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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#109 WF [1] and the agreed CRs.
Remaining details of the components of cell switch delay
TLTM-RRC-processing/Texecution
RAN4 agreed to introduce the parameter TLTM_RRC_processing to cover the time for ASN.1 decoding and validity/compliance check during cell switch. 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.




RAN4 did not manage to finish the discussion about this capability within the work item phase, so the details should be completed in the maintenance phase.
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 candidate 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(s).
RAN4 should discuss whether 1. or 2. is the intention of the new UE capability, or whether both can be supported.
[bookmark: _Toc159234209]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(s).
Considering the cell switch delay, it would of course be optimal if the UE would be able to decode the candidate cell configuration for all cells before the cell switch command arrives, to make the cell switch delay shorter. However, we understand that storing the decoded cell information would consume UE resources, and this may not be optimal from UE point of view. If doing the full RRC processing is not possible for all the candidate cells before the cell switch command, RAN4 needs to discuss how to make sure that a UE supporting early decoding and validity check capability will indeed have completed this step for the target cell at the time of cell switch command, at least in most cases.
[bookmark: _Toc159234210]To make the cell switch delay shorter, it would be optimal that the UE does ASN.1 decoding and validity/compliance check before the cell switch for all the candidate cells. However, this may consume UE resources too much, so RAN4 needs to discuss conditions for early decoding and validity check for the candidate cells.
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 a candidate cell when receiving the early TCI state activation command or PDCCH order.
[bookmark: _Toc159234211]The UE supporting capability for early ASN.1 decoding and validity/compliance check can perform these steps before the cell switch command for those candidate cells for which network sends early TCI state activation command or PDCCH order.
We have proposed how to capture such condition in or companion CR R4-2401440.
TLTM-processing
RAN4 agreed the value of TLTM_processing to be 20 ms for intra-FR cell switch and 40 ms for inter-FR cell switch. It was left open whether for some scenarios the value can be smaller, or whether to introduce a UE capability to support shorter processing time.
	Issue 3-2-1-1: Shorter Processing time?
< Agreement>: Further discuss whether and how to define a shorter T LTM_processing in cell switch delay requirements in maintenance part.
· Option 1 (CATT, Nokia, ZTE, Huawei): Tprocessing,2/ TLTM-processing can be reduced when target Pcell/SCell is current SCell/PCell.
· Option 1a (CATT)
· RAN4 to discuss whether and how to differently define the requirements depending on whether the SCell is for DL-only or both DL/UL.
· Option 2 (ZTE, MTK, Ericsson): introduce a UE capability for shorter Tprocessing,2/ TLTM-processing.
· Option 2a (ZTE): Introduce UE capability with up to 2 candidate values, one value is 20ms, and FFS the other one.
· Option 2b (MTK): The candidate reduced values can be [10ms, 15ms]. 
· Option 2c (Ericsson): potential values of 10ms, 20ms.




One of the main goals of LTM was to shorten the cell switch delay compared to L3-based handover. LTM cell switch delay may indeed be somewhat shorter if TCI activation and early RACH are performed, but if these steps are skipped, the interruption caused by the cell switch may actually be longer than L3 HO interruption, when taking into account that L3 HO interruption does not contain the RRC processing time, which the LTM cell switch interruption now contains. Hence, we think it is reasonable that RAN4 continues to consider whether the cell switch delay can still be shortened, at least in some scenarios.
Based on the discussions during the WI, it seemed obvious that for the basic scenario, where the target cell is a neighboring cell, no UE vendor thought that the UE processing delay TLTM_processing can be shortened from the agreed 20 ms or 40 ms. However, there were proposals that for the scenario when the target cell is a current serving cell, the processing time could be shortened to some extent. We continue supporting this proposal.
[bookmark: _Toc159234212]TLTM_processing to be reduced for the case when the target cell is a current serving cell.
Regarding the discussion about UE capability for shorter processing delay, this proposal would need further clarification on the scenarios for which it applies. Also, the following agreement refers that the capability would consider both TLTM_processing and TLTM_RRC_processing, so it needs to be clarified what is the intention.
	Issue 3-2-4-1: Tinterruption of PCell/PSCell switch
 
Online Agreement
< Agreement>
· TLTM-RRC-processing/Texecution is part of the interruption
· Further discussion whether to introduce UE capability on “TLTM-RRC-processing/Texecution + Tprocessing,2” in maintenance phase.




[bookmark: _Hlk148514349]Tfirst-RS and TRS-proc
RAN4 agreed the following definition for Tfirst-RS and TRS-proc:
	Tfirst-RS is the time for fine time tracking and acquiring full timing information of the target cell. 
TRS-proc is the time for SSB processing. 
Tfirst-RS = 0 and TRS-proc= 0 under the following conditions:
-	The target TCI state indicated in the LTM cell switch command is in the LTM candidate cell active TCI state list or in the serving cell active TCI state list, and
-	The time between receiving the MAC-CE activating the target TCI state and the LTM cell switch command is at least [THARQ + + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length, where THARQ, TOk, Tfirst-SSB and TSSB-proc are as stated in section 8.15.3], and
-	L1-RSRP measurement period is not larger than 160 ms.
Editor’s note: FFS other conditions.
Otherwise, 
Tfirst-RS is the time to the first SSB transmission on the target cell [after Tcmd].
Editor’s note: FFS whether TRS transmission is also considered.
TRS-proc = 2 ms.




As part of the conditions for Tfirst-RS and TRS-proc being zero, a time gap between TCI state activation MAC-CE and cell switch command MAC-CE was agreed to be:
The time between receiving the MAC-CE activating the target TCI state and the LTM cell switch command is at least [THARQ + + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length, where THARQ, TOk, Tfirst-SSB and TSSB-proc are as stated in section 8.15.3], and
We think this part needs a small clarification to be aligned with the other condition:
The target TCI state indicated in the LTM cell switch command is in the LTM candidate cell active TCI state list or in the serving cell active TCI state list
In our view the earlier agreement about no need for T/F synchronization with the associated SSB when TCI state is either on LTM candidate cell active TCI state list or serving cell active TCI state list can logically be extended to cover also early TCI state activation, and not just TCI state activation during cell switch. Hence, we think the definition of TOk in the time between TCI state activation and cell switch command should not directly be as defined in section 8.15.3 but needs to be modified to cover the option of TCI state being on any of the active TCI state lists as well. TOk shall be zero when the target TCI state in the TCI state activation MAC-CE is either on the LTM candidate cell active TCI state list or in the serving cell active TCI state list. 
[bookmark: _Toc159234213]Extend the 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.” to cover also the time gap between TCI state activation MAC-CE and LTM cell switch command.
The proposal would mean that in the definition of Tfirst-RS and TRS-proc, the definition of TOk is updated in the condition for time gap between TCI state activation and cell switch command to: TOk = 1 if target TCI state is not in the LTM candidate cell active TCI state list or serving cell active TCI state list for PDSCH/PDCCH, 0 otherwise.
We have proposed how to capture this in or companion CR R4-2401440.
Another aspect related to Tfirst-RS and TRS-proc is the signals to be supported. RAN1 agreed that both SSB and TRS can work as QCL sources for the candidate cell TCI states, but in our understanding the details of the discussion are still not finalized in RAN1. Therefore, we propose to leave the aspect of TRS still FFS in RAN4.
[bookmark: _Toc159234214]RAN1 is still discussing the details of TRS working as a QCL source for LTM candidate cell TCI state, so the issue can remain FFS in RAN4 in this meeting.
[bookmark: _Toc158630837]PL-RS measurement
Details of PL-RS estimation were left for the maintenance phase:
	Issue 3-2-3-1: Extra time for PL-RS measurement
<Way Forward >: FFS
· No additional delay is needed for PL-RS measurement in cell switch delay.
· Further discuss the applicable conditions in maintenance.




When a unified TCI state i.e. joint DL/UL TCI state or a pair of separate UL and DL TCI states are activated for an LTM candidate cell either through early candidate cell TCI state activation MAC-CE or at the cell switch command together with TCI state indication, the UE is expected to do the time/frequency tracking for the downlink TCI state. However, it is not agreed when and how the UE shall perform the path loss estimation for the uplink TCI state. This was left as an open issue for the maintenance part.
In the existing unified TCI state switching requirements, when uplink TCI state is activated, the UE is allowed a delay of NM* (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms) for evaluating the path loss through PL-RS signals, if the target PL-RS is not maintained by the UE. 
In the legacy unified TCI state framework, PL-RS can be either SSB or CSI-RS. For a cell with a different PCI, in the current requirements, PL-RS is always SSB. Because it was agreed earlier to define only SSB-based LTM in Rel-18, as proposed in the last meeting, it makes sense that the PL-RS would also be configured to be an SSB, furthermore, same SSB as configured for L1-RSRP measurement. 
[bookmark: _Toc149903160][bookmark: _Toc159234215]It is reasonable to assume that PL-RS of the TCI state is the SSB that is configured for L1-RSRP measurement for the candidate cell in question.
For the UE to be able to activate the UL TCI state in LTM, the UE needs to perform path loss estimation at some point of the LTM procedure. In the previous RAN4 meetings, it has been discussed whether an additional delay is needed due to PL-RS at the LTM cell switch. It was proposed in the last meeting that the UE may do the path loss estimation either through the ongoing L1-measurements or through the RACH procedure (PDCCH ordered or RACH-based cell switch), if UE uses the SSB for PRACH transmission as the default PL-RS. In the latter case, it was proposed that delay for path loss estimation would be needed in the cell switch delay under other conditions.
In our view, the purpose of early candidate cell TCI state activation is that the UE can skip the steps related to TCI state activation (DL synchronization and PL-RS estimation) at cell switch and consequently the cell switch delay can be shorter. Therefore, if TCI state activation is done before the cell switch, the UE should also do path loss estimation at this point. Relying on RACH is in our view not a preferable option, since TCI state activation and early RACH are independent UE capabilities and even if the UE would support both, network may not always send PDCCH order after TCI state activation. Hence, to avoid the need to perform PL-RS step during cell switch when early TCI state activation is done, the UE should complete PL-RS estimation when the TCI state is activated. When TCI state activation is done at the cell switch, the UE would logically do path loss estimation during the cell switch. Furthermore, the UE should continue maintaining the PL-RS for the active TCI states.
[bookmark: _Toc159234216]If TCI state is activated before cell switch, the UE shall do PL-RS estimation during the early TCI state activation. After TCI state activation, UE shall maintain the PL-RS for the active TCI state(s).
The UE will perform L1 measurements and can also be assumed to perform L3 measurements for the cell before TCI state activation or cell switch command, so it should have some understanding on the path loss already based on those measurements. Hence, we do not think that there is a need for 5 samples of the configured PL-RS at the time of TCI state activation. Therefore, after receiving the early TCI state activation command or LTM cell switch command with TCI state activation and indication, we think it would be reasonable that the UE uses the same SSB for DL fine T/F tracking and PL-RS estimation. Hence, an additional delay due to PL-RS would not be needed in early TCI state activation delay or LTM cell switch due to PL-RS estimation. 
[bookmark: _Toc149903161][bookmark: _Toc159234217]UE can perform PL-RS estimation based on the same SSB as is used for T/F tracking at TCI state activation. Hence, no additional delay due to PL-RS is needed.
As proposed above, after early TCI state activation, it is reasonable to assume that the UE shall maintain the PL-RS for the candidate cell for which TCI state is activated. Therefore, if the target TCI state in the cell switch command is on the active TCI state list before the cell switch command, no additional time is needed for PL-RS during the cell switch.
[bookmark: _Toc149903162][bookmark: _Toc159234218]When the target TCI state in the LTM cell switch command is on the active TCI state list, PL-RS is maintained, and no additional delay for PL-RS tracking is needed in the cell switch.
If TCI state activation is done at the cell switch, PL-RS shall be part of the cell switch delay. In this case, similar to early TCI state activation, 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: _Toc159234219]When TCI state activation is done at the cell switch, UE may use 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.
Summarizing the above, there would in our view in no case be an additional delay due to PL-RS estimation during LTM procedure.
A remaining question is related to the number of PL-RS the UE shall be able to maintain for the LTM candidate cells for which TCI states are activated. For a serving cell, according to the current specifications, the UE shall be able to keep track of 4 PL-RSs. We think this capability for serving cells should be kept as it is and adding LTM on top of this should not change the serving cell requirement. Hence, on top of the serving cell requirement, the UE should be able to maintain a number of PL-RS for the LTM candidate cells. 
The number of TCI states the UE is capable to have on its LTM candidate cell active TCI state list was agreed as a UE capability in the RAN1 feature list in R1-2312572. 
	· 45-3a	MAC-CE activated joint LTM TCI states
· 
· In case of joint TCI states
· 
· Maximum number of MAC-CE activated joint LTM TCI states per candidate cell = {1, 2, 3, 4, ….15, 16}
· Maximum number of MAC-CE activated joint LTM TCI states across candidate cells and serving cells = {1, 2, 3, 4, 8, 16, 32}
In case of separate DL and UL TCI states
· Maximum number of MAC-CE activated DL TCI states per candidate cell = {1,2,3,4,5,6,7,8}
· Maximum number of MAC-CE activated DL TCI states across all candidate cells and serving cells = {1,2,3,8,16}
· Maximum number of MAC-CE activated UL TCI states per candidate cell = {1,2,3,4,5,6,7,8}
· Maximum number of MAC-CE activated UL TCI states across all candidate cells and serving cells = {1,2,3,8,16}



As a starting point, we think a reasonable expectation would be that the UE is able to maintain PL-RS associated to the cells for which TCI state is activated. However, the numbers agreed by RAN1 are fairly high, so RAN4 should discuss how many PL-RS the UE can be assumed to be able to maintain for LTM candidate cell active TCI states.
[bookmark: _Toc159234220]The number of PL-RS the UE shall be able to maintain for LTM candidate cells should be added on top of the number of the 4 PL-RS the UE is expected to be able to keep track of for serving cells. RAN4 to discuss the exact number of LTM candidate cell PL-RS that the UE shall be able to maintain.

[bookmark: _Toc116995848]Conclusion
Proposal 1: 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(s).
Observation 1: To make the cell switch delay shorter, it would be optimal that the UE does ASN.1 decoding and validity/compliance check before the cell switch for all the candidate cells. However, this may consume UE resources too much, so RAN4 needs to discuss conditions for early decoding and validity check for the candidate cells.
Proposal 2: The UE supporting capability for early ASN.1 decoding and validity/compliance check can perform these steps before the cell switch command for those candidate cells for which network sends early TCI state activation command or PDCCH order.
Proposal 3: TLTM_processing to be reduced for the case when the target cell is a current serving cell.
Proposal 4: Extend the 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.” to cover also the time gap between TCI state activation MAC-CE and LTM cell switch command.
Proposal 5: RAN1 is still discussing the details of TRS working as a QCL source for LTM candidate cell TCI state, so the issue can remain FFS in RAN4 in this meeting.
Observation 2: It is reasonable to assume that PL-RS of the TCI state is the SSB that is configured for L1-RSRP measurement for the candidate cell in question.
Proposal 6: If TCI state is activated before cell switch, the UE shall do PL-RS estimation during the early TCI state activation. After TCI state activation, UE shall maintain the PL-RS for the active TCI state(s).
Proposal 7: UE can perform PL-RS estimation based on the same SSB as is used for T/F tracking at TCI state activation. Hence, no additional delay due to PL-RS is needed.
Proposal 8: When the target TCI state in the LTM cell switch command is on the active TCI state list, PL-RS is maintained, and no additional delay for PL-RS tracking is needed in the cell switch.
Proposal 9: When TCI state activation is done at the cell switch, UE may use 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 10: The number of PL-RS the UE shall be able to maintain for LTM candidate cells should be added on top of the number of the 4 PL-RS the UE is expected to be able to keep track of for serving cells. RAN4 to discuss the exact number of LTM candidate cell PL-RS that the UE shall be able to maintain.
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