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Introduction
In this contribution, we discuss the issue of L1 measurement reporting configuration and its impact on our Inter-DU LTM signalling design. Based on analysis and as a most effective solution, we propose to request RAN2 to place L1 measurement reporting configurations for candidate cells outside of LTM candidate cell configurations (i.e. ltm-CandidateConfig-r18) in their RRC structure design for LTM.  
Discussion
RAN2 agreed to assume that L1 measurement reporting configuration (for the purpose of L1 measurements of candidate cells) is placed inside ServingCellConfig of current serving cell(s): 
	RAN2-122 agreements:
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.
RAN2 to send an LS to RAN1 RAN3 RAN4, offline. Can also consider whether we should ask questions, continue in the offline [005]
RAN2-121bis-e agreements:
Initial agreements, from RAN2 point of view (may be dep on RAN1 progress). 
The location of RS configuration for SSB-based measurements of candidate cells is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells. The RS configuration, per RAN1 agreement, can include PCI or logical ID, SMTC location, frequency location, and SCS.
RAN2 assumes that the location of configurations of TCI states for the candidate cells (used before/at cell switch) is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells (same location as RS configuration).
RAN2 assumes that For L1 measurements of LTM candidate cells, the reporting configuration is placed inside the ServingCellConfig of current serving cell(s). 



This means that, when the UE is initially configured for LTM, L1 MR configuration for the current serving cell is placed inside the current serving cell’s ServingCellConfig (inside RRCReconfiguration > CellGroupConfig), while L1 MR configurations for subsequent LTM are placed inside ServingCellConfig of each candidate cell configuration.
[bookmark: _Hlk145751255][bookmark: _Hlk145747442][bookmark: _Hlk145747724]While this approach makes sense since L1 MR configuration is used at the cell in which L1 MR is to be transmitted for potential handover, we observe that these assumptions may create complications in RAN3 Inter-DU LTM signaling design and introduce delays in preparation/configuration. 
Observation 1: RAN2 assumed that L1 measurement reporting (MR) configuration (for the purpose of L1 measurements of candidate cells) is placed inside ServingCellConfig of the current serving cell and of each candidate cell configuration, as it is used at the cell in which L1 measurement report is to be transmitted for potential handover.
Observation 2: Such RAN2 assumptions may create complications in RAN3 Inter-DU LTM signaling design and introduce delays in preparation/configuration.
According to our 38.401 BL CR for Inter-DU LTM [1], RAN3 has progressed the following sequence: (1) LTM preparation with candidate DU(s) by parallel UE context setup for each candidate cell; (2) a single UE context modification to the source DU; (3) a single UE context modification to each candidate DU:
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
8.2.1.Y	Inter-gNB-DU LTM
This procedure is used for the case when the UE moves from one gNB-DU to another gNB-DU within the same gNB-CU during NR operation for LTM. Figure 8.2.1.Y-1 shows the inter-gNB-DU LTM procedure for intra-NR.




Figure 8.2.1.Y-1: inter gNB-DU LTM
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
[bookmark: _Hlk145748427]This sequence was a logical choice due to dynamic cell switch based on single configuration. Certain necessary information for LTM to work, such as a list of all the prepared candidate cells, RS resources and/or early TA RACH resources allocated by each candidate cell, TCI state configuration, etc. cannot be shared with all DUs until the UE context and relevant resources have been properly established and prepared by DUs. Since there was no UE context established in candidate DU(s) when CU decided LTM at Step 2, it was necessary that LTM preparation and admission control with candidate DU(s) by UE context setup procedures (Step 3-4) precedes the information sharing and post processing through Step 5-8.
However, a candidate DU needs to know the RS resource configurations of other candidate cells (in other DU(s)). This information is essential for generating L1 MR configurations to be used in each candidate cell. As a result, L1 MR configurations cannot be generated during Step 3-4. Step 3-4 should be first used for admission control for each candidate cell and allocating RS resources if accepted. After completing admission controls and gathering all the RS resources of the accepted candidate cells from DUs, these resources should be provided in Step 7. At this point, a candidate DU can then generate and provide L1 MR configurations to CU. This means that CellGroupConfig provided in Step 4 should be updated in Step 8, including L1 MR configurations. Furthermore, Step 7-8 of UE context modification should occur in parallel for each admitted candidate cell. Two round trips of parallel procedures (for each admitted cell) are required to prepare for LTM configuration with a candidate DU. 
[bookmark: _Hlk145748548]It is worth noting that the post information-sharing process mentioned above could lead to redundant information sharing to a candidate DU if performed together by the parallel Step 7-8 of UE context modification procedures for each admitted candidate cell. To avoid redundancy, additional UE context modification procedure may be needed, which could introduce further delay. 
Observation 3: A candidate DU needs to know the RS resource configurations of other candidate cells (in other DU(s)) to generate L1 MR configurations. From RAN3 Inter-DU LTM signaling point of view, L1 MR configurations cannot be generated during LTM preparation and admission control with candidate DU(s) by UE context setup procedures during Step 3-4.
Observation 4: Instead, Step 3-4 should be first used for admission control for each candidate cell and allocating RS resources if accepted. After completing admission controls and gathering all the RS resources of the accepted candidate cells from DUs, these resources should be provided in Step 7, for which a candidate DU can then generate and provide L1 MR configurations to CU. 
[bookmark: _Hlk145751378]Observation 5: This means that CellGroupConfig provided in Step 4 should be updated in Step 8, including L1 MR configurations. Moreover, Step 7-8 of UE context modification should occur in parallel for each admitted candidate cell. Two round trips of parallel procedures (for each admitted cell) are required to prepare for LTM configuration with a candidate DU.
Observation 6: Furtuermore, necessary information sharing with all DUs for LTM to work after the UE context and relevant resources have been properly established and prepared by DUs (such as a list of all the prepared candidate cells, RS resources and/or early TA RACH resources allocated by each candidate cell, TCI state configuration, etc.) could be redundantly provided to a candidate DU. Or to avoid redundancy, additional UE context modification procedure may be needed to a candidate DU, which could introduce further delay.
[bookmark: _Hlk145813923]One may argue that Rel-18 LTM exclusively focuses on SSB-based L1 measurements [2], which are cell-specific. As a result, there may seem no worry of two round trips of parallel procedures as CU can include SMTC information of any cell to any candidate DU during Step 3 [3]. However, CSI resource configurations for measuring LTM candidate cells have been discussed in RAN1. These resources are UE-specific and needs to be allocated by a candidate DU during LTM preparation and shared with other DUs for generating L1 MR configuration. Though concluded as no consensus in Rel-18, CSI-RS could potentially be introduced in Rel-19 for LTM L1 MR. If so, our current design would not be forward compatible and later require many changes to account for these UE-specific CSI resource allocation and sharing with DUs. 
Observation 7: One may argue that there is no worry of two round trips of parallel procedures for a candidate DU given that Rel-18 WI focuses only on SSB-based L1 measurements for LTM which are cell-specific. However, the UE-specific CSI resource configurations for measuring LTM candidate cells have been already discussed in RAN1, and though concluded as no consensus in Rel-18, CSI-RS could potentially be introduced in Rel-19 for LTM L1 MR. 
Observation 8: Our current design would not be forward compatible and later require many changes to account for these UE-specific CSI resource allocation and sharing with DUs.
[bookmark: _Hlk145749007]In our view, the most effective approach would be to request RAN2 to place L1 MR configurations for candidate cells external to ltm-CandidateConfig-r18 [4]:  
–					LTM-CandidateToAddModList
The IE LTM-CandidateToAddModList concerns a list of LTM candidate cell configurations to add or modify.
LTM-CandidateToAddModList information element
-- ASN1START
-- TAG-LTM-CANDIDATETOADDMODLIST-START

LTM-CandidateToAddModList-r18 ::= SEQUENCE (SIZE (1..maxNrofCellsLTM-r18)) OF LTM-Candidate-r18

LTM-Candidate-r18 ::=     SEQUENCE {
    ltm-CandidateId-r18                            LTM-CandidateId-r18,
    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-NoResetID-r18                              INTEGER (1..maxNrofCellsLTM-r18-1)                      OPTIONAL,    -- Need M
    ltm-CandidateTCI-States-ToAddModList-r18       CandidateTCI-StatesToAddModList-r18                   OPTIONAL,    -- Need N
    ltm-CandidateTCI-States-ToReleaseList-r18      CandidateTCI-StatesToReleaseList-r18                  OPTIONAL,    -- Need N    ...
}

CandidateTCI-StatesToReleaseList-r18 ::= SEQUENCE (SIZE (1..FFS)) OF CandidateTCI-StatesId-r18           OPTIONAL    -- Need N

Editors’s Note: FFS how to indicate to the UE that RACH should be skipped when doing an LTM cell switch.


-- TAG-LTM-CANDIDATETOADDMODLIST-STOP
-- ASN1STOP

	LTM-CandidateToAddModList field descriptions

	ltm-CandidateId
This field indicates an LTM candidate cell configuration.

	ltm-CandidateConfig
This field includes an RRCReconfiguration message used to configure an LTM candidate cell.

	ltm-ConfigComplete
This field indicates whether the LTM candidate cell configuration within ltm-CandidateConfig is a complete configuration and thus the UE shall not use the LTM reference configuration within the field ltm-ReferenceConfiguration.

	ltm-NoResetID
This field indicates whether the UE should perform no L2 reset for an LTM candidate cell upon an LTM cell switch procedure. If the value of ltm-NoResetID in the LTM candidate cell is the same as the value of ltm-ServingCellNoResetID in the serving cell of a cell group, then the UE shall not perform any L2 reset during an LTM cell switch procedure.



[bookmark: _Hlk145751438][bookmark: _Hlk145751513][bookmark: _Hlk145751534]Other parameters such as RS resource configurations, early TA RACH resource configurations, TCI state pool for candidate cells are already placed outside of ltm-CandidateConfig-r18. We believe that treating the L1 MR configurations in the same manner would be straightforward and not burdensome. If placed outside of ltm-CandidateConfig-r18, CellGroupConfig provided in Step 4 for each admitted cell doesn’t need to be updated, just to include L1 MR configurations inside CellGroupConfig during Step 7-8. The single UE context modification of Step 7-8 with a candidate DU would be enough, and the DU just need to provide L1 MR configurations for the list of admitted cells separately in Step 8. By this way, RAN3 Inter-DU LTM signaling sequence can be kept as it currently stands and remain forward compatible without introducing additional complexities that might cause further delays during the preparation/configuration process. 
Observation 9: The most effective approach would be to request RAN2 to place L1 MR configurations separately from the LTM candidate cell configurations in RRC, i.e. external to ltm-CandidateConfig-r18, like other parameters (RS resource configurations, early TA RACH resource configurations, TCI state pool for candidate cells) that have been already placed external to ltm-CandidateConfig-r18. 
Observation 10: If so, CellGroupConfig provided in Step 4 for each admitted cell doesn’t need to be updated, just to include L1 MR configurations inside CellGroupConfig during Step 7-8. The single UE context modification of Step 7-8 with a candidate DU would be enough, and DU just need to provide L1 MR configurations for the list of admitted cells separately in Step 8. 
Observation 11: By this way, RAN3 Inter-DU LTM signaling sequence can be kept as it currently stands and remain forward compatible without introducing additional complexities that might cause further delays during the preparation/configuration process. 

[bookmark: _Hlk145751570]Based on the above observations, we thus propose to request RAN2 to place L1 MR configurations for candidate cells outside of LTM candidate cell configurations (i.e. ltm-CandidateConfig-r18) in their RRC.
Proposal 1: Request RAN2 to place L1 MR configurations for candidate cells outside of LTM candidate cell configurations (i.e. ltm-CandidateConfig-r18) in their RRC structure design. 
The LS text is proposed in Annex. 
Proposal 2: Agree to send LS to RAN2 proposed in Annex. 
Conclusion
In the present contribution we make the following observations:
[bookmark: _Hlk145751214]Observation 1: RAN2 assumed that L1 measurement reporting (MR) configuration (for the purpose of L1 measurements of candidate cells) is placed inside ServingCellConfig of the current serving cell and of each candidate cell configuration, as it is used at the cell in which L1 measurement report is to be transmitted for potential handover.
Observation 2: Such RAN2 assumptions may create complications in RAN3 Inter-DU LTM signaling design and introduce delays in preparation/configuration.
Observation 3: A candidate DU needs to know the RS resource configurations of other candidate cells (in other DU(s)) to generate L1 MR configurations. From RAN3 Inter-DU LTM signaling point of view, L1 MR configurations cannot be generated during LTM preparation and admission control with candidate DU(s) by UE context setup procedures during Step 3-4.
Observation 4: Instead, Step 3-4 should be first used for admission control for each candidate cell and allocating RS resources if accepted. After completing admission controls and gathering all the RS resources of the accepted candidate cells from DUs, these resources should be provided in Step 7, for which a candidate DU can then generate and provide L1 MR configurations to CU. 
Observation 5: This means that CellGroupConfig provided in Step 4 should be updated in Step 8, including L1 MR configurations. Moreover, Step 7-8 of UE context modification should occur in parallel for each admitted candidate cell. Two round trips of parallel procedures (for each admitted cell) are required to prepare for LTM configuration with a candidate DU.
Observation 6: Furtuermore, necessary information sharing with all DUs for LTM to work after the UE context and relevant resources have been properly established and prepared by DUs (such as a list of all the prepared candidate cells, RS resources and/or early TA RACH resources allocated by each candidate cell, TCI state configuration, etc.) could be redundantly provided to a candidate DU. Or to avoid redundancy, additional UE context modification procedure may be needed to a candidate DU, which could introduce further delay.
Observation 7: One may argue that there is no worry of two round trips of parallel procedures for a candidate DU given that Rel-18 WI focuses only on SSB-based L1 measurements for LTM which are cell-specific. However, the UE-specific CSI resource configurations for measuring LTM candidate cells have been already discussed in RAN1, and though concluded as no consensus in Rel-18, CSI-RS could potentially be introduced in Rel-19 for LTM L1 MR. 
Observation 8: Our current design would not be forward compatible and later require many changes to account for these UE-specific CSI resource allocation and sharing with DUs.
Observation 9: The most effective approach would be to request RAN2 to place L1 MR configurations separately from the LTM candidate cell configurations in RRC, i.e. external to ltm-CandidateConfig-r18, like other parameters (RS resource configurations, early TA RACH resource configurations, TCI state pool for candidate cells) that have been already placed external to ltm-CandidateConfig-r18. 
Observation 10: If so, CellGroupConfig provided in Step 4 for each admitted cell doesn’t need to be updated, just to include L1 MR configurations inside CellGroupConfig during Step 7-8. The single UE context modification of Step 7-8 with a candidate DU would be enough, and DU just need to provide L1 MR configurations for the list of admitted cells separately in Step 8. 
Observation 11: By this way, RAN3 Inter-DU LTM signaling sequence can be kept as it currently stands and remain forward compatible without introducing additional complexities that might cause further delays during the preparation/configuration process. 

Based on the discussion in the present contribution and the observations above we propose: 
Proposal 1: Request RAN2 to place L1 MR configurations for candidate cells outside of LTM candidate cell configurations (i.e. ltm-CandidateConfig-r18) in their RRC structure design. 
Proposal 2: Agree to send LS to RAN2 proposed in Annex. 
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[bookmark: _Hlk145750837]Annex: [DRAFT] LS on LTM L1 measurement reporting configuration in RRC

Title:	[Draft] LS on LTM L1 measurement reporting configuration in RRC
Response to:	
Release:	Rel-18
Work Item:	NR_Mob_enh2-Core
Source:	LG Electronics Inc. [To be RAN3]
To:	RAN2
Cc:	RAN1

Contact Person:
Name: 	Jaemin Han
E-mail Address: 	jaeminh.han@lge.com

Send any reply LS to:           3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org
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1. Overall Description:
RAN2 agreed to assume that L1 measurement reporting (MR) configuration (for the purpose of L1 measurements of candidate cells) is placed inside ServingCellConfig of the current serving cell and of each candidate cell configuration. 

While RAN3 understands this approach makes sense since L1 MR configuration is used at the cell in which L1 measurement report is to be transmitted for potential handover, RAN3 sees that it creates complications in Inter-DU LTM signaling design and could introduce delays in LTM preparation/configuration with a candidate DU, which may require two round trips of parallel procedures (for each admitted cell) between CU and a candidate DU to prepare for LTM configuration, or additional UE context modification procedure. 

RAN2 already agreed that other parameters such as RS resource configurations, early TA RACH resource configurations, TCI state pool for candidate cells are already placed outside of LTM candidate cell configuration (i.e. ltm-CandidateConfig-r18 in RAN2’s RRC running CR for LTM). RAN3 believes treating the L1 MR configurations in the same manner would be straightforward, making RAN3 Inter-DU LTM signaling sequence to be kept as it currently stands and remain forward compatible without introducing additional complexities that might cause further delays during preparation/configuration with a candidate DU. 

Therefore, RAN3 respectively request RAN2 to place the L1 MR configurations for candidate cells outside of LTM candidate cell configurations (i.e. ltm-CandidateConfig-r18) in RAN2’s RRC structure design for LTM.


2. Actions:
To RAN2
ACTION: 	RAN3 kindly asks RAN2 to take the above information into account and update the RRC structure design for LTM for the placement of L1 measurement reporting configuration as requested. 

3. Date of Next TSG-RAN WG3 Meetings:
TSG RAN3 Meeting #122		November 13th – 17th, 2023 				Chicago, IL, USA
TSG RAN3 Meeting #123		February 26th – March 1st, 2024 		Athens, Greece
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