-RS is needed in the cell switch delay.
Interruption
There was not enough time to conclude on which of the cell switch delay parameters are part of the interruption and which are not. This issue was therefore left open in the WF.
	Issue 3-2-6-1: Tinterruption
<Way Forward> FFS the following Options:
· Option 1 (CATT, CMCC, ZTE, OPPO, Apple): The components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd
· Option 2 (Nokia): Tinterrupt = TLTM-processing + T∆ + Tmargin + TIU.
· Option 3 (vivo): 
· For RACH-based cell switch, Tinterruption at least include the time of Tprocessing,2 and TIU.
· For RACH-less cell switch, Tinterruption at least include Tprocessing,2
· during LTM execution time, there is NO interruption to source PCell
Issue 3-1-2: Procedure of cell switch
<Way Forward> FFS the following options:
· Option 1 (CATT, ZTE, Apple, Huawei): If T/F fine tracking (TΔ) is needed after receiving cell switch command, UE is not required to perform it before L1/L2/L3 processing (Tprocessing,2)
· Option 2 (QC):
· LTM cell switch execution latency requirement can be defined in such a way that the UE is required to process SSB and other delay components in parallel, meaning the requirement can be max (SSB reception + SSB processing time, partial RRC processing + RF reconfiguration + etc). The UE should be allowed to receive at least one SSB sample for fine parameter tuning before starting to monitor PDCCH candidates from the chosen new PCell among the configured multiple LTM candidate cells even when the TCI state was activated upfront.
· Option 3 (vivo): If UE needs to perform PBCH decoding and SSB-based T/F tracking according to the activated TCI during cell switch (i.e., TΔ is needed), they are performed before Tprocessing,2 so that the interruption to serving cell and target cell can be shortened.




In our view, at least TLTM-RRC-processing/Texecution should be outside of the interruption, since this is a component for RRC processing, which in any other existing handover scenario is also not part of the interruption.
[bookmark: _Toc149904401]TLTM-RRC-processing/Texecution is not part of the interruption.
Furthermore, some companies suggested that Tfirst-RS (TΔ) and TRS-proc (Tmargin), if not zero, do not need to be part of the interruption either i.e. these steps would be performed before TLTM-processing. We are supportive for this proposal, as it shortens the interruption even further.
[bookmark: _Toc149904402]Tfirst-RS (TΔ) and TRS-proc (Tmargin) are not part of the interruption.
Hence, the interruption would only consist of:
[bookmark: _Toc149904403]Tinterrupt = TLTM-processing + TLTM-IU.
Known conditions
Known cell condition
In the last meeting the following was agreed about the known cell condition. It was left open whether a time constraint will be introduced.
	Issue 3-4-1: known cell conditions
The controversial parts are in brackets.
< FFS>: 
· Use the following known cell condition as a baseline
	The target cell is known if it has been meeting the following conditions:
-    [During the last 5 seconds before the reception of the handover cell switchcommand]:
-    [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 9.2 for intra-frequency cell and in clause 9.3 for inter-frequency cell,
-    One of the SSBs measured from the target cell also remains detectable during the handover cell switchdelay according to the cell identification conditions specified in clause 9.2 for intra-frequency cell and in clause 9.3 for inter-frequency cell.
otherwise it is unknown.


 



The agreement is based on the known cell condition as stated in 38.133, section 9.13, for L1-RSRP measurement of a cell with different PCI than the serving cell. This known condition is defined for ICBM, which is a procedure that involves serving cell and assistant cell/s for enhancing data transmission reliability. In ICBM, no mobility is involved, and the UE will only listen to the common search space of the serving cell and listen to the broadcast channel of the serving cell. Hence, these will not be received from the cell with different PCI. ICBM focus on the TCI state of the assistant cells is for the purpose of data reception. 
LTM procedure is different from ICBM as it also supports mobility between 2 cells while no data reception from the 2 cells is ongoing. It can be seen as a complementary handover procedure that goes along side with L3 handover by utilizing lower layer measurements. Hence, if RAN4 decides to use the requirements in section 9.13, RAN4 needs to discuss the very basic applicability conditions. 
The network can configure the UE with event-based reporting which will inform the network when a cell fulfils an event decided by ‘enter’ conditions. Network can also use event-based reporting to ensure that network is informed when a cell no longer fulfils an event decided by ‘leave’ condition.
Hence, by use of ‘enter’ and ‘leave’ conditions the network will know if an LTM target cell is a potential candidate for further LTM measurements. By use of event-based measurement report triggers, the network can avoid configuring the UE to send periodic measurement reports.
Network may of course use periodic measurement reporting, but this is often seen as bringing additional, and in many situations unnecessary, measurement reporting overhead. 
However, if RAN4 keeps the ‘The UE has sent a valid L1 [or L3] measurement report during the last 5 seconds’ condition for the target LTM cell to be known, the network would have to configure the UE to transmit measurement reports regularly. Only this way can the network ensure that it will receive L!/L3 measurement report from the UE to fulfill the known condition. And only this way would the network be sure that at least that condition is seen as fulfilled on UE side. 
As a result, we find that it is redundant to have the condition “during the last 5 seconds” as part of having an LTM cell being considered as known. 
The 5 seconds does not guarantee that the channel is usable for the network or UE, especially in mobility and/or in FR2 scenarios. It is more important to have real conditions that inform the network about real UE state rather than an arbitrary time limitation. 
[bookmark: _Toc149904404]For Rel-18 LTM, remove “during the last 5 seconds” from the known cell conditions.
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Figure : Non-detectable cells, known cells, and expired but detectable cells
The known condition is currently only visible for the UE. The real known condition is defined whether “The SSB from the target cell remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3”.
[bookmark: _Toc149904405]Known cell condition is currently not fully visible to the network. 
As mentioned above, the known condition should be on the detectability of a cell, rather than arbitrary time. For example, if a cell has been recently detected, (e.g., 5.01 seconds ago), the cell is considered as unknown according to the current definition. These expired but detectable candidate cells should be included in the LTM known condition.  
[bookmark: _Toc149904406]Cells detected more than 5s ago but are still detectable, are considered as known cells for LTM.
For the cells which are detectable/detected, UE should be able to perform LTM L1 measurements, therefore, the known cell condition for LTM should only consider the detectability of a cell. 

Known TCI state condition
In the last meeting it was left open whether to define known TCI state condition for LTM cell switch only separately or commonly for DL and UL TCI states (separate or joint). 
	Issue 3-4-2: known TCI state conditions
< Way forward >
· Use the following known TCI state condition as a baseline:
· [bookmark: _Hlk148515399]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.
· FFS: whether to define known TCI state condition for DL and UL independently
· FFS: Known TCI state condition when UE supports L3 measurement reporting in L1 report.




In legacy unified TCI state switching requirements, known TCI state condition is defined separately for DL and UL TCI states. This is because either DL or UL TCI state or both of them can be switched, or if joint TCI states are used, switching the TCI state will lead to switching both UL and DL parts of the joint TCI state. The only difference in the known TCI state conditions for DL and UL in section 8.15.2 and 8.16.2 is the RS relation which is to either UL or DL TCI state depending on the requirement.
For LTM, the cell switch command will include either a target joint DL/UL TCI state or a pair of separate DL and UL TCI states. RAN4 agreed that in the cell switch delay requirements, only known TCI state case is considered i.e. if the TCI state in the cell switch command is unknown, delay requirements are not defined.
Considering that the LTM cell switch command always includes both DL and UL TCI state (or joint), based on the discussions in the last meeting, we think it is reasonable proposal to define the known TCI state condition commonly for DL and UL. However, both DL and UL TCI states and the RS relations need to be taken into account when writing the condition. We propose the following wording:
[bookmark: _Toc149904407]The target joint DL/UL TCI state or separate DL and UL TCI states in the LTM cell switch command are 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 DL/UL TCI state to the completion of LTM cell switch, where the RS resource for L1-RSRP measurement is the RS in target DL/UL TCI state or QCLed to the target DL/UL TCI state
· LTM 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 DL/UL TCI state before the LTM cell switch command
· The target DL/UL TCI state remains detectable during the LTM cell switching period
· The SSB associated with the target DL/UL TCI state remain detectable during the cell switching period
· SNR of the TCI state ≥ -3dB
· Otherwise, the target joint DL/UL TCI state or separate DL and UL TCI state is unknown.

[bookmark: _Toc116995848]Conclusion
Proposal 1: Reuse LTM PCell switch delay for PSCell.
Proposal 2: Define LTM PSCell switch delay requirements in section 8.
Proposal 3: For role switch scenario, shorter LTM processing delay than 20 ms or 40 ms should be defined.
Observation 1: The agreement related to serving cell active TCI state list in issue 1-1-7 is still to be captured in the LTM cell switch delay requirement.
Observation 2: RAN1 is still discussing using TRS as QCL source for LTM candidate cell TCI state. This part should be FFS in RAN4 until RAN1 concludes whether TRS can be used.
Proposal 4: RAN4 to discuss whether a UE supporting the capability for early ASN.1 decoding and validity/compliance check shall perform early ASN.1 decoding and validity/compliance check for all candidate cells or just for the (most probable) target cell.
Proposal 5: The UE supporting capability for early ASN.1 decoding and validity/compliance check can perform these steps before the cell switch command only for the candidate cell for which TCI state is activated or early RACH is initiated by PDCCH order.
Proposal 6: When TCI state has been activated before the cell switch, PL-RS estimation is not part of the cell switch delay.
Proposal 7: When TCI state activation is done at the cell switch, UE uses the same SSB for PL-RS and fine T/F tracking (Tfirst-RS). No additional delay due to PL-RS is needed in the cell switch delay.
Proposal 8: TLTM-RRC-processing/Texecution is not part of the interruption.
Proposal 9: Tfirst-RS (TΔ) and TRS-proc (Tmargin) are not part of the interruption.
Proposal 10: Tinterrupt = TLTM-processing + TLTM-IU.
Proposal 11: For Rel-18 LTM, remove “during the last 5 seconds” from the known cell conditions.
Observation 3: Known cell condition is currently not fully visible to the network.
Proposal 12: Cells detected more than 5s ago but are still detectable, are considered as known cells for LTM.
Proposal 13: The target joint DL/UL TCI state or separate DL and UL TCI states in the LTM cell switch command are known if the following conditions are met:
· [bookmark: _Toc116995849] During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target DL/UL TCI state to the completion of LTM cell switch, where the RS resource for L1-RSRP measurement is the RS in target DL/UL TCI state or QCLed to the target DL/UL TCI state
· LTM 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 DL/UL TCI state before the LTM cell switch command
· The target DL/UL TCI state remains detectable during the LTM cell switching period
· The SSB associated with the target DL/UL TCI state remain detectable during the cell switching period
· SNR of the TCI state ≥ -3dB
· Otherwise, the target joint DL/UL TCI state or separate DL and UL TCI state is unknown.
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