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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The signalling support for LTM was discussed at the RAN3#121bis with the following achievements. The summary of offline discussion could be found in [1].
	[bookmark: _Hlk130825108]CFRA resources could be shared only among the UEs in a single gNB-DU to avoid the RACH access conflict between UEs from different DU.
Indicate the source gNB-DU ID when request the CFRA resources to the candidate DU.

Reference configuration
The CU decides from which node (source DU or candidate DU) to retrieve the low layer configuration for the purpose of generating the reference configuration.
The source (candidate) DU generates the low layer configuration to the CU based on the request from CU, the CU does not modify it. 
The CU generates/decides the reference configuration and sends the low layer part reference configuration (CellGroupConfig) to the candidate DUs.
The DU provides either the delta config or the full low layer configuration if reference config is received from CU.
The DU provides the full lower layer configuration if the reference configuration is not received from the CU

LTM Configuration ID
The gNB-DU needs to have the LTM configuration ID from the CU to include it in the LTM cell switch command.
Whether F1AP signaling needed is to be continued

RS Configuration and the signaling
Option 2, UE associated signaling(UE Context Setup/Modification) is adopted to retrieve the RS configuration from the gNB-DU.
No need for the gNB-CU to explicitly request the candidate(source) gNB-DU to provide the RS configuration during context setup/modification.
FFS on whether the RS configuration can be retrieved before step2.

TCI state configuration
WA: No need for the gNB-CU to explicitly request the candidate (source) gNB-DU to provide the TCI state configuration.

Selected beam transfer
Option 3, class 1 procedure is ruled out.
The selected beam information is the TCI State ID.
Option 1: Two new class 2 procedures with different name.
Option 2: same new class 2 procedure (LTM cell switch notification)
Down selection between option 1 and 2 at next meeting.

TA acquisition
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)
To be continued on:
1. one or two messages.
1. Dedicated message name for dedicated purpose or Generic message name
1. Whether and when the source DU forwards the valid TA values to target DU via CU for subsequent LTM

UE based TA measurement
For intra-DU LTM, if the gNB-CU decides to use UE based TA measurement, it may explicitly request the source gNB-DU to provide the configuration for UE based TA measurement via UE Context Modification Request message. 
To be continued. FFS on the details of the UE based TA measurement configuration.
Execution of L1/L2 triggered mobility cell switch
RAN3 to move forward with approach 1.

LTM and legacy HO coexistence
Turn the following WA into agreement:
WA: In case that LTM and L3 handover are triggered almost simultaneously (cross signaling on F1). The (source) gNB-DU fails the L3 handover by responding with UE Context Modification Failure message with proper cause meaning LTM has high priority.

SCG Release
To be continued in next meeting.
Proposals to F1AP
Enhance the TCI state configuration IE to a list for one candidate cell in both UE Context Setup response message and UE Context Modification request message.
Add TCI State ID IE for each TCI state in both UE Context Setup request message and UE Context Modification request message.
Further checking is needed. 



In this contribution, we will further discuss the remaining issues of LTM related to RAN3 impact.
2. Discussion
Part A: TA acquisition
Regarding early TA acquisition without RAR, after UE receives the PDCCH order from source cell, UE transmits preamble to the corresponding candidate cell based on the RACH resource for early TA acquisition. Once the candidate cell receives the preamble, the candidate cell will calculate TA value and transmit early TA value to source cell/DU via CU. If the candidate cell (DU) does not receive preamble in the configured RO, the candidate cell can determine the failure of early TA acquisition. The candidate cell/DU transmits the message and indicates this to the source cell (DU). This will enable the source cell to determine if it would like the UE to re-attempt Early TA acquisition and when so, source cell may request dedicated PRACH resources from the candidate cell (DU).
Proposal 1: If the candidate cell (DU) does not receive preamble in the configured RO, the candidate cell determines the failure of TA acquisition and indicates this to the source cell (DU).
Source cell (DU) may store early TA value list for some candidate cells. Source cell will transmit LTM command MAC CE to UE once the source cell determines to switch to a candidate cell which may be located at another DU. In subsequent-LTM, UE will continue keeping the LTM candidate configuration after completing cell switching. If source cell (DU) does not transfer the stored early TA value list, UE will be expected to get early TA value again based on RACH. Therefore, source cell may provide the early TA value(s) of candidate cell(s) to target cell. For example, the source DU provides the stored early TA values of candidate cells using LTM Cell Change Notification message to the target DU via CU.
Proposal 2: Source cell may provide the stored early TA value(s) of candidate cell(s) to target DU when UE is triggered to switch to a candidate cell belonging to the different DU, e.g., via LTM Cell Change Notification message.
In the last meeting, the procedure and message for TA information transfer were discussed, e.g., one or two message, dedicated message name for dedicated purpose or generic message name. From our point of view, the dedicated message name for dedicated purpose is better, e.g., the TA Information Notify message in current F1AP BLCR. The dedicated message name is better for reading and understanding. In addition, the same message could be sent from the candidate DU to the CU, and from the CU to the source DU. That is, one message is enough to transfer the TA information from the candidate DU to the CU, and from the CU to the source DU.
Proposal 3: RAN3 uses a dedicated Class 2 message to transfer the TA information, e.g., TA Information Notify message, from the candidate DU to the CU, and from the CU to the source DU.
It was agreed in RAN1 that UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. If UE-based TA measurement is configured to UE, that means UE itself can calculate the TA for LTM. 
It was also discussed in the last RAN3 meeting that the UE-based TA measurement is mainly for intra-DU LTM scenario, based on the RAN4 LS reply [2] where the TAE between the serving cell and the candidate cell is within 260ns. In case of early TA acquisition, if the CU decides to use UE based TA measurement, it may explicitly request the source DU to provide the configuration for UE based TA measurement via UE Context Modification Request message. 
Proposal 4: If the CU decides to use UE based TA measurement, it may explicitly request the source DU to provide the configuration for UE based TA measurement via UE Context Modification Request message.
For the UE-based TA measurement, RAN1 confirmed the RSTD (received signal time difference) is supported. With the RSTD based mechanism, the UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell. Therefore, the point of configurations for UE-based TA measurement is the RSTD measurement resource. The RSTD reference signal could be SSB, and the SSB measurement occasions could be configured per candidate cell. In addition, if the RSTD reference signal is different from the reference signal for L1 measurement, the RSTD reference signal configuration is needed. Otherwise, the reference signal for L1 measurement could be also used for the UE-based TA measurement.
Proposal 5: The UE based TA measurement configuration includes the RSTD reference signal configuration. 
Regarding early TA acquisition, the CU will decide whether to request RACH resource for early TA acquisition for a candidate cell. If UE based TA measurement can be used for a pair between current source cell and the candidate cell, an issue is whether the CU can request RACH resource for early TA acquisition for the same candidate cell. It seems unnecessary to trigger early TA acquisition for the same candidate cell if UE based TA measurement can be used for a pair between current source cell and the candidate cell. 
Proposal 6: CU will not request candidate DU to provide RACH resource for early TA acquisition for a candidate cell if UE based TA measurement can be used for a pair between current source cell and the candidate cell.

Part B: L1 measurement
[bookmark: _Hlk141187092]In the current BL CR, the lower layer measurement report is used to trigger the inter-cell mobility execution decision. However, it is not clear what is the lower layer measurement report. Since RAN1 and RAN2 already agreed to use the L1 measurement report, we propose to use the L1 measurement report for better understanding.
Proposal 7: Change the lower layer measurement result to L1 measurement report, to align with RAN2.
The group also agreed that the CU uses the UE Context Modification Request procedure to transfer the CSI resource configuration of candidate cells to the source DU and/or other candidate DUs to generates the L1 measurement report related configurations. However, there is a remaining FFS whether the source DU needs to provide the generated CSI report configuration.
At the RAN2#122 meeting, RAN2 made the following agreements [3]:
	[bookmark: _Hlk149119275]For L1 measurements for LTM
· The RS configuration is provided to the UE per LTM candidate cell.
· RAN2 assumes that Each candidate DU needs to know the RS configuration of each candidate DUs in order to provide the LTM candidate configuration.
· RAN2 assumes that The CU transmits to each C-DU the RS configuration of S-DU (if this is an LTM candidate cell) and/or other C-DUs, to generate the corresponding L1 configuration for LTM.
· RAN2 assumes C-DU generates the RS configuration and send to the CU. The CU transmits to the Source DU the RS configuration per LTM candidate cell and the associated LTM candidate (when the CU receives LTM candidate configuration(s) from the C-DU). It is up to RAN3 whether the RS configuration is sent before (or at the same time of) the C-DU creates the LTM candidate configuration (and whether is semi-statis or UE associated).
· The RS configuration and/or CSI resource configuration for measuring LTM candidate cells is included in the LTM-Config IE and is a separate configuration, e.g. outside of the LTM candidate configuration.
· CSI reports for LTM candidates (neighbour cell reports for the purpose of LTM cell switch) are configured by the serving cell in an IE that is like CSI-ReportConfig for LTM within the ServingCellConfig since this is the cell in which the report is to be transmitted.
· RAN2 assumes the following about CSI measurement reporting for LTM (final decision up to RAN1):
a.	UE reports all measured LTM candidate cells in a single report; or
b.	UE reports one or a subset of measured LTM candidate cell(s) in a report.



The generated CSI report configuration is within the ServingCellConfig of the cell in which the report is to be transmitted. That is, the source DU should provide the generated CSI report configuration when the UE connects to the source DU. Therefore, it is proposed to remove the FFS for generated CSI report configuration in the UE Context Modification Response message from the source DU to the CU.
[bookmark: _Hlk141187131]Proposal 8: Remove the FFS for generated CSI report configuration in the UE Context Modification Response message from the source DU.
In the last RAN3 meeting, the group agreed that the DU needs to have the LTM configuration ID from the CU to include it in the LTM cell switch command. However, there is a remaining FFS whether F1AP signalling is needed.
In the current RAN2 running CR [4], the LTM-CSI-ResourceConfig is defined with the following structure:
	
[bookmark: _Toc60777219][bookmark: _Toc131064947]–	LTM-CSI-ResourceConfig
The IE LTM-CSI-ResourceConfig defines a group of one or more CSI resources for one or more LTM candidate configurations.
LTM-CSI-ResourceConfig information element
-- ASN1START
-- TAG-LTM-CSI-RESOURCECONFIG-START

LTM-CSI-ResourceConfig-r18 ::=      SEQUENCE {
    ltm-CSI-ResourceConfigId-r18              LTM-CSI-ResourceConfigId-r18,
    ltm-CSI-SSB-ResourceSet-r18               LTM-CSI-SSB-ResourceSet-r18,
    ...
}

LTM-CSI-SSB-ResourceSet-r18 ::=     SEQUENCE {
    ltm-CSI-SSB-ResourceSetId-r18             LTM-CSI-SSB-ResourceSetId-r18,
    ltm-CSI-SSB-ResourceList-r18              SEQUENCE (SIZE (1..maxNrofLTM-CSI-SSB-ResourcesPerSet-r18)) OF SSB-Index,
    ltm-CandidateIdList-r18                   SEQUENCE (SIZE (1..maxNrofLTM-CSI-SSB-ResourcesPerSet-r18)) OF LTM-CandidateId-r18
}

-- TAG-LTM-CSI-RESOURCECONFIG-STOP
-- ASN1STOP




At the RAN1#114 meeting, the group agreed:
	
SSBRI among configured candidate cells is included for each L1-RSRP report 
· The bit size of SSBRI is where  is the number of configured SSBs in the corresponding resource set for the report
· The following format is used for reporting
	CSI report number
	CSI fields

	CSI report #n
	SSBRI #1 as in Table 6.3.1.1.2-6, if reported

	
	SSBRI #2 as in Table 6.3.1.1.2-6, if reported

	
	:

	
	SSBRI #L*M as in Table 6.3.1.1.2-6, if reported

	
	RSRP #1 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP #2 as in Table 6.3.1.1.2-6, if reported

	
	:

	
	Differential RSRP #L*M as in Table 6.3.1.1.2-6, if reported





 
Based on the SSBRI in the L1 measurement report, the DU knows which LTM-CSI-SSB-ResourceSet is associated with the L1 measurement report. After that, the DU knows which LTM configuration ID is to be included in the LTM cell switch command based on the LTM-CSI-ResourceConfig IE, because the DU already obtains the LTM-CSI-ResourceConfig from the CU during the LTM preparation phase. That is, no F1AP signalling enhancement is needed.
Proposal 9: The DU obtains the LTM configuration ID (i.e., LTM-CandidateID) from the CSI resource configuration sent by the CU.
Another remaining issue is whether the RS configuration can be retrieved before step 2.
Indeed, this issue includes two points:
· Whether the CU can provide the RS configuration of other candidate cell(s) during the UE context setup procedure? The answer is yes. For example, if the CU already has the RS configurations of candidate cell 1 and candidate cell 2, the CU could provide the RS configurations of candidate cell 1 and candidate cell 2 to the candidate DU when requesting the LTM preparation of candidate cell 3 in the candidate DU.
· How to transfer the RS configuration of other candidate cell(s) to the candidate DU? Since the CU obtains the RS configuration of candidate cell(s) and generate the CSI resource configuration, where the generated CSI resource configuration includes all the RS configurations of candidate cell(s) the CU has so far, the CU can provide the CSI resource configuration to the candidate DU. The CU doesn’t need to provide the RS configuration of candidate cell(s) to the candidate DU directly.
Proposal 10: The CU may provide the CSI resource configuration but not the RS configuration directly to the candidate DU in the UE Context Setup Request message.
At the RAN2#123bis meeting, the group agreed:
	For the model of CSI report configuration, RAN2 to implement Option 2 (as in current RRC running CR).
For the model of RS configuration, RAN2 to follow what indicated by RAN1 in the parameter list.
The LTM CSI resource configuration is generated by the CU. Send an LS to RAN3 (include in LS below)
The list of LTM CSI resource configuration is common for all the LTM candidate cells (as in current RRC running CR).




According to the agreements, the CU generates the LTM CSI resource configuration including the RS configurations of accepted candidate cells, and then sends the generated LTM CSI resource configuration to the source DU or candidate DU(s). Based on the received LTM CSI resource configuration, the source DU and the candidate DU(s) generate the LTM CSI report configuration independently.
Therefore, we propose to remove the RS configuration of the source cell in the step 6, i.e., the UE Context Modification Response from the source DU.
Proposal 11: Remove the RS configuration of the source cell in the UE Context Modification Response from the source DU.

Part C: TCI state
At the RAN3#121 meeting, the group agreed that after LTM configuration, the CU indicates the collected TCI state configurations of candidate cells to the source DU and all candidate DUs via UE Context Modification procedure for the UE.
However, the agreement is not reflected in current stage 2 BLCR from the candidate DU side. It is proposed to add the TCIs state of candidate cells in the UE Context Modification Request message from the CU to the candidate DU, e.g., in the step 7. 
Proposal 12: Update the stage 2 BLCR to capture the agreement “After LTM configuration, the gNB-CU indicates the collected TCI state configurations of candidate cells to the source gNB-DU and all candidate DUs via UE Context Modification procedure for the UE.”
There is a remaining FFS on the need of an explicit request from CU to the candidate DU for the TCI state configuration. 
In order to minimize the time needed to acquire the target beam after receiving the LTM cell switch command, the network can provide the UE the candidate cell beam indication in the form of TCI states associated with the candidate cell. Without the TCI state configuration, the UE could not obtain the beam indication of target cell and perform TCI state activation for candidate cells.
In addition, according to the RAN1 agreements [2], the source CU must be provided with the TCI state information. 
	[bookmark: _Hlk149123937]
RAN1 has made the following agreement in RAN1#112bis-e

· Adopt Alt.2 for beam indication of target cell(s) and TCI state activation for candidate cell(s) (if supported), 
· Alt. 1: By indicating RS identifier, i.e. mapping between RS identifier and Rel-17 unified TCI state is done by a UE
· Alt. 2: By indicating Rel-17 TCI state index

This agreement implies that the source cell must be provided with information so that the source cell can send a Rel-17 TCI state index of the target/candidate cell(s) to the UE even when source cell and target/candidate cell(s) belong to different DUs. 



Therefore, the TCI state configuration of the candidate cell shall always be presented. It is reasonable that the candidate DU provides the TCI state configuration during the LTM candidate cell configuration preparation, without an explicit request from the CU.
Proposal 13: Turn the WA into agreement “WA: No need for the gNB-CU to explicitly request the candidate (source) gNB-DU to provide the TCI state configuration.”

Part D: Selected beam transfer
In the last meeting, the group discussed the procedure for selected beam transfer [1]:
	
FFS on the procedure from CU to target DU to inform the selected beam information and target cell ID.
Option 1: Two new class 2 procedures with different name.
· CATT (UL/DL LTM notification), CMCC,NEC
Option 2: same new class 2 procedure (LTM cell switch notification)
· Nokia, Ericsson, NTT, ZTE, Huawei, Lenovo
Option 3: class 1 procedure.
Ruled out option 3.
Down selection among those 3 options  at next meeting.
Discussion:
Agree on option 1?  UL/DL Information Transfer
Previous agreement:
The LTM Cell Change Notification procedure is reused to transfer the selected beam from the source gNB-DU to the target gNB-DU via gNB-CU. 



We prefer to use the LTM cell change notification message to transfer the selected beam, i.e., option 2. The dedicated message name for dedicated purpose is better for reading and understanding, e.g., the LTM cell change notification message in current F1AP BLCR. In addition, the same message could be sent from the candidate DU to the CU, and from the CU to the source DU. That is, one message is enough to transfer the selected beam from the candidate DU to the CU, and from the CU to the source DU.
Proposal 14: RAN3 uses the LTM cell change notification message to transfer the selected beam from source DU to the CU, and from the CU to the target DU.

Part E: F1AP signalling
Another remaining issue is whether to enhance the TCI state configuration IE to a list for one candidate cell and add TCI state ID for each TCI state.
In the current F1AP BLCR, the Joint or DL TCI State IE refers to the CandidateTCI-States IE in the RRC running CR, and the UL TCI State IE refers to the CandidateTCI-UL-States IE in the RRC running CR.
	
	Early Sync Information
	O
	
	
	
	YES
	ignore

	>RACH Configuration
	O
	
	
	This information is used for LTM early TA acquisition (details are FFS).
	
	

	>Joint or DL TCI State
	O
	
	OCTET STRING
	Includes the CandidateTCI-States as defined in 6.3.2 of TS 38.331 [8].
	-
	

	>UL TCI State
	O
	
	OCTET STRING
	Includes the CandidateTCI-UL-States as defined in 6.3.2 of TS 38.331 [8].
	-
	

	LTM Configuration
	
	
	
	
	
	

	>RS Configuration
	O
	
	OCTET STRING
	FFS on reference
	-
	



 



In the RRC running CR:
	
–	CandidateTCI-States
The IE CandidateTCI-States defines a TCI states configurations which includes QCL-relationships between the DL RSs in one RS set and the PDSCH DMRS ports.
CandidateTCI-States information element
-- ASN1START
-- TAG-CANDIDATETCI-STATES-START

CandidateTCI-States-r18 ::=      SEQUENCE {
    tci-StateId-r18                      CandidateTCI-StateId,
    qcl-Type1-r18                        QCL-Info,
    qcl-Type2-r18                        QCL-Info                                                    OPTIONAL,   -- Need R
    ...

Editor’s Note: FFS whether we need to indicate a BWP for the early TCI activation

}

-- TAG-CANDIDATETCI-STATES-STOP
-- ASN1STOP




–	CandidateTCI-UL-States
The IE CandidateTCI-UL-States defines a group of one or more uplink TCI states configurations.
CandidateTCI-UL-States information element
-- ASN1START
-- TAG-CANDIDATETCI-UL-STATES-START

CandidateTCI-UL-States-r18 ::=      SEQUENCE {
     ffs                                            ENUMERATED {ffs},
     ...

Editor’s Note: FFS whether we need to indicate a BWP for the early TCI activation

}

-- TAG-CANDIDATETCI-UL-STATES-STOP
-- ASN1STOP

 



According to the RRC running CR, the CandidateTCI-States IE includes one TCI state information only. It is reasonable to enhance the Joint or DL TCI State IE to include a list of TCI state configurations, because the candidate cell may provide multiple TCI state configurations. In addition, the CandidateTCI-States IE already includes the TCI state ID, no enhancement is needed.
Proposal 15: Enhance the existing “Joint or DL TCI State” IE to include a list of TCI states configuration, while the TCI state ID is not needed to be included in the “Joint or DL TCI State” IE.
According to the RRC running CR, the CandidateTCI-UL-States IE defines one or more uplink TCI states configurations. Although the detailed structure is FFS, the TCI state ID should be included in the CandidateTCI-UL-States IE. Therefore, no enhancement to the UL TCI State ID IE in the current F1AP BLCR is needed.
[bookmark: _Hlk141187151]Proposal 16: The existing UL TCI State IE already includes a list of TCI states configuration and the TCI state IDs, no enhancement is needed.

Part F: Other
In the current BLCR for TS 38.401, there is an FFS about the LTM command:
	
Editor’s note: The LTM command needs to be updated according to RAN2’s discussion.



In the RAN2 running CR for TS 38.300, the LTM command is the LTM cell switch command, which is for better understanding that the command is to trigger cell switch from the serving cell to the target cell. Therefore, we propose to change the LTM command to LTM cell switch command, to align with RAN2.
Proposal 17: Remove the FFS and change the LTM command to LTM cell switch command, to align with RAN2.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we have the following observations and proposals.
TA acquisition
Proposal 1: If the candidate cell (DU) does not receive preamble in the configured RO, the candidate cell determines the failure of TA acquisition and indicates this to the source cell (DU).
Proposal 2: Source cell may provide the stored early TA value(s) of candidate cell(s) to target DU when UE is triggered to switch to a candidate cell belonging to the different DU, e.g., via LTM Cell Change Notification message.
Proposal 3: RAN3 uses a dedicated Class 2 message to transfer the TA information, e.g., TA Information Notify message, from the candidate DU to the CU, and from the CU to the source DU.
Proposal 4: If the CU decides to use UE based TA measurement, it may explicitly request the source DU to provide the configuration for UE based TA measurement via UE Context Modification Request message.
Proposal 5: The UE based TA measurement configuration includes the RSTD reference signal configuration.
Proposal 6: CU will not request candidate DU to provide RACH resource for early TA acquisition for a candidate cell if UE based TA measurement can be used for a pair between current source cell and the candidate cell.

L1 measurement
Proposal 7: Change the lower layer measurement result to L1 measurement report, to align with RAN2.
Proposal 8: Remove the FFS for generated CSI report configuration in the UE Context Modification Response message from the source DU.
Proposal 9: The DU obtains the LTM configuration ID (i.e., LTM-CandidateID) from the CSI resource configuration sent by the CU.
Proposal 10: The CU may provide the CSI resource configuration but not the RS configuration directly to the candidate DU in the UE Context Setup Request message.
Proposal 11: Remove the RS configuration of the source cell in the UE Context Modification Response from the source DU.

TCI state
Proposal 12: Update the stage 2 BLCR to capture the agreement “After LTM configuration, the gNB-CU indicates the collected TCI state configurations of candidate cells to the source gNB-DU and all candidate DUs via UE Context Modification procedure for the UE.”
Proposal 13: Turn the WA into agreement “WA: No need for the gNB-CU to explicitly request the candidate (source) gNB-DU to provide the TCI state configuration.”

Selected beam transfer
Proposal 14: RAN3 uses the LTM cell change notification message to transfer the selected beam from source DU to the CU, and from the CU to the target DU.

F1AP signalling
Proposal 15: Enhance the existing “Joint or DL TCI State” IE to include a list of TCI states configuration, while the TCI state ID is not needed to be included in the “Joint or DL TCI State” IE.
Proposal 16: The existing UL TCI State IE already includes a list of TCI states configuration and the TCI state IDs, no enhancement is needed.

Other
Proposal 17: Remove the FFS and change the LTM command to LTM cell switch command, to align with RAN2.
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