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1. Introduction 
In this paper, we discuss potential SON/MDT enhancements for NTN based on agreements and open issues last meeting.

2. Discussion
2.1 MRO enhancements for NTN
MRO mechanisms for intra-NTN should be addressed based on failure scenarios first. 
Work on near failure scenarios later.
3GPP supports both intra-NTN mobility and mobility between TN and NTN. However, the Rel-19 scope for SON/MDT is limited to intra-NTN mobility. 
In contrast to TN, there are some differences for mobility in NTN e.g., support of RACH-less handover, support of time-based/location-based triggers for CHO, satellite switch over and feeder link switchover scenarios, support of mobility between gNBs operating with NTN payloads in different orbits (e.g., GSO, NGSO at different altitudes). Therefore, it is worth looking whether MRO can be enhanced for intra-NTN mobility and whether MRO can take NTN specific issues into consideration e.g., the large propagation delay.
2.1.1 Time-based/location-based CHO
NTN supports additional trigger conditions for CHO e.g., the RRM measurement-based event A4, a time-based trigger condition and a location-based trigger condition.

The following is captured in TS 38.300:

Time-based or location-based trigger conditions may be configured independently from the measurement condition for CHO in NTN in at least hard satellite switch case where the service discontinuity gap time length is assumed to be zero or negligible. 

Otherwise, 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.

When a time-based trigger condition is used, the source gNB may signal the corresponding parameters to a single target gNB via the Source NG-RAN Node to Target NG-RAN Node Transparent Container in an NG-C based handover.
 
The source gNB signals the corresponding CHO configuration to the UE in the RRC Reconfiguration message during handover execution.

When time-based trigger condition is used, the source NG-RAN node should consider the time indicated to the UE to decide when to start the early data forwarding to the target NG-RAN node.

Time-based CHO can be performed via RACH-less.

In case multiple trigger conditions are configured for CHO in NTN (e.g., time-based + measurement-based, location-based + measurement-based) for one or more candidate cells, it might be useful for the network to know if a subset of the trigger conditions were satisfied before an RLF occurred, so that it can fine tune the CHO triggers. UE can include this information in the RLF Report and report it to the gNB. Therefore, the following is proposed: 

Proposal 1: RAN3 should consider a scenario in which a UE is configured with multiple trigger conditions for CHO in NTN (e.g., time-based, location-based and measurement-based) and an RLF has occurred in the source cell before the CHO execution.

Proposal 2: In case a UE is configured with multiple trigger conditions for CHO in NTN (e.g., time-based, location-based, measurement-based) and an RLF has occurred in the source cell before the CHO execution in NTN, UE can include the CHO trigger condition(s) that were satisfied before the RLF occurred.

Further, the location-based criteria parameters (e.g., the distance w.r.t. reference location) or the time-based criteria parameters (e.g., the time at which the CHO execution should occur) might not have been configured appropriately, therefore resulting in a HO failure. We therefore have the proposal:

Proposal 3: In case a UE is configured with time-based CHO trigger in NTN and an RLF has occurred in the source cell before the CHO execution, UE can include the timestamp (e.g., UTC time) when RLF occurred in RLF Report

Proposal 4: In case a UE is configured with location-based CHO trigger in NTN and an RLF has occurred before the CHO execution, UE can include the location information when RLF occurred in RLF Report. FFS whether absolute or relative location.

2.1.2 RACH information in RLF Report

Currently UE includes RACH information (ra-InformationCommon) in RLF Report if connectionFailureType is hof and if the failed handover is an intra-RAT handover. But handovers in NTN can be RACH-based or RACH-less. 

We think that it is important for the NG-RAN node to know the HO type i.e., whether the HO was a RACH-based or RACH-less, so that it can take that into consideration before performing corresponding optimizations. 

Therefore, the RACH information should be only included in case of RACH-based LTM and in case of RACH-less HO, UE should omit RACH information in RLF Report during RACH-less LTM and further can add an explicit indicator that the LTM was RACH-less.
Proposal 5: RAN3 should consider the scenario where a RACH-less HO in NTN fails and discuss whether any enhancements are needed in RLF Report.

Simply omitting RACH information in RLF Report might not necessarily mean that the HO was RACH-less
because UE doesn’t include RACH information even in case of inter-RAT handover. Therefore, it might be good to have an explicit indicator in the RLF Report that the previous HO which failed was a RACH-less HO.

Proposal 6: UE should omit RACH information in the RLF Report if it was collected due to a RACH-less handover failure in NTN. UE can further add an explicit indicator in RLF Report that the previous HO was RACH-less.

In RACH-less HO, the UE skips the random-access procedure during handover and either uses a pre-allocated grant or waits for a grant from the target cell to start communicating via the target cell, thereby resulting in a smaller HO interruption time in comparison to a RACH-based HO.

In RACH-less HO, the UE can also be provided with a target beam (i.e., beam index or TCI state) that can be used while performing the RACH-less HO. But it is possible that the target beam provided was not the best beam and results in a beam failure/access issue thereby delaying the RACH-less HO. We therefore make the following proposal:

Proposal 7: RAN3 should discuss how to optimize the target beam during RACH-less HO.

2.1.3 TAC information in RLF Report 
UE reports the CGI and TAC information in RLF Report. In NTN, the network may broadcast multiple Tracking Area Codes (TACs) per PLMN in an NR NTN cell. Therefore, RAN3 should discuss which TAC should be reported by the UE in the SON/MDT reports collected in NTN.
Proposal 8: In case the network broadcasts multiple TACs in an NR NTN cell, RAN3 should discuss which TAC should be reported by the UE in the RLF Reports collected in NTN.

2.2 Logged MDT enhancements for NTN
Logged MDT enhancement based on scenarios to be worked first.
Work on immediate MDT if time allows.

Currently, logged MDT is used to collect radio measurements while UE is in RRC_IDLE and RRC_INACTIVE to develop coverage maps. Further, there are specific triggers defined to detect coverage holes e.g., when UE is “Out of Coverage” or to detect when the radio conditions are below a certain threshold.

An NTN might have a different coverage compared to a TN. Especially in initial NTN deployments, there might be discontinuous coverage which are well known in advance. Or an operator might be interested in only collecting NTN coverage or only TN coverage. 

Further, there might be enhancements needed in the Area Scope of logged MDT to indicate which neighbour cells should the UE measure while being in Idle/Inactive mode e.g., only the NTN neighbor cells or only TN cells or both NTN+TN cells and how long or when it should measure. In all these cases, there are some enhancements needed to the logged MDT procedure to be able to collect NTN specific information.

Proposal 9: RAN3 should consider the following aspects regarding logged MDT enhancements in NTN
· Whether to introduce new event triggers for logged MDT collection
· Whether to enhance Area Scope of logged MDT (e.g., collect in NTN only cells/frequencies)
· How to distinguish true coverage holes vs. known coverage holes (e.g., avoid UE collecting logged MDT in known coverage holes)

3. Conclusion
MRO enhancements for NTN

Time-based/location-based CHO

Proposal 1: RAN3 should consider a scenario in which a UE is configured with multiple trigger conditions for CHO in NTN (e.g., time-based, location-based and measurement-based) and an RLF has occurred in the source cell before the CHO execution.

Proposal 2: In case a UE is configured with multiple trigger conditions for CHO in NTN (e.g., time-based, location-based, measurement-based) and an RLF has occurred in the source cell before the CHO execution in NTN, UE can include the CHO trigger condition(s) that were satisfied before the RLF occurred.

Proposal 3: In case a UE is configured with time-based CHO trigger in NTN and an RLF has occurred in the source cell before the CHO execution, UE can include the timestamp (e.g., UTC time) when RLF occurred in RLF Report

Proposal 4: In case a UE is configured with location-based CHO trigger in NTN and an RLF has occurred before the CHO execution, UE can include the location information when RLF occurred in RLF Report. FFS whether absolute or relative location.

RACH information in RLF Report

Proposal 5: RAN3 should consider the scenario where a RACH-less HO in NTN fails and discuss whether any enhancements are needed in RLF Report.

Proposal 6: UE should omit RACH information in the RLF Report if it was collected due to a RACH-less handover failure in NTN. UE can further add an explicit indicator in RLF Report that the previous HO was RACH-less.

Proposal 7: RAN3 should discuss how to optimize the target beam during RACH-less HO.

TAC information in RLF Report
Proposal 8: In case the network broadcasts multiple TACs in an NR NTN cell, RAN3 should discuss which TAC should be reported by the UE in the RLF Reports collected in NTN.

Logged MDT enhancements for NTN

Proposal 9: RAN3 should consider the following aspects regarding logged MDT enhancements in NTN:
· Whether to introduce new event triggers for logged MDT collection
· Whether to enhance Area Scope of logged MDT (e.g., collect in NTN only cells/frequencies)
· How to distinguish true coverage holes vs. known coverage holes (e.g., avoid UE collecting logged MDT in known coverage holes)
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