

3GPP TSG-RAN WG2 Meeting #123-bis	R2-2309834
Xiamen, China, October 9 – 13, 2023
	
Source: 	ZTE Corporation, Sanechips
Title:            Remaining issues on LTM RRC
Agenda item:	7.4.2.1
Document for:	Discussion and decision
Introduction
At RAN2#123 meeting, RAN2 discussed LTM RRC aspects and made the following agreements [1]: 
	· [bookmark: _Hlk115110994]P11: From TS point of view, R2 assumes that first and subsequent LTM can be covered by same TS contents (if exceptions are neede, can be discussed case by case)
· Upon an LTM cell switch, the UE releases the radio bearer related configuration. Is up to network to provide the radio bearer configuration either within the reference configuration or within the LTM candidate cell configuration.
· Upon an LTM cell switch, the UE shall release the radio bearer that are part of the current UE configuration but not part of the target LTM candidate cell configuration.
· Legacy T304 timer is used to supervision the LTM cell switch procedure. FFS whether new values for timer T304 are needed.
· Upon an LTM cell switch failure (i.e., supervision timer expiry) or RLF, fast recovery similar to CHO:
a)	UE performs cell selection.
b)	If selected cell is an LTM candidate cell, UE performs RACH-based LTM cell switch on the selected cell (network-controlled).
c)	If selected cell is not an LTM candidate cell, UE transmits RRC re-establishment request.
· UE shall release all LTM-related configurations upon going to RRC_IDLE.
· Upon RRC re-establishment, the UE handles the LTM related configuration similar to the CHO configurations.
· For the handling of LTM-related configurations in RRC_INACTIVE the UE applies the same principles as CHO ( = conditions/triggers to release configurations). 
· A UE capability to indicate the support of the reference configuration is introduced. If reference configuration is not supported then complete candidate configurations has to be used. 


In this contribution, we discussed some remaining issues related to LTM RRC aspects.
Discussions 
2.1 Generation of the complete configuration
In the RRC running CR [2], it’s described that the UE generates the LTM complete configuration by applying the LTM candidate configuration based on the LTM reference configuration. And it specifies the detailed handling of fields in LTM reference configuration and LTM candidate cell configuration upon generation of the complete configuration in an new section 6.1.x.
The field handling can be classified into two parts: 1) Need N field with ToAddModList/ToReleaseList and 2) other Need N/M/R/S fields. The handling of part-1) is clear and straightforward, i.e. similar to the existing delta configuration procedure. But the handling of part-2) still has some ambiguity, especially for the Need N and Need R fields. According to the current RRC running CR, the handling of part-2) can be summarized in the following table.
	
	Only present in candidate configuration
	Only present in reference configuration
	Present in both candidate and reference configuration

	Need N field
	Keep the field
	Remove the field
	Keep the field with the value in candidate configuration (new action)

	Need R field
(including the Need R field within the Need M field)
	Keep the field
	Remove the field
	Keep the field with the value in candidate configuration

	Need M field
	Keep the field
	Keep the field
	Keep the field with the value in candidate configuration


It can be found that the Need N and Need R fields only included in the reference configuration shall be removed in the generated complete configuration. Thus, a possible solution proposed by companies to simplify the handling is to not include any Need N and Need R filed in the reference configuration. However, according to the existing need code principle in section 6.1.2, if a Need R filed is a child field in Need M field, when the Need M field is absent in the delta configuration, the Need R filed shall be kept, instead of release. In this case, the handling on Need R field in the current RRC running CR does not align with the existing delta configuration handling.
According to the existing need code principle in RRC spec (section 6.1.2), if a Need R filed is a child field in Need M field, when the Need M field is absent in the delta configuration, the Need R filed shall be kept, instead of release. 
If any Need R field is not included in the reference configuration, when the NW wants to configure a Need R field within a Need M field, then the NW must include the parent Need M field in the candidate configuration, which shall increase the signalling overhead. So we think it should be allowed to include Need R field in the reference configuration, and the detailed handling can follow the current need code principle.
Regarding Need N field except for ToAddModList, it would be simple to not include such field in the reference configuration, since the current need code handling is not to store the field value, i.e. one-shot configuration. Thus, if the NW wants to configure a Need N field, it must include such field in the candidate configuration. However, the UE shall not apply the candidate configuration immediately when generating the complete configuration, but to store the complete configuration in the stable variables. Thus, for need N field, some clarification may be required, e.g. the UE needs to store the value in the candidate configuration into the complete configuration.
Besides, the current 6.1 section has captured the general rules for need codes handling. Considering that most rules for delta configuration can be reused for the field handling upon complete configuration generation, we think it would be simpler and clearer to capture the field handling upon complete configuration generation in section 6.1 as well. 
An example of the TP is shown as follows:
	Need N
	No action (one-shot configuration that is not maintained)
Used for (configuration) fields that are not stored and whose presence causes a one-time action by the UE. Upon receiving message with the field absent, the UE takes no action. For the field present in the RRCReconfiguration message within ltm-CandidateConfig, the UE adds the field and stores the value of the field in the RRCReconfiguration message within UE-LTM-Candidate upon generation of UE LTM configuration.


 
	The handling of need codes as specified in the previous implies that:
-	if field1 in RRCMessage-IEs is absent, UE does not modify or take action on any child fields configured within field1 (regardless of their need codes);
-	if field2 in RRCMessage-IEs is absent, UE releases the field2 (and also its child field field21);
-	if field1 or field2 in RRCMessage-IEs is present, UE retains or releases their child fields according to the child field presence conditions;
-	if field1 in RRCMessage-IEs is present but the extension group containing field13 and field14 is absent, the UE releases field13 but does not modify field14;
-	if nonCriticalExtension defined by IE RRCMessage-v1570-IEs is absent, the UE does not modify field3 but releases field4;
Upon generation of UE LTM configuration, the UE applies the RRCReconfiguration message within ltm-CandidateConfig on top of the RRCReconfiguration message within ltm-referenceConfiguration, according to the handling of need code as specified above.


According to the analysis above, we give the following proposals:
The reference configuration should not include the Need N field except for ToAddModList.
When generating the complete configuration based on the reference and LTM candidate configuration, the normal delta configuration procedure is applied.
For Need N field except for ToAddModList, upon complete configuration generation, the UE adds the field and stores the value of the field from the LTM candidate configuration into the generated complete configuration.
For Need M, Need R, Need S and Need N (except for ToAddModList) fields, the UE follows the same rules for the existing delta configuration procedure, i.e. as specified in section 6.1.2.  
2.2 L1 measurement and report
At last meeting, RAN1 provided the RRC parameter list related to LTM configuration to enable the ASN.1 signalling structure design at RAN2. Regarding how to configure the CSI report configuration for LTM candidates, RAN1 provided two options:
· Option 1: Reuse CSI-ReportConfig, add LTM-ReportContent inside
· Option 2: Introduce LTM-CSI-ReportConfig (under CSI-MeasConfig)
In our understanding, both options can work. In option 1, the LTM specific parameters can be added in the legacy CSI-ReportConfig IE, which can avoid introduce many duplicated IEs from the legacy CSI-ReportConfig IE in the new IE structure as option 2. But there are some mandatory fields in the existing CSI-ReportConfig IE, e.g. existing resourcesForChannelMeasurement IE. Thus some clarification needs to be captured in the corresponding field description, e.g. the UE shall ignore the resourcesForChannelMeasurement if ltm-ResourcesForChannelMeasurement is configured. 
Besides, in option 2, a new ltm-CSI-ReportConfigId shall be introduced, which can be assigned the same value as the legacy CSI-ReportConfigId. However, it would be better to have a global/unique ID for each CSI report configuration (including the current serving cell’s and LTM candidate cell’s), to avoid the additional spec impact on RAN1, e.g. CSI report priority rule. 
A global/unique ID for each CSI report configuration (including the current serving cell’s and LTM candidate cell’s) is expected to avoid the additional spec impact on RAN1, e.g. CSI report priority rule. 
Thus, we prefer option 1 considering of less spec impact and simpler signalling structure.
RAN2 to introduce the LTM-ReportContent inside the existing CSI-ReportConfig to support LTM related CSI report configuration, i.e. option 1 proposed by RAN1.
For LTM related CSI resource configuration, RAN1 introduced a similar framework as Rel-17 ICBM. An example of the signalling structure for LTM relate measurement and report configuration is shown as below [3]:


Figure 1. RRC signaling structure of L1 measurement and report for LTM
In this structure, one report configuration is associated with one resource configuration. As the legacy, each LTM-CSI-ResourceConfig includes only one LTM-CSI-SSBResourceSet. In the LTM-CSI-SSBResourceSet, it includes a list of SSB resources and a list of cell ID. The two lists have the same number of entries, and each entry has one-to-one mapping relationship. Thus, the NW can include multiple SSB resources from different cells into one CSI-SSB resource set. Since RAN1 agreed that the CSI report can also include the current SpCell’s L1 measurement results, we think the CSI-SSB resource set should be able to include the SSB resources of the current SpCell even if this cell is not configured as a LTM candidate cell.
Since RAN1 agreed that the CSI report can include the current SpCell’s L1 measurement results, the CSI-SSB resource set should be able to include the SSB resources of the current SpCell.
In order to indicate the SSBs from the current SpCell, we think the value 0 of the LTM-CandidateId can be used to indicate the current SpCell, i.e. as the ICBM design.
The CSI-SSB resource set can include the SSB resources from the current SpCell, and the value 0 of the LTM-CandidateId is used to indicate the SSB resources referred to the current SpCell. 
In the current RRC running CR, a list of LTM-CSI-ResourceConfig is put under the LTM-Config IE, as below:
	LTM-Config information element
-- ASN1START
-- TAG-LTM-CONFIG-START

LTM-Config-r18 ::=   SEQUENCE {
    ltm-ReferenceConfiguration-r18        OCTET STRING (CONTAINING RRCReconfiguration)                       OPTIONAL,   -- Need M
    ltm-CandidateToReleaseList-r18        LTM-CandidateToReleaseList-r18                                     OPTIONAL,   -- Need N
    ltm-CandidateToAddModList-r18         LTM-CandidateToAddModList-r18                                      OPTIONAL,   -- Need N
    ltm-ServingCellNoResetID-r18          INTEGER (1.. maxNrofCellsLTM-r18-plus-1)                           OPTIONAL,   -- Cond FirstLTM-Only
    ltm-CSI-ResourceConfigToAddModList-r18         SEQUENCE (SIZE (1..maxNrofLtmCSI-ResourceConfigurations-r18)) OF LTM-CSI-ResourceConfig-r18
                                                                                                                  OPTIONAL, -- Need N
    ltm-CSI-ResourceConfigToReleaseList-r18        SEQUENCE (SIZE (1..maxNrofLtmCSI-ResourceConfigurations-r18)) OF LTM-CSI-ResourceConfigId-r18
                                                                                                                  OPTIONAL, -- Need N
    ...
}

LTM-CandidateToReleaseList-r18 ::= SEQUENCE (SIZE (1..maxNrofCellsLTM-r18)) OF LTM-CandidateId-r18           


-- TAG-LTM-CONFIG-STOP
-- ASN1STOP


The current signaling design means that a common LTM-CSI-ResourceConfig list shall be used for subsequent LTM, which includes all SSB resources from all candidate cells as well as the current SpCell. However, in our understanding, with the UE’s movement in subsequent LTM, some candidate cells may not neighbour cells for the current serving when the UE switches to a specific candidate cell. Besides, the source serving cell (when receiving the LTM configuration) may not be configured as a candidate cell for subsequent LTM, but the SSBs from the source serving cell may be included in the LTM-CSI-ResourceConfig list for the initial L1 measurement. For example the NW pre-configures 4 candidate cells and corresponding SSB#1~7 for each candidate cell to be measured, as shown in Figure 2. When the UE switches to the Cell_2, the Cell_4 is not a neighbour cell of the current serving cell, so this cell may not be required to be measured.


Figure 2. An example of cell/beam distribution for L1 measurement in subsequent LTM 
In subsequent LTM, the UE may not require to measure all SSBs from all candidate cells when switching to a specific candidate cell, e.g. if some candidate cells are not neighbour cells of the current serving cell. 
Besides, requiring the UE to measure all SSBs from all candidate cells shall increase the UE power consumption and waste the radio resource due to some unnecessary L1 measurement report.
Thus, we think the list of LTM-CSI-ResourceConfig can be different for each candidate cell, which shall be used when each candidate cell becomes the current serving cell in subsequent LTM, e.g. to indicate a subset of SSBs from candidate cells that needs to be measured. Accordingly, we think the list of ltm-CSI-ResourceConfig should be put under LTM-Candidate-r18 or inside the ServingCellConfig of current serving cell (i.e. like the report configuration).
RAN2 to clarify that the list of LTM-CSI-ResourceConfig can be different for each candidate cell, i.e. used when each candidate cell becomes the current serving cell in subsequent LTM.
RAN2 to discuss whether to put the list of LTM-CSI-ResourceConfig under LTM-Candidate IE or inside the ServingCellConfig of current serving cell (i.e. like the report configuration).
2.3 LTM based recovery
Upon RLF or handover failure (including LTM failure), the UE can initiate LTM based recovery if the selected cell is a LTM candidate cell and if it is allowed by the NW, i.e. similar to CHO based recovery. And the UE can attempt the LTM execution once after detection of the failure. In the current RRC running CR, it’s specified that the UE shall release the LTM related configuration if the LTM cell switch is triggered upon cell selection performed while timer T311 was running, as below:
	1> if the LTM cell switch is triggered by an indication from lower layers:
2> apply the LTM configuration in ue-LTM-Config within VarLTM-UE-Config related to the LTM candidate cell configuration identity as received from lower layers according to clause 5.3.5.3;
1> else (LTM cell switch triggered upon cell selection performed while timer T311 was running):
2> apply the LTM configuration in ue-LTM-Config within VarLTM-UE-Config related to the LTM candidate cell configuration identity selected while timer T311 was running according to clause 5.3.5.3;
2> perform LTM configuration release as specified in clause 5.3.5.x.6.


However, we think it’s not a good implementation to directly release the LTM configuration after triggering the LTM execution in this case. Considering that the subsequent LTM is supported, if the LTM execution is successfully completed during LTM based recovery, the stored LTM configuration is still valid for subsequent LTM. 
If the LTM execution is successfully completed during LTM based recovery, the stored LTM configuration is still valid for subsequent LTM.
Some companies may concern how does the UE handle the previous failed cell and how does the NW know the failed cell. In our understanding, the handover failure or RLF may be caused by many reasons, e.g. accidental signal blockage. Although the UE once failed to switch to a cell or detect RLC in a cell, it does not mean that the UE will definitely fails to this cell when the UE switches back to this cell in subsequent LTM execution. Anyway, it can be up to the UE to not report the measurement results on the previous failed cell to the NW if the cell’s quality is not good enough. Besides, the NW can know the previous failed cell by the SON/MDT report. We see no strong need to report the failed cell to the NW immediately.
Thus, we think the UE should not release the LTM configuration if the LTM based recovery is successfully completed, in order to allow the subsequent LTM. But if the LTM execution fails during LTM based recovery, then the UE needs to trigger the legacy RRC re-establishment and release the stored LTM configuration, as CHO based recovery procedure.
If the LTM cell switch is triggered due to cell selection performed while timer T311 was running (i.e. LTM based recovery) and the LTM execution is successfully completed, the UE shall maintain the LTM related configuration.
If the LTM cell switch is triggered due to cell selection performed while timer T311 was running (i.e. LTM based recovery) and the LTM execution fails, the UE shall trigger the legacy RRC re-establishment and release the LTM related configuration.
2.4 Coexistence of LTM and L3 handover
At RAN2#121bis meeting, it’s agreed that “While configured with LTM candidate cells, the UE can also execute any L3 handover command sent by the network.”. But it is unclear how does the UE handle the LTM related configuration upon triggering L3 handover. Considering that LTM is only supported in intra-CU scenario in Rel-18, the inter-gNB handover shall cause the stored LTM candidate configuration becomes invalid. So it’s reasonable to release the LTM configuration in such case. But for intra-gNB handover, the stored LTM candidate configuration may still be valid after the handover, which can be useful for the subsequent LTM. Anyway the NW can know whether the LTM configuration is valid or not after L3 handover, e.g. including PCell and PSCell change. Thus, it would be more efficient to let the NW decide whether to release or maintain the LTM related configurations. Besides, the NW may also want to add new candidates or modify the LTM related configuration upon PCell or PSCell change. So it should be possible for the NW to add/modify/release the LTM candidate configuration in the same RRCReconfiguration message with reconfiguration with sync, e.g. via the existing ltm-CandidateToRelease/AddModList within LTM-Config.
At PCell change or PSCell change, it can be up to the NW decision whether to add/modify/release the LTM related configuration. I.e. the RRCReconfiguration message with ReconfigurationWithSync can include LTM-Config IE.

Conclusion and Proposals
In this contribution, we discussed remaining issues on LTM RRC aspects with the following observations and proposals:
Observation 1: According to the existing need code principle in RRC spec (section 6.1.2), if a Need R filed is a child field in Need M field, when the Need M field is absent in the delta configuration, the Need R filed shall be kept, instead of release.
Observation 2: A global/unique ID for each CSI report configuration (including the current serving cell’s and LTM candidate cell’s) is expected to avoid the additional spec impact on RAN1, e.g. CSI report priority rule.
Observation 3: Since RAN1 agreed that the CSI report can include the current SpCell’s L1 measurement results, the CSI-SSB resource set should be able to include the SSB resources of the current SpCell.
Observation 4: In subsequent LTM, the UE may not require to measure all SSBs from all candidate cells when switching to a specific candidate cell, e.g. if some candidate cells are not neighbour cells of the current serving cell.
Observation 5: If the LTM execution is successfully completed during LTM based recovery, the stored LTM configuration is still valid for subsequent LTM.

Generation of the complete configuration
Proposal 1: The reference configuration should not include the Need N field except for ToAddModList.
Proposal 2: When generating the complete configuration based on the reference and LTM candidate configuration, the normal delta configuration procedure is applied.
Proposal 3: For Need N field except for ToAddModList, upon complete configuration generation, the UE adds the field and stores the value of the field from the LTM candidate configuration into the generated complete configuration.
Proposal 4: For Need M, Need R, Need S and Need N (except for ToAddModList) fields, the UE follows the same rules for the existing delta configuration procedure, i.e. as specified in section 6.1.2.
L1 measurement and report
Proposal 5: RAN2 to introduce the LTM-ReportContent inside the existing CSI-ReportConfig to support LTM related CSI report configuration, i.e. option 1 proposed by RAN1.
Proposal 6: The CSI-SSB resource set can include the SSB resources from the current SpCell, and the value 0 of the LTM-CandidateId is used to indicate the SSB resources referred to the current SpCell.
[bookmark: _GoBack]Proposal 7: RAN2 to clarify that the list of LTM-CSI-ResourceConfig can be different for each candidate cell, i.e. used when each candidate cell becomes the current serving cell in subsequent LTM.
Proposal 8: RAN2 to discuss whether to put the list of LTM-CSI-ResourceConfig under LTM-Candidate IE or inside the ServingCellConfig of current serving cell (i.e. like the report configuration).
LTM based recovery
Proposal 9: If the LTM cell switch is triggered due to cell selection performed while timer T311 was running (i.e. LTM based recovery) and the LTM execution is successfully completed, the UE shall maintain the LTM related configuration.
Proposal 10: If the LTM cell switch is triggered due to cell selection performed while timer T311 was running (i.e. LTM based recovery) and the LTM execution fails, the UE shall trigger the legacy RRC re-establishment and release the LTM related configuration.
Coexistence of LTM and L3 handover
Proposal 11: At PCell change or PSCell change, it can be up to the NW decision whether to add/modify/release the LTM related configuration. I.e. the RRCReconfiguration message with ReconfigurationWithSync can include LTM-Config IE.
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