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Introduction
In order to reduce the mobility latency, in Rel-18 WID on Further NR mobility enhancements, RP-231475 [1], one of the objectives was agreed to specify mechanism and procedures of Layer 1/Layer 2 (L1/L2)-triggered mobility (LTM) which includes the following items:
	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Note 2: Only SSB-based L1 measurement is supported in this release.
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 3: FR2 specific enhancements are not precluded, if any.
Note 4: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG, prioritizing MCG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized


For the timing advance (TA) management for Rel-18 LTM, PDDCH ordered RACH based early TA acquisition of candidate cell(s) is supported. In the previous RAN1 meetings, RAN1 had further laid out the details of content of DCI used for PDCCH order, RAR reception mechanism, PRACH retransmission mechanism with power ramping, etc. Also, the support of RACH-less mechanism, i.e., UE-based TA measurement and when TA = 0 or same as the source cell, have also been discussed and agreed with some high-level details. In this contribution, we provide our views on the remaining open issues for both PDCCH ordered RACH and RACH-less solutions.
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Remaining Issues on PDCCH Ordered RACH for Early TA Acquisition
For Rel-18 LTM, in order to simplify the RACH-based TA acquisition and to reduce the interruption time at the serving cell, RAR based solution has been ruled out. Due to the absence of RAR, the UE has no idea whether its PRACH transmission was failed or not where inadequate Tx power may be one of the key reasons for a failure. To tackle that, a new mechanism using a 1-bit indication, indicating either initial transmission or retransmission, in the PDCCH order has been agreed to enable power ramping procedure. The UE is able to determine the PRACH Tx power based on that indication. 

The following agreements were made in the last RAN1 and RAN2 meetings on PRACH re-transmission and power ramping procedure for RACH-based early TA acquisition for LTM:
RAN1 #114 [2]
Agreement
For the power control of PDCCH-ordered CFRA in LTM, the UE can maintain only one power ramping counter. 

Agreement
For the power control of PDCCH-ordered CFRA in LTM, power-ramping counter is reset at least when UE receives a PDCCH order indicating the initial transmission of PRACH.

Agreement 
For the power control of PDCCH-ordered CFRA in LTM, 
· When a UE receives a PDCCH order indicating a re-transmission of PRACH with the same associated SSB and same candidate cell as the previous PRACH, the counter is increased by 1.
· In addition to case 1, power-ramping counter is reset in the following cases:
· Case 2: The candidate cell indicated in the PDCCH order, indicating retransmission, is different from that indicated in the last PDCCH order. 
Note: the initial counter is 0 before receiving any PDCCH order.


RAN2#123 [3]
The early RACH procedure share a same MAC entity with the legacy RACH procedure. (e.g. no extra MAC entity is needed for early RACH)
It is up to UE implementation to handle the RACH initiation collisions where the early RACH is getting involved. No specification change can be foreseen.
R2 assumes For counting the power ramping step for early RACH, Reuse  PREAMBLE_POWER_RAMPING_COUNTER
FFS if UE transmits the preamble without the power ramping upon reception of PDCCH order with retransmission indication if preamble transmission encounter the LBT failure. 
P8: Confirm that the RACH procedure toward a candidate cell is considered as complete once the preamble transmission is instructed to the lower layer.
Once the UE transmits a PRACH towards a candidate cell, it may take some time for the serving DU to receive the TA from the candidate DU. If the serving cell determines that the TA acquisition was not successful (e.g., TA from the candidate DU was not received within an expected time), the serving cell may trigger another PRACH transmission with a higher power and this procedure may continue until the TA is acquired by the serving DU successfully. In certain scenarios, this procedure of successful TA acquisition may take several tens of milliseconds and during this procedure, the serving cell may decide to trigger PRACH to another potential candidate cell, or it is certainly possible that a UE-initiated RACH for the serving cell is triggered, e.g., due to beam failure recovery. Therefore, in order to make LTM RACH-based TA acquisition work properly, each procedure should have an independent power ramping counter so that in case of any interruption, the network does not need to re-start the power ramping. However, in order to make the UE processing simple in terms of handling power ramping counters, RAN1 has agreed to support only one counter across all the LTM candidate cells. Although this is not the perfect solution, it can still work as the serving cell has control on triggering of PRACH transmissions. 
However, as per our understanding, with the RAN1 agreement on supporting one power ramping counter across all candidate cells, RAN1 did not intend to share the same counter also with the legacy serving cell TA acquisition. The power ramping procedure for LTM should not be interrupted by a UE-initiated RACH procedure as network cannot control the timing of a UE-initiated RACH procedure. The UE should be allowed to keep the power ramping counter value of LTM which can be used to continue the procedure even if there is a UE-initiated procedure is performed meanwhile to retain the UE connection with the serving cell. For example, if the UE has performed at least one PDCCH ordered RACH transmission to an LTM candidate cell and determines to trigger a UE-initiated RACH procedure, the UE should be configured to store the power ramping counter value for the LTM PDCCH ordered RACH procedure, so that when the UE receives another PDCCH order (after the UE initiated RA procedure completes) with same candidate cell and target DL RS (indicating retransmission), the UE can determine the power using the stored power ramping counter value. This is needed to reduce the number of PRACH transmissions compared to the case when the UE re-starts the RACH procedure from the initial default value of power ramping counter (i.e., 1).
Observation 1: Successful TA acquisition for a candidate cell may take several tens of milliseconds and during this procedure, the serving cell may decide to trigger PRACH to another potential candidate cell, or it is also possible that a UE-initiated RACH for the serving cell is triggered, e.g., due to beam failure recovery.
Observation 2: Power ramping procedure for LTM should not be interrupted by a UE-initiated RACH procedure as network cannot control the timing of a UE-initiated RACH procedure as this may unnecessarily trigger the UE to re-start the power ramping for LTM after the completion of a UE-initiated RACH procedure. 
Proposal 1: A separate power ramping counter is maintained for RACH-based early TA acquisition for LTM than the one used for the legacy TA acquisition (for the serving cell(s)). 
· Note: RAN1 needs to ask RAN2 to consider this agreement for their assumption on reusing the power ramping counter.
Proposal 2: UE stores the power ramping counter value for LTM which can continue to be used for additional PRACH transmissions towards the candidate cells even when the RACH procedure is interrupted by a UE-initiated RACH procedure. 
UE-based TA Estimation
In RAN1 #113, as per the following agreement, RAN1 confirmed the support of UE-based TA measurement and sent an LS to RAN4 to ask about the feasibility of such a scheme. 

Agreement
Confirm the following Working Assumption, and sent LS to RAN4 to clarify the feasibility of supporting this mechanism
Working Assumption
From RAN 1 perspective, UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
· FFS: other impacts on RAN1 spec
RAN4 has sent an LS reply with the following explanation [4]:
Due to TAE, DL timing estimation error (of both serving and target cell), serving cell TA resolution error and TA adjustment error, though UE may be able to derive the TA, the actual UL Rx timing error at the target gNB may be larger than CP and may cause performance degradation at the gNB. 
However, in some specific scenarios, for example, in FR1, where the TAE between serving cell and candidate cell is within 260ns, UE may be able to derive the TA based on UE based TA measurement and may meet the UL transmit timing requirements under good SNR condition and may not cause any performance degradation at the gNB.  
Note: TAE of 260ns corresponds to Intra-band contiguous carrier aggregation, where the CC are collocated

From the RAN4 reply, it is clear that UE-based TA measurement can be used at least in certain scenarios where the estimation error is not large. Network can configure this method at least for candidate cells for which TAE between the serving cell and candidate cell is within 260ns. Candidate cell specific configuration of UE-based TA measurement should be used. 
Observation 3: Following RAN4 reply, network can configure UE-based TA measurements at least for candidate cells for which TAE between the serving cell and candidate cell is within 260ns.
Proposal 3: UE-based TA measurement can be configured per candidate cell. 
Optimizing the number of UE-based TA measurements 
UE-based TA measurements may be configured for one or more candidate cells, e.g., in the handover preparation phase (in the RRC configuration). Since TA is subject to validity for every ms during UE mobility, the UE is expected to continue estimating/updating the UE-based TA measurement for a candidate cell along with its mobility. As applicable to any measurement, UE based TA measurement would also be time and energy consuming, and therefore from UE point of view, it would be preferable to optimize the number of measurements such that the UE would not need to perform those measurements when they are not needed. This may be achieved by enabling the UE to continue/update UE-based TA measurements only for the candidate cells which are more likely to become the target cell. One simple solution is to use early TCI activation (if provided) message to determine such candidate cells. It is expected that the network would only do the early activation for the candidate cells that it considers the likely target cell. 
Therefore, when the UE receives a candidate Cell TCI activation/deactivation MAC CE activating one or more TCI states for one or more LTM candidate cells, the UE shall allow to continue or initiate UE-based TA measurements on the LTM candidate cells/RS for which TCI state(s) are activated and relax or stop the UE-based TA measurements on other configured LTM candidate cells/RS.
Observation 4: UE is expected to continue estimating/updating the UE-based TA measurement for a candidate cell along with its mobility and as applicable to any measurement, such measurements would also be time and energy consuming.
Proposal 4: After the reception of a candidate Cell TCI activation/deactivation MAC CE, the UE shall allow to continue or initiate UE-based TA measurements on the LTM candidate cells/RS for which TCI state(s) are activated and relax or stop the UE-based TA measurements on other configured LTM candidate cells/RSs.
Minimizing the Estimation Error
When the Rx timing difference estimation error is large, it will lead the misalignment in the UL sync, i.e., the UE-based TA estimation does not meet the uplink timing requirements, which is more pronounced in asynchronous scenario, this can lead to failure of the RACH-less cell switch procedure or in the worst-case handover failure. On the other hand, RACH based TA acquisition is a precise method for UL TA evaluation as it will be evaluated by using the UL channel transmission and the evaluation will be performed at the candidate cell. Although it provides an accurate TA evaluation, the TA is subject to validity for every ms that is not used by the UE during mobility. In that case, the network needs to re-trigger the TA acquisition of the UE which cause additional interruption on the UE side as well as signaling overhead both on the air interface and F1 interface.
One potential solution to mitigate the bottlenecks of each solution and enable a precise early TA acquisition that can be achieved without TA validity issue and least interruption time/signaling overhead is combination of RACH-based and UE-based TA estimation. For example, the UE may estimate the TA using UE-based TA estimation and share this value (TA1) with the source cell. The source cell then can acquire the precise TA (TA2) by triggering a PDCCH order-based RACH and can evaluate the estimation error (including timing alignment error and other potential impairments) of TA1 using both TA1 and TA2. This estimation error can be provided to the UE, which can be further used to correct the UE-based TA estimations. With this procedure, there is no need to trigger another PDCCH order-based RACH when the TA becomes invalid. Once the UE is given the estimation error, it can continue estimate the TA using UE-based TA estimation and correct it using the estimation error. 
Observation 5: When the Rx timing difference estimation error is large, UE-based TA estimation leads the misalignment in the UL sync which is more pronounced in asynchronous scenario, and this can lead to failure of the RACH-less procedure or in the worst-case handover failure. 
Observation 6: RACH based TA acquisition provides an accurate TA evaluation, however, the TA is subject to validity for every ms that is not used by the UE during mobility, and in that case, the network needs to re-trigger the TA acquisition of the UE which cause additional interruption on the UE side as well as signaling overhead both on the air interface and F1 interface.
Proposal 5: RAN1 should discuss improvements to minimize the inaccurate TA estimation from UE based TA measurement. 
Proposal 6: The UE is provided with the estimation error for a candidate cell which the UE uses with all future UE-based TA estimation for the candidate cell. 
Conclusion
In this contribution, we provided our views on the remaining open issues on TA management for Rel-18 LTM. The following observations and proposal have been made:
Observation 1: Successful TA acquisition for a candidate cell may take several tens of milliseconds and during this procedure, the serving cell may decide to trigger PRACH to another potential candidate cell, or it is also possible that a UE-initiated RACH for the serving cell is triggered, e.g., due to beam failure recovery.
Observation 2: Power ramping procedure for LTM should not be interrupted by a UE-initiated RACH procedure as network cannot control the timing of a UE-initiated RACH procedure as this may unnecessarily trigger the UE to re-start the power ramping for LTM after the completion of a UE-initiated RACH procedure. 
Proposal 1: A separate power ramping counter is maintained for RACH-based early TA acquisition for LTM than the one used for the legacy TA acquisition (for the serving cell(s)). 
· Note: RAN1 needs to ask RAN2 to consider this agreement for their assumption on reusing the power ramping counter.
Proposal 2: UE stores the power ramping counter value for LTM which can continue to be used for additional PRACH transmissions towards the candidate cells even when the RACH procedure is interrupted by a UE-initiated RACH procedure.
Observation 3: Following RAN4 reply, network can configure UE-based TA measurements at least for candidate cells for which TAE between the serving cell and candidate cell is within 260ns.
Proposal 3: UE-based TA measurement can be configured per candidate cell.
Observation 4: UE is expected to continue estimating/updating the UE-based TA measurement for a candidate cell along with its mobility and as applicable to any measurement, such measurements would also be time and energy consuming.
Proposal 4: After the reception of a candidate Cell TCI activation/deactivation MAC CE, the UE shall allow to continue or initiate UE-based TA measurements on the LTM candidate cells/RS for which TCI state(s) are activated and relax or stop the UE-based TA measurements on other configured LTM candidate cells/RSs.
Observation 5: When the Rx timing difference estimation error is large, UE-based TA estimation leads the misalignment in the UL sync which is more pronounced in asynchronous scenario, and this can lead to failure of the RACH-less procedure or in the worst-case handover failure. 
Observation 6: RACH based TA acquisition provides an accurate TA evaluation, however, the TA is subject to validity for every ms that is not used by the UE during mobility, and in that case, the network needs to re-trigger the TA acquisition of the UE which cause additional interruption on the UE side as well as signaling overhead both on the air interface and F1 interface.
Proposal 5: RAN1 should discuss improvements to minimize the inaccurate TA estimation from UE based TA measurement. 
Proposal 6: The UE is provided with the estimation error for a candidate cell which the UE uses with all future UE-based TA estimation for the candidate cell.
References
[1] RP-231475, Revised WID on Further NR mobility enhancements, 3GPP TSG RAN Meeting #100, June 12-14, 2023.
[2] RAN1 114 Chairman notes, 3GPP RAN1 Meeting #114, August 21-25, 2023.
[3] RAN2 123 Chairman notes, 3GPP RAN2 Meeting #123, August 21-25, 2023.
[4] R4-2314455, Reply LS on beam application time and UE based TA measurement for LTM, 3GPP TSG RAN WG4 Meeting #108, August 21 – 25, 2023.


