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1 Introduction 
In the last RAN3 meeting (RAN3 #122 [1]), solutions were agreed for the following aspects of LTM: CSI resource and report configuration, RRC reconfiguration complete signalling, LTM configuration ID, LTM cell switch notification, Early TA acquisition, and SCG release upon LTM cell switch. The work on this topic was considered complete from RAN3’s point of view.   
RAN3 #122 agreements: 
Add an additional UE Context Modification procedure to the intra-gNB-DU LTM mobility scenario to correctly depict the LTM procedure and signaling of RS Configuration, CSI resource configuration, and CSI report configuration.
Update the signaling diagrams to capture signaling of the RRCReconfigurationComplete message when the UE has accessed the target cell in BL CR of TS 38.401.
Agree that the gNB-CU utilizes parallel messages to signal the LTM CSI Resource Configuration to the candidate NB-DU, and remove the FFS stating “FFS on step 7 and 8 on whether should be parallel or single.”
Introduce a LTM Configuration ID for mapping to cell ID of as part of the LTM preparation toward the Source gNB-DU in UE CONTEXT MODIFICATION REQUEST message.
Introduce a LTM Configuration ID for mapping to cell ID of as part of the LTM preparation toward the candidate gNB-DU in UE CONTEXT SETUP/MODIFICATION REQUEST message.
CU decides which SSB(s) to the candidate cell(s) in CSI Resource Configuration.
Step 7 and 8 are conditional (may be sent btw CU and candidate DU(s)).
Use F1 Setup/gNB Configuration Update procedure to retrieve RS configuration before step 2.
Message name: UL Cell Switch Notification/DL Cell Switch Notification
Message name: DU-CU TA Information Transfer/CU-DU TA Information Transfer
Add a new cause value “LTM Triggered” for S-NODE RELEASE REQUEST message, and SN cannot reject the release request in this case.



In this contribution, we discuss some maintenance aspects on:

· Signalling related to Early TA acquisition,
· Signalling related to CSI resource and report configuration.
[bookmark: _Hlk159107665]2 Signalling related to RACH for Early TA acquisition
An LS was sent by RAN2 [2] informing RAN3 about an agreement on Early TA acquisition:
“RAN2 agreed that, for each LTM candidate configuration, the network configures a configuration for early RACH, which is used regardless in which cell the UE receives the PDCCH order to trigger early RACH. 
RAN2 kindly asks RAN3 to define the necessary F1 signalling”.
The definitions of the LTM candidate cell configuration and early RACH configuration in the RRC running CR are given below. The early RACH configuration, which is included in the candidate cell configuration, contains parameters that the UE would use for performing early RACH on a candidate cell, irrespective of the serving cell it is in (this is the point RAN2 was making in the LS). Thus, the early RACH configuration holds for subsequent LTM too.
–	LTM-Candidate
The IE LTM-Candidate concerns a LTM candidate configuration to add or modify.
LTM-Candidate information element
-- ASN1START
-- TAG-LTM-CANDIDATE-START

LTM-Candidate-r18 ::=     SEQUENCE {
    ltm-CandidateId-r18                            LTM-CandidateId-r18,
    ltm-CandidatePCI-r18                           PhysCellId,
    ltm-SSB-Config-r18                             LTM-SSB-Config-r18                                    OPTIONAL,    -- Need M
    ltm-CandidateConfig-r18                        OCTET STRING (CONTAINING RRCReconfiguration)          OPTIONAL,    -- Need M
    ltm-ConfigComplete-r18                         ENUMERATED {true}                                     OPTIONAL,    -- Need R
    ltm-EarlyUL-SyncConfig-r18                     SetupRelease { EarlyUL-SyncConfig-r18 }               OPTIONAL,    -- Need M
    ltm-EarlyUL-SyncConfigSUL-r18                  SetupRelease { EarlyUL-SyncConfig-r18 }               OPTIONAL,    -- Need M
    ltm-NoResetID-r18                              INTEGER (1..maxNrofLTM-Configs-r18-plus-1)             OPTIONAL,    -- Need M
    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
    ltm-UE-MeasuredTA-ID-r18                       INTEGER (1..maxNrofLTM-Configs-r18-plus-1)                    OPTIONAL,    -- Need M
    ...
}

–	EarlyUL-SyncConfig
The IE EarlyUL-SyncConfig is used to configure random access resources for the early UL synchronization procedure.
EarlyUL-SyncConfig information element
--ASN1START
--TAG-EARLYUL-SYNCCONFIG-START

[bookmark: _Hlk145429868][bookmark: _Hlk145429914]EarlyUL-SyncConfig-r18 ::=   SEQUENCE {
    frequencyInfoUL-r18                    FrequencyInfoUL,
    rach-ConfigGeneric-r18                 RACH-ConfigGeneric,
    bwp-GenericParameters-r18              BWP,
    ssb-PerRACH-Occasion-r18               ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}     OPTIONAL, -- Need M
    prach-RootSequenceIndex-r18            CHOICE {
        l839                                    INTEGER (0..837),
        l139                                    INTEGER (0..137)
    },
    ltm-prach-SubcarrierSpacing-r18        SubcarrierSpacing,
    n-TimingAdvanceOffset-r18              ENUMERATED { n0, n25600, n39936 }                                              OPTIONAL, -- Need R
    ...
}

-- TAG-EARLYUL-SYNCCONFIG-STOP
-- ASN1STOP

When the UE is operating in a serving cell, in order to perform CFRA on a candidate cell for early TA acquisition, the additional parameters required are provided in the CFRA resources indicated in the PDCCH order, which includes the following information:
- RACH preamble (RAP) ID,
- SSB index,
- Information to determine the RACH occasion (RO) resources the UE should use for CFRA, e.g., PRACH Mask index.
In order to perform CFRA on a candidate cell upon receiving the PDCCH order, the UE uses the CFRA resource information indicated in the PDCCH order as well as the RACH configuration information in EarlyUL-SyncConfig.
A candidate DU provides to a serving DU a pool of RAP IDs per candidate cell, for early TA acquisition. This pool of RAP IDs is shared between the UEs connected to the serving DU and that are configured for LTM. This was agreed in RAN2 and enables efficient utilization of available CFRA resources at the candidate DUs. The configuration of the pool of RAP IDs at each serving DU by a candidate DU is not UE-specific, and the signalling of this over F1-AP can thus be non-UE associated. This signalling can be initiated by the CU and can take place in parallel with the LTM preparation procedure (see Figure 1). 
Proposal 1. For early TA acquisition, CU initiates a request to a candidate DU to allocate CFRA resources, e.g., RAP IDs, for other candidate DUs (including the serving DU). The request message, which uses non-UE associated F1-AP signalling, includes:
· List of candidate DUs,
· Suggested list of LTM candidate cells.
Proposal 2. In response, the candidate DU indicates to the CU allocated CFRA resources, e.g., the pool of RAP IDs, for each other candidate DU and for each candidate cell. The response message, which uses non-UE associated F1-AP signalling, includes: 
For each prepared LTM candidate cell:
· Candidate DU ID,
· List of RAP IDs for the candidate DU.
Proposal 3. Upon receiving the response from candidate DU, the CU forwards the List of RAP IDs to each other candidate DU. The message, which again uses non-UE associated F1-AP signalling, includes:
· Candidate DU ID,
· LTM candidate cell ID,
· List of RAP IDs.
The signalling in Proposals 1, 2, and 3 can take place in parallel with the LTM preparation procedure.



[bookmark: _Ref159090836]Figure 1: Early TA CFRA resource allocation signalling
An alternative way to signal the allocated CFRA resources is to use the existing UE associated F1-AP signalling for LTM. For example, in UE Context Setup Response, an IE can be introduced inside the Early Sync Information IE, providing the allocated CFRA resources, e.g., the pool of RAP IDs, for the prepared candidate cell. Similarly, the information can be provided in the UE Context Modification Response message (see Figure 2, Figure 3).
Proposal 4. For early TA acquisition, a candidate DU can signal the allocated CFRA resources, e.g., the pool of RAP IDs, using the existing UE associated F1-AP signalling for LTM – UE Context Setup Response and UE Context Modification Response messages. information can be included inside the Early Sync Information IEs in the messages (see Figure 2, Figure 3).
Proposal 5. RAN3 is requested to consider and choose between the two alternatives described above for signalling of allocated CFRA resources for early TA acquisition.
Alternative 1: Using non-UE associated F1-AP signalling, as described in Proposals 1, 2, and 3. This involves introducing new F1-AP signalling messages, but it is simpler and more efficient signalling.
Alternative 2: Extending the existing UE associated F1-AP signalling for LTM, as described in Proposal 4.      

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Early Sync Information
	
	0..1
	
	
	YES
	ignore

	>TCI States Configurations List
	M
	
	9.3.1.xxx
	
	-
	

	>RACH Configuration
	O
	
	OCTET STRING
	Includes the EarlyUL-SyncConfig
IE, as defined in TS 38.331 [8].
	-
	

	> CFRA resource List
	
	0..1
	
	
	
	

	 >> CFRA resource Item IEs
	
	1..<maxnoofCFRAList>
	
	
	
	

	  >>> Preamble Index
	M
	
	INTEGER 
(0..63)
	
	
	

	LTM Configuration
	
	0..1
	
	
	YES
	ignore

	>SSB Information Item
	M
	
	
	
	-
	

	>>SSB Time/Frequency Configuration
	M
	
	9.3.1.203
	
	-
	

	>>NR PCI
	M
	
	INTEGER (0..1007)
	
	-
	

	>LTM Reference Configuration
	O
	
	OCTET STRING
	Includes the CellGroupConfig
IE, as defined in TS 38.331 [8]. 
	-
	

	>LTM Complete Configuration Indicator
	O
	
	ENUMERATED (complete, ...)
	
	-
	



[bookmark: _Ref159093492]Figure 2: Early TA CFRA resource information in UE Context Setup Response

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Early Sync Information
	
	0..1
	
	
	YES
	ignore

	>TCI States Configurations List
	M
	
	9.3.1.xxx
	
	-
	

	>RACH Configuration
	O
	
	OCTET STRING
	Includes the EarlyUL-SyncConfig
IE, as defined in TS 38.331 [8].
	-
	

	> CFRA resource List
	
	0..1
	
	
	
	

	 >> CFRA resource Item IEs
	
	1..<maxnoofCFRAList>
	
	
	
	

	  >>> Preamble Index
	M
	
	INTEGER 
(0..63)
	
	
	

	LTM Configuration

	
	0..1
	
	 
	YES
	ignore

	>SSB Information Item
	M
	
	
	
	-
	

	>>SSB Time/Frequency Configuration 
	M
	
	9.3.1.203
	
	-
	

	>>NR PCI
	M
	
	INTEGER (0..1007)
	
	-
	

	>LTM Reference Configuration
	O
	
	OCTET STRING
	Includes the CellGroupConfig
IE, as defined in TS 38.331 [8]. 
	-
	

	>LTM Complete Configuration Indicator
	O
	
	ENUMERATED (complete, ...)
	
	-
	



[bookmark: _Ref159093506]Figure 3: Early TA CFRA resource information in UE Context Modification Response
3 Other corrections 
[bookmark: _Hlk159106362]The following proposal discusses some corrections to the Stage 2 (TS 38.401) signalling procedures for intra-DU LTM. These corrections are related to CSI resource and CSI report configurations and are implemented in the Annex.
[bookmark: _Hlk159107606]Proposal 6. The following corrections seem to be needed to the Stage 2 (TS 38.401) signalling procedures for intra-DU LTM. 
(1) In Step 5 of the intra-DU procedure, the CU may also send an updated CSI resource configuration.
(2) In NOTE 2 of Step 6 of the intra-DU procedure, a similar correction as (1) above is needed.      
4 Conclusion 
Based on the above discussion, we recommend that RAN3 discuss the following observations and proposals.

Signalling related to RACH for Early TA acquisition

Proposal 1. For early TA acquisition, CU initiates a request to a candidate DU to allocate CFRA resources, e.g., RAP IDs, for other candidate DUs (including the serving DU). The request message, which uses non-UE associated F1-AP signalling, includes:
· List of candidate DUs,
· Suggested list of LTM candidate cells.
Proposal 2. In response, the candidate DU indicates to the CU allocated CFRA resources, e.g., the pool of RAP IDs, for each other candidate DU and for each candidate cell. The response message, which uses non-UE associated F1-AP signalling, includes: 
For each prepared LTM candidate cell:
· Candidate DU ID,
· List of RAP IDs for the candidate DU.
Proposal 3. Upon receiving the response from candidate DU, the CU forwards the List of RAP IDs to each other candidate DU. The message, which again uses non-UE associated F1-AP signalling, includes:
· Candidate DU ID,
· LTM candidate cell ID,
· List of RAP IDs.
The signalling in Proposals 1, 2, and 3 can take place in parallel with the LTM preparation procedure.
Proposal 4. For early TA acquisition, a candidate DU can signal the allocated CFRA resources, e.g., the pool of RAP IDs, using the existing UE associated F1-AP signalling for LTM – UE Context Setup Response and UE Context Modification Response messages. information can be included inside the Early Sync Information IEs in the messages (see Figure 2, Figure 3).
Proposal 5. RAN3 is requested to consider and choose between the two alternatives described above for signalling of allocated CFRA resources for early TA acquisition.
Alternative 1: Using non-UE associated F1-AP signalling, as described in Proposals 1, 2, and 3. This involves introducing new F1-AP signalling messages, but it is simpler.
Alternative 2: Extending the existing UE associated F1-AP signalling for LTM, as described in Proposal 4.
Other corrections
Proposal 6. The following corrections seem to be needed to the Stage 2 (TS 38.401) signalling procedures for intra-DU LTM. 
(1) In Step 5 of the intra-DU procedure, the CU may also send an updated CSI resource configuration.
(2) In NOTE 2 of Step 6 of the intra-DU procedure, a similar correction as (1) above is needed.
5 Annex: TP to the TS 38.401 BL CR
8.2.1.X	Intra-gNB-DU LTM 
<skipping the parts that are not changed>
 5.	The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the source gNB-DU including the collected TCI state configurations and the gNB-CU may send the CSI report configurations for all the accepted target candidate cells as well as an updated CSI resource configuration. 
[bookmark: _Hlk151803765]6.	The source gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message which includes an updated lower layer configuration, e.g., containing the CSI report configuration of the source cell.
NOTE 2:	In case of subsequent LTM, the CU-initiated UE Context Modification procedure may be invoked per each candidate cell to transfer to the candidate source gNB-DU the CSI report configuration, TCI state information, RACH configuration, and the LTM configuration IDs of the candidate cells, and also to transfer an updated CSI resource configuration.
<skipping the parts that are not changed>
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