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1	Introduction
In RAN1#112, the following agreements have been achieved [1]:

	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
 
As the feasibility of schemes included in the agreement above is related to the designs of RAN2 and RAN3, RAN 1 respectfully asks RAN2 and RAN3 to check the feasibility and potential impact on specs of RAN2 and RAN 3 of all options, i.e. with RAR (from serving or candidate cell) and without RAR, in this agreement.

For Rel-18 LTM, Random Access Preamble indices and indication of RACH occasions with the associated SSB indices are configured for each candidate cell. 
Note: the detailed signalling is left to RAN2

The PDCCH order from the source cell contains the indication of candidate cell.
· The reserved bit(s) in DCI format 1_0 for PDCCH order can be used for indication of cell identity
For PDCCH-order based RACH for TA measurement for candidate cells, legacy CBRA is not supported

If reception of RAR is configured/indicated, RAR contains at least TA of candidate cell.
· The maximum number of TA values memorized by UE is a UE capability
· FFS: whether other parameters such as UE ID, candidate cell ID etc. is contained in RAR 

Whether RAR needs to be received is configured by RRC.

The agreement on scenario 2 (Beam indication together with cell switch command) at RAN1#111 is further clarified as the following:
· Beam indication for the target cell(s) is conveyed in the MAC CE used for LTM triggering for scenario 2



RAN3#119 sent an LS to RAN2 with the following [2]:

	RAN3 has discussed the following two approaches to support inter-DU LTM cell switch during execution. 
Approach 1: the serving gNB-DU triggers the execution by transmitting LTM cell switch command to the UE and then informs the gNB-CU of the serving cell switch. 
Approach 2: the serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE.
RAN3 would like to get feedback from RAN2 about the above-mentioned approaches, and provide suggestion if there is any other possibility identified.
ACTION: 	RAN3 kindly asks RAN2 to provide the feedback on the above approaches.



In RAN1#111 the following agreement was achieved [3]:

	· For beam indication timing for Rel-18 LTM, 
· Support Scenario 2: Beam indication together with cell switch command, 
· For Rel-17 unified TCI framework, 
· Beam indication indicates TCI state for each target serving cell



In RAN2#119bis-e the following agreement was achieved [4]:

	RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index.




This contribution discusses early TA acquisition for LTM. This contribution also discusses aspects of inter-DU LTM based on the LS from RAN3.
2	Early TA acquisition
2.1 	Reply to RAN1 LS
RAN1#112 described three schemes for early TA acquisition of a candidate LTM cell by the UE based on PDCCH-ordered RACH:
· Scheme 1: RAR reception is not configured. UE sends PRACH to candidate cell and receives TA value in LTM MAC CE from the serving cell.
· Scheme 2a: RAR reception is configured. UE sends PRACH to candidate cell and receives TA value in RAR from the candidate cell.
· Scheme 2b: RAR reception is configured. UE sends PRACH to candidate cell and receives TA value in RAR from the serving cell.
Scheme 1 and Scheme 2b require that the TA value computed by the candidate cell following PRACH reception is shipped to the serving cell via the backhaul in case the serving cell and the candidate cell are served by different DUs.
Scheme 2a requires that the UE is configured with Type-1 PDCCH CSS of the candidate cell to support the reception of RAR from the candidate cell. The configuration of Type-1 PDCCH CSS shall be carried outside the candidate cell configuration to minimize the overhead and processing of the UE due to early decoding of the candidate cell configurations.
Based on the above assessment, all schemes above seem to be feasible from RAN2 perspective.
Observation 1a: For early TA acquisition based on PDCCH-ordered RACH with no RAR reception or with RAR reception from the serving cell, the TA value shall be shipped via the backhaul if the serving cell and the candidate cell are served by different DUs.
Observation 1b: For early TA acquisition based on PDCCH-ordered RACH with RAR reception from the candidate cell, the UE shall be configured with Type-1 PDCCH CSS of the candidate cell outside the candidate cell configuration.
Proposal 1: Reply to RAN1:
· All options for early TA acquisition based on PDCCH-ordered RACH, including with RAR (from serving or candidate cell) and without RAR, are feasible from RAN2 perspective.
Comparing Scheme 1 and Scheme 2b, the main difference is whether the network wants to provide the TA value associated with the candidate cell to the UE at LTM triggering for Scheme 1 or before LTM triggering for Scheme 2b. In the latter case, it is much simpler to use a MAC CE instead of RAR to provide the TA value.
Proposal 2: MAC CE is used instead of RAR if the serving cell provides the TA value of the candidate LTM cell to the UE prior to LTM triggering.
2.2	Candidate LTM cell is a serving cell
In case a serving PCell or an activated serving SCell is configured as a candidate LTM cell, legacy mechanisms can be reused to acquire the associated TA value.
Proposal 3: For a candidate LTM cell that is a serving PCell or an activated serving SCell, legacy mechanisms for TA acquisition shall be reused.
In legacy, the UE does not have to retain UL synchronization for a deactivated SCell. In case the latter cell is a candidate LTM cell, early TA acquisition shall still be supported to enable RACH-less LTM execution towards that cell. In this case, the UE may transmit RACH towards the deactivated SCell based on PDCCH order.  
Proposal 4: A UE may transmit RACH towards a deactivated serving SCell for early TA acquisition based on PDCCH order if the latter cell is a candidate LTM cell.
2.3	Configuration of preamble indices and RACH occasions
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	Fig 1a: Dedicated PID allocation per UE per candidate cell for early TA acquisition
	Fig 1b: Allocation of PID pools per DU per candidate cell for early TA acquisition



Figure 1 illustrates an example LTM scenario where UEs are configured with cells 1 to 3 as candidate LTM cells. In this example, cells 1 to 3 are served by different DUs. At a point in time, some UEs may be served by cell1 and shall perform TA acquisition of candidate cell2 based on PDCCH order from cell1. Additionally, other UEs may be served by cell3 and shall perform TA acquisition of candidate cell2 based on PDCCH order from cell3.
According to RAN1#112 agreement, PDCCH-ordered RACH for early TA acquisition is contention-free. This implies that dedicated preamble IDs (and RACH occasions) need to be allocated for a given candidate cell to support the contention-free PDCCH-ordered RACH. Figure 1 illustrates two schemes for the allocation of preamble IDs:
· Scheme A: Each UE is configured with a dedicated preamble ID for the purpose of early TA acquisition for a given candidate LTM cell. The UE uses the configured preamble ID upon receiving a PDCCH order to transmit the PRACH towards the candidate LTM cell. The candidate LTM cell identifies the UE that transmitted the PRACH based on the received PID.
· Scheme B: Each serving DU is allocated a pool of preamble IDs for the purpose of early TA acquisition for a given candidate LTM cell. The serving DU selects a preamble ID from its allocated pool and includes it in the PDCCH order to the UE. The UE uses the preamble ID in the PDCCH order to transmit the PRACH towards the candidate LTM cell. The candidate LTM cell identifies the serving DU who ordered the PRACH based on the received PID, then the serving DU resolves the UE identity based on which UE it ordered to send the PRACH using that PID at that point in time. The serving DU makes sure never to order two UEs to use the same PID on the same RACH occasion at a given time.
Comparing the two schemes, Scheme A is much more expensive and depletes the PID space of the candidate cell if the number of UEs is large. This becomes worse with the support of subsequent LTM which avoids RRC reconfigurations per LTM execution, in which case the allocation of UE-specific preamble IDs via RRC tends to be long-term.
Observation 2a: Reservation of dedicated preamble IDs per UE per candidate cell for the purpose of early TA acquisition has large overhead.
Observation 2b: The overhead associated with reservation of dedicated preamble IDs per UE for the purpose of early TA acquisition is long-term due to support of subsequent LTM where RRC reconfiguration is not frequent.
On the other hand, Scheme B minimizes the overhead of PID-reservation per candidate cell for the purpose of early TA acquisition since each serving DU is only allocated few PIDs per candidate cell. Additionally, the number of neighboring DUs in an area is expected to be small.
Observation 2c: The reservation of preamble IDs for early TA acquisition per candidate LTM cell is minimized if done per serving DU.
We propose to support Scheme B.
Proposal 5a: Each serving DU is allocated a dedicated pool of preamble IDs per candidate LTM cell of the other DUs. A serving DU selects a preamble ID from its pool and indicates it to the UE in the PDCCH order for early TA acquisition.
Proposal 5b: No RRC configuration of dedicated preamble IDs is required to support contention-free PDCCH-ordered RACH for early TA acquisition.  
Proposal 5c: A two-step approach is used to resolve the identity of the UE who transmitted a PRACH towards a candidate LTM cell for the purpose of early TA acquisition:
· Step 1: The identity of the serving DU who ordered RACH towards a candidate LTM cell is resolved from the PID of the PRACH received by the candidate DU. 
· Step 2: The identity of the UE who transmitted the PRACH using the PID is resolved by the serving DU based on who the serving DU ordered to send the PRACH using that PID.  
Proposal 5d: Send LS to RAN1 and RAN3 with proposals 5a to 5c.
3	RAN3 LS on Inter-DU LTM
RAN3#112 discussed two approaches for inter-DU LTM:
· Approach 1, where the serving DU triggers LTM execution and then informs the CU of LTM triggering.
· Approach 2, where the serving DU first requests information from the target DU and then triggers LTM execution. 
The evaluation of the two approaches depends on whether and what information the serving DU would have to request from the candidate DU before LTM can be triggered. The criterion to determine this information is as follows:
· If an information has to be requested by the serving DU, this implies that the serving DU requires this information to determine a content of the LTM MAC CE. 
· If the serving DU already can determine the full content of the LTM MAC CE, the serving DU shall not defer LTM triggering towards the candidate DU for the purpose of requesting information from the candidate DU.   
Proposal 6: Only information that may be requested by the serving DU from the target DU is that information a serving DU would need to determine the content of the LTM MAC CE.
The following info has been agreed to be included in the LTM MAC CE so far:
· Info 1: RAN2#119bis-e agreed to include a candidate configuration index in the LTM MAC CE
· Info 2: RAN1#112 agreed to include beam info for the target cell in the LTM MAC CE
· Info 3: RAN1#112 agreed to include TA value of the target cell in the LTM MAC CE (if RAR is not configured)
For Info 1, the serving DU receives the L1 measurement report from the UE that includes measurements of candidate LTM cells. If the serving DU decides to trigger LTM towards a candidate LTM cell based on a measurement report, the serving DU needs to know the candidate configuration index corresponding to the cell info included in the report. Mapping between cell info and configuration indices is semi-static and can be provided to the serving DU by the CU during LTM preparation. Therefore, the serving DU does not have to request Info 1 prior to LTM execution.
Observation 3a: The serving DU determines which candidate configuration index to include in the LTM MAC CE based on cell info included in the L1 measurement report. The CU shall provide a mapping of cell info to configuration indices to the serving DU during LTM preparation. 
For Info 2, the serving DU receives the L1 measurement report from the UE that includes beam info. The serving DU selects the TCI state it should include into the LTM MAC CE based on the beam info in the L1 measurement report. Mapping between beam info and TCI states is semi-static and can be provided to the serving DU by the CU during LTM preparation. Therefore, the serving DU does not have to request Info 2 prior to LTM execution. 
Observation 3b: The serving DU determines which TCI state of the candidate cell to include in the LTM MAC CE based on beam info received in the L1 measurement report. The CU shall provide TCI state configuration of the candidate cell to the serving DU during LTM preparation.
For Info 3, the candidate DU can proactively forward the TA value to the serving DU via the CU upon receiving the PRACH from the UE on the candidate LTM cell. Therefore, the serving DU does not have to request Info 3 prior to LTM execution. 
Observation 3c: The candidate DU proactively forwards the TA value to the serving DU during early TA acquisition if RAR reception from the candidate cell is not configured for the UE.
Based on Observations 3a to 3c, Approach 1 is feasible if the CU provides necessary configuration during LTM preparation for Info 1 and Info 2, and if the target DU proactively forwards Info 3 to the serving DU. None of Info 1, 2 or 3 has to be requested by the serving DU from the target DU. The following proposal is made:
Proposal 1: Reply to RAN3 the following: 
· For Approach 1:  
· Approach 1 is feasible from RAN2 perspective but requires the following:
· The serving DU needs to be configured by the CU during LTM preparation phase with a mapping b/w the candidate cell indication in the UE’s L1 measurement report and the corresponding candidate configuration index.
· The serving DU needs to receive from the CU during LTM preparation phase the UE’s TCI state configuration of the candidate cell.
· For RACH-less LTM, the candidate DU should proactively send the TA value to the serving DU for the case that RAR reception from the candidate cell is not configured during early TA acquisition.
· RAN2 respectfully requests RAN3 to handle the signaling for the above requirements. 
· For Approach 2: 
· RAN2 could not identify an example of information that needs to be actively requested by the serving DU from the candidate DU prior to the triggering of LTM execution.
· RAN2 assumes that the serving DU does not defer the triggering of LTM if urgency to trigger LTM is indicated by the UE’s L1 measurement report to avoid sending the UE to RLF.
Conclusion
This contribution discussed early TA acquisition for LTM. This contribution also discussed aspects of inter-DU LTM based on the LS from RAN3. The following observations and proposals have been made:


Early TA acquisition
Observation 1a: For early TA acquisition based on PDCCH-ordered RACH with no RAR reception or with RAR reception from the serving cell, the TA value shall be shipped via the backhaul if the serving cell and the candidate cell are served by different DUs.
Observation 1b: For early TA acquisition based on PDCCH-ordered RACH with RAR reception from the candidate cell, the UE shall be configured with Type-1 PDCCH CSS of the candidate cell outside the candidate cell configuration.
Observation 2a: Reservation of dedicated preamble IDs per UE per candidate cell for the purpose of early TA acquisition has large overhead.
Observation 2b: The overhead associated with reservation of dedicated preamble IDs per UE for the purpose of early TA acquisition is long-term due to support of subsequent LTM where RRC reconfiguration is not frequent.
Observation 2c: The reservation of preamble IDs for early TA acquisition per candidate LTM cell is minimized if done per serving DU.

Proposal 1: Reply to RAN1:
· All options for early TA acquisition based on PDCCH-ordered RACH, including with RAR (from serving or candidate cell) and without RAR, are feasible from RAN2 perspective.
Proposal 2: MAC CE is used instead of RAR if the serving cell provides the TA value of the candidate LTM cell to the UE prior to LTM triggering.
Proposal 3: For a candidate LTM cell that is a serving PCell or an activated serving SCell, legacy mechanisms for TA acquisition shall be reused.
Proposal 4: A UE may transmit RACH towards a deactivated serving SCell for early TA acquisition based on PDCCH order if the latter cell is a candidate LTM cell.
Proposal 5a: Each serving DU is allocated a dedicated pool of preamble IDs per candidate LTM cell of the other DUs. A serving DU selects a preamble ID from its pool and indicates it to the UE in the PDCCH order for early TA acquisition.
Proposal 5b: No RRC configuration of dedicated preamble IDs is required to support contention-free PDCCH-ordered RACH for early TA acquisition.  
Proposal 5c: A two-step approach is used to resolve the identity of the UE who transmitted a PRACH towards a candidate LTM cell for the purpose of early TA acquisition:
· Step 1: The identity of the serving DU who ordered RACH towards a candidate LTM cell is resolved from the PID of the PRACH received by the candidate DU. 
· Step 2: The identity of the UE who transmitted the PRACH using the PID is resolved by the serving DU based on who the serving DU ordered to send the PRACH using that PID.  
Proposal 5d: Send LS to RAN1 and RAN3 with proposals 5a to 5c.

RAN3 LS on Inter-DU LTM
Observation 3a: The serving DU determines which candidate configuration index to include in the LTM MAC CE based on cell info included in the L1 measurement report. The CU shall provide a mapping of cell info to configuration indices to the serving DU during LTM preparation. 
Observation 3b: The serving DU determines which TCI state of the candidate cell to include in the LTM MAC CE based on beam info received in the L1 measurement report. The CU shall provide TCI state configuration of the candidate cell to the serving DU during LTM preparation.
Observation 3c: The candidate DU proactively forwards the TA value to the serving DU during early TA acquisition if RAR reception from the candidate cell is not configured for the UE.

Proposal 1: Reply to RAN3 the following: 
· For Approach 1:  
· Approach 1 is feasible from RAN2 perspective but requires the following:
· The serving DU needs to be configured by the CU during LTM preparation phase with a mapping b/w the candidate cell indication in the UE’s L1 measurement report and the corresponding candidate configuration index.
· The serving DU needs to receive from the CU during LTM preparation phase the UE’s TCI state configuration of the candidate cell.
· For RACH-less LTM, the candidate DU should proactively send the TA value to the serving DU for the case that RAR reception from the candidate cell is not configured during early TA acquisition.
· RAN2 respectfully requests RAN3 to handle the signaling for the above requirements. 
· For Approach 2: 
· RAN2 could not identify an example of information that needs to be actively requested by the serving DU from the candidate DU prior to the triggering of LTM execution.
· RAN2 assumes that the serving DU does not defer the triggering of LTM if urgency to trigger LTM is indicated by the UE’s L1 measurement report to avoid sending the UE to RLF.
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