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Introduction
During the RAN2#120 meeting, RAN2 made some agreements [1] regarding the RRC but there are still have remaining issues. 
In this contribution, we continue to discuss on the LTM configuration in the RRC modeling perspective.
Discussion
In RAN2#120 meeting, RAN2 made following agreements regarding the RRC modeling for the candidate target configuration.
P1	RAN2 to confirm that the CellGroupConfig IE is (mandatory) needed within an LTM candidate cell configuration.
P3	The RadioBearerConfig IE can be optionally supported in an LTM candidate configuration
P5	The MeasConfig IE can be optionally supported in an LTM candidate configuration.
P8	The OtherConfig IE is not required to be part of the LTM candidate cell configuration.
P9	The LTM candidate cell configuration should be designed as a To AddMod/ToRelease structure.
P10	The LTM candidate cell configuration ASN.1 structure comprises at least a CellGroupConfig IE and a configuration ID.

On Delta Configuration
A UE stores the reference configuration as a separate configuration.
The reference configuration is managed separately 

We will treat detail RRC issues in the below sub-clauses.
LTM configuring/triggering node
In this section, we want to clearly determine which node decides the following two operation.
1. Which node determine the candidate target cells configuration for LTM
2. Which node trigger LTM and the target cell
Above two questions are very essential and they should be determined first before going to the detail procedure for LTM. From our understanding the first question is clear, CU will have a role to determine the candidate target cells for LTM based on the L3 measurement. In Rel-18 feMob, only intra-CU case is considered, there are no further work between the CUs, the CU can determine the candidate target cells for LTM and request the addition/change of LTM configuration to the candidate target cells. Based on the response from the candidate target cells, the CU generates the RRCReconfiguration message by appending any necessary information to the received CellGroupConfig from the DU(s), and construct the list of these RRCReconfiguration messages (i.e., might be called as inner RRCReconfiguration) and its associated ID, and send this in the LTM configuration container in the outer RRCReconfiguration message to the UE.
Proposal 1: CU determines the candidate target cells for LTM based on the L3 measurements and CU generates the RRCReconfiguration message including the candidate cell configurations for LTM.
For the second question, we think there are two possible approaches which node trigger LTM based on the L1 measurement for the target cell.
1. Option 1: CU triggers the LTM 
· Each Cell/DU needs to transfer the received L1 measurement to the CU.
· Among the collected L1 measurements for all candidate target cells, CU determines the target cell for LTM
· CU indicates the LTM information (e.g. target cell ID, beam info., etc.) to the target DU’s MAC entity.
2. Option 2: serving DU’s MAC entity triggers the LTM
· CU and serving DU negotiate the LTM triggering condition for the candidate target cells.
· Amongst the L1 measurements of all candidate target cells, the serving DU determines the target cell for LTM.
· Serving DU’s MAC entity generate the LTM signaling and send it to the UE.
The LTM is triggered based on the L1 measurements of the candidate target cells, serving cell receives these L1 measurements from the UE. RAN2 has agreed that at least MAC CE is used to trigger the LTM, it means that serving DU’s MAC entity has the role to trigger the LTM. It is a good approach to reduce the overall latency of LTM because the additional signaling between CU and DU can be omitted to trigger the LTM. In that sense, we think option 2 has more benefit to reduce the overall latency for LTM.
Proposal 2: Serving DU’s MAC entity triggers the LTM based on the L1 measurements from the UE.
Comparison of RRC models
As RAN2 agreed to include RadioBearerConfig IE and MeasConfig IE in the LTM candidate configuration.
First, RadioBearerConfig can be changed during LTM procedure for some reasons (e.g. setup SRB3 for SCG, split SRB for MCG, etc.). In that case, the RadioBearerConfig for the candidate cell(s) can be updated by RRC message. If RadioBearerConfig for a certain candidate cell needs to be changed, we think it is better to change the RadioBearerConfig IE for the relevant candidate cell(s) instead of change all RRCReconfiguration for the candidate cell(s).
Second, MeasConfig can be different for different candidate cells during LTM and it can be changed for some candidate cell(s) because the same MeasConfig needn’t apply to all candidate cells even for Intra-CU e.g. inter-frequency case. A CU can be actually very large, sometimes covering a small city and possibly hundred or even more DUs and different cells may have neighbours belonging to different frequencies. If MeasConfig for a certain candidate cell needs to be changed, we think it is better to change the MeasConfig IE for the relevant candidate cell(s) instead of change all RRCReconfiguration for the candidate cell(s).
Model 1 (One RRCReconfiguration message (or FFS RRCReconfiguration IEs) for each candidate target configuration) is the most straightforward model because we already have similar modeling for the conditional handover but there is heavy redundancy in the configuration information. The configurations outside CellGroupConfig, such as radio bearer configuration, measurement configurations would be optionally configured in this RRCReconfiguration message. However, these radio bearer configuration and measurement configurations configured by CU would be the identical in most cases for each candidate cells. For LTM execution, these parameters are not necessary to be configured again since UE’s current configuration will be same for other candidates. In short, this model requires many redundant signaling for candidate cell configurations.
Model 2 (One CellGroupConfig IE (FFS additional IEs) for each candidate target configuration.) is the most efficient model in our view since the cell group configuration would be highly probable to have the unique information for each candidate cells. Since there would be a possibility to have different CA configuration per candidate cell, not just cell configuration but cell group configuration would be the optimal. In addition, additional RadioBearerConfig and MeasConfig IEs are need to be configured outside of CellGroupConfig IE.
Since the RadioBearerConfig and MeasConfig IEs are further required for the candidate cell configuration based on RAN2 decision, RAN2 needs to either define a new SEQUENCE for LTM configuration including CellGroupConfig if it is based on Model 2 or we can use RRCReconfiguration as in Model 1. We think Mode 2 has more advantages in terms of signalling reduction compared to the Model 1, we will further explain the detail structure to configure all required IEs for Model 2.
1. Option 1
· Candidate cell configuration (Pre-Config) includes the set of SEQUENCE on CellGroupConfig/ RadioBearerConfig/ MeasConfig.


· CellGroupConfig IE is configured from DU
· RadioBearerConfig and MeasConfig IEs are configured from CU
· Each IE includes the index associated with the candidate cell configuration.
· gNB can update the candidate cell configuration using the RRCReconfiguration, IEs only need to be updated can be added
2. Option 2
· Candidate cells configuration includes the set of CellGroupConfig/ RadioBearerConfig/ MeasConfig.


· Each candidate cell configurations (CellGroupConfig/ RadioBearerConfig/ MeasConfig) include the own index associated with the candidate cell configuration.
· CellGroupConfig is unique (i.e. require separate index)
· RadioBearerConfig/ MeasConfig can be shared with other candidate cells (i.e. list of index for the cells reduce the signaling overhead)
· gNB can update the candidate cell configuration using the RRCReconfiguration, IEs only need to be updated can be added
We want to consider the actual scenario what the LTM is applied. As the main purpose of this WI is to reduce the overall cell change time (e.g. latency and interruption time) because the actual use case of LTM would be FR2 using many beams. In that sense, we think all candidate cells for LTM are not located in the many DUs, some of the candidate cells are located in the same DUs. That is, a small number of DUs including several candidate cells are the main use case for the L1/L2 inter-cell mobility. In addition, only intra-CU case is the scope of this WI, it means all RRC configurations can be treated in the same CU. 
Observation 1. Model 1 has redundancy in the configured information for candidate cell configuration while Model 2 is thought to be optimal in the information to be needed for LTM operation.
Proposal 3: RAN2 conclude to adopt CellGroupConfig IE for the candidate target cell’s configuration for LTM and the separate RadioBearerConfig/ MeasConfig IEs are configured for the candidate cells.
Moreover, LTM signaling would consists of configuration, trigger and, completion indication. 
For Model 1, configuration would be based on the signaling of RRCReconfiguration message which is generated by the CU based on the target DU’s configuration information (this would be CellGroupConfig provided by F1 interface as in legacy) to the corresponding target cell(s). The CU might generate the RRCReconfiguration message by appending the received CellGroupConfig and any required bearer and  measurement configurations. After constructing the list of this RRCReconfiguration messages (i.e., might be called as inner RRCReconfiguration) and its associated ID, The CU sends this in the LTM configuration container in the outer RRCReconfiguration message to the UE. Here ID would be used for modification or release of the candidate cell’s configuration. When triggered, UE just apply the indicated RRCReconfiguration message based on the indicated associated ID for the candidate cell. Since RRCReconfiguration msg was applied, the completion could be the response of this RRC msg, i.e., upon triggered, RRCReconfigurationComplete msg can be transmitted to the target cell.
Observation 2. In Model 1, the list of RRCReconfiguration with the associated ID for the candidate cell can be configured to the UE, and upon triggered, UE will apply the RRCReconfiguration message indicated in triggering signaling. For the completion indication, RRCReconfiguratoinComplete message can be used.
For Model 2, the configuration for the candidate cells would be based on signaling of CellGroupConfig IE which is generated by the DU running the target candidate cell. Once CU receives the CellGroupConfig IE from the DU by F1 interface, it can construct the list of CellGroupConfig IE, and its associated ID, and send this in the LTM configuration container in the RRCReconfiguration message to the UE. When triggered, UE apply the indicated CellGroupConfig IE. However, it is FFS that solely CellGroupConfig is used to applying or some further information such as not covered by CellGroupConfig field can be appended, and finally RRCReconfiguration msg constructed is applied. Based on the unit of applying, the complete indication would be either lower layer i.e., UL MAC CE/UCI or RRCReconfigurationComplete msg.
Observation 3. In Model 2, the list of CellGroupConfig with the associated ID for the candidate cell can be configured to the UE, and upon triggered, UE will apply the CellGroupConfig indicated in triggering signaling. For the completion indication, MAC CE/UCI or RRCReconfigurationComplete msg can be used. 
Compliance check perspective
The other aspect to be considered, is how to do compliance check for the configuration of the candidate cells for LTM. There could be 3 options for each RRC model. 
· Option 1: Do compliance check upon receiving LTM configuration 
· Option 2: Do compliance check upon LTM execution/triggering
· Option 3: Do compliance check based on UE implementation.
Option 1 would have the risk of taking some time to handle the unnecessary failure, assuming some of LTM configurations might not be used forever and UE is unable to comply with them. However we don’t know whether some LTM configuration is not needed forever in the practical deployment. Option 2 has the opposite position that there is no time consuming on configuration phase, but there would be interruption when LTM is triggered, and UE cannot comply with the indicated configuration. This case is the worst case in our view by considering that LTM has the purpose that fast cell switch based on the beam quality measurement with the least RRC signaling intervention. Configuration phase can bear some interruption but cell switch execution needs to be swift. Option 3 might be bought by the UE vendor, however, preventing unnecessary interruption during cell switch could be the strongest demand of the design.
Observation 4. Doing compliance check upon receiving LTM configuration is the best option. 
Proposal 2: RAN2 agree that UE does compliance check on the LTM configuration upon receiving LTM configuration.
Delta configuration for the LTM
As RAN2 already agreed the delta configuration of candidate cells for LTM based on the reference cell configuration will be used. However, the detail procedure and signaling support have not been concluded. First, we think which one would be the reference configuration should be determined. There are three options from our understanding, we provide our view on each option how the reference cell for the delta configuration is defined and signaled.
· Option 1: Source PCell (or SCell) configuration
· If PCcell is the reference cell, implicitly or explicitly indicated.
· If one of the SCell(s) is the reference cell, new indicator for SCell index is required
· Option 2: One of the candidate cells
· The first candidate cell, implicitly indicated.
· One of candidate cell among all candidate cells (new indicator is required)
· Option 3: Additional cell as reference cell
· New cell configuration can be provided (new field for reference cell config)
For Option 1 and 3, LTM configuration request message in F1 interface could be provided to the target candidate cells in order to get the reference cell configuration. Each target cell responses for the LTM configuration request message and provide the target cell configuration for LTM by delta configuration manner (in LTM configuration response message). For Option 2, LTM configuration request message in F1 could be provided to the one of the target candidate cells in order to get the reference cell configuration. In this case, full configuration request for a candidate cell is used in order to use this cell as a reference cell configuration. After CU get the full configuration of the target cell as a reference cell configuration, CU request to other target cells the LTM configuration including the reference cell configuration (by the LTM configuration request message to other candidate cells). Each target cell responses for the LTM configuration request message and provide the target cell configuration for LTM by delta configuration manner (in LTM configuration response message). 
Since the reference configuration is stored as a separate configuration, network may provide the reference configuration as a separate configuration to the UE depending on Model 1 or Model 2. It may still possible just to provide a cell /candidate cell identifier or ask the UE to use the current cell as reference configuration which can save some signaling.
Proposal 5: Cell ID or candidate cell ID for LTM is used to indicate the reference cell for the delta configuration.
Further, since we support inter-DU LTM, it may be needed to support full configuration along with reference configuration based delta configuration (As different DUs from different vendors may not support or understand all the features/IE already configured by other DU). Full configuration can be per candidate cell configuration as in the L3 based mobility.
It is not really required that the full configuration for LTM as same as the full configuration in L3 mobility. Since R-18 LTM is always Intra-CU, it may be enough to perform full configuration of CellGroupConfig alone, and there may not be a need to clear dedicated configuration like L3 measurement configuration.  Similarly, the full configuration for LTM needn’t clear LTM reference configuration, L1 measurement configuration for LTM and other candidate cell configurations as configured by gNB CU.
Proposal 6: LTM support full configuration of CellGroupConfig (i.e. without other configurations) along with reference configuration based delta configuration.
If gNB provides the reference configuration, gNB may also add, modify or release the LTM reference configuration through the RRC Reconfiguration (using SetupRelease or similar structures). A related behavior is that if the UE releases the LTM reference configuration, all the candidate cell configurations which has applied the released LTM reference configuration also need to be released. This may be done autonomously by UE, just like the measurement configurations are handled and considering that the release need to be done always in the said conditions or the gNB ensures that it releases the candidate cell configuration always, when the reference configuration is released.
Proposal 7: Reference cell configuration uses the SetupRelease structure.
Proposal 8: If the LTM reference configuration is released, all the candidate cell configurations which have applied the released LTM reference configuration also need to be released.
Simultaneous triggering of LTM and Layer 3 handover
Now that, we have two methods for performing mobility, one through L3 and other LTM. So we have a question on whether both can be configured together.
Since LTM is not supported for Inter-gNB mobility, it would be needed that mobility to some of the cells could be through L3 mobility and mobility to some other cells could be due to LTM.  This also means that there could be separate measurement configurations for L3 and L1 measurements. We also note that there is a RAN2#120 agreement to include measConfig IE in LTM candidate configuration.
Now we may also have a question, whether the UE is required to perform both L1 and L3 measurements for the same cell. Since the L1 mobility execution is controlled by DU and L3 mobility execution is controlled by CU, strictly speaking, it may not be beneficial to have two different methods to move to the same cell. There could be concurrency issues arising out of this. Anyways, if such a configuration is allowed, there may be preferably some synchronization in configuration (by the gNB implementation, may be) such that UE doesn’t perform separate measurements for LTM and L3 mobility in the same cell. However, we think this alignment is just a NW implementation issue.
Proposal 9: Both LTM and L3 HO independently configured and triggered by each anchor point.
However, allowing simultaneous triggering of LTM and L3 HO has no benefit because target CU preparing L3 HO needs to reserve the resources for the UE if target CU/gNB has no information that UE is on-going LTM procedure. It is same for the opposite cases (DU can skip the LTM procedure if DU knows if CU triggers the HO). So, it would be beneficial if the CU/DU knows the status of LTM/HO triggering information. If CU/DU receives the triggering information of the handover then, each entity can determine whether to perform the handover procedure or not. 
We assumed that the UE uses the first received HO command (either LTM or L3 HO) and the following the other HO command is not received by the UE. However, UE has a capability to receive the other HO command upon the HO procedure, RAN2 need to determine how to handle this case. One simple approach would be up to UE implementation or define the priority on this case.
Proposal 10: Each CU/DU provides the triggering information of the handover.
· DU informs the LTM triggering information (e.g. indicator, LTM configuration index, etc.) to the CU.
· CU informs the L3 HO triggering information (e.g. cell index, etc.) to the DU.
Except for the default L3 HO scheme, there are more enhanced handover schemes (e.g. CHO, CPAC, DAPS). So it would be determined if those enhanced mobility scheme can be simultaneously configured and triggered with LTM.
We haven’t figured out any issue as such for a configuration for different candidate cells for LTM and CHO, but it may not be required for the same candidate cell to have LTM configuration and CHO (or CPC) configuration. Similarly, in R18, it may be simpler not to include LTM configuration in conditional reconfiguration message.
For DAPS, it is preferred not to support LTM along with DAPS at least in Rel-18 because we don’t have enough time to consider many issues if both LTM and DAPS are configured.
Proposal 11: LTM with CHO/CPAC/DAPS is not supported in Rel-18.
LTM failure handling
For LTM failure handling, we first need to determine which timer is used for LTM. LTM mechanism is also similar with CHO so T304 timer approach would be simply applied to the LTM as well. However, it would be also fine to define the new T304-like timer because LTM may require only short handover duration compared with the legacy handover.
Proposal 12: Introduce the new T304-like timer for LTM.
If handover is failed for certain reason (e.g. T304-like timer expire, RACH fail, etc.), the following UE operation needs to be determined. Since LTM has many similarity with CHO, it would be beneficial to introduce the UE behavior on the LTM failure. 
· Fallback to the source cell if LTM fail and source cell needs to keep the LTM configuration.
· Go to the RRE procedure if fallback fails (LTM config could be used when the candidate cell is selected)
Proposal 13: Define the LTM failure procedure similarly with CHO.
· Fallback to the source cell using configuration prior to LTM execution
· Go to the RRE procedure if fallback fails (LTM config could be used when the candidate cell is selected)
· Initiate the MCG Failure Information, SCG Failure Information procedures
In addition, we think it would be also beneficial to introduce the HO failure report for LTM because CU could know if the LTM was triggered for this UE and some LTM failure information (e.g. target LTM cell index, etc.) is helpful for NW operation. Legacy RRC message (i.e. UEInformationResponse) could be used for this purpose or it is also possible to introduce the new signaling (RRC or MAC CE).
Proposal 14: Introduce the LTM handover failure report after connecting to the cell.

Conclusion
Based on the above, RAN2 is requested to discuss and agree on the following observations and proposals:
Observation 1. Model 1 has redundancy in the configured information for candidate cell configuration while Model 2 is thought to be optimal in the information to be needed for LTM operation.
Observation 2. In Model 1, the list of RRCReconfiguration with the associated ID for the candidate cell can be configured to the UE, and upon triggered, UE will apply the RRCReconfiguration message indicated in triggering signaling. For the completion indication, RRCReconfiguratoinComplete message can be used.
Observation 3. In Model 2, the list of CellGroupConfig with the associated ID for the candidate cell can be configured to the UE, and upon triggered, UE will apply the CellGroupConfig indicated in triggering signaling. For the completion indication, MAC CE/UCI or RRCReconfigurationComplete msg can be used. 
Observation 4. Doing compliance check upon receiving LTM configuration is the best option. 

Proposal 1: CU determines the candidate target cells for LTM based on the L3 measurements and CU generates the RRCReconfiguration message including the candidate cell configurations for LTM.
Proposal 2: Serving DU’s MAC entity triggers the LTM based on the L1 measurements from the UE.
Proposal 3: RAN2 conclude to adopt CellGroupConfig IE for the candidate target cell’s configuration for LTM and the separate RadioBearerConfig/ MeasConfig IEs are configured for the candidate cells.
Proposal 4: RAN2 agree that UE does compliance check on the LTM configuration upon receiving LTM configuration.
Proposal 5: Cell ID or candidate cell ID for LTM is used to indicate the reference cell for the delta configuration.
Proposal 6: LTM support full configuration of CellGroupConfig (i.e. without other configurations) along with reference configuration based delta configuration.
Proposal 7: Reference cell configuration uses the SetupRelease structure.
Proposal 8: If the LTM reference configuration is released, all the candidate cell configurations which have applied the released LTM reference configuration also need to be released.
Proposal 9: Both LTM and L3 HO independently configured and triggered because the anchor point to decide the HO is different between LTM and L3 HO.
Proposal 10: Each CU/DU provides the triggering information of the handover.
· DU informs the LTM triggering information (e.g. indicator, LTM configuration index, etc.) to the CU.
· CU informs the L3 HO triggering information (e.g. cell index, etc.) to the DU.
Proposal 11: LTM with CHO/CPAC/DAPS is not supported in Rel-18.
Proposal 12: Introduce the new T304-like timer for LTM.
Proposal 13: Define the LTM failure procedure similarly with CHO.
· Fallback to the source cell if LTM fail and source cell needs to keep the LTM configuration.
· Go to the RRE procedure if fallback fails (LTM config could be used when the candidate cell is selected)
· Initiate the MCG Failure Information, SCG Failure Information procedures
Proposal 14: Introduce the LTM handover failure report after connecting to the cell.
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