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1. Introduction
In last meeting, both RAN1 and RAN2 made some progress in specification work on lower layer based mobility. 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)




Based on the relevant RAN1 and RAN2 agreements, two example LTM procedural designs are presented in this paper.
An accompanying paper in [1] provides details of Early TA procedure from RAN2 perspective.

2. Discussion

Two LTM procedural designs based on the relevant RAN1 and RAN2 agreements reached so far, are presented as follows:

Approach A:

Figure 1 shows a message sequence of how lower layer mobility could work based on agreements reached in RAN1 so far and current RAN1/ 2 understanding of the background. Here the First-RRC-Reconfiguration contains a list of candidate cells, and this may contain an enhanced CSI-ReportConfig to configure UE to report CSI for one or more candidate cell. Based on the UE’s CSI Report(s), network decides on which candidate cell(s) the Early TA can be obtained by the UE. Here, as one network implementation option it can request the corresponding candidate DU to reserve required PRACH/ UL RS resources for the UE, which is then provided by the source DU to the UE in PDCCH ordered DCI, indicating candidate cell(s) for which the Early TA needs to be acquired. UE behaves accordingly and makes either a PRACH or UL RS transmission (either to be specified or can be left to network configuration) enabling the candidate DU to compute the TA (NTA) for the UE – and send it to the source DU when a non-RACH based Early TA procedure is used. Source DU stores the TA values received from candidate cell(s) and maintains the validity of stored values of TA, using a TAT timer and ordering fresh PDCCH, if necessary. If RAR based Early TA procedure is used, the TA value will be sent to UE directly in RAR (Msg2). The UE will store the TA value and maintain the validity of stored values of TA. If in the meanwhile, a L1/ L2 measurement report is sent by the UE for one of the candidate cells for which the source may already have a valid TA, the source DU can issue a LTM command to the UE including the TA value, which uses the TA to announce its arrival in the candidate (target) side. The PUSCH resources for the arrival announcement in the target side could be configured apriori or could be based on dynamic signalling from the target expecting the UE arrival – as notified by the source DU/ CU (not shown in Figure 1).



[bookmark: _Ref126924725]Figure 1: Approach-A based on RAN1 agreements made so far


Approach B:
Further, Approach-B is presented in below Figure 2, where the Early TA acquisition is configured by the first-RRC-Reconfiguration message directly. This would be possible if the Initial UE measurement report can be used as a basis to determine potential mobility candidates and Early TA resources (PRACH or UL RS) can be reserved by the candidate cell(s) in the second step itself. 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. 
In addition, like in the Approach-A, the source DU can trigger a PDCCH order, as shown by the dotted rectangle in below Figure 2, at any time for a candidate cell for which Early TA is not yet available with Source DU or to refresh a TA value if an acquired TA is not valid anymore (TAT has expired).



[bookmark: _Ref126927044]Figure 2: Approach-B, Early TA Procedure started by the RRC Reconfiguration Message

Further, the above approach shows an UL RS based non-RACH procedure to acquire Early TA as well as classical way of acquiring (Early) TA using RACH based procedure. In the former case, the TA is determined by the candidate DU and then provided to the source DU. In the latter case however, the RACH based TA acquisition in Msg2 RAR is an age old tried, and tested method and needs to be considered by RAN2. In this case, the UE needs to inform the source DU that Early TA has been acquired. So, we think both these approaches to acquire Early TA can be used and these are not competing solutions but rather these complement each other, and operator may choose to use one over the other based on deployment scenarios.

Based on the two approaches discussed, the following proposals are made:
Proposal 1 RAN2 should discuss if the Initial UE measurement report can be used as a basis to determine potential candidates for Early TA acquisition.
Proposal 2 RAN2 should decide if Early TA resources (PRACH or UL RS) can be reserved by the candidate cell(s) in the second step itself or if a request from source DU must be made only after the RRC reconfiguration message has been sent to the UE. The decision should be communicated to RAN3.
Proposal 3 RAN2 should consider RACH based Early TA acquisition.

Finally, we think Approach-B benefits from really early TA acquisition possibility and can utilize both RAN1 and RAN2 expertise to optimize LTM procedure and therefore we propose:
Proposal 4 RRC Reconfiguration triggered Early TA acquisition is supported for LTM.
Proposal 5 PDCCH order and RRC Reconfiguration triggered Early TA acquisition can be supported simultaneously.

3. Conclusion
Based on the relevant RAN1 and RAN2 agreements, two example LTM procedural designs were presented in this paper and accordingly, the following proposals are made:

Proposal 1 RAN2 should discuss if the Initial UE measurement report can be used as a basis to determine potential candidates for Early TA acquisition.
Proposal 2 RAN2 should decide if Early TA resources (PRACH or UL RS) can be reserved by the candidate cell(s) in the second step itself or if a request from source DU must be made only after the RRC reconfiguration message has been sent to the UE. The decision should be communicated to RAN3.
Proposal 3 RAN2 should consider RACH based Early TA acquisition.
Proposal 4 RRC Reconfiguration triggered Early TA acquisition is supported for LTM.
Proposal 5 PDCCH order and RRC Reconfiguration triggered Early TA acquisition can be supported simultaneously.

4. Conclusion
[1]: R2-2300221 Details of Early TA work	Lenovo
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