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1. Introduction

This document discusses intra-NTN Mobility for SONMDT based on WID [1].
- Support of SON/MDT enhancements for [RAN3, RAN2]:
· Intra-NTN mobility
· Network Slicing
2. Discussion
RAN3 should discuss the scope of intra-NTN mobility for SONMDT first. 

In Rel-17 NTN WI, the following bullet related to intra-NTN mobility can be considered for SONMDT.

· Time/location based CHO: condEventT1 and condEventD1.

In Rel-18 NTN WI, the following bullets related to intra-NTN mobility can be considered for SONMDT.

· Location based CHO for EMC: condEventD2 
· Unchanged PCI: satellite change while NTN gateway unchanged for EFC
· RACH-less HO

Generally, RAN3 can consider both Rel-17 and Rel-18 NTN feature for SONMDT. We can focus on time/location based CHO optimization first and further consider the potential impact for unchanged PCI and RACH-less HO.

Proposal 1: RAN3 considers both Rel-17 and Rel-18 NTN feature in SONMDT.
2.1 Intra-NTN mobility based on time/location based CHO

More details, there are three types of service links are supported in Rel-17 and Rel-18 NTN feature:

· 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).

With NGSO satellites, the gNB can provide either quasi-Earth-fixed service link or Earth-moving service link, while gNB operating with GSO satellite can provide Earth fixed service link.

Since for Earth-fixed type, the satellite covers the same geographical areas all the time, it is more like a regular stationary gNB that covers a wide area, so fewer enhancement maybe performed on this type; For Quasi-Earth-fixed and Earth-moving types, in NTN WI itself multiple mechanisms are used to adapt the moved/changed gNB with NGSO satellite.
Proposal 2: SONMDT enhancement for NTN should focus on types of Quasi-Earth-fixed and Earth-moving, similar as the NTN work item itself does.
The optimization on reducing time/location based CHO failure/nearly failure can be considered in SONMDT WI.
· Problem and detection mechanism of intra-NTN mobility

Given that there are many handover cases e.g., service link switch and feeder link switch may happen in NTN, the problem and detection mechanism should be discussed first. 
The following service link switch cases should be discussed whether they belong to too late case: 
· Case 1: UE stays in a NTN cell for a long time and RLF occurs, UE reestablishes to another NTN cell of the same/different satellite connecting with same gateway.
· Case 2: UE stays in a NTN cell for a long time and RLF occurs, UE reestablishes to another NTN cell of a different satellite different gateway.
The following service link switch cases should be discussed whether they belong to too early and/or to wrong cell case:

· Case 1: UE connection failure, UE reestablishes to the same NTN cell of the same satellite connecting with same gateway.

· Case 2: UE connection failure, UE reestablishes to another NTN cell of the same satellite connecting with same gateway.

· Case 3: UE connection failure, UE reestablishes to another NTN cell of a different satellite connecting with same gateway.
· Case 4: UE connection failure, UE reestablishes to another NTN cell of the different satellite connecting with different gateway.

Proposal 3: RAN3 discuss problem and detection mechanism for intra-NTN service link switch.
UE may experience connection failure due to feeder link failures (RLF or HOF). In this case, the problem is the satellite switch failure between gateways rather than the UE, the network configures [T1, T2] based on satellite’s moving track and configures time based CHO to UE for feeder link switch. RAN3 should discuss whether to consider feeder link failure in MRO.
Proposal 4: RAN3 discuss whether feeder link failure (RLF or HOF) only case should be included in MRO for intra-NTN mobility.
· SHR and RLF report enhancements of intra-NTN mobility
If the configuration of [T1, T2] and/or [D1, D2] are not appropriate, the UE handover may be failed or nearly failed. Take time based CHO as an example, UE measures target signal quality during T1 and T2 and execute handover when the second condition is met, however, UE connection failure (RLF or HOF) and have to go back to the source. The network may consider the T1 and/or T2 are set too early which is not an appropriate time for CHO execution. The similar principle also applies to location based CHO. Therefore, optimizing time/location information e.g., T1/T2/D1/D2 is one of the objectives of MRO of intra-NTN mobility. Also, the nearly failure need to be considered.
Proposal 5: For intra-NTN mobility with time based and location based CHO, MRO enhancement such as SHR and RLF report can be introduced, e.g., providing time/location information.
· MDT of intra-NTN mobility
For logged MDT configuration, we support per cell area scope in legacy. However, NTN cell is larger than legacy TN cell, area scope with a smaller range granularity compared with NTN cell can be considered.
Proposal 6: For logged MDT configuration, area scope with a smaller range granularity can be considered.
2.2 Intra-NTN mobility based on unchanged PCI 
In the unchanged PCI scenario, if the current satellite providing coverage (satellite 0) leaves, another satellite (satellite 1) will takes over. When satellite 0 and satellite 1 are connected to the same gNB, the network can configure the same PCI and SSB for the cell of the two satellites. Since only the connecting satellite has been updated and the service cell has not been replaced, the UE can retain the original configuration information and even restore the connection to the target cell without doing L2 (MAC/RLC/PDCP) reestablish.
However, if the coverage of satellite 0 and satellite 1 are not fully same e.g., the coverage of satellite 1 is smaller than satellite 0, the UE located at the edge of satellite 0’s coverage will connection failure or nearly failure. In this case, UE can record some information in SON report for network optimization to avoid unchanged PCI failure.
Proposal 7: For intra-NTN mobility with unchanged PCI, MRO enhancement such as SHR and RLF report can be introduced.
2.3 Intra-NTN mobility based on RACH-less HO
During the handover, UE needs to perform random access to obtain uplink synchronization with the target cell. Especially NTN scenario, most UE will switch in close time, such as the moment when quasi-earth fixed cell is out of service. This will cause a random access signaling storm. To solve this problem, Rel-18 NTN supports RACH-less HO.
UE can send uplink data via CG or DG without random access process. However, if the configuration about RACH-less is incorrect, UE will access/handover fails or is nearly failed. The SON report for network optimization can be used to avoid RACH-less HO failure.

Proposal 8: For intra-NTN mobility with RACH-less HO, MRO enhancement such as SHR and RLF report can be introduced e.g., providing RACH-less related information.
3. Conclusion
Proposal 1: RAN3 considers both Rel-17 and Rel-18 NTN feature in SONMDT.

Proposal 2: SONMDT enhancement for NTN should focus on types of Quasi-Earth-fixed and Earth-moving, similar as the NTN work item itself does.
Proposal 3: RAN3 discuss problem and detection mechanism for intra-NTN mobility.

Proposal 4: RAN3 discuss whether feeder link failure (RLF or HOF) only case should be included in MRO for intra-NTN mobility.
Proposal 5: For intra-NTN mobility with time based and location based CHO, MRO enhancement such as SHR and RLF report can be introduced, e.g., providing time/location information.
Proposal 6: For logged MDT configuration, area scope with a smaller range granularity can be considered.
Proposal 7: For intra-NTN mobility with unchanged PCI, MRO enhancement such as SHR and RLF report can be introduced.
Proposal 8: For intra-NTN mobility with RACH-less HO, MRO enhancement such as SHR and RLF report can be introduced e.g., providing RACH-less related information.
4. Reference
[1] RP-234038 – New WID: Data collection for SON (Self-Organising Networks)/MDT (Minimization of Drive Tests) in NR standalone and MR-DC (Multi-Radio Dual Connectivity) Phase 4, CMCC, RAN#102, Dec 2023.
3GPP


