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Introduction 
RAN1 has concluded on many aspects related to pre-TA acquisition of the target LTM candidate cell, while the UE is still in CONNECTED mode with the source LTM cell. As part of this discussion there were also some open items which RAN1 is looking for a direction from RAN2.In this paper, we intend to bring the up some of these open items, which can also lead to agreeing on the contents of LTM cell switch MAC CE.
Open items from RAN1 agreements

	Agreemment
For Rel-18 LTM, Random Access Preamble indices and indication of RACH occasions with the associated SSB indices are configured for each candidate cell. 
Note: the detailed signalling is left to RAN2

Agreement
The PDCCH order from the source cell contains the indication of candidate cell.
· The reserved bit(s) in DCI format 1_0 for PDCCH order can be used for indication of cell identity

Agreement
For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured/indicated
· If reception of RAR is not configured/indicated (without RAR)
· TA value of candidate cell is indicated in cell switch command
· FFS: whether UE should re-transmit PRACH when reception of RAR is not configured/indicated
· FFS: how UE determine the transmit power of subsequent PRACH triggered by PDCCH order
· If reception of RAR is configured/indicated (with RAR), FFS
· whether RAR is received from serving cell or candidate cell
· if RAR is received from candidate cell, whether Type1-PDCCH CSS of the candidate cell is configured to the UE
· content of RAR
· FFS: signaling for configuration/indication of whether RAR needs to be received
· UE can report the support combination of with RAR only and without RAR only, where support of one default scheme is the baseline UE approach for LTM
· Send LS to RAN2 and RAN3 to check the feasibility about this agreement
· Note: Definition of candidate cells is up to RAN2




RACH configuration for pre-TA acquisition
RAN1 expects RAN2 to direct RAN1 on the aspect of signalling the configuration of Random Access Preamble indices and indication of RACH occasions with the associated SSB indices for each of the LTM candidate cells. 
Observation 1: It is beneficial to allow the NW to select from a set of preconfigured RACH resources, to be used by the UE for TA pre-acquisition RACH. Instead of assigning dedicated resources to the UE, the NW can assign a pool of resources (via RRC) for each candidate LTM cell, and then dynamically select the runtime resources via MAC CE (or DCI as in PDCCH RACH order). 
Observation 2: Since PDCCH order for RACH already follows this logic, it would straight forward to use the same logic. However, RACH can also be triggered via MAC CE at the time of LTM switch. So MAC CE based dynamic selection of RACH resources is also useful.
Proposal 1: Both MAC CE and DCI can be used to provide the UE with the actual RACH resources to use for RACH for TA pre-acquisition. RRC configuration provides the pool of resources to which the MAC CE or DCI point to. 

RAR reception logistics
First up, we would like to confirm that the case of UE being given the TA value as part of the LTM MAC CE cell switch command should be the basic scenario that needs to be supported in LTM.
The ability of the UE to receive the RAR to store the TA (in the cases where the TA is not delivered via the LTM cell switch MAC CE), should be a UE capability. 
Proposal 2: Reception of TA value as part of LTM cell switch MAC CE is supported as the basic (default) option that the UE should support.
Proposal 3: Reception of the TA value as RAR response while the UE is still in CONNECTED mode with the serving LTM cell, is a UE capability that is optional.
The above proposal is a good input to RAN1 for them to discuss on various methods in which the RAR reception can be done (whether on the serving cell or on the candidate target LTM cell)
Proposal 4: Inform RAN1 about the default option.

Handling the target cell TA
RAN1 discussed the TA handling and has the below additional agreements from RAN1-112.
	Agreement
If reception of RAR is configured/indicated, RAR contains at least TA of candidate cell.
· The maximum number of TA values memorized by UE is a UE capability
· FFS: whether other parameters such as UE ID, candidate cell ID etc. is contained in RAR 




As can be seen above, RAN1 has the intention of UE being provided TA values for more than one potential LTM candidate cells, and this opens up the discussion on how the UE handles the TAs from multiple potential candidate cells.
Observation 3: RAN1’s view also include the case where the UE can be provided with TA values for more than one potential LTM candidate cells .
We list below the topics of discussion that RAN2 can progress from the above agreement.
· MAC handling of the TA(s) of target LTM cells
· 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


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 4: 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 5: 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 5: 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 6:  The concept of TAG can be applied to the TA pending on TAG progress in RAN1.
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 7: 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 6: 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 8: 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 7: 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 9: 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 8: 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 9: 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 10: 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 11: 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: It is beneficial to allow the NW to select from a set of preconfigured RACH resources, to be used by the UE for TA pre-acquisition RACH. Instead of assigning dedicated resources to the UE, the NW can assign a pool of resources (via RRC) for each candidate LTM cell, and then dynamically select the runtime resources via MAC CE (or DCI as in PDCCH RACH order). 
Observation 2: Since PDCCH order for RACH already follows this logic, it would straight forward to use the same logic. However, RACH can also be triggered via MAC CE at the time of LTM switch. So MAC CE based dynamic selection of RACH resources is also useful.
Observation 3: RAN1’s view also include the case where the UE can be provided with TA values for more than one potential LTM candidate cells .
Observation 4: 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 5: 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 6: 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 7: 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 8: 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 9: 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: Both MAC CE and DCI can be used to provide the UE with the actual RACH resources to use for RACH for TA pre-acquisition. RRC configuration provides the pool of resources to which the MAC CE or DCI point to. 
Proposal 2: Reception of TA value as part of LTM cell switch MAC CE is supported as the basic (default) option that the UE should support.
Proposal 3: Reception of the TA value as RAR response while the UE is still in CONNECTED mode with the serving LTM cell, is a UE capability that is optional.
Proposal 4: Inform RAN1 about the default option.
Proposal 5: 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 6:  The concept of TAG can be applied to the TA pending on TAG progress in RAN1.
Proposal 7: 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 8: Expiry of the source cell TAT should not result in invalidating the LTM target cell TA validity timer.
Proposal 9: 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 10: 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 11: 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.


References 

