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Introduction
This contribution discusses open issues on RACH-less LTM.
The contribution is organized as the following. In section 2, we discuss issues including: Interaction between serving DU and target DU for inter-DU case, Early TA Acquisition, and UL grant for the first UL transmission on the target cell. The proposals are summarized in Section 3. 
Discussion
Interaction between serving DU and target DU for inter-DU LTM cell switch during execution
In a RAN3 LS [1] sent to RAN2, RAN3 requests RAN2 to feedback on the feasibility of the Interaction between serving DU and target DU for inter-DU LTM cell switch during execution.
	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.


In our understanding, all the information (e.g. TCI state, TA value) to be included in the LTM cell switch command can be ready at source DU side when the LTM triggers, e.g. TA could be provided before the LTM triggers, which could be valid for a duration and TCI could be determined by the source cell based on L1 measurement results report from UE and the relationship of measurement results and TCI state coordinated with target DU. so there is no need to request any information from target DU before triggering LTM cell switch command. So the approach 1 is workable. Approach 2 seems not necessary and will delay the LTM execution. With approach 2, serving DU needs to wait the information from target DU and then send the LTM cell switch command to UE. Such additional delay is unnecessary and it defeats the main purpose of LTM (i.e., to reduce the handover latency).
Therefore, when LTM triggers, the serving cell should be able to send the LTM cell switch command to UE immediately, without requesting any information from the target DU.
Proposal 1: For RACH-less LTM of inter-DU case, the serving gNB-DU is not required to request information (e.g., the one to be included in LTM cell switch command) from target DU immediately before triggering LTM cell switch command to the UE.
Early TA Acquisition 
In RAN1 LS [2], for the PDCCH ordered RACH procedure to perform early TA acquisition on candidate cell, two options were provided, i.e., with RAR (from serving or candidate cell) and without RAR.
In our understanding, the motivation of supporting “with RAR” is still unclear. Even though in legacy RACH procedure there is always a RAR in response to the MSG1 sent by UE, but for LTM, the TA value of candidate cells never be used before the LTM triggering. 
Observation 1: It is no clear on the motivation of supporting “with RAR” for PDCCH ordered RACH as TA values of candidate cells are not applied at UE side before LTM triggering.
Furthermore, from the RAN2/RAN3 solution perspective, to support “with RAR”, it needs a lot of discussion on multiple issues. And it seems RAN2/RAN3 spec impacts are unavoidable.
If “with RAR” option is used, UE needs to receive the RAR of candidate cells and maintain the TA of candidate cells before the LTM triggering, so it is necessary to discuss the issues on how to maintain the TA of candidate cells at UE side, e.g., whether TAT timer is needed, Whether the TA of candidates is maintained after LTM.
Observation 2: To support “with RAR” for PDCCH ordered RACH, RAN2/3 should discuss how to maintain the TA of candidate cells at UE side,
· The configuration/maintenance of TAT timer
· Whether the TA of candidates is maintained after LTM
The purpose of PDCCH ordered-RACH for candidate cell(s) is to acquire the TA of the candidate cell early. But in the legacy RAR, there are more information (e.g. UL Grant, Temporary C-RNTI) other than TA value. The other information is redundant as it is not useful to UE. 
	The MAC RAR is of fixed size as depicted in Figure 6.2.3-1, and consists of the following fields:
-	R: Reserved bit, set to 0;
-	Timing Advance Command: The Timing Advance Command field indicates the index value TA used to control the amount of timing adjustment that the MAC entity has to apply in TS 38.213 [6]. The size of the Timing Advance Command field is 12 bits;
-	UL Grant: The Uplink Grant field indicates the resources to be used on the uplink in TS 38.213 [6]. The size of the UL Grant field is 27 bits;
-	Temporary C-RNTI: The Temporary C-RNTI field indicates the temporary identity that is used by the MAC entity during Random Access. The size of the Temporary C-RNTI field is 16 bits.


It is necessary to discuss whether to reuse the legacy RAR. If legacy RAR is reused, UE behavior is to be specified on how to handle redundant information (e.g. UL grant, Temporary C-RNTI) in RAR. A simple way may be to ignore it directly when UE handles the RAR. As an alternative, if a new RAR is introduced, the content of the new RAR need to be defined and it is also necessary to specify UE behavior on handling the new RAR, new procedure text needs to be added to the specification.
Observation 3: To support “with RAR” for PDCCH ordered RACH, spec impact on RAR handling is needed regardless of whether legacy RAR can be reused.
The regarding the issue on which cell to receive the RAR, the options are from source cell or candidate cell. A simple way may be for UE to receive it from the corresponding candidate cell directly. Then UE can follow the legacy procedure to receive RAR from candidate cells. But UE needs to switch to candidate cells during the RAR window, it will cause extra data transmission interruption at serving cell. 
Observation 4: To support “with RAR” for PDCCH ordered RACH, if RAR is received on the candidate cell, it will cause extra data transmission interruption at serving cell.
If RAR is received on the serving cell, there are several issues should be considered for inter-DU case,
1. Network interface impacts, the candidate DUs needs to transmit the RAR/TA to the serving DU by F1 interface, e.g., candidate DUs send RAR/TA to the CU, and then CU transfers the RAR/TA to the serving DU.
2. How to distinguish it from the RAR corresponding to the RACH procedure initiated by source cell, e.g., For inter-DU case, the preamble index used by a LTM UE on a candidate cell for early TA acquisition is allocated by the cell on another DU. At the same time, a CBRA procedure may be initiated by another UE on source cell in the serving DU, and the used preamble index may happen to be the same as the one used by the LTM UE. Then on source cell when the LTM UE receives the RAR of a candidate cell, it is possible that UE receive a RAR (same preamble index included) intended to another UE.
3. Since RAR is sent by the serving cell, the RAR window for UE to receive the corresponding RAR on the serving cell should be different from the legacy way on how to determine the RAR window, due to the source cell sends the RAR should after the reception of the RAR/TA from target cell which needs 2 inter-node message latency. 
4. It is possible UE fails to receive the RAR in the RAR window, then the UE behavior is to be specified for such failure case.
To address issues above, the discussion may be complicated and it is expected to have spec impacts in both RAN2 and RAN3.
Observation 5: To support “with RAR” for PDCCH ordered RACH, if RAR is received on the serving cell, the following issues are to be solved:
· How to transfer the RAR/TA of candidate cells from candidate DU to serving DU (RAN3 scope)
· How to handle the confliction between RAR of candidate cells and  the RAR of the RACH procedure initiated on source cell
· RAR window handling
· Failure handling, i.e. UE behaviours if no RAR is received within the RAR window
As discussed above, to support “with RAR”, on one hand, it needs a lot of discussion on multiple issues. And it seems RAN2/RAN3 spec impacts are unavoidable, but on the other hand, the TA of candidate cells never be used until the LTM triggers. It seems sufficient to maintain it at network side and indicate UE the TA of target cell in the LTM cell switch command after the triggering of LTM. Therefore, considering the limited time, it is better to suspend the discussion on “with RAR” before the motivation is clarified by RAN1.
Proposal 2: For Early TA Acquisition, “without RAR” is supported.
Proposal 3: For Early TA Acquisition, suspend the discussion on “with RAR” before the motivation is clarified by RAN1.
The failure detection/handling for Early Acquisition of TA
For “without RAR” option, The TA acquired during early TA acquisition is only sent to UE after the LTM triggering, so it should be the network to ensure the validity of the TAs and also to ensure the success of the early TA acquisition, i.e., the failure detection/handling for early acquisition of TA is handled at network side. NW could trigger new early TA acquisition procedure if the NW finds the failure of previous early acquisition of TA.
Proposal 4: For “without RAR” option, the failure detection/handling for early acquisition of TA is handled is up to network implementation.
UL grant for the first UL transmission on the target cell
When LTM triggers, it is the serving cell to decide the target beam to be used on target cell according to previous RAN2 agreement. The serving cell needs to indicate the selected target beam to the target cell, as the target cell needs to know it to communicate with UE via the selected beam. When it comes to inter-DU case, it involves the interaction between serving DU and target DU via CU (i.e., F1AP impact is expected).
Proposal 5: For RACH-less LTM of inter-DU case, serving DU indicates the selected target beam to the target DU (i.e. transferred via CU).
In legacy HO, the UL grant for the first UL transmission on the target cell is acquired from RAR during RACH procedure on target cell. For RACH-less LTM, it needs to discuss how to configure the UL grant to UE for the first UL transmission.
The straightforward way is to schedule dynamically on the selected target beam of the target cell upon LTM execution. When LTM triggers, the serving cell decides the beam to be used on target cell and indicates the selected beam to target cell, then target cell can start to send PDCCH scheduling the UL grant on the corresponding beam. It is simple for intra-DU case but for inter-DU case, the serving DU needs to inform the other DU about the TCI state that the UE will be using for monitoring the PDCCH. So the additional F1AP signaling is needed.
A concern may be raised on the delay caused by additional F1AP signaling, but it is worth to note that the UE processing of the LTM cell switch command and the F1AP signaling are performed in parallel. And according to the latency model as already captured in stage-2 running CR [3], anyway the Tcmd, Tprocessing,2, and the possible DL synchronization time is needed before UE to start the first uplink transmission, i.e., the Tcmd is up to 5ms, uncertainty Tprocessing,2 where the time plus the Tprocessing,1 up to 20ms for intra-FR, 40ms for inter-FR. 

[image: 说明: 说明: Timeline

Description automatically generated with low confidence]
Therefore, the time used for the additional F1AP signaling does not really contribute to the LTM latency. It is workable to schedule dynamically the UL grant for the first UL transmission on the target cell.
Proposal 6: For RACH-less LTM, the UL grant for the first UL transmission can be scheduled dynamically on the target cell upon LTM execution.
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Observation 1: It is no clear on the motivation of supporting “with RAR” for PDCCH ordered RACH as TA values of candidate cells are not applied at UE side before LTM triggering.
Observation 2: To support “with RAR” for PDCCH ordered RACH, RAN2/3 should discuss how to maintain the TA of candidate cells at UE side,
· The configuration/maintenance of TAT timer
· Whether the TA of candidates is maintained after LTM
Observation 3: To support “with RAR” for PDCCH ordered RACH, spec impact on RAR handling is needed regardless of whether legacy RAR can be reused.
Observation 4: To support “with RAR” for PDCCH ordered RACH, if RAR is received on the candidate cell, it will cause extra data transmission interruption at serving cell.
Observation 5: To support “with RAR” for PDCCH ordered RACH, if RAR is received on the serving cell, the following issues are to be solved:
· How to transfer the RAR/TA of candidate cells from candidate DU to serving DU (RAN3 scope)
· How to handle the confliction between RAR of candidate cells and  the RAR of the RACH procedure initiated on source cell
· RAR window handling
· Failure handling, i.e. UE behaviours if no RAR is received within the RAR window

Interaction between serving DU and target DU for inter-DU LTM cell switch during execution
Proposal 1: For RACH-less LTM of inter-DU case, the serving gNB-DU is not required to request information (e.g., the one to be included in LTM cell switch command) from target DU immediately before triggering LTM cell switch command to the UE.
Early TA Acquisition
Proposal 2: For Early TA Acquisition, “without RAR” is supported.
Proposal 3: For Early TA Acquisition, suspend the discussion on “with RAR” before the motivation is clarified by RAN1.
Proposal 4: For “without RAR” option, the failure detection/handling for early acquisition of TA is handled is up to network implementation.
UL grant for the first UL transmission on the target cell
Proposal 5: For RACH-less LTM of inter-DU case, serving DU indicates the selected target beam to the target DU (i.e. transferred via CU).
Proposal 6: For RACH-less LTM, the UL grant for the first UL transmission can be scheduled dynamically on the target cell upon LTM execution.
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