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1	Introduction
It was agreed to support SON enhancements for intra-NTN mobility in R19 [1]: 
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:
- Support of SON/MDT enhancements for [RAN3, RAN2]:
· Intra-NTN mobility
· Network Slicing

In this paper, we would discuss details of SON enhancements for intra-NTN mobility.
2	Discussion
An NTN provides non-terrestrial NR access to the UE by means of an NTN payload and an NTN Gateway, depicting a service link between the NTN payload and a UE, and a feeder link between the NTN Gateway and the NTN payload.
Three types of service links are supported:
-	Earth-fixed: provisioned by beam(s) continuously covering the same geographical areas all the time (e.g., the case of GSO satellites);
-	Quasi-Earth-fixed: provisioned by beam(s) covering one geographic area for a limited period and a different geographic area during another period (e.g., the case of NGSO satellites generating steerable beams);
-	Earth-moving: provisioned by beam(s) whose coverage area slides over the Earth surface (e.g., the case of NGSO satellites generating fixed or non-steerable beams).
Currently, intra-NTN mobility is supported. UE may support mobility between gNBs operating with NTN payloads in different orbits (e.g., GSO, NGSO at different altitudes). Intra-NTN mobility may by an ordinary handover, or a CHO. Furthermore, for CHO in NTN, location based CHO and time based CHO are supported. 
For normal mobility in NTN, Event D1 is introduced that measurement report is triggered when distance between UE and a reference location referenceLocation1 becomes larger than configured threshold distanceThreshFromReference1 and distance between UE and a reference location referenceLocation2 becomes shorter than configured threshold distanceThreshFromReference2. 
In time based intra-NTN CHO, CondEvent T1 is introduced that the time measured at UE becomes more than configured threshold t1-Threshold but is less than t1-Threshold + duration. Time-based CHO can be performed via RACH-less.
In location based intra-NTN CHO, CondEvent D1 is introduced for Quasi-Earth-fixed case, location based trigger condition is satisfied when distance between UE and a reference location referenceLocation1 becomes larger than configured threshold distanceThreshFromReference1 and distance between UE and a reference location referenceLocation2 of conditional reconfiguration candidate becomes shorter than configured threshold distanceThreshFromReference2. On the other hand, CondEvent D2 is introduced for Earth-moving case, location based trigger condition is satisfied when distance between UE and a moving reference location determined based on referenceLocation1 becomes larger than configured threshold distanceThreshFromReference1 and distance between UE and a moving reference location determined based on referenceLocation2 of conditional reconfiguration candidate becomes shorter than configured threshold distanceThreshFromReference2.
A time-based or a location-based trigger condition is always configured together with one of the measurement-based trigger conditions (CHO events A3/A4/A5). It is up to UE implementation how the UE evaluates the time-or location-based trigger condition together with the RRM measurement-based event.
Therefore, in R19, the following mobility case should be considered for SON enhancements:
· ordinary intra-NTN handover;
· location based intra-NTN CHO;
· time based intra-NTN CHO.
Proposal 1: The following mobility case should be considered for SON enhancements:
· ordinary intra-NTN handover;
· location based intra-NTN CHO;
· time based intra-NTN CHO.
Similar as legacy handover procedure, when a connection failure happens in intra-NTN mobility, the RLF report can be reused to include NTN related information to help network to optimize mobility related confifuration (e.g. optimize  the distance threshold to trigger handover, or distance based CHO execution condition, or time based CHO execution condition, etc.), for example, the distance between UE and a reference location or a moving reference location of source cell when the connection failure happens, or the distance between UE and a reference location or a moving reference location of target cell when the connection failure happens, may be stored or reported by the UE in RLF report. The detailed informtion to be stored or reported by the UE in the RLF report can be further checked with RAN2.
Proposal 2: For connection failure in intra-NTN mobility, RLF report can be enhanced to include NTN related information, e.g. the distance between UE and a reference location or a moving reference location of source cell when the connection failure happens, or the distance between UE and a reference location or a moving reference location of target cell when the connection failure happens.
For failure detection and MRO related optimisation at network side, a failure indication may be sent to the node last serving the UE when the NG-RAN node fetches the RLF REPORT from UE by triggering Failure Indication procedure over Xn, or Uplink RAN configuration transfer procedure and Downlink RAN configuration transfer procedure over NG. The legacy RLF report forwarding mechanism can be taken as baseline for intra-NTN mobility.
Proposal 3: The legacy RLF report forwarding mechanism can be taken as baseline for intra-NTN mobility.
Similar as legacy handover procedure, when a near-failure successful mobility happens in NTN, the SHR can be reused to include NTN related failure information. In legacy, T310/T312/T304 related SHR trigger threshold is configured by network. Compared with legacy handover procedure, distance information or time information is important in NTN mobility, it is up to RAN2 to consider which trigger condition can be configured for SHR for NTN mobility, e.g. whether to introduce NTN specific SHR trigger condition, for example, whether to introduce distance related SHR trigger threshold or time related SHR trigger threshold. When the trigger condition is fulfilled, the UE may store and report SHR to include NTN related information to help network to optimize mobility related confifuration (e.g. optimize the distance threshold to trigger handover, or distance based CHO execution condition, or time based CHO execution condition, etc.), similarly, the distance between UE and a reference location or a moving reference location of source cell when handover is successful, or the distance between UE and a reference location or a moving reference location of target cell when handover is successful, may be included in SHR. The detailed informtion to be stored or reported by the UE in the SHR can be further checked with RAN2.
Proposal 4: For near-failure successful intra-NTN mobility, SHR can be enhanced to include NTN related information, e.g. the distance between UE and a reference location or a moving reference location of source cell when handover is successful, or the distance between UE and a reference location or a moving reference location of target cell when handover is successful.
For legacy SHR, it may be forwarded to the node(s) which configured the SHR trigger causing the SHR to be generated, by using the ACCESS AND MOBILITY INDICATION message over Xn or by means of the Uplink RAN configuration transfer procedure and Downlink RAN configuration transfer procedure over NG. Upon retrieval of an SHR, the receiving node may analyse whether its mobility configuration needs adjustment. The legacy SHR forwarding mechanism can be taken as baseline for intra-NTN mobility.
Proposal 5: The legacy SHR forwarding mechanism can be taken as baseline for intra-NTN mobility.
3	Conclusion
In this paper, SON enhancements for intra-NTN mobility are discussed. We have the following proposals:
Proposal 1: The following mobility case should be considered for SON enhancements:
· ordinary intra-NTN handover;
· location based intra-NTN CHO;
· time based intra-NTN CHO.
Proposal 2: For connection failure in intra-NTN mobility, RLF report can be enhanced to include NTN related information, e.g. the distance between UE and a reference location or a moving reference location of source cell when the connection failure happens, or the distance between UE and a reference location or a moving reference location of target cell when the connection failure happens.
Proposal 3: The legacy RLF report forwarding mechanism can be taken as baseline for intra-NTN mobility.
Proposal 4: For near-failure successful intra-NTN mobility, SHR can be enhanced to include NTN related information, e.g. the distance between UE and a reference location or a moving reference location of source cell when handover is successful, or the distance between UE and a reference location or a moving reference location of target cell when handover is successful.
Proposal 5: The legacy SHR forwarding mechanism can be taken as baseline for intra-NTN mobility.
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