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1	Introduction
[bookmark: _Toc474247438]Last RAN3 meeting agreed
In Rel-18, mobility enhancement based on NG and Xn can be discussed in WI based on technical issues to be solved
Enhancements for the support of CHO over NG for NTN-NTN hand-over should be discussed in this WI.
Time based CHO should be supported.
The target gNB is able to uniquely identify the target cell based on the target cell information received from the source gNB.
Start time, duration are added in the signaling of time-based CHO. 
The exchange of NTN Cell Coverage Stop Time between gNBs may be further discussed in future RAN3 meetings.
Open issues:
Uu Cell ID in hand-over signaling and/or Rel-17 defined mapped cell ID configuration via OAM?
Signaling multiple TACs for NTN cells at Xn setup and configuration update?

This contribution discusses the RAN3 related aspects on the Mobility and Service Continuity Enhancements in NR NTN.
2 Discussion
· Uu Cell ID in hand-over signaling and/or Rel-17 defined mapped cell ID configuration via OAM

Last RAN3 meeting agreed “The target gNB is able to uniquely identify the target cell based on the target cell information received from the source gNB.”

In Rel-17 TS38.300, “The Cell Identity included within the target identification of the handover messages allows identifying the correct target cell.” When Uu cell ID is used, it is same as TN and does not have any issue. The main issue is the Mapped Cell ID. Rel-17 does not specify whether Uu cell ID or Mapped Cell ID should be used in the handover signaling. 

As agreed in last RAN3 meeting, source gNB should ensure the Mapped Cell ID in the handover signaling should uniquely identify the target cell. Both source gNB and target gNB can be configured with the mapping between Mapped Cell IDs and geographical areas. It is possible that the geographical area of a Mapped Cell ID maybe covered by multiple Uu cells, e.g. west is covered by Uu cell ID#1, and east is covered by Uu cell ID#2, etc. This scenario is very likely popular in NTN with Earth-Moving Cell. However, it is difficult for source gNB to know whether the geographical area corresponds to a Mapped Cell ID is served by more than 1 Uu cell from target gNB. It is also up to the configuration/implementation in target gNB to decide when activate a Uu cell for a geographical area corresponds to a Mapped Cell ID. For example, in one implementation, a gNB may activate a Uu cell when it starts to enter the geographical area; while in another implementation, a gNB may activate a Uu cell when its satellite beam fully within the geographical area of a Mapped Cell ID. 

So in case source gNB uses the Mapped Cell ID as target cell ID in the HO signaling, target gNB may not be able to uniquely identify the target cell in some scenarios. We also admit that the Mapped Cell ID can uniquely identify a target cell in some other scenarios. There are two options to move forward:
· Option 1: clarify only Uu cell ID is used in the handover signaling. 

· Option 2: clarify both Mapped Cell ID and Uu Cell ID may be used in the handover signaling, and source gNB need to ensure target gNB can uniquely identify the target cell based on the target cell information in the HO signaling.  In case source gNB cannot ensure whether the Mapped Cell ID can uniquely identity target cell, source gNB should use Uu Cell ID. 

Option 1 is simple, and can avoid the confusion. Option 2 gives the freedom to source gNB, but target gNB need to support both Uu cell ID and Mapped cell ID received in the HO signaling. We prefer Option 1. 

Observation 1: the geographical area of a Mapped Cell ID may be served by more than 1 Uu cells.
Observation 2: source gNB does not know whether the geographical area of a Mapped Cell ID is served by more than 1 Uu cells in target gNB.

Proposal 1: it is preferred that target cell ID in the HO signaling is the Uu cell ID.

· Signaling multiple TACs for NTN cells at Xn setup and configuration update
In current XnAP, the gNBs exchanges the information of the serving cell. The exchanged information includes the serving cell’s TAC. In Rel-17, a cell may broadcast multiple TACs over the Uu interface. In that case, it is unclear which TAC should be exchanged over XnAP interface. 

In TN, the exchanged serving cell’s TAC can be used by the receiver gNB when need to decide the candidate target cell. For example, if the neighboring cell’s TAC belong to the Forbidden TACs of the Mobility Restriction List, the gNB will not consider the neighboring cell as a candidate target cell for the UE. 

Mobility Restriction List is also applicable to NTN. TS23.501 defines:
-	The AMF and the UE receive the broadcast TAI (if a single TAI is broadcast) or all broadcast TAIs (if multiple TAIs are broadcast) from the NG-RAN as described clause 5.4.11.7. The AMF considers the UE to be in a Forbidden Area if the only received TAI is forbidden or if all received TAIs are forbidden based on subscription data. The UE considers it is in a Forbidden Area if the only received TAI is forbidden, or if all received TAIs are forbidden and is not within a Forbidden Area in the case that at least one broadcast TAI is not forbidden.

The HO decision is made in the RAN. It is the source gNB’s responsibility to use the Mobility Restriction List and the neighboring cell information to determine a candidate target cell for a UE. Without knowing the target gNB’s all supported TACs, it can cause an issue for the source gNB. For example, a neighboring cell supports TAC#1 (which is a forbidden TAC for UE1) and TAC#2 (which is a forbidden TAC for UE2). This neighboring cell is still to be considered as a valid candidate target cell for both UE1 and UE2.  However, if only send one TAC (e.g. TAC#1 or TAC#2) over Xn, it can cause issue for UE1 or UE2. So it may be beneficial to transfer the serving cell’s all supported TACs over Xn. But it may have another issue. For example, a cell has three TAIs (1,2,3), and 2 and 3 are forbidden for the UE, so the UE can access the cell. But at a certain time only TAIs 2 and 3 are broadcasted (due to the movement of the cell). Then the UE cannot access, but a little later the UE can, as TAI 1 is included.

It needs a further analysis on following issues
· In case not transferring multiple TAC over Xn, which TAC should be transferred over Xn? How to support the mobility restriction?
· In case transferring multiple TAC over Xn, how to support the dynamic change of TACs (e.g. in Earth-moving case)?

Proposal 2: RAN3 further discuss the TAC or TACs transferred over Xn interface.

· Xn-based CHO to support time based CHO
Last RAN3 meeting agreed to transfer the start time and duration over XnAP to support the time based CHO. The XnAP CR is needed to transfer the start time/duration during the XnAP handover preparation procedure. 

· NG-based CHO
Current CHO is only supported for Xn-based HO. RAN3 need to study following aspects
· Handover Preparation procedure needs to be enhanced to enable indicating conditional HO (and the start time/duration), and to enable replacing prepared CHO;
· A new NGAP procedure needs to be introduced to enable indicating handover success;
· A new NGAP procedure may need to be enhanced to enable CHO cancellation from the target side; 
· A new NGAP procedure may need to be added to facilitate early data forwarding.
· Data forwarding

Since the NG-based HO procedure is captured in the SA2 spec, it is also necessary to hear SA2 view on whether NG-based HO can be enhanced to support CHO. 

Proposal 3: RAN3 study the following issues for NG-based CHO
· Handover Preparation procedure needs to be enhanced to enable indicating conditional HO (and the start time/duration), and to enable replacing prepared CHO;
· A new NGAP procedure needs to be introduced to enable indicating handover success;
· A new NGAP procedure may need to be enhanced to enable CHO cancellation from the target side; 
· A new NGAP procedure may need to be added to facilitate early data forwarding.
· Data forwarding

3	Conclusions
In this contribution, we briefly analyzed the support for mobility enhancements. Our proposals are:
Observation 1: the geographical area of a Mapped Cell ID may be served by more than 1 Uu cells.
Observation 2: source gNB does not know whether the geographical area of a Mapped Cell ID is served by more than 1 Uu cells.

Proposal 1: it is preferred that target cell ID in the HO signaling is the Uu cell ID.
Proposal 2: RAN3 further discuss the TAC or TACs transferred over Xn interface.
Proposal 3: RAN3 study the following issues for NG-based CHO
· Handover Preparation procedure needs to be enhanced to enable indicating conditional HO (and the start time/duration), and to enable replacing prepared CHO;
· A new NGAP procedure needs to be introduced to enable indicating handover success;
· A new NGAP procedure may need to be enhanced to enable CHO cancellation from the target side; 
· A new NGAP procedure may need to be added to facilitate early data forwarding.
· Data forwarding
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