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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 [3] and RAN1 #112 [4], RAN1 had further discussions on the mechanisms to support early TA acquisition, and agreements were made to support the PDCCH ordered RACH and the relevant configuration details. In this contribution, we provide our views on some of the open issues for PDCCH ordered RACH, UE based TA acquisition mechanism, TA maintenance, TA association, and number of TAs to be acquired.
Discussion
PDCCH Ordered RACH-based Early TA Acquisition
RACH Mechanism Configuration
In RAN1 #112, it was agreed that for a PDCCH ordered RACH, the RAR reception can be configured to the UE in the RRC configuration. There was some discussion whether such configuration can be updated later by the source cell or not, for example, by indicating the updated configuration in the PDCCH order. If such a configuration update is allowed, then this might require some additional coordination between the source cell and the candidate cell to make sure both entities have the updated configuration information, which would require some RAN 2/3 work. To minimize the complexity and workload, unless there is a strong motivation for the PDCCH order based configuration update, we can simply not allow it for now.  
Observation 1: For PDCCH ordered RACH in Rel-18 LTM, if the configuration of RAR reception is allowed to be updated by the PDCCH order, then this might require some additional coordination between the source cell and the candidate cell to make sure both entities have the updated configuration information, which would require some RAN 2/3 work.
Proposal 1: For PDCCH ordered RACH in Rel-18 LTM, configuration of RAR reception indication in the PDCCH order is not supported. 
RAR Reception based Solution
If reception of RAR is configured, then there are two options, (i) RAR reception from the candidate cell, (ii) RAR reception from the source cell. In the first option when the estimated TA is transmitted directly by the candidate cell to the UE, this would incur larger interruption time at the source cell link for acquiring the RAR from the candidate cell unless the UE can be assumed with a dual reception/transmission capability. Also, in this option, the UE needs to be provided (or UE would need to acquire) with the Type1-PDCCH CSS configuration for the target cell. Note that in Rel-18 MIMO mTRP enhancement work item on two TAs for multi-DCI for uplink, additional Type-1 CSS configuration for additional PCI has not been supported. Considering all these factors, RAR reception from the source cell can be supported. 
Proposal 2: For PDCCH ordered RACH in Rel-18 LTM, if reception of RAR is configured, RAR is received by the source cell. 
When the RAR is received by the source cell, the UE may be configured to monitor a DCI scrambled with RA-RNTI over the source cell’s Type-1 CSS. The content of the RAR (MAC RAR payload) would be different from the legacy RAR. An UL grant may not need to be included as there is no immediate uplink transmission to the candidate cell required by the UE. In addition to the TA value, the associated candidate cell identity in the RAR may be useful to resolve confusions in case there was another UE under the same source cell which had triggered a PRACH transmission to another cell (another candidate cell or the source cell) with the same RA-RNTI and preamble and waiting for a RAR from the same source cell. Another method to resolve such collisions is to send the RAR from the source cell using DCI scrambled with C-RNTI over a UE specific search space (as done for beam failure recovery).
Proposal 3: For PDCCH ordered RACH in Rel-18 LTM, if RAR is received from the source cell, RAN1 to agree on the reception mechanism and RAR content:
· Alt-1: RAR is monitored by the DCI scrambled with RA-RNTI over the source cell’s Type-1 CSS, and the RAR (MAC payload) contains the TA value, and the candidate cell identity.
· Alt-2: RAR is monitored by the DCI scrambled with C-RNTI over a UE specific search space, and the RAR (MAC payload) contains the TA value. 
No RAR based Solution
When the RAR reception is not configured, it still needs to be clarified whether the UE should perform autonomous re-transmission of PRACH or not. Since in such a scenario, the UE does not wait for a response within a given time window, and the TA value is sent later in the cell switch command, the UE would not have any idea about the failure of its PRACH transmission. In such a case, allowing the UE to perform re-transmission autonomously (with or without power ramping) may be waste of resources and incur additional interruption and latency if the first PRACH transmission was successfully received at the candidate cell. The better handling of PRACH failure in such cases would be a network-based solution. For example, source cell or/and the candidate cell may employ some mechanisms to detect a failure for a triggered PDCCH ordered RACH. In case the candidate cell detects the failure (e.g., based on timer), it may indicate this to the source cell; otherwise, source cell may itself detect the failure either based on a timer or the change in the radio conditions (e.g., UE measurements with the SSB given in the PDDCH order is below some minimum quality). After a failure detection for a PDCCH ordered RACH, the source cell can re-trigger the RACH by sending another PDCCH order to the UE. 
Proposal 4: For PDCCH ordered RACH in Rel-18 LTM when RAR reception is not configured, UE autonomous re-transmission is not allowed.
For the power ramping when RAR reception is not configured, implicit mechanisms may be used. If the UE receives another PDCCH order to (re-) transmit the PRACH preamble within a given time duration X (where X can be configured to the UE) for the same candidate cell, the UE ramps up its PRACH transmission power by a certain (e.g., given) factor compared to the transmission power of the last PRACH transmission towards that candidate cell. This ensures that the UE ramps up its transmission only when the PRACH re-transmissions occur in time instants that are close to each other.
Proposal 5: For PDCCH ordered RACH in Rel-18 LTM, when RAR reception is not configured, the UE ramps up its PRACH transmission power by ‘Y’ factor when another PDCCH order is received for the same candidate within ‘X’ ms. FFS: the value of X and Y.
Time gap between the DCI and the PRACH Transmission
In RAN1 #112, the following agreement was made on the issue of time gap requirements between the PDCCH reception and the PRACH transmission and the relevant interruption to the source cell. Agreement
Study at least the following issues on PDCCH-order based PRACH for candidate cell that is not UL serving cell, i.e. without PUCCH/PUSCH configured
· Whether gap between the DCI and PRACH longer than timeline defined in spec is needed
· Any impact/interruption on UL Tx of serving CCs due to the PRACH Tx

If the UE is given a PDCCH order to perform PRACH transmission for an LTM candidate cell, the UE assumption for minimum time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission can be defined in the similar manner it has been defined for a PDCCH ordered RACH for a SCell TA acquisition [section 8.1., TS 38.213]. The minimum time has been defined as NT,2 + ΔBWPSwitching + ΔDelay + Tswitch msec, where:
· NT,2 is a time duration of N2 symbols corresponding to a PUSCH preparation time. This may remain same for the LTM case.
·  ΔBWPSwitching is the delay for the UL BWP switching defined in RAN4 specification 38.133 which is in case of standalone NR is applicable when more than one BWPs are configured on PCell or any activated SCell. For LTM, for a PRACH transmission towards a candidate cell, we may first need to clarify if we can reuse the same requirements or not. For example, in case of LTM, since the candidate cell is not an activated SCell, a PRACH transmission for such a cell may always be considered as a BWP switching case. This delay requirement may be clarified with RAN4 WG. 
· ΔDelay is defined as 0.5 msec for FR2 and 0.25 msec for FR1. This may remain same for the LTM case as this may be related to the RF retuning requirements.
· Tswitch is a switching gap duration defined in 38.214 for the UEs configured with uplinkTxSwitching for switching from one carrier to another carrier. This needs to be clarified further if such a scenario of carrier switching and the associated switching gap requirements are applicable to the LTM scenario or not. 
Proposal 6: For the minimum time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission for an LTM candidate cell:
· The preparation time can be used as NT,2 which is a time duration of N2 symbols corresponding to a PUSCH preparation time.
· Any delay related to BWP switching needs to be clarified with RAN4, whether/how such a delay is applicable for the LTM case and can the existing ΔBWPSwitching be reused for LTM.
· ΔDelay can be reused which is defined as 0.5 msec for FR2 and 0.25 msec for FR1.
· Tswitch needs to be studied further whether/how such a requirement is applicable to LTM. 
UE based RACH-less Early TA Acquisition
In RAN1 #112 [4], the following working assumption was agreed on the UE based TA acquisition mechanism.Working Assumption
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

The UE-based TA measurement can be supported based on the UE capability. The source cell can indicate the UE for which candidate cells the UE can acquire the TA using UE-based measurements. For example, the source cell may only support such mechanism for the candidate cells with which the time alignment offset remains within some threshold. If the UE is configured to perform UE-based TA measurement for a certain cell, there may be requirements defined by RAN4 for the accuracy/validity of such measurement. Also, since for the cell switch decision, the status of the early TA acquisition (TA has been acquired or not) may be an important factor at the source cell, the UE may be configured to send an indication (with/without TA value) to the source cell about the successful TA acquisition. 
Proposal 7: UE-based TA measurement (UE derives TA based on Rx timing difference between current source cell and candidate cell as well as TA value for the current source cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· Configuration of UE-based TA measurement for a candidate cell is supported. FFS: how it is configured and details of configuration
· UE indication/reporting of successful TA acquisition is supported. FFS: details of the container.  
TA Maintenance
According to an agreement in RAN1 #111 meeting [3], the source 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 source cell to determine when to trigger the TA re-acquisition for another, i.e., non co-located cell. 
For the source 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 source 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 source 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 2: Currently, there is no mechanism in the source cell to determine when to trigger the TA re-acquisition for another, i.e., non co-located cell.
Proposal 8: 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 9: 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.
Association between TA/TAG 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 PDCCH ordered RACH, it has been agreed that a candidate cell identity will be included in the PDCCH order which would enable the UE to associate the TA with the relevant candidate cell when the RAR reception is configured. Even when the RAR reception is not configured and the TA is sent in the cell switch command, a candidate cell configuration identity would be provided in the cell switch command (as per the RAN2) which will enable the UE to map the given TA with the correct candidate cell. In addition to the candidate cell identity, the associated TAG ID information may also be beneficial to the UE. For example, the TAG ID within the candidate cell for which the given TA is applicable might be useful for the UE when, (1) a TA update is performed using the TAC MAC CE; although it is not clear if the source cell would need such TA update mechanism, but this may be used later in case the UE moves to the candidate cell, (2) in case of CA configuration within the candidate cell, it might be useful for the UE to know which other cells share the same TA given to the UE. The TAG ID information may be provided to the UE as a part of the candidate cell configuration. The association between the TAG ID and the TCI state may be required in case of mTRP configuration (e.g., m-DCI mTRP). Since we haven’t discussed to enable a mTRP operation in the target cell via LTM, we can first agree to support such a scenario and then can discuss the relevant enhancements for TA acquisition.  
Observation 3: For PDCCH ordered RACH, for both configuration options, the candidate cell identify information is provided to the UE. 
· When RAR reception is configured, the TA can be associated with the candidate cell for which the identify is provided in the PDCCH order.
· When RAR reception is not configured, the TA given in the cell switch command can be associated with the candidate cell for which the identity information is provided in the cell switch command.
Proposal 10: For PDCCH ordered RACH, the relevant TAG ID information is configured to the UE as a part of the candidate cell configuration.   
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 source 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 source 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. 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 source 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 source cell can initiate the cell switch.
Observation 4: TA acquisition for a candidate cell would incur additional UE burden and interruption to the communication between the source cell and the UE. Also, in order to apply the acquired TA, the DL reference timing needs to be keep tracked and updated. Therefore, TA acquisition can be restricted only to the relevant candidate cell(s) (e.g., only the selected target cell by the source cell).
For the number of TA(s)/TAG(s) per candidate cell, since in case of CA or mTRP operations up to two TA/TAGs can be supported currently, 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). Furthermore, when the multiple TAs associated with a single candidate cell, TAs may be implicitly associated with the beam indications within the candidate 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.
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:
Observation 1: For PDCCH ordered RACH in Rel-18 LTM, if the configuration of RAR reception is allowed to be updated by the PDCCH order, then this might require some additional coordination between the source cell and the candidate cell to make sure both entities have the updated configuration information, which would require some RAN 2/3 work.
Proposal 1: For PDCCH ordered RACH in Rel-18 LTM, configuration of RAR reception indication in the PDCCH order is not supported. 
Proposal 2: For PDCCH ordered RACH in Rel-18 LTM, if reception of RAR is configured, RAR is received by the source cell. 
Proposal 3: For PDCCH ordered RACH in Rel-18 LTM, if RAR is received from the source cell, RAN1 to agree on the reception mechanism and RAR content:
· Alt-1: RAR is monitored by the DCI scrambled with RA-RNTI over the source cell’s Type-1 CSS, and the RAR (MAC payload) contains the TA value, and the candidate cell identity.
· Alt-2: RAR is monitored by the DCI scrambled with C-RNTI over a UE specific search space, and the RAR (MAC payload) contains the TA value. 
Proposal 4: For PDCCH ordered RACH in Rel-18 LTM when RAR reception is not configured, UE autonomous re-transmission is not allowed.
Proposal 5: For PDCCH ordered RACH in Rel-18 LTM, when RAR reception is not configured, the UE ramps up its PRACH transmission power by ‘Y’ factor when another PDCCH order is received for the same candidate within ‘X’ ms. FFS: the value of X and Y.
Proposal 6: For the minimum time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission for an LTM candidate cell:
· The preparation time can be used as NT,2 which is a time duration of N2 symbols corresponding to a PUSCH preparation time.
· Any delay related to BWP switching needs to be clarified with RAN4, whether/how such a delay is applicable for the LTM case and can the existing ΔBWPSwitching be reused for LTM.
· ΔDelay can be reused which is defined as 0.5 msec for FR2 and 0.25 msec for FR1.
· Tswitch needs to be studied further whether/how such a requirement is applicable to LTM. 
Proposal 7: UE-based TA measurement (UE derives TA based on Rx timing difference between current source cell and candidate cell as well as TA value for the current source cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· Configuration of UE-based TA measurement for a candidate cell is supported. FFS: how it is configured and details of configuration
· UE indication/reporting of successful TA acquisition is supported. FFS: details of the container
Observation 2: Currently, there is no mechanism in the source cell to determine when to trigger the TA re-acquisition for another, i.e., non co-located cell.
Proposal 8: 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 9: 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.
Observation 3: For PDCCH ordered RACH, for both configuration options, the candidate cell identify information is provided to the UE. 
· When RAR reception is configured, the TA can be associated with the candidate cell for which the identify is provided in the PDCCH order.
· When RAR reception is not configured, the TA given in the cell switch command can be associated with the candidate cell for which the identity information is provided in the cell switch command.
Proposal 10: For PDCCH ordered RACH, the relevant TAG ID information is configured to the UE as a part of the candidate cell configuration.
Observation 4: TA acquisition for a candidate cell would incur additional UE burden and interruption to the communication between the source cell and the UE. Also, in order to apply the acquired TA, the DL reference timing needs to be keep tracked and updated. Therefore, TA acquisition can be restricted only to the relevant candidate cell(s) (e.g., only the selected target cell by the source 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.
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