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Introduction
The Work Item on SON/MDT enhancement has been agreed in RAN#102 (RP-234038) with the following objectives:
	The objective of this work item is to specify data collection enhancement in NR standalone and MR-DC for SON/MDT purpose. The specific objectives of this work item are:
[bookmark: OLE_LINK31][bookmark: OLE_LINK17]- MRO enhancement for R18 mobility mechanisms, including, Lower layer triggered mobility (LTM), CHO with candidate SCGs, subsequent CPAC [RAN3, RAN2]:
· Specification of the inter-node information exchange, including possible enhancements to interfaces [RAN3]
· Identify and specify necessary UE reporting to enhance the mobility parameter tuning [RAN2]
- Support of SON/MDT enhancements for [RAN3, RAN2]:
· Intra-NTN mobility
· Network Slicing
- Support of the leftovers in Rel-18 SON/MDT [RAN3, RAN2]:
· RACH optimization for SDT
· MHI Enhancement for SCG Deactivation/Activation
· MRO for MR-DC SCG failure



This paper discusses the SON/MDT enhancements for NTN mobility. 
Discussion
 Condition Handover Optimization for NTN network
 Time-based CHO Optimization for NTN network
NTN supports the time-based trigger condition upon which UE may execute CHO to a candidate cell. The figure below depicts the basic conditional handover scenario where neither the AMF nor the UPF changes:
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The CHO condition is configured from the gNB to UE via the RRCReconfiguration message, and the preparation and execution phase of the conditional handover procedure is performed by the UE without involvement of the 5GC. 
For NTN network, the time-based CHO is supported, and the CHO configuration for time-based CHO is configured like below:
condEventT1-r17                  SEQUENCE {
            t1-Threshold-r17                 INTEGER (0..549755813887),
            duration-r17                     INTEGER (1..6000)
        },

For the time-based CHO, the UE should execute the handover during the t1-Threshold and the  t1-Threshold + duration, if this condition is not configured appropriately, the UE will execute the handover too early or too late, or even handover to the wrong cells. In this case, the time-based CHO configuration may need to be optimized. The handover too early or too late, or handover to the wrong cells may be detected by the radio link failure procedure, the UE can record the information about the CHO when the RLF happen, and the UE can report the CHO information to the gNB for CHO configuration optimization.
Proposal 1: Time-based CHO configuration need to be optimized when the RLF happened after the CHO. 
The UE should satisfy the time-based CHO condition, the time-based trigger condition is always configured together with one of the measurement-based trigger conditions. The UE will evaluate the CHO condition based on the measurement of the reference signal and the time which can satisfy the CHO condition. When the time-based CHO happen, the UE should record the handover time and the measurement result of the reference signal of the serving cell, handover target cell and other neighbor cells, and these information can be send to the gNB when the RLF happen, and the gNB can optimize the CHO condition and the measurement-based trigger conditions according to these information.    
Proposal 2: The UE can record the handover time when the time-based CHO happen, and report this information to the gNB when the radio link failure happen.
Proposal 3: The UE can record the measurement result of the reference signal of the serving cell, handover target cell and other neighbor cells when the time-based CHO happen, and report these information to the gNB when the radio link failure happen.

 Location-based CHO Optimization for NTN network
For NTN network, the location-based CHO is supported, and the CHO configuration for location-based CHO is configured like below:
condEventD1-r17                  SEQUENCE {
            distanceThreshFromReference1-r17 INTEGER(0.. 65525),
            distanceThreshFromReference2-r17 INTEGER(0.. 65525),
            referenceLocation1-r17           ReferenceLocation-r17,
            referenceLocation2-r17           ReferenceLocation-r17,
            hysteresisLocation-r17           HysteresisLocation-r17,
            timeToTrigger-r17                TimeToTrigger
        },

For the location-based CHO, the UE should measure the distance to the reference location of the serving cell and the target cell, and it will execute the handover after the distance threshold for the serving cell and the target cell are satisfied. The UE will execute the handover too early or too late, or even handover to the wrong cells because the handover opportunity is not appropriate. In this case, the location-based CHO configuration may need to be optimized. The handover too early or too late, or handover to the wrong cells may be detected by the radio link failure procedure, the UE can record the information about the CHO when the RLF happen, and the UE can report the CHO information to the gNB for CHO configuration optimization.
Proposal 4: Location-based CHO configuration need to be optimized when the RLF happened after the CHO. 
The location-based CHO condition is configured by the gNB according to the network planing of the NTN network, and the  measurement result of the reference signal of the serving cell, handover target cell and other neighbor cells can be used for the network to optimize the distance thresh from reference for serving cell and neighbor cells. When the location-based CHO happen, these information also need to be recorded, and  these information can be send to the gNB when the RLF happen. 
Proposal 5: The UE can record the distance to the reference point when the location-based CHO happen, and report  these information to the gNB when the radio link failure happen.
Proposal 6: The UE can record the measurement result of the reference signal of the serving cell, handover target cell and other neighbor cells when the location-based CHO happen, and report  these information to the gNB when the radio link failure happen.


 MDT Measurement Enhancement for NTN Network 
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The UE in NTN network can support mobility in RRC IDLE/INACTIVE states, and can support CHO in RRC CONNECTED state.
For UE in RRC IDLE/INACTIVE states, the network will configure the reference location and the moving reference location to UE via SIB19. UE will execute the cell re-selection according to the reference location and the moving reference location configured by the network.
SIB19 information element
-- ASN1START
-- TAG-SIB19-START

SIB19-r17 ::= SEQUENCE {
[bookmark: OLE_LINK144][bookmark: OLE_LINK143][bookmark: OLE_LINK145]    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    t-Service-r17                            INTEGER (0..549755813887)                       OPTIONAL,       -- Need R
[bookmark: _Hlk94000021]    referenceLocation-r17                    ReferenceLocation-r17                           OPTIONAL,       -- Need R
    distanceThresh-r17                       INTEGER(0..65525)                               OPTIONAL,       -- Need R
    ntn-NeighCellConfigList-r17              NTN-NeighCellConfigList-r17                     OPTIONAL,       -- Need R
    lateNonCriticalExtension                 OCTET STRING                                    OPTIONAL,
    ...,
    [[
    ntn-NeighCellConfigListExt-v1720         NTN-NeighCellConfigList-r17                     OPTIONAL        -- Need R
    ]],
    [[
    movingReferenceLocation-r18              ReferenceLocation-r17                           OPTIONAL,       -- Need R
    satSwitchWithReSync-r18                  SatSwitchWithReSync-r18                         OPTIONAL        -- Need R
    ]]

}


If distance Thresh and reference Location are broadcasted in SIB19, and if UE supports location-based measurement initiation for NTN quasi-Earth-fixed system and has obtained its location information, the UE will check the distance between UE and the serving cell reference location, if the reference Location is shorter than distance Thresh, the UE may not perform intra-frequency measurements; otherwise, the UE shall perform intra-frequency measurements.
If distance Thresh and moving Reference Location are broadcasted in SIB19, and if UE supports location-based measurement initiation for NTN Earth-moving system and has obtained its location information, the UE will check the distance between UE's location and the serving cell reference location determined based on moving Reference Location is shorter than distance Thresh, the UE may not perform intra-frequency measurements; otherwise, the UE shall perform intra-frequency measurements.
The UE will execute the cell re-selection after the measurement, and the reference location configuration is critical for the UE cell re-selection.

For UE in RRC CONNECTED state, the network can configure the location based CHO for UE, and the UE will execute the conditional handover when the condition configured by the network is satisfied.
EventTriggerConfig::=                       SEQUENCE {
    eventId                                     CHOICE {
......
	eventD1-r17                                 SEQUENCE {
            distanceThreshFromReference1-r17            INTEGER(1.. 65525),
            distanceThreshFromReference2-r17            INTEGER(1.. 65525),
            referenceLocation1-r17                      ReferenceLocation-r17,
            referenceLocation2-r17                      ReferenceLocation-r17,
            reportOnLeave-r17                           BOOLEAN,
            hysteresisLocation-r17                      HysteresisLocation-r17,
            timeToTrigger-r17                           TimeToTrigger
        }
......
}}
In the location based CHO configuration, the referenceLocation1 is associated to serving cell and referenceLocation2 is associated to candidate target cell. When the distance from a fixed reference location configured with referenceLocation1 or referenceLocation2 or a moving reference location determined by the UE based on referenceLocation1 or referenceLocation2 satisfy the configured threshold, the UE will execute the conditional handover.
Observation 1: The reference point is used to determine the cell re-selection measurement and conditional handover during UE mobility in RRC IDLE/INACTIVE states and RRC CONNECTED state. 
The reference location configuration is critical for the UE to execute cell re-selection and handover, and how to configure the reference location and the distance threshold for UE and reference location relies on the network deployment for NTN network. When the reference location and the distance threshold are not configured properly, there will be coverage hole or too much overlap coverage, which will lead to UE handover fail or unnecessary measurements for UE. The reference location and distance threshold configuration need to be optimized according to the measurements based on the reference location.
Proposal 7: The reference location and distance threshold configuration need to be optimized for UE cell re-selection and CHO.

For the cell re-selection and CHO case, the distance between the reference location is the critical judgment parameters according the condition configured by the gNB. How to optimize the configuration for cell re-selection and CHO relies on the measurements of the reference signal when the cell re-selection and CHO happen. The MDT measurement can be used for the measurements of the reference signal for certain distance to the reference point, and the reference point can be the reference point configured or will be configured for the cell re-selection and CHO. 
Proposal 8: The network can configure the MDT measurement for the reference point, and which area should be measured can be configured by the network with the MDT configuration.

Conclusion
Proposal 1: Time-based CHO configuration need to be optimized when the RLF happened after the CHO. 
Proposal 2: The UE can record the handover time when the time-based CHO happen, and report this information to the gNB when the radio link failure happen.
Proposal 3: The UE can record the measurement result of the reference signal of the serving cell, handover target cell and other neighbor cells when the time-based CHO happen, and report these information to the gNB when the radio link failure happen.
Proposal 4: Location-based CHO configuration need to be optimized when the RLF happened after the CHO. 
Proposal 5: The UE can record the distance to the reference point when the location-based CHO happen, and report  these information to the gNB when the radio link failure happen.
Proposal 6: The UE can record the measurement result of the reference signal of the serving cell, handover target cell and other neighbor cells when the location-based CHO happen, and report  these information to the gNB when the radio link failure happen.
Proposal 7: The reference location and distance threshold configuration need to be optimized for UE cell re-selection and CHO.
Proposal 8: The network can configure the MDT measurement for the reference point, and which area should be measured can be configured by the network with the MDT configuration.
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