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1	Introduction
According to the RAN2#120 agreements in [1]:
	· RAN2 assumes that LTM (intra DU and inter DU) is network-controlled mobility where the control is from the source, i.e. measurements (L1 measurements) are configured in the UE from the source Cell, and the decision to switch cell is by the source cell, and enhancements considered for LTM before cell switch, e.g. pre-synchronization, TA handling, target beam mgmt (to the extent it is supported) may be by the source cell. RAN2 understands that this may require cooperation source DU CU target DU and/or OAM coord. RAN2 don’t see any blocking issue to share information between DUs but the support of this is in RAN3 domain. RAN2 see no necessity for a direct inter-DU-interface to support this. 



Additionally, RAN1 has made the following relevant agreements [2]:
	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 



Stage-2 description of LTM has been drafted and included in [3]. In this contribution, the early UL synch for the candidate target cell is analysed and the ways to perform TA acquisition and maintain the TA are presented for discussion and decision.
2		Handling of TA Acquisition in LTM
In the Running CR for TS 38.300 [3] the following message exchange has been captured:
	
 
Figure x. Signaling procedure for LTM
The procedure for LTM is as follows. 
1.	The UE sends a MeasurementReport message to the gNB. The gNB decides to use LTM and initiates candidate cell(s) preparation.
2.	The gNB transmits an RRCReconfiguration message to the UE including the LTM candidate cell configurations of one or multiple candidate cells. 
3.	The UE stores the LTM candidate cell configurations and transmits a RRCReconfigurationComplete message to the gNB.
4a/4b.   The UE may perform DL synchronization and TA acquisition with candidate  cell(s) before receiving the cell switch command.
Editor’s note: DL synchronization for candidate cell(s) before cell switch command is supported, at least based on SSB. FFS necessary mechanism.
Editor’s note: TA acquisition of candidate cell(s) before LTM cell switch command is supported, at least based on PDCCH ordered RACH, where the PDCCH order is only triggered by source cell. FFS detailed mechanism.
5.	The UE performs L1 measurements on the configured candidate cell(s), and transmits lower-layer measurement reports to the gNB.
Editor’s note: FFS whether the lower-layer measurement reports are carried on L1 or MAC.
Editor’s note: The order of DL/UL sync (step 4a/4b) and L1 measurement (step 5) is not defined and subject to change.
6.	The gNB decides to execute cell switch to a target cell, and transmits a MAC CE triggering cell switch by including the candidate configuration index of the target cell. The UE switches to the configuration of the target cell.
Editor’s note: FFS how beam indication is done.
7.	The UE performs random access procedure towards the target cell, if cell switch needs to include performing random access procedure.
8.     The UE indicates successful completion of the cell switch towards the target cell.
The UE can perform the steps 4-8 multiple times for subsequent LTM cell swith based on the configuration provided in step 2.  
Editor’s note: FFS whether a uplink signal or message after the UE has switched to the target cell is used to indicate successful completion of the LTM cell switch.


2.2	TA Acquisition by the UE 
RAN1 and RAN2 have agreed to support RACH-less handover for LTM. Additionally, it has been assumed that enhancements for LTM before cell switch, e.g., pre-synchronization, TA handling can be considered as well. In this section, we elaborate on the details of two distinctive cases for RACH-less LTM:
· Case 1: RACH-less LTM where the Timing Advance (TA) of the target cell is known by the network in advance. In this case, the UE can skip random access and apply the TA value for the target cell.

· Case 2: RACH-less LTM where the TA of the target cell is unknown and needs to be acquired by the UE before the cell switch.
2.1.1	Case 1: Timing Advance is known by the Network
In many cases, the TA of the target cell is known by the network. Following Rel. 14 LTE RACH-less paradigm, the network can indicate to the UE whether the TA of the target cell is the same as that of source cell of handover (in case the source and target cells are co-located) or equal to 0.
Proposal 1: In RACH-less LTM, the network can indicate to the UE whether the TA of the target cell is the same as that of the source cell or equal to 0, following a similar principle as defined for Rel-14 LTE RACH-less HO.
In the RAN2#119bis, it has been agreed to support LTM for CA scenarios wherein candidate target PCell/SCell for LTM can be the current SCell/PCell. In these cases, the TA is known, and the UE can apply the TA value that was acquired for a current SCell/PCell before the cell switch as TA for the target PCell/SCell. The handling of timeAlignmentTimer (TAT) which controls how long the MAC entity considers the serving cells to be uplink time aligned is FFS.
Proposal 2: In CA, the UE can apply the timing advance that is acquired for a current SCell/PCell before the cell switch as TA for the target PCell/SCell. The handling of TAT is FFS.
2.1.2	Case 2: Acquisition of TA before Cell Switch
In case the TA of the target cell is not known, the UE can acquire the TA of the target cell before the cell switch such that it can perform later RACH-less LTM. As captured in the running CR TS 38.300 [3], TA acquisition of candidate cell(s) before LTM cell switch command is supported, at least based on PDCCH ordered RACH, where the PDCCH order is only triggered by source cell. FFS detailed mechanism. 
According to the above statement, the serving DU may decide, e.g., based on L1 measurements of the UE the target cell to which it should trigger the early TA acquisition. The number of the cells that the UE may be triggered to obtain TA depends also on the UE capabilities to maintain TA of multiple target cells.
Currently, the components contributing to the interruption time caused by UL synchronization in CFRA based RA procedure are summarized as follows:
1. Time for the UE to acquire the RACH occasion. 
2. Time to send PRACH preamble.
3. Waiting time to receive the RA Response (RAR) from the target cell. 
4. Time to decode and obtain the TA from the RAR.
The following solutions are possible according to the latest RAN1 agreements [2]:
· Solution 1: RAR reception is not configured - The TA value of candidate cell is indicated in cell switch command
· Steps:
· UE is served by the source cell while waiting for the RACH occasion.
· UE switches from the serving cell to send PRACH Preamble. 
· After sending the PRACH preamble, the UE resumes the data transmission/reception to/from the source cell while waiting for the cell switch command.
· UE receives the cell switch command (MAC CE) including the TA. 
· Pros: 
· This solution has the least interruption for TA acquisition, since the UE needs to switch only in step 2 (in the list provided above) to send PRACH preamble. Remaining steps do not cause any interruption as the UE continues the communication with the serving cell. 
· Cons:
· In case the target cell fails in receiving the PRACH preamble from the UE, neither the UE nor the source cell will be aware of this and new means are needed for re-triggering the PRACH preamble transmission, if needed.
· The serving cell needs to ensure that the acquired TA remains valid till the cell switch command is sent. Network mechanisms need to be defined for maintaining the validity of the acquired TA for candidate cells.
· In inter-DU scenario, the estimated TA is communicated by the target DU to the source DU which increases the delay for receiving TA value.

· Solution 2: RAR reception is configured - RAR is received from the serving cell
·  Steps:
· UE is served by the source cell while waiting for the RACH occasion.
· UE detaches from the serving cell to send PRACH Preamble. 
· After sending the PRACH preamble, the UE resumes the data transmission/reception to/from the source cell while waiting for the RAR response to be received from the source cell.
· UE receives RAR from the serving cell and decodes it to obtain the TA.
· Pros: 
· Similar to Solution 1, this solution has limited interruption for TA acquisition as the UE needs only to detach from the serving cell in step 2 for sending PRACH preamble. 
· Cons:
· The UE needs to store multiple TA values for different candidate target cells and maintain the validity of the acquired TAs. Mechanisms need to be defined for maintaining the validity of the acquired TAs.
· In inter-DU scenario, the RAR needs to be communicated by the target DU to the source DU which increases the delay for receiving the TA.
 
· Solution 3: RAR reception is configured - RAR is received from the target cell
· Steps:
· UE is served by the source cell while waiting for the RACH occasion.
· UE switches from the serving cell to send PRACH Preamble. 
· UE receives the RAR from the target cell.
· Upon receiving the RAR the UE resumes the data transmission/reception to/from the source cell
· Pros: 
· This solution is simpler since it does not deviate much from the legacy RA procedure.
· The UE is aware if the prepared target cell has received successfully its PRACH preamble transmission.
· Cons:
· The solution has the most interruption time since the UE cannot resume its data exchange with the source cell while performing the random access to the target cell.
RAN1 has made the agreement to support at least solution 1. The down-selection between solution 2 and 3 is still FFS, however, in both solutions the UE can receive the TA of the candidate target cell. The network shall decide on the configuration of the RAR reception which can be provided in RRC Reconfiguration when LTM is configured to the UE. The source DU and the target DU should also be made aware of the selection of the TA acquisition method to act accordingly (e.g., source DU to provide RAR to the UE, target DU to provide TA/RAR to the source DU, etc.).
Proposal 3: The configuration of the TA acquisition approach is provided to the UE in RRC Reconfiguration message.
2.2	Open issues in case RAR Reception is not Configured
2.2.1 Validity Check of Acquired TA 
For solution 1, RAN1 needs to define mechanisms which allow the serving cell to maintain the validity of the acquired TA for the candidate target cells.
Observation 1: In case RAR reception is not configured, the serving cell needs to check and maintain the validity of the acquired TAs for the candidate target cells.
The serving cell continues to receive L1 beam measurements from the UE after the TA is acquired for a candidate target cell. These measurements may be used by the serving cell to determine if there is need to re-trigger the TA acquisition, i.e., by checking if the received measurements deviate significantly from the ones at the time when TA has been acquired. In addition, the candidate target 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. Alternatively, the candidate cell can track the TA validity, e.g., via a timer, and may indicate the source cell when the timer expires. Upon receiving the indication from the target cell, the serving cell can re-trigger the TA acquisition, if needed.
Proposal 4: In case RAR reception is not configured, the serving node or the target node maintains the validity of the acquired TA by using a timer or the received signal measurements from the UE. 
2.2.2 Forwarding of Acquired TAs
The acquired TAs for a set of prepared target cells can be useful after the UE performs an LTM switch. In LTM dynamic switching, the LTM configurations of prepared target cells are kept at the UE and at the network side. As such, keeping the acquired TAs at the network side after the LTM switch would be useful to save the signalling overhead associated with TA acquisition. This can be achieved by having the source DU sharing with the target DU the acquired TA values of the prepared target cells for subsequent LTM switches. 
Proposal 5: Source DU shares with the target DU(s) (via CU) the acquired TA values of prepared target cells for subsequent LTM switches.
2.2.3 Retriggering of TA Acquisition 
After sending the PDCCH order triggering the UE to acquire the TA, the serving cell is not aware if the UE has successfully transmitted the PRACH preamble transmission and the target cell has been able to estimate the TA. Thus, new mechanisms are needed to enable the serving cell to re-trigger the TA acquisition in case the target cell has failed to receive the PRACH preamble transmission from the UE.
For instance, upon sending the PDCCH order to the UE for acquiring the TA, the serving node informs the target node about the triggering of the TA acquisition procedure. In case the PRACH preamble has not been received from the UE, the target node communicates the failure to the source node such that the serving cell can re-trigger the PRACH preamble transmission, if needed.
Proposal 6: In case RAR reception is not configured, target node indicates to the source node when the PRACH preamble has not been received from the UE.
2.3	Open issues in case RAR Reception is Configured
2.3.1 Validity Check of Acquired TA 
In case RAR is configured, the TA validity will be provided to the UE (either by the source cell or by the target cell). The source cell can also be made aware of the TA value by the target cell (similarly to the case RAR is not configured). If the RAR is provided by the target cell, the latter will need to provide the TA to the source cell, whereas if the RAR is provided to the UE by the source, the source can anyway be made aware of the TA value. Thus, both the network and the UE can maintain the validity of the TA (even though in case RAR is configured additional procedures may be needed to make the source aware of the TA). 
Proposal 7: RAN2 to discuss whether the network or the UE maintains the TA validity in case RAR is configured.
Upon receiving the cell switch command from the serving cell, the UE can apply the acquired TA for executing the LTM switch. Given that there is some time between the reception of the TA and cell switch, the UE needs to check if the acquired TA can be still used for LTM execution.
Observation 2: In case RAR reception is configured, UE needs to check if the acquired TA for candidate cell shall be updated or can be used for LTM switch. FFS on the procedure.
For instance, the UE can use a timer and/or a signal threshold to check the validity of the acquired TAs where the timer and the signal threshold are configured by the network. The UE can assume that the acquired TA is valid as long as the timer (started upon TA acquisition) did not expire when LTM switching command is received and/or the received signal of the target cell did not deviate much between the TA acquisition and the execution. TA validity can be evaluated with other methods as well, e.g., the UE can also observe the change of the strongest beam index of the candidate cell after the TA acquisition of a candidate cell to determine whether the TA is valid, or after the TA acquisition of a candidate cell, change in the TA between the UE and the serving cell can indicate the change of the TA acquired from the candidate cell. Additionally, upon TA acquisition of the candidate cell, change in the DL synchronization between the UE and the serving cell or candidate cell can reflect the change and validity of the acquired TA of the candidate cell.
Proposal 8: In case RAR reception is configured, the UE maintains the validity of the acquired TAs by using a timer and/or the received signal measurement of the candidate cell. Additionally, the UE can monitor changes in the strongest beam index, TA of the serving cell and DL synchronization between the UE and both serving and candidate cell to determine the validity of the acquired TA of a candidate cell.
2.3.2 Keeping Acquired TAs for Further LTM Switches
As described above TA values can be maintained both in the UE or in the network, even in case RAR reception is configured. In case the network maintains the TA validity, a solution like proposed in section 2.2.2 is possible. 
In case the UE maintains the TA validity, and dynamic switching is also configured across the configured cells, it would be beneficial for the UE to keep the acquired TAs for subsequent cell switches, in the same way the UE keeps the LTM configurations. For this, the network can configure the UE to keep the acquired TAs after the LTM switch occurs for further use.
Proposal 9: In case RAR reception is configured and the source cell is not made aware of the acquired TA values, the UE can be instructed by the network to maintain the acquired TAs for further cell switches.
2.4	Distinction between TA Acquisition and LTM Switch
In case of TA acquisition procedure, the target node may need to provide the estimated TA to the serving node in solution 1 or RAR via serving DU in solution 2 as described Section 2.1.2. However, when performing an LTM switch using random access (in case RACH-less was not feasible), the target node needs to provide a RAR via the target cell radio link for the UE to send Msg3. In both cases, the target node receives a PRACH preamble from the UE and the target node should know whether the UE is performing the PRACH preamble transmission for TA acquisition or LTM switch.
Observation 3: A target node receiving a PRACH preamble from the UE should know whether the UE is performing the PRACH preamble transmission for TA acquisition or RACH-based LTM switch (in case RACH-less is not possible).
To overcome this issue, the source node needs to communicate to the target node upon instructing the UE to acquire the TA of candidate target cell. Upon receiving this indication, the target node would know that the UE is performing RACH for TA acquisition purpose instead of LTM switch and provide the TA to the serving node in solution 1 or RAR via serving node in solution 2. The indication can include the identifier of the UE as well as the SSB index which is used by the UE for TA acquisition.
Proposal 10: Upon instructing the UE to acquire the TA of candidate target cell, source node indicates to the target node the identifier of the UE as well as the SSB index which is used by the UE for TA acquisition.
3	Conclusion
This document has made the following observations and proposals:
Observation 1: In case RAR reception is not configured, the serving cell needs to check and maintain the validity of the acquired TAs for the candidate target cells.
Observation 2: In case RAR reception is configured, UE needs to check if the acquired TA for candidate cell shall be updated or can be used for LTM switch. FFS on the procedure.
Observation 3: A target node receiving a PRACH preamble from the UE should know whether the UE is performing the PRACH preamble transmission for TA acquisition or RACH-based LTM switch (in case RACH-less is not possible).
Proposal 1: In RACH-less LTM, the network can indicate to the UE whether the TA of the target cell is the same as that of the source cell or equal to 0, following a similar principle as defined for Rel-14 LTE RACH-less HO.
Proposal 2: In CA, the UE can apply the timing advance that is acquired for a current SCell/PCell before the cell switch as TA for the target PCell/SCell. The handling of TAT is FFS.
Proposal 3: The configuration of the TA acquisition approach is provided to the UE in RRC Reconfiguration message.
Proposal 4: In case RAR reception is not configured, the serving node or the target node maintains the validity of the acquired TA by using a timer or the received signal measurements from the UE. 
Proposal 5: Source DU shares with the target DU(s) (via CU) the acquired TA values of prepared target cells for subsequent LTM switches.
Proposal 6: In case RAR reception is not configured, target node indicates to the source node when the PRACH preamble has not been received from the UE.
Proposal 7: RAN2 to discuss whether the network or the UE maintains the TA validity in case RAR is configured.
Proposal 8: In case RAR reception is configured, the UE maintains the validity of the acquired TAs by using a timer and/or the received signal measurement of the candidate cell. Additionally, the UE can monitor changes in the strongest beam index, TA of the serving cell and DL synchronization between the UE and both serving and candidate cell to determine the validity of the acquired TA of a candidate cell.
Proposal 9: In case RAR reception is configured and the source cell is not made aware of the acquired TA values, the UE can be instructed by the network to maintain the acquired TAs for further cell switches.
Proposal 10: Upon instructing the UE to acquire the TA of candidate target cell, source node indicates to the target node the identifier of the UE as well as the SSB index which is used by the UE for TA acquisition.
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