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1	Introduction
LTM is functionally finished in Rel-18. There continue to be specific issues to address. 
In this contribution, we desire to make LTM practicable by providing further analysis.
2	Discussion
2.1	Fallback for TA establishment
In Rel-18 LTM, early UL synchronization is incorporated. Avoiding random access procedures being performed during the LTM cell switch is the goal. TA management mechanism is introduced to help the UE obtain TA for LTM candidate cells. What is missing is the fallback procedure for TA establishment. 
The scenario arises when the UE sends the preamble for TA establishment, but the candidate gNB is unable to calculate the TA. Thus the S-DU needs to trigger another PDCCH order to the UE. To address this, the S-DU needs to be aware of the issue, such as the absence of steps 14 and 15 for TA Information Transfer. Error detection can be deferred to network implementation. As a result, a re-transmission of the PDCCH order may be activated. Adding a note in stage-2 would clarify how the S-DU can detect that a failure has occurred.  
NOTE: In case that the candidate gNB-DU cannot calculate the TA value, the DU-CU TA INFORMATION TRANSFER is not sent to the CU, and the CU-DU TA INFORMATION TRANSFER is not sent to the source gNB-DU. Consequently, the source gNB-DU may initiate a re-transmission of the preamble for TA establishment.
[bookmark: _Toc159245076]Add a note to TS 38.401 stating that if the TA value cannot be calculated, a retransmission of the preamble for TA establishment may be triggered.

2.2	Support of Subsequent LTM
During the initial cell switch for inter-DU LTM, the candidate DU calculates a TA value upon receiving the random access preamble from the UE. This value is then transmitted to the source DU, enabling the source DU to incorporate the TA value within the LTM cell switch command for the UE.
In the event of subsequent LTM, multiple LTM cell switch procedures can be executed without the UE being reconfigured by the network after switching to the target cell. Hence, the TA acquisition procedure should also be initiated for subsequent LTM cell switches. However, in the current mechanism, the new source DU, after the initial cell switch, does not receive the RACH configuration for the TA acquisition procedure from the other candidate DUs. Consequently, the new source DU may be unable to initiate early UL sync for LTM, thereby preventing it from sending the PDCCH order to the UE.The following solutions are considered.
Solution 1: 
[image: ]
Figure 1. “Old” S-DU transfers the early TA configurations to the "New" S-DU

In Solution 1, when the source DU chooses to initiate the LTM cell switch for the UE, it transmits the early sync configurations of itself and other candidate DUs to the CU during the DU-CU Cell Switch Notification procedure. Subsequently, the CU forwards these configurations to the chosen candidate DU, i.e., the new source DU, through the CU-DU Cell Switch Notification procedure.

Solution 2:
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Figure 2. CU sends all early sync configurations to each C-DU

In Solution 2, during the LTM configuration phase, the CU first collects the configurations related to the early TA acquisition procedure from both the source DU and candidate DU(s). Then, the CU proceeds to distribute these received configurations to the source DU and any configured candidate DU(s) that have provided an LTM candidate cell configuration.
One advantage of Solution 1 is that the configurations are only sent to the DU that becomes the new source DU. This means that the other candidate DU(s) won't receive unnecessary information about RACH configurations of other DU(s). On the other hand, in Solution 2, all candidate DU(s) receive early sync configurations during the preparation phase. Comparing the two, Solution 1 necessitates fewer signaling exchanges over F1AP, making it the preferred option.
[bookmark: _Toc159245077]Revise stage-2 to detail the addition of early sync configurations of S-DU and C-DU(s) in the DU-CU/CU-DU Cell Switch Notification procedures.
[bookmark: _Toc159245078]Introduce RACH Configuration IEs for S-DU and C-DU(s) into the DU-CU CELL SWITCH NOTIFICATION and CU-DU CELL SWITCH NOTIFICATION messages.

2.3	Remaing issues over F1AP
Issue 1 – Allocating Preamble Index(es):
In the UE CONTEXT SETUP RESPONSE message, when the CU requests the candidate DU to provide early sync configuration, the candidate DU(s) should be capable of allocating one or more preamble index(es) for the UE for the resource allocation. This information is then transmitted to the source DU to trigger the PDCCH order. The same principle applies to the UE Context Modification procedure for intra-DU case. In both procedures, a list of preamble indexes should be included.
[bookmark: _Toc159245079]Add a list of Preamble Index IE linked with the RACH Configuration to both UE CONTEXT SETUP RESPONSE and UE CONTEXT MODIFICATION RESPONSE message.
After receiving the preamble index(es) from the candidate DU(s), the CU should relay this information to the source DU. This allows the source DU to comprehend which preamble index will be utilized for the UE during early TA acquisition.
[bookmark: _Toc159245080]Add a list of Preamble Index IE linked with the RACH Configuration to the Early Sync Information List within UE CONTEXT MODIFICATION REQUEST message.

Issue 2 – Transferring Candidate Cell Configuration: 
When the CU decides to configure LTM for the candidate DU(s), the candidate DU(s) send the legacy CellGroupConfig as the LTM candidate configuration. However, as the existing CellGroupConfig might serve to convey the configuration update for the current PCell, such as Layer 1 measurement reporting configuration, a design limitation arises: the DU cannot include both the CellGroupConfig for PCell reconfiguration and the CellGroupConfig of the candidate cell at the same time. Hence, it is imperative to introduce one individual LTM candidate cell configuration under the LTM Information IE.
[bookmark: _Toc159245081]Introduce a new IE named LTM Candidate Cell Configuration in the UE CONTEXT SETUP RESPONSE and UE CONTEXT MODIFICATION RESPONSE messages.

Issue 3 – Removing the source gNB-DU ID:
It's reasonable to include the source DU ID in the DU-CU TA Information Transfer procedure to indicate to the CU which DU the TA value should be sent to. However, in the CU-DU TA Information Transfer message, the CU already knows the destination, so the source gNB-DU ID is not required. This clarification has been made in stage-2 as follows.
14 - 15.	The candidate gNB-DU sends the TA value, the associated CFRA resource information, the candidate cell ID and the source gNB-DU ID to the source gNB-DU via the DU-CU TA INFORMATION TRANSFER and CU-DU TA INFORMATION TRANSFER messages, for which the source gNB-DU ID is omitted in the CU-DU TA INFORMATION TRANSFER message.
A clear approach would be to directly remove the source gNB-DU ID from the CU-DU TA Information Transfer message transmitted over F1.
[bookmark: _Toc159245082]Remove the source gNB-DU ID in the CU-DU TA INFORMATION TRANSFER message, and update stage-2 accordingly.

 Issue 4 – Removing RA-RNTI:
RAN2 has agreed to include RO information in the TA acquisition procedure. As a result, a new IE RA-RNTI has been introduced to the TA Information Transfer procedures over F1. 
The following information are agreed to be carried in the TA info transfer message:
· Source DU ID 
· TA value
· Preamble index,
· Candidate cell ID.
· RO information (i.e. RA-RNTI)

As known, RA-RNTI is assigned by gNB and used for PRACH response. However, such info does not exist for example without RAR case. Therefore, we propose to eliminate RA-RNTI from the TA Information Transfer procedures. Additionally, an LS will be required, considering the prior agreement made by RAN2. 
[bookmark: _Toc159245083]Remove the RA-RNTI IE in both the DU-CU TA INFORMATION TRANSFER and CU-DU TA INFORMATION TRANSFER messages.
[bookmark: _Toc159245084]Send an LS to RAN2 to inform them that RO Information is not needed in the TA Information Transfer procedures. 

Issue 5 – Updating TCI Info:
RAN2 is discussing corrections on RRC specification, and there is a possibility of introducing a new IE called LTM-TCI-Info. In addition to the existing Joint or DL TCI states and UL TCI states, this TCI info would require additional information. This new information would also need to be transmitted over F1.
–	LTM-TCI-Info
The IE LTM-TCI-Info is used to configure TCI related information for an LTM candidate configuration.
LTM-TCI-Info information element
-- ASN1START
-- TAG-LTM-TCI-INFO-START

LTM-TCI-Info ::=             SEQUENCE {
    ltm-DL-OrJointTCI-StateToAddModList-r18        SEQUENCE (SIZE (1..maxNrofCandidateTCI-State-r18)) OF CandidateTCI-State-r18
                                                                                                         OPTIONAL,    -- Need N
    ltm-DL-OrJointTCI-StateToReleaseList-r18       SEQUENCE (SIZE (1..maxNrofCandidateTCI-State-r18)) OF TCI-StateId
                                                                                                         OPTIONAL,    -- Need N
    ltm-UL-TCI-StatesToAddModList-r18              SEQUENCE (SIZE (1..maxNrofCandidateUL-TCI-r18)) OF CandidateTCI-UL-State-r18
                                                                                                         OPTIONAL,    -- Need N
    ltm-UL-TCI-StatesToReleaseList-r18             SEQUENCE (SIZE (1.. maxNrofCandidateUL-TCI-r18)) OF TCI-UL-StateId-r17
                                                                                                         OPTIONAL,    -- Need N
    ltm-nzp-CSI-RS-ResourceToAddModList-r18        SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-Resources)) OF NZP-CSI-RS-Resource
                                                                                                         OPTIONAL,    -- Need N
    ltm-nzp-CSI-RS-ResourceToReleaseList-r18       SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-Resources)) OF NZP-CSI-RS-ResourceId
                                                                                                         OPTIONAL,    -- Need N
    ltm-nzp-CSI-RS-ResourceSetToAddModList-r18     SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourceSets)) OF NZP-CSI-RS-ResourceSet
                                                                                                         OPTIONAL,    -- Need N
    ltm-nzp-CSI-RS-ResourceSetToReleaseList-r18    SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourceSets)) OF NZP-CSI-RS-ResourceSetId
                                                                                                         OPTIONAL,    -- Need N
    pathlossReferenceRS-ToAddModList-r18           SEQUENCE (SIZE (1..maxNrofPathlossReferenceRSs-r17)) OF PathlossReferenceRS-r17
                                                                                                         OPTIONAL,    -- Need N
    pathlossReferenceRS-ToReleaseList-r18          SEQUENCE (SIZE (1..maxNrofPathlossReferenceRSs-r17)) OF PathlossReferenceRS-Id-r17
                                                                                                         OPTIONAL,    -- Need N
    unifiedTCI-StateType-r18                       ENUMERATED {separate, joint}                          OPTIONAL,    -- Need R
    ...
}
-- TAG-LTM-TCI-INFO-STOP
-- ASN1STOP

In line with this, an update to the TCI States Configurations List IE over F1 is necessary to accommodate these additional RRC IEs. This approach also ensures that referencing the RRC container provides future-proofing for TCI states.
[bookmark: _Toc159245085]Revise the TCI States Configurations List IE to reference the newly defined RRC IE.

CRs for both stage-2 and stage-3 have been drafted to align with the proposed changes outlined above in [1][2].
[bookmark: _Toc159245086]Agree the stage-2 CR in [1] and the F1AP CR in [2]. 
[bookmark: _Toc110368140][bookmark: _Toc110368156][bookmark: _Toc110368141][bookmark: _Toc110368157][bookmark: _Toc110368142][bookmark: _Toc110368158][bookmark: _Toc110368143][bookmark: _Toc110368159]3	Conclusion
In this paper we propose:
Proposal 1:	Add a note to TS 38.401 stating that if the TA value cannot be calculated, a retransmission of the preamble for TA establishment may be triggered.
Proposal 2:	Revise stage-2 to detail the addition of early sync configurations of S-DU and C-DU(s) in the DU-CU/CU-DU Cell Switch Notification procedures.
Proposal 3:	Introduce RACH Configuration IEs for S-DU and C-DU(s) into the DU-CU CELL SWITCH NOTIFICATION and CU-DU CELL SWITCH NOTIFICATION messages.
Proposal 4:	Add a list of Preamble Index IE linked with the RACH Configuration to both UE CONTEXT SETUP RESPONSE and UE CONTEXT MODIFICATION RESPONSE message.
Proposal 5:	Add a list of Preamble Index IE linked with the RACH Configuration to the Early Sync Information List within UE CONTEXT MODIFICATION REQUEST message.
Proposal 6:	Introduce a new IE named LTM Candidate Cell Configuration in the UE CONTEXT SETUP RESPONSE and UE CONTEXT MODIFICATION RESPONSE messages.
Proposal 7:	Remove the source gNB-DU ID in the CU-DU TA INFORMATION TRANSFER message, and update stage-2 accordingly.
Proposal 8:	Remove the RA-RNTI IE in both the DU-CU TA INFORMATION TRANSFER and CU-DU TA INFORMATION TRANSFER messages.
Proposal 9:	Send an LS to RAN2 to inform them that RO Information is not needed in the TA Information Transfer procedures.
Proposal 10:	Revise the TCI States Configurations List IE to reference the newly defined RRC IE.
Proposal 11:	Agree the stage-2 CR in [1] and the F1AP CR in [2].
[bookmark: _In-sequence_SDU_delivery]
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5	Annex 
Draft LS to RAN2:
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Release:	Rel-18
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[bookmark: OLE_LINK46][bookmark: OLE_LINK45]Cc:	
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Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments: 


1. Overall Description
RAN3 discussed the RO Information in the TA Information Transfer procedures, and concluded that the RA-RNTI is not required.
RAN3 has updated F1AP accordingly, by removing RA-RNTI in the DU-CU TA INFORMATION TRANSFER and CU-DU TA INFORMATION TRANSFER messages.

2. Actions:
To RAN2: 
ACTION: 	RAN3 kindly asks RAN2 to take the above agreement into account.

3. Date of Next RAN3 WG Meetings:
RAN WG3 #123-bis	15th – 19th April 2024              Changsha, China
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