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1	Introduction
According to the agreements from RAN2#123 [1] and RAN123bis [2]: 

	RAN2#122  
For early TA acquisition for candidate Cells
For PDCCH ordered early TA acquisition without RAR, there is no need for UE to maintain the TA timer for candidate cell (i.e. it is NW implementation to determine the TA validity), TA is given in the cell switch MAC CE (when available in the network). 

RAN2#123  
Define the association between CG occasion and beam in RRC and specify that the UE uses a CG occasion associated with the indicated beam in MAC
The UE will do RACH-less when: 
· TA value is provided in the cell switch MAC CE (already agreed, TA=0 is assumed to be covered by this)
· When the UE shall apply the same TA value as the source (already agreed) FFS how the UE knows this. 

RAN2#123bis  
No particular solution needed for TA timer handling, this is expected to be handled by the network. 

If UE is configured by RRC to perform UE based TA measurement, UE applies the measured TA value and performs RACH-less LTM, upon LTM cell switch. (assume similar config as for L2 reset)
Observation: No or small specification impact/restriction is expected on the UE to use both DG and CG for RACH-less LTM.  
For RACH-less LTM, the UE determines successful reception of its first UL data based on receiving a PDCCH addressing the UE’s C-RNTI in the target cell scheduling a new transmission as first UL transmission. Can be either DL assignment or UL grant addressed to same HARQ process for the “new transmission”



This document discusses the aspects of UE based TA estimation and cell switch for LTM. Specifically, UE based TA estimation configuration and synchronization alignment between Source and Target Cell are discussed. Additionally, the TA and UL grant validity at the time of the cell switch and the TCI state activation command, as well as the BWP handling for the activated TCI states are being analysed.
2	UE based TA-Measurements
2.1	UE based TA-Measurements Configuration
UE based TA estimation enables the UE to estimate the TA of a target cell without requiring any RACH procedure, i.e., the UE will facilitate from the existing DL measurements and from the serving cell TA. This prevents the UE to experience any interruption due to RACH procedure (each PRACH preamble transmission towards the target cell is subject to interruption between the UE and the serving cell).
However, as it was noted in RAN1#112 Meeting, the UE based TA estimation is subject to UE capability, i.e., 
· The UE can receive limited number of configurations for UE based TA estimate
· The UE can perform the UE based TA estimate for limited number of cells
For example, the UE can be configured with up to 8 LTM candidate configurations, i.e., each candidate configuration refers to one candidate cell. However, the UE may receive the UE based TA estimate configurations, only for 4 candidate cells due to UE capability. Besides, although the UE has configurations of 4 cells for UE based TA estimate, the UE may perform UE based TA estimate only for 2 cells and maintain this only for 2 cells at a time due to another UE capability.
Observation 1: Considering the UE capability that can be lower than the number of prepared cells, the UE capability will limit of the LTM where the UE cannot execute the LTM to any of the candidate cells with a UE based TA acquisition, but only to a subset of candidate cells (the ones that UE received the configs for and the ones that UE could estimate the TA).
Two possible options can overcome the UE capability limitations. In either option, the UE is enabled to reuse a UE based TA acquisition for multiple target cells for the cells that share the same TA value. 
· Option 1: Grouping UE based TA estimate configurations of target cells
The UE based TA estimation configurations of the candidate cells will be grouped as one configuration for the target cells that share the same TA or same configurations that UE needs to use. Hence, the UE receives less number of configurations and reuse one TA estimate or TA estimation configuration for multiple cells.
· Option 2: Grouping target cells if they share the same TA
The UE receives the group of target cells that share the TA value. Herein, the UE still receives UE based TA estimate configuration per target cell, but the UE can use one of cell’s the configuration for any other cell that did not have any UE based TA estimate configuration. Eventually, the UE can reuse one TA estimate for multiple cells.
Option 1 enables the UE to be configured with UE based TA estimate for the number of cells that is more that the UE is capable of at the expense of configuration management. On the other hand, option 2 provides a solution where the UE can reuse the UE based TA estimate for multiple target cells in an applicable scenario which requires the network to determine for which candidate cells the network should provide the UE based TA estimate configurations.
Considering the RAN1 UE capability notes ([4]), RAN2 needs to specify a solution that benefits most from the UE based TA estimate to avoid any UE capability-based drawback.
Observation 2: Considering the RAN1 UE capability notes, RAN2 needs to specify a solution that benefits most from the UE based TA estimate to avoid any UE capability based drawback.
Proposal 1: RAN2 should specify a solution that that enables the UEs performing UE based TA estimate obtain the maximum number of TA estimates.
Following Option 1 the network needs to provide to the UE a grouping of the UE based TA estimation configurations of the candidate cells, whereas in Option 2 network needs to provide to the UE groups of cells that share the same TA value. This makes Option 2 more preferable due to simplicity in configuration.
Proposal 2: Agree on Option 2 as preferred way forward and provide to the UE the group of target cells that share the TA values since this makes RRC configuration less complex.
2.2	Synchronization alignment between Source and Target Cell
According to RAN4, UE Based TA estimate will work in a scenario where the serving cell and the target cell are synchronized, i.e., the time alignment error between the source and the target cell does not exist or negligible [3]. Considering that the source cells can be SpCell and SCells, there are two scenarios regarding the synchronization of source and target cell:
· Target cell and source SpCell are synchronized.
· Target cell and source SCell are synchronized.
Observation 3: Considering that the source cells can be SpCell and SCells, there are two scenarios regarding the synchronization of source and target cell:
1) Target cell and source SpCell are synchronized. 
2) Target cell and source SCell(s) are synchronized.
When the UE is configured with the UE based TA estimation, the UE should know which of the serving cells is synchronized with the target cell, so that it would use that source cell for UE based TA estimate of target cell (i.e., DL measurements and TA of that serving cell). There can be two solutions to let the UE know which source cell should be used in UE based TA estimate:
1) The MAC CE cell switch command includes the TAG-ID that corresponds to the TAG-ID of the source cells synchronized with the target cell.
2) For each target cell, list of source cells that are synchronized with the target cell.
In either case, the UE will deduce which source cells are synchronized with the target cell and perform the UE based TA estimation by using the synchronized source cell DL measurements and TA value. Since solution 1 is a simple approach that requires minimum change i.e., inline MAC CE cell switch command structure, solution 1 is the favourable solution to enable UE based TA estimate.
Proposal 3: In UE based TA estimate, the UE should receive the TAG-ID of the source cell which is synchronised with the target cell, i.e., PTAG or STAG(s) IDs.  
3	Additional Aspects on Cell Switch Process
[bookmark: _Hlk149643977]3.1 Activation of TCI States for Multiple Candidate Cells
RAN1 has agreed to support the measurement reporting of one or more candidate cells in a single reporting instance. Based on the L1 measurement reporting, the serving DU may decide to activate TCI states of more than one candidate cell which has also been agreed in RAN1. Handover signaling requires efficient signaling methods to be in place to minimize any HO related overhead and reduce the points of potential interruption. Thus, it would be beneficial to have a flexibility with a TCI state activation command providing possibility to activate one or more TCI states for multiple candidate cells. This will certainly require less resource/signaling overhead compared to using a separate TCI activation command for each candidate cell for which one or more TCI states to be activated. By default, all the TCI states configured for the LTM purpose should be considered to be deactivated (i.e. not activated) before the activation command.
 
Proposal 4: Activation of one or more TCI states for multiple candidate cells should be allowed with the same MAC-CE activation command.

3.2 TCI State Deactivation
A UE may have a limited capability in terms of number of active LTM TCI states could be managed simultaneously across multiple candidate cells. Specially when TCI activation is triggered for more than one candidate cell, in some scenarios, it may cause the UE unnecessarily monitor TCI states for candidate cells which may no longer relevant for cell switch purpose. Moreover, as mentioned above, keeping active TCI states after the LTM cell switch is beneficial in the subsequent LTM case, but in case subsequent LTM cell switch does not happen within a reasonable time frame after the first LTM cell switch, keep the UE tracking timing of the active TCI states would consume UE resources unnecessarily if TCI states are kept active for a long time when not needed. 
Observation 4: Keep the UE tracking the timing of the TCI states of candidate cells which will not be selected as the target cell may cause the UE unnecessarily monitor TCI states that are no longer relevant for cell switch purposes.
In Rel-17 unified TCI activation/deactivation, once the (unified) TCI state has been activated, the deactivation of the previously activated TCI state is done by activating another TCI state. Thus, the deactivation is implicit if the latest MAC CE providing the activation command does not include the previously activated TCI state. For serving cell beam management with unified TCI State framework, it is not possible to deactivate TCI states, i.e., use a MAC CE to deactivate the TCI States for the cell without activating another since such feature would have no practical use for serving cell beam management. 
However, for LTM, the situation is a bit different. As per MAC running CR [5], a TCI activation command for LTM, i.e., Candidate Cell TCI States Activation/Deactivation MAC CE, can only activate TCI states of one candidate cell at a time. Therefore, TCI activation for one candidate cell cannot be used for TCI deactivation of another candidate cell unless Candidate Cell TCI States Activation/Deactivation MAC CE is allowed to activate TCI states from multiple candidate cells with the same command. Therefore, with the current design, it is not possible currently to deactivate for example a candidate cell TCI state once one or more TCI states have been activated for that candidate cell. 
Observation 5: Since the Candidate Cell TCI States Activation/Deactivation MAC CE can only activate TCI states of one candidate cell at a time, existing mechanism of deactivation, where the deactivation of a TCI state is implicit if the latest MAC CE providing the activation command does not include that activated TCI state, could not be used to deactivate TCI states of a candidate cell. 
In order minimize the monitoring of unnecessary activated TCI states, TCI deactivation should be supported. One simple solution is to employ a timer-based approach. A timer can be configured for the supervision of already activated TCI states (for LTM). For example, the timer can be started when a TCI state is activated or when the UE successfully connects to the target cell using the indicated TCI in the cell switch command. While timer is running the UE is considering the TCI states activated, and when the timer expires, the UE assumes the TCI states associated with the timer are not active anymore. The timer may supervise all TCI States for one or more cells that the UE has received activation command, or it may be configured for TCI States per candidate LTM cell.
An alternative could be to use an explicit network signalling to deactivate one or more TCI states of a candidate cell (or set of candidate cells) once one TCI state has been activated.
Proposal 5: Support of deactivation of LTM TCI states for a certain candidate cell (or set of candidate cells) using:
· Alternative 1: Timer-based approach, i.e., a timer can be configured for the supervision of already activated TCI states.
· Alternative 2: Signalling approach to deactivate TCI states of a candidate cell (or set of candidate cells).

3.2 BWP for TCI state Activation and Indication
RAN1 has agreed that TCI state can be activated for a candidate cell (or for multiple candidate cells). However, based on the RAN2 MAC running CR 38.321 [2], the candidate cell TCI state activation/deactivation command does not provide the BWP information for the activated TCI IDs.  Moreover, in RAN2#123, it has been agreed to not provide any BWP ID information in the LTM cell switch command.
Observation 6: Candidate cell TCI state activation/deactivation command does not include BWP information for which the TCI States are activated. Also, cell switch command does not include any BWP ID information.
Since the UE does not currently receive any information for which BWP the TCI States are activated and indicated, it is not able to map the activated TCI State (if UE retains the active TCI states of the target cell which is being discussed in RAN1) or/and the indicated TCI State to the correct BWP used as first active BWP (DL/UL) given in the candidate cell configuration. Thus, the BWP ID (DL/UL) for a TCI state should be given to the UE. One solution is to follow the existing approach of providing the BWP ID information in the activation/deactivation command. 
Proposal 6: Candidate cell TCI state activation/deactivation command provides BWP information (DL/UL) for the activated TCI states. 
If, the BWP information is not given in the activation/deactivation command, the UE has to assume the BWP for a given TCI state implicitly, i.e., assume that the activation is for the BWP indicated as first active in the candidate cell RRC configuration.
Proposal 7: If the UE is not provided the BWP information in the Candidate Cell TCI state activation/deactivation message, it determines the BWP for the activated TCI states to be the BWP (DL/UL) indicated by the candidate cell RRC configuration.
3.3 	TA Value and UL grant validity at the time of the cell switch 
In previous meetings it was agreed that the TA value will be provided to the UE at the time of the cell switch in the MAC CE to trigger cell change. TA validity, till the moment that it is shared with the UE is maintained by the network and the serving DU is responsible to ensure that the TA s shared with the UE is valid. 
Specifically, in RAN2#122 [6]:
	For PDCCH ordered early TA acquisition without RAR, there is no need for UE to maintain the TA timer for candidate cell (i.e. it is NW implementation to determine the TA validity), TA is given in the cell switch MAC CE (when available in the network).



Additionally, in RAN2#123bis [2] it was agreed that:
	No particular solution needed for TA timer handling, this is expected to be handled by the network. 
P5: No need to support “UE considers RACH-less LTM failure, if the configuredGrantTimer expires before LTM completion/T304 expiry.”



In the case that the PDCCH ordered early TA acquisition, the TA evaluated by the target cell will be known by the S-DU, i.e., either T-DU forwards to S-DU for inter-DU LTM or S-DU knows it after PRACH preamble reception for intra-DU LTM. Since the TA value is maintained at the S-DU until the cell switch command, it was agreed in RAN2#122 and RAN2#123bis that no TA timer is needed at the UE side and the network can handle the functionality of a TA timer.
If the PDCCH ordered early TA acquisition is performed, S-DU will provide the TA of the candidate cell at the time of the cell switch command. When the S-DU provide the TA of the candidate cell along with the MAC CE command, the maintenance of the provided TA is out of networks or S-DU’s control as the UE detaches from the serving cell and initiates the execution of LTM.
Observation 7: When the S-DU provide the TA of the candidate cell along with the MAC CE command, the maintenance of the provided TA is out of networks or S-DU’s control as the UE detaches from the serving cell and initiates the execution of LTM.
After the MAC CE cell switch command is received, if the validity of the TA is not considered during HO execution, it can lead mobility performance degradation, i.e., increased interruption time and in the worst-case, failure. Upon the reception of the cell switch command, the UE is expected to follow the steps described below:
· Step 0: The UE receives the MAC CE for cell change trigger.
· Step 1: UE cannot access to the target cell due to bad radio link.
· Step 2: If the MAC CE includes the TA of the target cell, then the UE will start the UL transmission at the time of the CG. The following options exist:
· TA is valid at the time of the UL transmission.
· UL transmission fails and the UE performs re-transmissions; when the re-transmissions happen, the TA may become invalid.
· Step 3: If the TA becomes invalid, the UE cannot perform the RACHless HO. However, the UE waits until the T304 expires and experiences interruption until T304 expiry.
· Step 4: The UE declares failure after T304 expiry, and the UE initiates the re-establishment/recovery procedure to find a suitable cell for reconnecting to the network. During this time, the UE continues to experience the interruption as the UE cannot receive any service until the re-establishment is completed.
Observation 8: The TA may become invalid between the reception of the TA value in the MAC CE to trigger cell change and the first UL transmission. 
Observation 9: A mechanism is needed for the UE to ensure that the TA is valid from the time of the reception of the MAC CE to trigger the cell change till the time of the cell switch (first UL transmission).
Proposal 8: RAN2 should discuss on how the TA validity is maintained during the cell switch. 
The TA validity maintenance up to now has been performed using the TAT. A similar approach can be followed for the TA maintenance from the UE from the time of the reception of the TA till the moment the first successful UL transmission takes place. The timing advance validity timer can be either provided as in legacy, or it can be provided in the MAC CE to trigger cell change, since the TA validity is not fixed but it depends on when the Early Synch has taken place and when the cell switch command is sent to the UE. 
Proposal 9: The UE can start a timer to maintain the validity of TA at the time of the reception of the TA value with the MAC CE triggering cell switch.
Additionally, the UE (possibly) will perform RTD measurements for UE based TA calculation before the reception of the cell switch command. In such cases the UE needs to maintain the TA validity locally.
Proposal 10: The UE can start a timer to maintain the validity of TA at the time of the RTD calculation for the UE based TA estimation.
Following the above approaches T304 timer and TAT run independently. This is because T304 is a timer that is used to detect radio link related issues during the handover procedure whereas TAT is a timer that is used to identify if the acquired TA is still valid or not.
Observation 10: It is possible that TA alignment timer will expire before the T304 expiration.
Observation 11: If TAT expires before the T304 the UE has to wait till T304 will expire as well in order to act.
For the UE to act in time, the following options exist:
· Option 1: UE fallback to source cell after timer to maintain the validity of TA expiry of the target cell of handover (if source TAT has not expired but target TAT has expired). The uplink resource for fallback is pre-configured at source for the UE to indicate the return. In this case the UE does not wait until T304 expiry and connects back to source cell to avoid failure or longer interruption time.
· Option 2: UE fallback to RACH based target cell access after timer to maintain the validity of TA expiry of the target cell of handover or based on radio-condition of the Reference Signal (SSB index) used as Quasi-co location (QCL) reference for PUSCH transmission (for using RACH config given in LTM RRC Reconfiguration). The UE does not wait until T304 expiry and initiates the RACH procedure that may have better coverage, e.g., switch to a better SSB/beam.
· Option 3: UE declares early failure and initiates re-establishment/recovery after the timer to maintain the validity of TA expiry of the target cell of handover. Thus, the UE does not wait until T304 expiry and initiates the re-establishment (or recovery if configured). Such approach may be a good approach in case fallback mechanisms are not applicable. 
Proposal 11: RAN2 should discuss on the above options and decide which is the preferred way to be followed.
Similarly, to the case with the TA validity expiration, the UE should be able to receive the UL grant with PDCCH of the target cell. However, the amount of time the UE should wait for the UL grant should be guarded. This can be done either using a timer, or using a certain number of PDCCH occasions, for not waiting for the T304 to expire and perform recovery. In case the condition for receiving UL grant (i.e., timer or counter) expires, the UE should not perform re-establishment/recovery, but it should fallback to RACH based access to the target cell.
Proposal 12: The UE should be configured with a timer or a counter of PDCCH occasions to guard the time to access the target cell using LTM RACH-less access. This configuration can be part of the RRC. 
Proposal 13: The UE should perform RACH based access to the target cell, once the conditions to guard the cell change process for the reception of the UL grant expires.
3.4 	Semi Persistent Reporting on PUCCH
As per RAN1, semi-persistent reporting on PUCCH is supported for both LTM. For the legacy semi-persistent CSI reporting on PUCCH, a MAC-CE is used for activation/deactivation of one or more semi-persistent report on PUCCH configurations by indicating CSI report Config ID or IDs to be activated or/and deactivated [see 6.1.3.16 in 38.321]. With an independent configuration of LTM CSI reporting (as agreed in the last RAN2 meeting by selecting option 2 for configuring LTM CSI Reporting), if the same MAC-CE command is used for LTM semi-persistent reporting on PUCCH, , there will ambiguity at the UE side, whether the given reporting configuration in the MAC-CE is associated with the legacy CSI reporting or for LTM CSI reporting. Therefore, it is needed to provide signalling support to indicate the UE whether the activation/deactivation of one or more SP reporting on PUCCH configuration applies for LTM reporting configuration or serving cell reporting configuration (e.g., legacy reporting used for serving cell BM and CSI).
Observation 12: With independent configurations of LTM CSI reporting, if the same MAC-CE command is used for LTM semi-persistent reporting on PUCCH, there will ambiguity at the UE side, whether the given reporting configuration in the MAC-CE is associated with the legacy CSI reporting or for LTM CSI reporting.
Proposal 14: RAN2 to provide signalling support to indicate the UE whether the activation/deactivation of one or more SP reporting on PUCCH configurations applies for LTM reporting configuration or serving cell reporting configuration (e.g., legacy reporting used for serving cell BM and CSI).

4	Conclusion
This document has made the following observations:
Observation 1: Considering the UE capability that can be lower than the number of prepared cells, the UE capability will limit of the LTM where the UE cannot execute the LTM to any of the candidate cells with a UE based TA acquisition, but only to a subset of candidate cells (the ones that UE received the configs for and the ones that UE could estimate the TA).
Observation 2: Considering the RAN1 UE capability notes, RAN2 needs to specify a solution that benefits most from the UE based TA estimate to avoid any UE capability based drawback.
Observation 3: Considering that the source cells can be SpCell and SCells, there are two scenarios regarding the synchronization of source and target cell:
1) Target cell and source SpCell are synchronized. 
2) Target cell and source SCell(s) are synchronized.
Observation 4: Keep the UE tracking the timing of the TCI states of candidate cells which will not be selected as the target cell may cause the UE unnecessarily monitor TCI states that are no longer relevant for cell switch purposes.
Observation 5: Since the Candidate Cell TCI States Activation/Deactivation MAC CE can only activate TCI states of one candidate cell at a time, existing mechanism of deactivation, where the deactivation of a TCI state is implicit if the latest MAC CE providing the activation command does not include that activated TCI state, could not be used to deactivate TCI states of a candidate cell. 
Observation 6: Candidate cell TCI state activation/deactivation command does not include BWP information for which the TCI States are activated. Also, cell switch command does not include any BWP ID information.
Observation 7: When the S-DU provide the TA of the candidate cell along with the MAC CE command, the maintenance of the provided TA is out of networks or S-DU’s control as the UE detaches from the serving cell and initiates the execution of LTM.
Observation 8: The TA may become invalid between the reception of the TA value in the MAC CE to trigger cell change and the first UL transmission. 
Observation 9: A mechanism is needed for the UE to ensure that the TA is valid from the time of the reception of the MAC CE to trigger the cell change till the time of the cell switch (first UL transmission).
Observation 10: It is possible that TA alignment timer will expire before the T304 expiration.
Observation 11: If TAT expires before the T304 the UE has to wait till T304 will expire as well in order to act.
Observation 12: With independent configurations of LTM CSI reporting, if the same MAC-CE command is used for LTM semi-persistent reporting on PUCCH, there will ambiguity at the UE side, whether the given reporting configuration in the MAC-CE is associated with the legacy CSI reporting or for LTM CSI reporting.
And proposed the following:
Proposal 1: RAN2 should specify a solution that that enables the UEs performing UE based TA estimate obtain the maximum number of TA estimates.
Proposal 2: Agree on Option 2 as preferred way forward and provide to the UE the group of target cells that share the TA values since this makes RRC configuration less complex.
Proposal 3: In UE based TA estimate, the UE should receive the TAG-ID of the source cell which is synchronised with the target cell, i.e., PTAG or STAG(s) IDs.  
Proposal 4: Activation of one or more TCI states for multiple candidate cells should be allowed with the same MAC-CE activation command.

Proposal 5: Support of deactivation of LTM TCI states for a certain candidate cell (or set of candidate cells) using:
· Alternative 1: Timer-based approach, i.e., a timer can be configured for the supervision of already activated TCI states.
· Alternative 2: Signalling approach to deactivate TCI states of a candidate cell (or set of candidate cells).

Proposal 6: Candidate cell TCI state activation/deactivation command provides BWP information (DL/UL) for the activated TCI states. 
Proposal 7: If the UE is not provided the BWP information in the Candidate Cell TCI state activation/deactivation message, it determines the BWP for the activated TCI states to be the BWP (DL/UL) indicated by the candidate cell RRC configuration.
Proposal 8: RAN2 should discuss on how the TA validity is maintained during the cell switch. 
Proposal 9: The UE can start a timer to maintain the validity of TA at the time of the reception of the TA value with the MAC CE triggering cell switch.
Proposal 10: The UE can start a timer to maintain the validity of TA at the time of the RTD calculation for the UE based TA estimation.
Proposal 11: RAN2 should discuss on the above options and decide which is the preferred way to be followed.
Proposal 12: The UE should be configured with a timer or a counter of PDCCH occasions to guard the time to access the target cell using LTM RACH-less access. This configuration can be part of the RRC. 
Proposal 13: The UE should perform RACH based access to the target cell, once the conditions to guard the cell change process for the reception of the UL grant expires.
Proposal 14: RAN2 to provide signalling support to indicate the UE whether the activation/deactivation of one or more SP reporting on PUCCH configurations applies for LTM reporting configuration or serving cell reporting configuration (e.g., legacy reporting used for serving cell BM and CSI).
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