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1 Introduction
According to the previous meeting 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. 



Stage-2 description of LTM has been drafted and included in [2]. In this contribution the Early Synch for the UL is analysed and the ways to perform TA acquisition and maintain the TA are presented for discussion and decision.  
2	TA handling in LTM
In the Running CR for TS 38.300 [2] 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 LTM candidate preparation.
2.	The gNB transmits an RRCReconfiguration message to the UE including the configuration of one or multiple LTM candidate target cells. 
3.	The UE stores the configuration of LTM candidate target cell(s) and transmits a RRCReconfigurationComplete message to the gNB.
4a/4b.   The UE may perform DL synchronization and TA acquisition with candidate target cell(s) before receiving the LTM 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 LTM candidate target 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.
6.	The gNB decides to execute LTM cell switch to a target cell, and transmits a MAC CE triggering LTM cell switch by including the candidate configuration index of the target cell. The UE switches to the configuration of the LTM candidate target cell.
Editor’s note: FFS how beam indication is done.
7.	The UE performs random access procedure towards the target cell, if TA is not available.
8.     The UE indicates successful completion of the LTM cell switch towards target cell.
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.



2.1	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 another previous 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 is 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 later perform RACH-less LTM. As captured in the Running CR TS 38.300 [2], 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 ordered to obtain TA depends also on the UE capabilities to maintain TA of multiple target cells. For this RAN1 is the right WG to decide. 
Currently, the components contributing to the interruption time caused by UL synchronization 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 to reduce the interruption time caused by random access:
· Solution 1:
· Steps:
1. The UE performs random access to the target cell while being served by the source cell.
· Pros:
· Removes the entire interruption (as outlined above) caused by random access to the target cell during UL synchronization mentioned above in steps 1-4.
· Cons:
· Requires UEs with dual reception/transmission capability.
· Solution 2:
· Steps:
1. UE is served by the source cell while waiting for the RACH occasion.
2. UE detaches from the serving cell to send PRACH Preamble. 
3. After sending the PRACH preamble, the UE resumes the data transmission/reception to/from the source cell while waiting for the RAR.
4. UE detaches from the source cell again to receive the RAR from the target cell.
· Pros:
· Works for UEs without dual reception/transmission capability.
· Removes the interruption time caused by abovementioned steps 1 and 3.
· Cons:
· Requires coordination between the source and target cell on when the UE is allowed to send PRACH preamble and when it shall expect to receive the RAR (TA) from the target cell.
· Solution 3: 
· Steps:
· UE is served with 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. 
· The target node shares the TA of the UE with the source node.
· The source node provides the TA of the target cell to the UE.
· Pros:
· Works for UEs without dual reception/transmission capability.
· Removes the interruption time caused by abovementioned steps 1, 3 and 4.
· Cons:
· Requires coordination between the source and target cell on when the UE is allowed to send PRACH preamble.
· Requires target node to share the TA with the source node.
· Works only for contention-free random access case.
Among the three solutions, Solution 1 has the highest benefits, and it is the easiest to specify, especially from the network side. The only issue is that RAN4 has made a tentative agreement that the UE is not expected to receive data simultaneously from serving and target cell in intra-frequency LTM [3], i.e., 
Tentative agreement: 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.
As such, solution 1 is not possible without revisiting the RAN4 tentative agreement. 
Proposal 3: Performing random access to the target cell while being served by the source requires UE with dual reception/transmission capability which was not allowed by RAN4 as per October meeting agreements. If  RAN2 thinks it is justified to support the approach presented in Solution 1, RAN2 needs to ask RAN4 to revisit their agreement  and introduce UE capability with dual reception/transmission for intra-frequency LTM.
If the RAN4 agreement cannot be revisited, this means RAN2 is left with only solutions 2 and 3 to down-select from, if any.
Proposal 4: If RAN4 tentative agreement, quoted above, cannot be revisited, RAN2 to discuss whether the RACH response of the target cell is received either 1) from the radio link of the target cell in time windows that are configured by the serving cell or 2) from the radio link of the serving cell. In the latter approach, the target cell needs to communicate the acquired TA to the serving cell if pre-acquisition of timing using RACH is considered.
In LTM, multiple target cells can be prepared. To limit the implementation complexity at UE side, it is useful to restrict UL synchronization before the cell switch only to the relevant prepared target cells that the UE might handover to. For instance, based on L1/2 measurements, the serving DU may identify the target cell of handover and can instruct the UE to perform UL synchronization with respect to this target cell. Once the UE has performed the UL synchronization with respect to the target cell, the serving DU can instruct the UE to perform the cell switch.
Proposal 5: RAN2 to consider solutions that restrict the UL synchronization before the cell switch only to the relevant prepared target cell(s) that the UE might handover to. Details are FFS.
2.2	TA Maintenance
2.2.1 	Initial switching  
As described above, RACH-less LTM switching can be performed as follows:
· Based on the L1 measurement report, DU can trigger Early TA for selected LTM cells via PDCCH order - DCI for CFRA-based Early TA acquisition.
· After completion of the Early TA acquisition, source DU (that assumes that the UE has the TA of the target cell) can trigger LTM switching.
· LTM Switching command can indicate that the switching is RACH-less and can optionally provide an uplink grant for the UE to complete the LTM switching; alternatively, the UL grant for the RACH-less LTM switching can be provided in the initial LTM configuration delivered via RRC Reconfiguration.
For the above procedure, UE implementation can maintain the TA for target cells in local variables along with a timer and RSRP threshold for validity; the timer and the RSRP threshold can be network configured. As the switching is expected close to the PDCCH order for the TA acquisition the likelihood of this timer expiry before switching is small. Therefore, TAT maintenance for early TA at UE is not needed for initial switching. NW can configure the UE whether it should continue to maintain the TA values after the initial switching. This can be static configuration through RRC, or, depending on the selected target cell for TA acquisition, DU can indicate whether TA value to be maintained after initial switching.
Proposal 6:  Configuration of whether TA value obtained for LTM switching is also maintained for subsequent dynamic switching is allowed. Both RRC and MAC-based control can be considered.
2.2.2 	UE TA Maintenance for Subsequent Switching
As LTM allows dynamic switching across the configured cells, the UE may switch back and forth between LTM cells within short intervals.  In such cases the TA value of old serving cell can be maintained even after LTM switching to allow fast dynamic switching. This can be especially helpful in case the TA value is not provided in the MAC CE to trigger the cell change. As the UE is maintaining the TA after leaving the cell, the maintenance of the TA value can be linked to radio conditions along with Timer value instead of timer value alone.
As part of LTM configuration, the UE can be configured with an RSRP Threshold and Timer value to be maintained for the serving cell, or the TA the UE acquired for the non-serving-cell.  The UE implementation maintains local variable (e.g. LTM-TA-Timer) for each LTM target cell along with validity status, which is determined based on Timer value and measured RSRP versus RSRP Threshold. Besides, the UE can be configured with the beam ID and SSB based DL synchronization tracking of both source and target cell for validity of the TA. The UE may indicate in the L1-measurement-report the TAT status, strongest beam ID, etc. for the NW to trigger RACH-less or RACH-based LTM switching command.
If the threshold value and timer value is not provided to the UE, the TA for non-serving cells is not maintained. In this case the LTM command for cell switching needs to include the TA value for RACH-less. Network can use similar approach (with threshold value and timer value) to maintain the TA validity.
Proposal 7A:  Timing advance value for LTM target-cells for dynamic switching can be maintained at the UE with network control on the maintenance (Timer value and RSRP threshold).
Proposal 7B:  LTM Switching command may include the TA value and uplink grant in case of network-controlled TA maintenance.
3	Conclusion
This document has made the following proposals:
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: Performing random access to the target cell while being served by the source requires UE with dual reception/transmission capability which was not allowed by RAN4 as per October meeting agreements. If  RAN2 thinks it is justified to support the approach presented in Solution 1, RAN2 needs to ask RAN4 to revisit their agreement  and introduce UE capability with dual reception/transmission for intra-frequency LTM.
Proposal 4: If RAN4 tentative agreement, quoted above, cannot be revisited, RAN2 to discuss whether the RACH response of the target cell is received either 1) from the radio link of the target cell in time windows that are configured by the serving cell or 2) from the radio link of the serving cell. In the latter approach, the target cell needs to communicate the acquired TA to the serving cell if pre-acquisition of timing using RACH is considered.
Proposal 5: RAN2 to consider solutions that restrict the UL synchronization before the cell switch only to the relevant prepared target cell(s) that the UE might handover to. Details are FFS.
Proposal 6:  Configuration of whether TA value obtained for LTM switching is also maintained for subsequent dynamic switching is allowed. Both RRC and MAC-based control can be considered.
Proposal 7A:  Timing advance value for LTM target-cells for dynamic switching can be maintained at the UE with network control on the maintenance (Timer value and RSRP threshold).
Proposal 7B:  LTM Switching command may include the TA value and uplink grant in case of network-controlled TA maintenance.
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