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Introduction 
In this paper, we intend to bring the up RAN2 specific aspects (that do not need RAN1 progress/input) on TA handling for skipping RACH at LTM switch. We use the RAN1 LS [1] as the basis for this discussion.
On the need of CBRA 
RAN1 LS [1] mentions about using two TAs for mTRP operation and whether RACH that is needed for the TA acquisition for the second TRP, can be CBRA. The relevant LS content is pasted below.
	Agreement
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.

Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, it is up to RAN2 to decide whether there is a need to enhance CBRA procedure to support per TRP UE-initiated RACH procedure.




Since the TA acquisition for mTRP with different TA (from RAN2 perspective) could be very well used for LTM cell switch where the RACH during the cell switch can be avoided, we want to use this LS to trigger a discussion on this before proceeding with the handling/maintenance of the two TAs.
The TA for the other TRP (and in FeMob – for the potential Target LTM cell) is allow on the derivation of TA of the target so that the operation on other link (a LTM switch in the case of FeMob) can be done without any RACH at the transition – i.e., reduce the latency.
Observation 1 : The two TA mTRP framework is the basis for LTM cell switch where the RACH can be avoided at the cell switch time.
Since the configuration to the UE for the TA on the other TRP/cell is only for the intention of link addition/LTM switch, it can be done on an on-demand basis, and is something that can be triggered by the NW. So the NW can allocate a resource when this RACH is needed, which is something that lends very well with CFRA (for eg., DCI based PDCCH order)
Also, since this RACH from the source is triggered via L2 or below, ideally we do not even need a MSG3 based RACH (similar to the PDCCH order). Creating a CBRA for this would mean RAN2 has to discuss on what would be the MSG3 content, which is not really useful.
Observation 2: TA acquisition for target cell for LTM switch purposes is an on-demand operation triggered by the NW, and so can be done with CFRA, where the resources can be provided when the RACH is needed (for eg via DCI). And so the issue of pre-reservation of resources can be mitigated.
Observation 3: CBRA requires contention resolution and the involvement of MSG3, and this requires additional RAN2 work on what would the MSG3 be for LTM. 
RAN1 is still discussing on the logistics of RAR for the RACH in this case: whether the UE needs to monitor the source cell or on the target. We can make this simpler by NOT extending this further, as CBRA requires the UE to decode the MSG4 as well and this might require the UE to further get interrupted from the source cell (either on the source or on the target in the reception of MSG4).
Observation 3:  CBRA requires the UE to decode the MSG4 as well and this might require the UE to further get interrupted from the source cell (either on the source or on the target in the reception of MSG4).
We actually see more work in RAN2/1 in implementing the CBRA and do not see the benefit, and we propose that atleast for Rel-18, we limit this to CFRA alone.
Proposal 1: Only CFRA based RACH procedure is supported in Rel-18 for the acquisition of TA of the other TRP/target LTM cell while the UE is in connection with the source cell.

Handling the target cell TA
The discussions in RAN1 are still continuing on the procedures of acquiring the TA from the target LTM cell, while the UE is in CONNECTED mode with the source LTM cell. However, irrespective of how the actual RACH procedure including the corresponding delivery of the TA of the LTM cell is done, there are RAN2 specific aspects that RAN2 can discuss and progress while the discussion in RAN1 continues.
Observation 4: There are topics that do not depend on RAN1 in relation to the handling of multiple TAs, as part of the target LTM candidate TA acquisition.
We list below the topics of discussion that RAN2 can progress without waiting for RAN1 input.
· MAC handling of the TA(s) of target LTM cells
· Configuration/capability of the UE in maintaining multiple LTM candidate cell Tas
· Vadility of the TA(s)
· In relation to actions in sPCell ( for eg current TAT expiry)
· UE actions in case of invalidation of target cell TA

Capability
The ability to support RACH on a target LTM cell while still being in CONNECTED mode in source LTM cell, requires additional implementation in UEs that support LTM (for eg, ability to maintain the source timing while syncing to the target cells’ ref sig – SSB, ability to TX PRACH resources using the target timing while still maintain the source timing – to come back to the source cell to re-sync and receive the control/data channels on the source cells etc).
Observation 5: The ability to support RACH on a target LTM cell while still being in CONNECTED mode in source LTM cell, requires additional implementation in UEs that support LTM (for eg, ability to maintain the source timing while syncing to the target cells’ ref sig – SSB, ability to TX PRACH resources using the target timing while still maintain the source timing – to come back to the source cell to re-sync and receive the control/data channels on the source cells etc).
We also note that, the ability of the UE to be able to maintain the TA of more than one target LTM cells is an additional capability.
Based on the above, we think the LTM UE should be able to inform the NW whether it supports TA acquisition of the target cell, and whether it can actually maintain such TA relations to more than one candidate LTM cells.
Proposal 2: A new UE capability is to be defined for LTM supporting UEs to support TA acquisition of the target LTM cell while the UE is in CONNECTED mode with the source LTM cell.
Proposal 3: Additional capability is defined for the UE to inform how many LTM candidate cells for which it can maintain TA for.

Validity timer
Based on the above, we can also see that once the UE starts to “maintain” TA of the candidate LTM cell, the question of what is the actual maintenance is, needs to be addressed.  We can see that the UE maintains the TA of the source cell by a TAT, and this timer is set/reset based on the NW actions to the UE.
We intend to not complicate the maintenance of the candidate LTM cell TA, as this is intended for avoiding RACH during the LTM switch. But since the UE has to ensure that the TA that has been provided for the candidate LTM cell is something that the UE can apply for the Tx on that LTM cell, atleast a procedure or method/means is needed by the UE to know if it can still consider this TA value as valid.
Observation 6: Atleast some indication/method is needed at the UE to know if the TA value it was provided earlier for the candidate LTM cell, can be considered valid (for eg: forever valid until a new TA is provided etc).
We think the simplest is by the means of a timer. We also think such timer can help in the cases where the UE has multiple TAs (for multiple candidate LTM cells). In such a case a per-LTM cell timer would be beneficial.
Observation 7: A timer per LTM cell would be the simplest way of tracking the validity of the TA. But NR (and LTE) already have the concept of TAGs, and NW can group a set of LTM cells into a group – to apply the same LTM TA for any of these cells in that TAG
Proposal 4: A timer is a defined to consider the validity of the TA of the candidate LTM cell. This timer is started at the provision of the TA value from the NW. Timer can have the value infinity (no expiry of the timer).
Proposal: 5 The concept of TAG can be applied to the TA. FFS on the details, pending TA progress in RAN1 and RAN2.
It is logical to assume that the UE would skip RACH and apply the TA value at the time of LTM switch, if the validity is true.
Proposal 6: At the reception of LTM cell switch command, if the associated TA of the target LTM cell is valid, the UE does not RACH, but applies the TA for the UL on the target LTM cell.

Validity with respect to source cell TA actions
With the validity definition of the target cell TA in place, the main aspect to address is the relation of this validity (timer) to the source cell TA related procedures. In our view, the expiry of a timer at the source (TAT expiry) or loss of UL sync etc, should not effect the TA validity of the target cell. The source cell only facilitates in triggering (and possibly provision of the TA value) of the target LTM cell. 
Also, quite possibly there could be more than one candidate LTM target cells with their own TA being maintained at the UE, and the source cell action (source TAT expiry for eg), should not result in changes to the TA being maintained for the candidate LTM cell(s).
Observation 8: The expiry of a timer at the source cell (TAT expiry) or loss of UL sync etc, should not effect the TA validity of the target cell. The source cell only facilitates in triggering (and possibly provision of the TA value) of the target LTM cell.
Proposal 7: Expiry of the source cell TAT should not result in invalidating the LTM target cell TA validity timer.
Expiry of the candidate TA validity timer 
In our view, the concept of the target LTM cell validity timer is to have a sync between the UE and the target LTM cell on the notion of a valid TA value that the UE can apply. In order to ensure that the TA value that the UE maintains is accurate, there can be re-trigger of RACH, or an update of the TA value by the associated target LTM cell and this can re-start the associated LTM timer. 
Observation 9: In case there is an expiry of this, one can assume that the target LTM cell has lost track of this UE, and from this perspective, it better for the UE to start with a RACH on the target LTM cell, in case of a LTM switch command.
Since CBRA based LTM switch is something that is supported, it is better for the UE to perform CBRA based RACH in the case of invalidation of the TA timer for the target LTM cell. However, we do not want to preclude the case where the NW provide CFRA resources, although we think this is an optimization.
Proposal 8: If the target cell TA validity timer has expired, the UE does not take any action. If the LTM cell switch command is received for a candidate LTM cell whose TA validity timer has expired or not running, the UE performs RACH on the target LTM cell. The RACH is CBRA based, but CFRA is not precluded if the UE can be configured with this information.

At LTM cell switch
It is logical to assume that the UE would skip RACH and apply the TA value at the time of LTM switch, if the validity is true. However, RAN2 needs to also discuss about what the UE should do for the source cell TA value, and the TA value of other candidate target cells.
Observation 10: We cannot assume that the timing advance for a particular LTM target cell, as measured and provided when the UE is in the source cell, would be valid once the UE performs a LTM switch to another LTM cell. We would assume that the UE needs to perform a RACH on the newly switched to LTM cell, to get the accurate TA of the prior source cell or any other candidate LTM cells for which the UE had TA values, while being in the source cell.
Observation 11: Trying to design the case where the UE maintains the TA values of multiple candidate LTM cells to be carried with the UE through different LTM cell switches, with the intention that if the UE comes back to the old source cell, the TAs of the candidate LTM cells would be valid, is to over engineer this. We think the UE can simply release all the TAs of the other candidate cells at cell switch.
Proposal 9: The TA timers of the “other” candidate LTM cells is reset and the TA is considered invalid for the other candidate LTM cells, once the UE successfully performs a LTM switch to a target cell.  
But in case of LTM cell switch failure where the UE comes back to the source cell successfully, it is beneficial for the UE to assume the pre-maintained TA values of the other candidate cells as valid, as the UE can potential switch to one of these target LTM cells.
Proposal 10: In the case of LTM switch failure where the UE falls back to the original source LTM cell, the TA values and the validity of the other LTM candidate cells, are not invalidated.

Conclusions
Observation 1 : The two TA mTRP framework is the basis for LTM cell switch where the RACH can be avoided at the cell switch time.
Observation 2: TA acquisition for target cell for LTM switch purposes is an on-demand operation triggered by the NW, and so can be done with CFRA, where the resources can be provided when the RACH is needed (for eg via DCI). And so the issue of pre-reservation of resources can be mitigated.
Observation 3: CBRA requires contention resolution and the involvement of MSG3, and this requires additional RAN2 work on what would the MSG3 be for LTM. 
Observation 3:  CBRA requires the UE to decode the MSG4 as well and this might require the UE to further get interrupted from the source cell (either on the source or on the target in the reception of MSG4).
Observation 4: There are topics that do not depend on RAN1 in relation to the handling of multiple TAs, as part of the target LTM candidate TA acquisition.
Observation 5: The ability to support RACH on a target LTM cell while still being in CONNECTED mode in source LTM cell, requires additional implementation in UEs that support LTM (for eg, ability to maintain the source timing while syncing to the target cells’ ref sig – SSB, ability to TX PRACH resources using the target timing while still maintain the source timing – to come back to the source cell to re-sync and receive the control/data channels on the source cells etc).
Observation 6: Atleast some indication/method is needed at the UE to know if the TA value it was provided earlier for the candidate LTM cell, can be considered valid (for eg: forever valid until a new TA is provided etc).
Observation 7: A timer per LTM cell would be the simplest way of tracking the validity of the TA. But NR (and LTE) already have the concept of TAGs, and NW can group a set of LTM cells into a group – to apply the same LTM TA for any of these cells in that TAG
Observation 8: The expiry of a timer at the source cell (TAT expiry) or loss of UL sync etc, should not effect the TA validity of the target cell. The source cell only facilitates in triggering (and possibly provision of the TA value) of the target LTM cell.
Observation 9: In case there is an expiry of this, one can assume that the target LTM cell has lost track of this UE, and from this perspective, it better for the UE to start with a RACH on the target LTM cell, in case of a LTM switch command.
Observation 10: We cannot assume that the timing advance for a particular LTM target cell, as measured and provided when the UE is in the source cell, would be valid once the UE performs a LTM switch to another LTM cell. We would assume that the UE needs to perform a RACH on the newly switched to LTM cell, to get the accurate TA of the prior source cell or any other candidate LTM cells for which the UE had TA values, while being in the source cell.
Observation 11: Trying to design the case where the UE maintains the TA values of multiple candidate LTM cells to be carried with the UE through different LTM cell switches, with the intention that if the UE comes back to the old source cell, the TAs of the candidate LTM cells would be valid, is to over engineer this. We think the UE can simply release all the TAs of the other candidate cells at cell switch.


Proposal 1: Only CFRA based RACH procedure is supported in Rel-18 for the acquisition of TA of the other TRP/target LTM cell while the UE is in connection with the source cell.
Proposal 2: A new UE capability is to be defined for LTM supporting UEs to support TA acquisition of the target LTM cell while the UE is in CONNECTED mode with the source LTM cell.
Proposal 3: Additional capability is defined for the UE to inform how many LTM candidate cells for which it can maintain TA for.
Proposal 4: A timer is a defined to consider the validity of the TA of the candidate LTM cell. This timer is started at the provision of the TA value from the NW. Timer can have the value infinity (no expiry of the timer).
Proposal: 5 The concept of TAG can be applied to the TA. FFS on the details, pending TA progress in RAN1 and RAN2.
Proposal 6: At the reception of LTM cell switch command, if the associated TA of the target LTM cell is valid, the UE does not RACH, but applies the TA for the UL on the target LTM cell.
Proposal 7: Expiry of the source cell TAT should not result in invalidating the LTM target cell TA validity timer.
Proposal 8: If the target cell TA validity timer has expired, the UE does not take any action. If the LTM cell switch command is received for a candidate LTM cell whose TA validity timer has expired or not running, the UE performs RACH on the target LTM cell. The RACH is CBRA based, but CFRA is not precluded if the UE can be configured with this information.
Proposal 9: The TA timers of the “other” candidate LTM cells is reset and the TA is considered invalid for the other candidate LTM cells, once the UE successfully performs a LTM switch to a target cell.  
Proposal 10: In the case of LTM switch failure where the UE falls back to the original source LTM cell, the TA values and the validity of the other LTM candidate cells, are not invalidated.
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