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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 PDCCH ordered early RACH and UE-based TA measurement.
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Handling the overlap between UL transmission on Serving Cell and PRACH on a Candidate Cell
During the email discussion after RAN1 #114 on editor CR of TS 38.213 [2], the reference for the value of N defining the gap between a first or last symbol of a PRACH transmission to the candidate cell and a last or first symbol, respectively, of an UL transmission to the serving cell was discussed. Two options were discussed for the reference clause, clause 15 (Dual active protocol stack based handover) and clause 8.1 (Random access preamble) of 38.213, and finally it was left as left as TBD for further discussion in RAN1.
Clause 15 describes the scenario when a PUSCH/PUCCH/SRS transmission on the source MCG overlaps with a PUSCH/PUCCH/SRS target MCG and includes the value of N for SCS = 15, 30, 60, and 120 KHz of the active UL BWP for the PUSCH/PUCCH/SRS transmission. Whereas the clause 8.1 describes the scenario when on a serving cell, a PRACH transmission overlaps with a PUSCH/PUCCH/SRS transmission and includes the value of N for SCS = 15, 30, 60, 120, 480, and 960KHz where the smallest SCS configuration between the SCS of the UL BWP with the PRACH and the SCS of the UL BWP with the PUSCH/PUCCH/SRS is considered. Based on this, the details in clause 8.1 more relevant to the scenario for LTM. Therefore, clause 8.1 should be used as reference for the value of N. 
Observation 1: Transmission overlapping scenario in Clause 8.1 between a PRACH transmission and a PUSCH/PUCCH/SRS transmission on the serving cell is relevant to the LTM scenario more compared to the transmission overlapping scenario in clause 15 between PUSCH/PUCCH/SRS transmissions to the source and target MCGs.
Proposal 1: Use clause 8.1 as the reference clause for the value of N used to determine the overlap scenario between the PRACH transmission to a candidate cell and an UL transmission to the serving cell.
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 [3]:
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

The RAN4 reply indicates that it may be possible that UE-based TA measurement can be used in certain scenarios where the network time alignment error (TAE) is not large. For example, network can configure this method at least for candidate cells for which the TAE between the serving cell and candidate cell is within 260ns. Additionally, RAN4 indicates that it may be limited based on the UE conditions (good SNR conditions).
Further, in the last RAN2 meeting, RAN2 has made the following agreement where the RRC configuration of UE based TA measurement is supported:
· 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).
Given the limited time in Release-18, we may not be able to develop the complete solution to properly exploit the UE-based TA measurements. Therefore, in the following sections, we provide our views on further provisioning of this scheme such that some meaningful procedure (with minimal specification impact) could be establish to take the benefit of this feature for RACH-less LTM.  
Optimizing the Number of UE-based TA Estimation using Early TCI Activation based Triggering Mechanism
In the RRC configuration, UE-based TA measurements may be configured for one or more prepared candidate cells. However, 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 will 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. Even early TCI activation can be used to trigger the UE to start performing UE-based measurement with the indicated RS(s) and candidate cell(s).
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 2: 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 2: 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.
Coexistence of RACH-based TA Acquisition and UE-based TA Estimation
There are two main methods for early TA acquisition, i.e., UE based TA estimation and RACH based TA acquisition. 
RACH based TA acquisition is another method for UL TA evaluation which will be evaluated by using the UL channel transmission and the evaluation will be performed at the target cell. Although this method 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.
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. 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, when the Rx timing difference estimation error is large, this method may lead the misalignment in the UL sync which may be more pronounced in asynchronous scenario. 
When a UE can support both capabilities, i.e., UE based TA estimation and RACH based TA acquisition, network should be allowed to configure both mechanisms for the same candidate as this could be used to minimize the issues that can be caused by the TA acquisition.
Observation 3: RACH-based TA acquisition causes interruption on the UE side as well as signalling overhead both on the air interface and F1 interface, and UE based TA estimation is subject to Rx timing difference estimation error which may cause misalignment in the UL sync.
Observation 4: Both UE based TA estimation and RACH based TA acquisition could be used for the same candidate cell to minimize the issues that can be caused by the TA acquisition.
Proposal 3: For a candidate cell, configuration of both UE based TA estimation and RACH based TA acquisition should be supported.
Appropriate TA Selection from TAs available from both RACH-based TA Acquisition and UE-based TA Estimation
In case when both methods are used for a candidate cell and TA values from both methods are available, it is nontrivial to tell which TA value to be used. Since the TA is subject to validity dependent on the UE mobility or/and channel conditions, the latest available TA should be used by the UE. For example:
· If the UE performs the UE-based TA measurement after PRACH transmission to the target cell, the UE should use the UE-based TA measurement to perform the first transmission to the target cell. 
· If the UE performs the UE-based TA measurement before PRACH transmission to the target cell, the UE uses the TA value in the cell switch command.
Based on the above guidelines, a TA selection criterion may be defined for the UE to determine which TA to be used with the target cell. 
In order to proper implement such selection criteria, different timers may be employed for both methods to track the timing of the TA estimation for each method. For example, for UE-based TA measurement, a respective timer may be started/restarted whenever a UE-based TA measurement is performed for a candidate cell. Similarly, a timer may also be started/restarted whenever a PRACH transmission is sent to a candidate cell. Based on the timer values (associated with the target cell) at the time of cell switch, the UE can determine the latest TA for the target cell and use that TA to access the target cell. 
Proposal 4: When TAs available from both RACH-based TA Acquisition and UE-based TA Estimation, the TA acquired most recently should be used. 
Minimizing the Estimation Error using both RACH-based and UE-based TA Measurement
As mentioned above, each method has its own bottleneck. 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 may also 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. 
Proposal 5: Combination of RACH-based and UE-based TA estimation can be used 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 updates 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: Transmission overlapping scenario in Clause 8.1 between a PRACH transmission and a PUSCH/PUCCH/SRS transmission on the serving cell is relevant to the LTM scenario more compared to the transmission overlapping scenario in clause 15 between PUSCH/PUCCH/SRS transmissions to the source and target MCGs.
Proposal 1: Use clause 8.1 as the reference clause for the value of N used to determine the overlap scenario between the PRACH transmission to a candidate cell and an UL transmission to the serving cell.
Observation 2: 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 2: 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 3: RACH-based TA acquisition causes interruption on the UE side as well as signalling overhead both on the air interface and F1 interface, and UE based TA estimation is subject to Rx timing difference estimation error which may cause misalignment in the UL sync.
Observation 4: Both UE based TA estimation and RACH based TA acquisition could be used for the same candidate cell to minimize the issues that can be caused by the TA acquisition.
Proposal 3: For a candidate cell, configuration of both UE based TA estimation and RACH based TA acquisition should be supported.
Proposal 4: When TAs available from both RACH-based TA Acquisition and UE-based TA Estimation, the TA acquired most recently should be used.
Proposal 5: Combination of RACH-based and UE-based TA estimation can be used 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 updates for the candidate cell. 
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