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1. Introduction
[bookmark: Proposal_Beacon]Early TA acquisition is a cornerstone for saving latency in the lower layer based mobility work. This paper goes in the details of Early TA acquisition procedure and builds on both RAN1 and RAN2 progress from the last meeting. 
Following agreements were reached in RAN1#111:
	Agreement
On mechanism to acquire TA of the candidate cell(s) in Rel-18 LTM, at least support PDCCH ordered RACH.
Ÿ   The PDCCH order is only triggered by source cell
Ÿ   FFS: the details including content of DCI, RACH resource configuration, RAR transmission mechanism, etc.
Ÿ   Note: any other RACH-based solutions are for discussion separately
Agreement (Made in RAN1#110b-e)
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated Scell (if defined in RAN2)

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




Following agreements were reached in RAN2#120:

	Relevant RAN2 agreements:

· 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 gmt. (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.

· The MAC CE agreed to carry LTM related information for cell switch is used for LTM triggering of the cell switch.
· LTM cell switch is supervised by a timer
· UE arrival in the target cell need to be indicated (somehow)




An accompanying paper in [1] depicts two stage-2 like LTM procedural designs. Another accompanying paper in [2] discusses the failure handling.
2. Early TA Acquisition
First, an example message flow is used to establish common understanding: In Figure 1, a RRC Connected UE performs preliminary measurement reporting (based on a RRC measurement configuration), and after receiving the measurement result from the UE, serving cell sends a first-RRC-Reconfiguration. A L1/L2 inter-cell mobility candidate configuration is received within this RRC message.



[bookmark: _Ref117850626]Figure 1: L1 L2 inter-cell mobility

In the Approach presented above in Figure 1, the Early TA acquisition is configured by the first-RRC-Reconfiguration message directly. To this end, the first-RRC-Reconfiguration message contains an ordered list of candidate cells and the corresponding resources (PRACH/ UL RS). The UE starts with Early TA acquisition starting with the first candidate in the ordered list.
Restricting Early TA procedures to a minimum: 
A gNB (CU) may have 1000s of cells[footnoteRef:1] in its area and even the candidate cells included in the first-RRC-Reconfiguration can contain like 8 cells. Therefore, the early TA acquisition for all candidate cells included in the first-RRC-Reconfiguration message is certainly wasteful for UE battery – and – it might even interrupt ongoing data transmission/ reception with the source cell. Therefore, we think that Early TA acquisition should be limited to a minimum number of candidate cells. [1:  From ASN.1 signalling perspective up to 16000 cells under the same gNB is possible. ] 

Network shall configure Early TA acquisition for bare minimum candidate cells. FFS: the exact value e.g., 2.
As one possibility, network knows/ assumes that a UE is more likely to move in a certain direction and land up on certain cell(s), UE starts Early TA procedure on this subset of candidate cells, starting with the first one selected from the subset. Network may for example explicitly indicate within the RRC reconfiguration message for which of the candidate cells UE shall initiate the early TA acquisition procedure. Further, the candidate cells may be arranged in groups – similar to Timing Alignment Groups used for serving cells – so that a UE need not perform Early-TA for each individual candidate cells – but only once per group.
As another possibility, two radio thresholds for two corresponding measurement events are configured in reporting configuration: a first threshold for initiating Early TA, in addition to the legacy one which is used to trigger measurement reporting to gNB. The first threshold/ measurement event triggers the UE to initiate Early TA procedure with a cell fulfilling this threshold but may not trigger measurement reporting to the serving cell. But when the legacy threshold/ measurement event is (also) met/ triggered, UE initiates measurement reporting to the source cell, including also an indication confirming if an Early TA has been obtained for the corresponding reported cell, if RACH based TA acquisition is used and UE receives a RAR for itself. This information about “TA availability” can also be provided separately and depends on how the measurement reporting is done e.g., in L1 or L2 reporting.
When the legacy threshold/ measurement event is met/ triggered, UE reports it immediately without waiting for the ongoing Early TA procedure, which may continue. 
Both the above possibilities have pros and cons. While the first one is simpler to implement, the second one is more radio aware. So, this topic can benefit from further discussions.
RAN2 discuss means to shortlist candidate cells for the Early TA acquisition.
[bookmark: _Hlk118269482]

For RACH based Early TA acquisition:

As proposed in [1], we think a RACH based Early TA acquisition is useful. Here, the UE obtains the TA (NTA) value directly from a target cell in RAR (Msg2) message. After successfully getting early TA, validity of the early TA can be controlled using a legacy like Timer alignment Timer (TAT), where the value is configured per candidate or per group of candidate cell basis in the first-RRC-configuration if a RACH based Early TA acquisition is used. Also, the UE needs to inform the source cell/ DU whether or not it has been able to acquire an Early TA to enable network to make a mobility decision i.e., to trigger an LTM to a cell satisfying radio measurements and for which UE has already the Early TA, or to trigger legacy mobility to a cell satisfying radio measurements but for which UE has not yet acquired the Early TA. Accordingly, the following proposals are made:
UE indicates to the current serving gNB (DU) if an early TA has been acquired (or fails to acquire) for a candidate cell. 
UE reports measurement results and may include an indication confirming if an Early TA has been obtained (or that it failed to obtain) for the corresponding reported cell, if the Early TA availability has not been reported separately.
Validity of an early TA can be controlled by UE using a legacy like TAT timer.

Further, RAN2 has agreed to support subsequent LTM. Namely, UE may continue to keep LTM candidate cell configuration after cell switching. If the TA list for some candidate cells has been obtained, it is natural that the TA values also can be kept after cell switching. 
The acquired Early TA value can be kept by UE after successful cell switch.

Further, assuming RACH based Early TA acquisition is (also) to be used (in addition to PDCCH order based Early TA acquisition procedure) as proposed in [1], RAN2 should further investigate the RACH procedure itself which is initiated for the acquisition of an early TA on a candidate cell. Different to the legacy RACH procedure, e.g., performed in the target cell at Handover, UE should not establish a connection to the target cell, but only obtain uplink timing synchronization. Therefore, some changes to the current specified RACH procedure will be required. 
In CBRA cases, the content of the RACH message 3 of a contention-based RACH procedure initiated to acquire early timing synchronization with a candidate cell may be different compared with the legacy RACH procedure, e.g., RACH Msg3 includes an indication for “Early TA only”. 
Alternatively, dedicated RACH resources can be configured to the UE to differentiate between RACH resources for obtaining early TA and RACH resources for legacy handover execution. This case be done using e.g., separate preambles or separate time-frequency domain resources. 
RAN2 to discuss how NW can distinguish between RACH for early TA acquisition and legacy RACH for HO, e.g., dedicated RACH resources can be configured to the UE to differentiate between RACH resource for obtaining early TA and also for normal RACH resources for handover.
RACH message 3 can contain early TA indication when dedicated PRACH resources specifically for Early TA is not provided to the UE. 


[bookmark: _Hlk127272006]For non-RACH (UL RS) based Early TA acquisition:

While TA in this case is available with the candidate cell/ DU as shown in Figure 1, the same can be provided to the UE from the source cell/ DU to facilitate arrival announcement of the UE in the candidate (target) cell. Regarding validity of an early TA, the source cell can use a TAT when it receives a TA value from a candidate cell for the UE and trigger another PDCCH Order upon TAT expiry, if required.
The TA value to be used towards the candidate (target) cell is indicated in the LTM command if non-RACH procedure is to be used for Early TA acquisition.
Validity of an early TA for a UE-candidate cell pair, can be controlled by source cell using a legacy like TAT timer.

3. Mobility execution: Arrival Announcement in the target
This can be modelled similar to that in LTE. Up on receiving measurement results, and having determined a target cell, the serving cell/ source DU informs concerned target cell/ DU/ CU confirming UE mobility. Target cell may send an acknowledgement for the said Mobility-Confirmation including information about PUSCH resource used by the UE in the target cell to announce its arrival, if necessary e.g., if CG-PUSCH resources would be used. At this point (or even earlier), having determined the target cell, a cell switch command (LTM) is sent to the UE. As R2 agreed previously, LTM is conveyed in a MAC CE and contains at least one candidate configuration index, based on the index used in the first-RRC-Reconfiguration message. 
The PUSCH resource(s) can also be provided using a DCI from the target cell. UE starts a T304-like timer upon reception of LTM. The T304-like timer should be generally shorter, than the T304 timer in legacy L3 based mobility since/ if the UE maintains DL Sync and a valid Early TA is available, UE should be able to quickly announce its arrival on the target cell. 


[bookmark: _Ref117855244]Figure 2: Mobility from source to target cell under DUs in an intra-CU situation
The arrival-announcement can be done by sending a cell-switch complete message using a MAC CE, to reduce the data interruption, data can be exchanged only after the cell-switch procedure is complete. The PUSCH resource for the same can be provided to the UE by the target cell using a (first) Dynamic Grant. In an intra-CU scenario for Rel. 18, both the source and target cell (as shown in Figure 2) belong to the same centralized unit, therefore gNB can know accurately when the UE has received LTM successfully, enabling it to send the DCI for the said Dynamic Grant via the target cell/ DU. To this end, at least PDCCH-Config of the target cell, configured earlier using a first-RRC-Reconfiguration with some other information out of ServingCellConfig is applied upon reception of LTM. As the UE may need some time to process LTM, refresh L1 synchronization including frequency and/ or BWP retuning, target cell should keep sending DCI PUSCH grants on many possible DL Beams[footnoteRef:2], hoping that UE appears in the target soon until T304-like timer is running. The T304-like timer is used when early TA is available. Both T304 and T304-like timers are configured to the UE in the RRC Reconfiguration and T304-like timer is shorter than t304. [2:  Alternatively Beam signalling (TCI state) for target cell is done in LTM] 

A shorter T304-like timer is used to supervise the completion of LTM based cell switch procedure when Early TA for the target cell is available (either UE has it already or receives the same in LTM); legacy T304 timer is used otherwise.
Transmission of LTM to the UE from the source cell/ DU triggers UE to monitor PDCCH in the target cell for receiving PUSCH resources, enabling the UE to announce its arrival and complete cell switch procedure.
Cell switch completion is indicated using a MAC CE by the UE to the target cell.

As there may be other PUSCH options apart from CG-PUSCH and DCI based, it is better that R2 discuss this topic a bit further.
RAN2 discuss PUSCH options (e.g., DG or CG) in the target cell to be used after the UE receives LTM.


Race conditions

Finally, a discussion on some race conditions is warranted e.g., what happens when Early TA is not yet available. In these scenarios let’s say measurement event is met and UE reported the same to the source cell and based on this the source cell/ DU determines that mobility condition is met and intends to send a mobility command to the UE.
While Scenario 2 is relevant for both RACH and non-RACH based Early acquisition procedures, Scenarios 3 and 4 apply only when RACH based Early acquisition procedure is in use. For an overview the following 4 possible scenarios are listed:
Table 1: Different Scenarios when Mobility radio Event is triggered
	Scenarios

	Scenario 1:
Early TA available at the UE and the source cell/ DU knows about it: No issue

	Scenario 2:
Early TA not available

	Scenario 3:
Early TA available at the UE but source does not know about it yet (since the UE could not inform successfully so far)

	Scenario 4:
Early TA procedure is ongoing



As one option, the source cell/ DU upon arriving at a mobility decision includes a RACH request in the LTM command for mobility to a given target cell. The RACH request is included with or without dedicated PRACH resources depending on if dedicated PRACH resources were reserved by the target cell or not. In addition, while sending the LTM to the UE, source cell/ DU can inform target cell/ DU to start sending DL PDCCH with PUSCH grants to the UE in question. If handshaking to start sending DL PDCCH with PUSCH grants to the UE in question is successful the source cell/ DU can indicate explicitly in the LTM command if dynamic PUSCH grant can be expected from the target cell (or not). UE will initiate a RACH procedure if an Early TA is not obtained yet or if a RACH procedure for the same towards the target cell is not yet ongoing.
Alternatively, in cases when the source cell/ DU is not aware of an Early TA acquisition/ value it informs CU which initiates legacy L3 based handover procedure i.e., sends RRC Reconfiguration to the UE including ReconfigurationWithSync. UE performs legacy based mobility execution if ReconfigurationWithSync is received. Both options have merits and demerits, and it is best to have some RAN2 discussion on this.
RAN2 should discuss how to deal with cases when the source DU is not aware of an Early TA acquisition/ value but otherwise a mobility decision based on L1/ L2 measurement report can be reached.


4. Conclusion

Early TA acquisition is a cornerstone for saving latency in the lower layer based mobility work. This paper went in the details of Early TA acquisition procedure and builds on both RAN1 and RAN2 progress from the last meeting. Following proposals are made:
1. Network shall configure Early TA acquisition for bare minimum candidate cells. FFS: the exact value e.g., 2.
1. RAN2 discuss means to shortlist candidate cells for the Early TA acquisition.
RACH based Early TA acquisition:
1. UE indicates to the current serving gNB (DU) if an early TA has been acquired (or fails to acquire) for a candidate cell. 
1. UE reports measurement results and may include an indication confirming if an Early TA has been obtained (or that it failed to obtain) for the corresponding reported cell, if the Early TA availability has not been reported separately.
1. Validity of an early TA can be controlled by UE using a legacy like TAT timer.
1. The acquired Early TA value can be kept by UE after successful cell switch.
1. RAN2 to discuss how NW can distinguish between RACH for early TA acquisition and legacy RACH for HO, e.g., dedicated RACH resources can be configured to the UE to differentiate between RACH resource for obtaining early TA and also for normal RACH resources for handover.
1. RACH message 3 can contain early TA indication when dedicated PRACH resources specifically for Early TA is not provided to the UE. 
Non-RACH (UL RS) based Early TA acquisition:
1. The TA value to be used towards the candidate (target) cell is indicated in the LTM command if non-RACH procedure is to be used for Early TA acquisition.
1. Validity of an early TA for a UE-candidate cell pair, can be controlled by source cell using a legacy like TAT timer.
Mobility Execution:
1. A shorter T304-like timer is used to supervise the completion of LTM based cell switch procedure when Early TA for the target cell is available (either UE has it already or receives the same in LTM); legacy T304 timer is used otherwise.
1. Transmission of LTM to the UE from the source cell/ DU triggers UE to monitor PDCCH in the target cell for receiving PUSCH resources, enabling the UE to announce its arrival and complete cell switch procedure.
1. Cell switch completion is indicated using a MAC CE by the UE to the target cell.
1. RAN2 discuss PUSCH options (e.g., DG or CG) in the target cell to be used after the UE receives LTM.
Race condition:
1. RAN2 should discuss how to deal with cases when the source DU is not aware of an Early TA acquisition/ value but otherwise a mobility decision based on L1/ L2 measurement report can be reached.
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