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Introduction
[bookmark: _Hlk492027000]In order to reduce the mobility latency, in Rel-18 WID on Further NR mobility enhancements, RP-222332 [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
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: 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
· 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



In RAN1 #110-bis-e, it was agreed to support TA acquisition of candidate cell(s) for Rel-18 LTM before cell switch command is received by the UE [2]. In RAN1 #111, RAN1 had further discussions on the mechanisms to support early TA acquisition and TA update for which the following agreements were made [3]. In this contribution, we discuss the further details on TA acquisition mechanism, indication, and number of TAs to be acquired.
  Agreement
On mechanism to acquire TA of the candidate cell(s) in Rel-18 LTM, at least support PDCCH ordered RACH.
· The PDCCH order is only triggered by source cell
· FFS: the details including content of DCI, RACH resource configuration, RAR transmission mechanism, etc.
· Note: any other RACH-based solutions are for discussion separately

Agreement
For PDCCH ordered RACH in LTM, at least the following enhancements are supported
· Introduce indication of candidate cell and/or RO of candidate cell in DCI
· configuration of RACH resource for candidate cell(s) is provided prior to the PDCCH order
· FFS: whether/how to transmit RAR
 
 Agreement
On whether RAR is needed for PDCCH ordered RACH for a candidate cell in LTM, the following alternatives are considered for further study
· Alt 1: RAR is needed
· Alt 2: RAR is not needed
· Note: If Alt 2 is supported, TA value of candidate cell is indicated in cell switch command
· Alt 3: whether RAR is needed can be configured

Agreement
· TA updating (i.e., re-acquisition of TA) for candidate cell can be triggered by NW. 
· same triggering mechanism reuse the initial TA acquisition, i.e., PDCCH order triggered RACH in a candidate cell

Discussion
TA acquisition mechanism
PDCCH Order based RACH-based Solutions
RACH Configuration
The source cell may use L1 measurements of a candidate cell reported by the UE to determine if there is any need to acquire the TA of a candidate cell or not. Based on the agreements in RAN1 #111, if the source cell determines to acquire the TA of a candidate cell, it will send a PDCCH order to the UE containing the necessary information to determine appropriate PRACH transmissions towards the candidate cell. Since the RACH procedure with a candidate cell may cause some interruption to UE’s communication with the serving cell, Contention-Free Random Access (CFRA) should be preferred to minimize this interruption and also to avoid the preamble re-transmissions in case of collisions. 
Proposal 1: Contention-free Random Access (CFRA) is used for PDCCH order RACH based TA acquisition in Rel18 LTM.
The legacy NR PDCCH order is sent as DCI 1_0 containing Random Access Preamble index, UL/SUL indicator, SSB index, and RACH occasion indication (PRACH Mask index). In order to provide the necessary information for the UE to transmit a PRACH towards the candidate cell, one option is to first provide the detailed configuration in the candidate cell configuration given to the UE during the handover preparation phase. Alternatively, this may also be extracted from the broadcast cell specific information from the candidate cell. The configuration may include Random Access Preamble indices and indication of RACH occasions with the associated SSB indices. In this option, the PDCCH order can only contain the indication of the candidate cell (e.g., candidate cell ID like PCI or candidate cell configuration ID). The UE may first select a SSB index (e.g., best SSB) based on its measurements and then select appropriate Random Access Preamble index and RACH occasion from the candidate cell configuration. However, the SSB index may also be provided by the source cell in the PDCCH order along with the indication of the candidate cell. In this solution, the source cell/DU does not need to be aware of the RACH configuration of the candidate cell. In another solution, where the source cell/DU can access the information of RACH configuration of the candidate cell, it can provide SSB index, Random Access Preamble index, and RACH occasion information along with the indication of the candidate cell in the PDCCH order. Whether the source cell/DU can access the information of RACH configuration of the candidate cell will need RAN 2/3 confirmation. 
Observation 1: To provide the Random Access Preamble index, and RACH occasion information in the PDCCH order, the source cell/DU needs to have access of RACH configuration of the candidate cell/DU. To avoid that, RACH configuration containing Random Access Preamble indices and indication of RACH occasions with the associated SSB indices can be part of the candidate cell configuration and the PDCCH order may just contain the indication of candidate cell (e.g., candidate cell ID or candidate cell configuration ID) with/without the SSB index.  
Proposal 2: For Rel-18 LTM, RAN1 to study how to provide the CFRA resources for a candidate cell to perform TA acquisition:
· Option 1: the PDCCH order from the source cell contains the indication of candidate cell (e.g., candidate cell ID or similar identifier to indicate the candidate cell). The detailed RACH configuration containing Random Access Preamble indices and indication of RACH occasions with the associated SSB indices are provided in the candidate cell configuration or in the broadcast cell specific information from the candidate cell.
· Option 2: the PDCCH order from the source cell contains the SSB index, RA preamble index, and the PRACH occasion (PRACH mask index). For this option, the source cell/DU needs to have access of RACH configuration of the candidate cell/DU (RAN 2/3 needs to be consulted for this) 
Provision of Estimated TA Information
As discussed in the last RAN1 meeting, there can be different alternatives to send the estimated TA information to the UE. In one approach, when a RAR is sent in response to the UE’s preamble transmission, this may be sent directly from the candidate cell or via the serving cell. In such approach, the current RACH procedure would remain mostly intact i.e., that UE always expects a response to the RACH transmission. Moreover, this has some analogy with the current PDCCH ordered RACH where the RACH can be triggered to PCell or SCell. In both cases the response is monitored on the PCell. Also, since the response is provided, the UE can know when it should start (or stop) monitoring/adjusting the downlink synchronization for the uplink transmission e.g., during the cell switch. Even if the response is provided, the UE could be configured to maintain TA by subsequent RA transmission (before the cell switch).
Observation 2: In CA scenario for obtaining the TA for an SCell, the PDCCH ordered RACH preamble is transmitted to SCell, but the response is monitored on the PCell.
In the first option when the estimated TA is transmitted directly by the candidate cell to the UE, this would incur larger interruption time unless the UE can be assumed with a dual reception/transmission capability which may not align with the RAN4 agreement in RAN4 #104-bis-e, i.e., For intra-frequency L1/L2 mobility, not consider simultaneous data Rx/Tx with both source cell and target cell during L1/L2 inter-cell mobility delay [4]). Also, in this option, the UE needs to be provided with the Type1-PDCCH CSS configuration for the target cell. 
Observation 3: For the UE to enable to monitor a RAR from a candidate cell, a Type1-PDCCH CSS of the candidate cell needs to be provisioned to UE.
On the other side, the second approach, when the estimated TA is transmitted via the source cell to the UE, would require additional coordination between the source cell/DU and the candidate cell/DU for sharing the estimated TA. In this option, the TA from the source cell may be sent to the UE immediately (e.g., in a RAR message) or later (e.g., within the cell switch command). If the RAR is not needed in some cases, it should be configurable. 
Whether RAR would be transmitted or not can be configured/indicated to the UE. When RAR is configured, it can be additionally configured whether this would be transmitted by the respective candidate cell or the source cell, and when RAR is not configured, the estimated TA would be transmitted in the cell switch command. 
Observation 4: For PDCCH order RACH, if the RAR is not needed in some cases, it should be configurable.
Proposal 3: If the UE is configured to monitor RAR response for a PDCCH order RACH for a candidate cell, the network can indicate to the UE whether the RAR is monitored on the candidate cell or on the source cell. 
· For monitoring RAR from the candidate cell, Type1-PDCCH CSS of the candidate cell is configured to the UE.
Proposal 4: If the UE is configured to not monitor RAR response for a candidate cell, the estimated TA for that candidate cell may be sent in the cell switch command.

RACH-less Solutions
[bookmark: _Hlk122689259][bookmark: _Hlk122711499]In addition to PDCCH order based RACH solution, support of one or more RACH-less mechanisms was also discussed in the last RAN1 meeting. Under this category, the Rel-16 LTE RACH-less mechanism when the TA of the candidate cell is the same as that of the source cell (in case of co-located source and candidate cell) or equal to 0 (in case of small cell deployment scenarios) can be supported. However, this may not be applicable for all types of deployment scenarios, but it may be beneficial to have this for some specific scenarios as this would not require significant specification changes. For such solution, the source cell may need to indicate the UE that the TA of the candidate cell is the same as that of the source cell or equal to 0 which can be performed within the cell switch command or before it.
[bookmark: _Hlk122709973]Proposal 5: In RACH-less TA acquisition, LTE RACH-less mechanism is supported for which the network can indicate to the UE whether the TA of the candidate cell is the same as that of the source cell or equal to 0.
The RAN2 has agreed to support LTM for Carrier aggregation (CA) scenarios where target Primary Cell/Secondary Cell (PCell/SCell) can be current SCell/PCell. In these cases, the TA acquired for a current SCell/PCell before the cell switch can be used as TA for the target PCell/SCell after the cell switch. 
Proposal 6: In CA, the UE can apply the TA acquired for a current SCell/PCell before the cell switch as TA for the target PCell/SCell after the cell switch.
Some companies also proposed UE-based mechanism where the UE can drive the TA of a candidate cell using the downlink measurements. In terms of specification impact, for such solution, the source cell would need to indicate the UE for which candidate cells the UE can acquire the TA using UE-based measurements. This may further also require the UE to indicate the source cell when the UE successfully acquires the TA of a candidate cell using this method. Further, how the TA update could be supported would also need to be discussed. One approach is to use only network-based TA update mechanism as used for RACH-based solution, where the network can ask the UE to re-acquire the TA. In one option the network could indicate to UE to perform subsequent uplink transmissions for maintaining TA before the cell switch. However, more importantly, since such a solution would require the estimation of synchronization error between the candidate cell and the source cell and the Rx timing difference between the candidate cell and the source cell, therefore, the accuracy of TA estimation based on this mechanism needs to be taken care of before making any agreement. Given the limited time unit in RAN1, we suggest that this solution can be discussed after the overall framework using PDCCH order based RACH-based solution is in place. 
Observation 5: In RACH-less TA acquisition, for UE-based TA acquisition the source cell may need to indicate the candidate cells for which the UE can use UE-based measurements. This may further require the UE to indicate the source cell when the UE successfully acquire the TA of a candidate cell.
Observation 6: Since UE-based TA acquisition would require the estimation of synchronization error between the candidate cell and the source cell and the Rx timing difference between the candidate cell and the source cell, therefore, the accuracy of TA estimation based on this mechanism needs to be taken care of before making any agreement.
Proposal 7: UE-based TA acquisition can be discussed after overall framework for the PDCCH order based RACH-based solution is in place.
Under RACH-less category, some companies also proposed SRS based mechanism where the UE is configured to send SRSs towards a candidate cell and the candidate cell makes measurements to derive the TA. This would require significant specification change as SRS transmissions/reception towards/at the candidate cell would need to be configured. This might require resource reservation at the candidate cells to receive SRSs. Therefore, we don’t support such mechanism unless there is a clear benefit in light of other supported mechanism (e.g., RACH-based solution and above RACH-less mechanisms with minimal spec changes). 
Proposal 8: SRS-based TA acquisition is not supported for Rel-18 LTM.
Mapping between TA and Candidate Cell 
The following agreement was made in RAN #110-bis-e regarding the association between TA and candidate cell for Rel-18 LTM [2]:

Agreement
For TA acquisition of a candidate cell before cell switch command is received, study at least the following alternatives of associating TA/TAG to candidate cell:
· Alt1: Associate TA/TAG and candidate cell implicitly, e.g.,
· the association between TA/TAG and TCI states can be configured
· Alt2: Associate TA/TAG and candidate cell explicitly, e.g.,
· the association is provided as a part of candidate cell(s) configuration
· the association between TA/TAG and SSB(s)/TRS(s) is provided as a part of candidate cell(s) configuration

For the PDCCH order RACH, as discussed above, a candidate cell identification (explicit ID, e.g., PCI or an implicit like candidate cell configuration ID) would be provided to the UE which should be sufficient for the UE to associate the TA with the proper candidate cell. For example, PRACH preamble transmission from the UE and then reception of the value of TA of that candidate cell (e.g., from the candidate cell or via the source cell) may not need any additional association as the UE already knows about the candidate cell for which it is expecting to receive a TA. The association may be required if the UE has performed PRACH transmissions to N (>1) candidate cells and is waiting for the TAs for more than one candidate cell. Also, in case network combines the value of TAs for multiple candidate cells and then send jointly to the UE. For such cases, TA may need to associate with the correct candidate cell. Also, in case the TA of a candidate cell is sent via the source cell later in the cell switch command then it may require to also give the candidate cell identifier which may already be a part of the cell switch command as discussed in 9.12.1. 
Similarly, for RACH-less mechanisms, in both LTE type and UE-based mechanism, candidate cell indication (explicit ID or an implicit like candidate cell configuration ID) may be used by the network/UE to appropriately map the TA with the candidate cell. 
Therefore, a candidate cell identification (explicit ID like PCI or an implicit like candidate cell configuration ID or any other identifier used in the cell switch command for target cell indication) may be sufficient for TA to candidate cell mapping. Associating a TA with a TCI state may be needed when multiple TAs are acquired for a single candidate cell, e.g., mTRP operation, but such enhanced scenarios can be discussed later. 
Proposal 9: A candidate cell identification (explicit ID like PCI or an implicit like candidate cell configuration ID or any other identifier used in the cell switch command for target cell indication) is used for the TA to candidate cell association. 
Observation 7: Associating a TA with a TCI state may be needed when multiple TAs are acquired for a single candidate cell, e.g., mTRP operation, but such enhanced scenarios can be discussed later.
Number of TAs to be acquired before cell switch 
In RAN1 #110-bis-e, there was a discussion on number of TAs for the UE to be acquired before cell switch, but no agreement was made [2]. The following aspects were highlighted:
· the maximal number of TAs associated with candidate cell(s) can be handled by UE
· whether two TA(s)/TAG(s) for a candidate cell can be configured
In Rel-18 LTM, multiple cells can be prepared as a set of candidate cells for the target cell. TA acquisition for a candidate cell would at least require the UE to disconnect from the serving cell and transmit PRACH preamble (based on the PDCCH ordered RACH mechanism) which would incur additional burden at the UE and also interruption to the communication between the serving cell and the UE, specially for single antenna panel UEs. Also, in order to apply the acquired TA, the DL reference timing needs to be keep tracked and updated. Same should apply also for the beam alignment for a target cell until reception of cell switch command (and further communication after the cell switch. Although the maximal number of TAs which can be acquired by the UE before the cell switch can be dependent on the UE capability, in order to limit this implementation complexity, early UL (as well as DL) synchronization can only be limited to a sub-set of candidate cells. For instance, based on L1 measurements, the serving cell may identify the target cell of handover and can instruct the UE to perform UL synchronization with respect to only that target cell. Once the UE acquires the DL/UL synchronization with respect to the target cell, the serving cell can initiate the cell switch.
Observation 8: TA acquisition for a candidate cell would incur additional UE burden and interruption to the communication between the serving cell and the UE. Also, in order to apply the acquired TA, the DL reference timing needs to be keep tracked and updated.
Proposal 10: TA acquisition can be restricted only to the relevant candidate cell(s) (e.g., only the selected target cell by the serving cell).
In case of number of TA(s)/TAG(s) per candidate cell, since in case of CA or mTRP operations up to two TA/TAGs are supported, the same can be supported for Rel-18 LTM. In such cases, for a candidate cell, the UE may be provided configurations to acquire multiple TAs (via multiple or single PDCCH order), and also multiple TAs would be provided to the UE (e.g., in the cell switch command). In such a scenario, when the multiple TAs associated with a single candidate cell (e.g., in case of mTRP operation), TAs may be implicitly associated with the beam indications within the candidate cell. Detailed mechanisms to enable such scenarios may be discussed later.
Proposal 11: Up to two TA/TAGs can be supported per candidate cell for Rel-18 LTM. The detailed mechanism (enhancements to TA acquisition mechanism if any) is FFS.
TA Update Mechanism
According to an agreement in the last RAN1 meeting, the serving cell/DU can trigger the UE to update the TA for a candidate cell by re-acquiring the TA using RACH procedure. Currently, there is no mechanism in the serving cell to determine when to trigger the TA re-acquisition for another, i.e., non co-located cell. 
For the serving cell, after performing random access and acquiring the TA, the deviation of the TA is monitored and maintained by using active UL between the UE and the serving cell. As a fallback mechanism for TA validity, the UE keeps a timeAlignmentTimer (TAT). The UE can assume that the acquired TA is valid as long as TAT did not expire unless it receives a MAC Command from the serving cell to update TA before TAT expiry. 
However, it is not clear how the similar kind of mechanism would be applied for monitoring the TA validity of a candidate cell. There can be different alternatives considered for this: (1) candidate cell based TA validity check: after estimating and sending the TA to the UE/source DU, the candidate cell tracks the TA validity, e.g., via a timer, and may indicate the source cell when the timer expires, (2) source cell based TA validity check: after estimating and sending the TA to the UE/source DU, the candidate cell may share the time duration of the TA validity timer with the source cell, which may run the timer to check when the TA validity expires, (3) UE based TA validity timer check: after sending a preamble or/and receiving the RAR message, the UE may be configured to run a timer for TA validity check; upon expiration of that timer, the UE may inform the source DU which can then trigger a TA update. 

Observation 9: Currently, there is no mechanism in the serving cell to determine when to trigger the TA re-acquisition for another, i.e., non co-located cell.

Proposal 12: RAN1 to study the mechanism to determine the TA validity by the source cell in order to trigger the TA update/re-acquisition for a candidate cell
· Option 1: candidate cell based TA validity tracking
· Option 2: source cell based TA validity tracking
· Option 3: UE based TA validity tracking 

In some cases, a timer alone may not suffice to properly maintain the TA value, so the latter can be linked to radio conditions along with a timer value instead of timer value alone. This can be configurable by the network. In this case, the TA validity can be measured via DL measurements of the candidate cell and a timer value to be maintained for the TA the UE acquired for the candidate cell. This may be done at the UE side or/and the network side. The UE implementation maintains local variable (e.g. LTM-TA-Timer) for each candidate cell along with validity status, which is determined based on Timer value and measured RSRP versus RSRP Threshold (or even other parameters, e.g., strongest beam ID, etc.). Network can also use similar approach (with threshold value and timer value) to maintain the TA validity.

Proposal 13:  In order to track the TA validity associated with a candidate cell, L1 measurements associated with the candidate cell can be used in addition to a timer.
Conclusion
In this contribution, we provide our further views on TA acquisition mechanism, TA update, indication, and number of TAs to be acquired. The following observations and proposal have been made:
Proposal 1: Contention-free Random Access (CFRA) is used for PDCCH order RACH based TA acquisition in Rel18 LTM.
Observation 1: To provide the Random Access Preamble index, and RACH occasion information in the PDCCH order, the source cell/DU needs to have access of RACH configuration of the candidate cell/DU. To avoid that, RACH configuration containing Random Access Preamble indices and indication of RACH occasions with the associated SSB indices can be part of the candidate cell configuration and the PDCCH order may just contain the indication of candidate cell (e.g., candidate cell ID or candidate cell configuration ID) with/without the SSB index.  
Proposal 2: For Rel-18 LTM, RAN1 to study how to provide the CFRA resources for a candidate cell to perform TA acquisition:
· Option 1: the PDCCH order from the source cell contains the indication of candidate cell (e.g., candidate cell ID or similar identifier to indicate the candidate cell). The detailed RACH configuration containing Random Access Preamble indices and indication of RACH occasions with the associated SSB indices are provided in the candidate cell configuration or in the broadcast cell specific information from the candidate cell.
· Option 2: the PDCCH order from the source cell contains the SSB index, RA preamble index, and the PRACH occasion (PRACH mask index). For this option, the source cell/DU needs to have access of RACH configuration of the candidate cell/DU (RAN 2/3 needs to be consulted for this) 
Observation 2: In CA scenario for obtaining the TA for an SCell, the PDCCH ordered RACH preamble is transmitted to SCell, but the response is monitored on the PCell.
Observation 3: For the UE to enable to monitor a RAR from a candidate cell, a Type1-PDCCH CSS of the candidate cell needs to be provisioned to UE.
Observation 4: For PDCCH order RACH, if the RAR is not needed in some cases, it should be configurable.
Proposal 3: If the UE is configured to monitor RAR response for a PDCCH order RACH for a candidate cell, the network can indicate to the UE whether the RAR is monitored on the candidate cell or on the source cell. 
· For monitoring RAR from the candidate cell, Type1-PDCCH CSS of the candidate cell is configured to the UE.
Proposal 4: If the UE is configured to not monitor RAR response for a candidate cell, the estimated TA for that candidate cell may be sent in the cell switch command.
Proposal 5: In RACH-less TA acquisition, LTE RACH-less mechanism is supported for which the network can indicate to the UE whether the TA of the candidate cell is the same as that of the source cell or equal to 0.
Proposal 6: In CA, the UE can apply the TA acquired for a current SCell/PCell before the cell switch as TA for the target PCell/SCell after the cell switch.
Observation 5: In RACH-less TA acquisition, for UE-based TA acquisition the source cell may need to indicate the candidate cells for which the UE can use UE-based measurements. This may further require the UE to indicate the source cell when the UE successfully acquire the TA of a candidate cell.
Observation 6: Since UE-based TA acquisition would require the estimation of synchronization error between the candidate cell and the source cell and the Rx timing difference between the candidate cell and the source cell, therefore, the accuracy of TA estimation based on this mechanism needs to be taken care of before making any agreement.
Proposal 7: UE-based TA acquisition can be discussed after overall framework for the PDCCH order based RACH-based solution is in place.
Proposal 8: SRS-based TA acquisition is not supported for Rel-18 LTM.
Proposal 9: A candidate cell identification (explicit ID like PCI or an implicit like candidate cell configuration ID or any other identifier used in the cell switch command for target cell indication) is used for the TA to candidate cell association. 
Observation 7: Associating a TA with a TCI state may be needed when multiple TAs are acquired for a single candidate cell, e.g., mTRP operation, but such enhanced scenarios can be discussed later.
Observation 8: TA acquisition for a candidate cell would incur additional UE burden and interruption to the communication between the serving cell and the UE. Also, in order to apply the acquired TA, the DL reference timing needs to be keep tracked and updated.
Proposal 10: TA acquisition can be restricted only to the relevant candidate cell(s) (e.g., only the selected target cell by the serving cell).
Proposal 11: Up to two TA/TAGs can be supported per candidate cell for Rel-18 LTM. The detailed mechanism (enhancements to TA acquisition mechanism if any) is FFS.
Observation 9: Currently, there is no mechanism in the serving cell to determine when to trigger the TA re-acquisition for another, i.e., non co-located cell.
Proposal 12: RAN1 to study the mechanism to determine the TA validity by the source cell in order to trigger the TA update/re-acquisition for a candidate cell
· Option 1: candidate cell based TA validity tracking
· Option 2: source cell based TA validity tracking
· Option 3: UE based TA validity tracking 
Proposal 13:  In order to track the TA validity associated with a candidate cell, L1 measurements associated with the candidate cell can be used in addition to a timer.
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