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Basic procedures needed for NTN mobility were specified in Release 17. In Release 18 the WI includes the following objectives for NTN-NTN mobility and NTN-TN mobility.

	This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.
· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2, RAN3, RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]



This contribution discusses the enhancements for NTN mobility in Release 18.

Discussion

Enhancements for NTN Mobility

Rel18 WI proposes to specify enhancements to connected mode mobility for earth moving and quasi earth fixed cells. Due to earth moving and quasi earth fixed cells handovers are triggered for UEs which may be stationary. This results in frequent handovers for the UE due to both satellite movement and UE mobility. Also, UE may undergo RLF if the handover between the moving cells is not properly timed. 
CHO with time-based and location-based measurements can assist the UEs and the target to be prepared for the upcoming handover due to satellite movement. However, the available target gNBs may not be connected to the source gNB via Xn interface. In such scenarios where the target is known, but direct Xn connection is not available with the source gNB, we propose to introduce CHO for NG based handover. CHO via NG based handover would help the source gNB to prepare the possible target gNBs for NTN frequent Handovers, even if the target gNBs are not directly connected via XN interface.  
Proposal 1: Conditional HO over NG shall be supported for NTN to NTN or TN to NTN or vice versa handovers. 
 
For earth moving and quasi earth fixed cells, all the UEs in the source cell should be handed over to the target cell during the overlap coverage time period between two NTN cells. All the UEs from source cell should be handed over to next target cell within a short span of time. Due to large number of UEs being handed over in short time span, the complexity and load increases in both source and target gNBs. Moreover, in this scenario, the target gNB for handover is same for all the UEs.
 
Hence to simplify the NTN handover, we propose to introduce group handover over both XN and NG interface.

Proposal 2: Group handovers over NG and XN interfaces should be supported for NTN for earth moving and quasi earth fixed cells
 
If group handovers are agreed to be supported, then the number of UEs supported per Handover message should be decided based on the message size limitation.

Proposal 3: For group handovers, message size limitation should be taken into consideration. 

UE Location for NTN Mobility

In Rel17 it was decided to send the mapped cell ID and TAI to Core Network (CN) by RAN based on the UE location, for a NTN cell. When the UE is connected to source gNB, gNB may request the UE to send its location. Based on the UE location, source gNB computes the mapped Cell ID and TAI and forward them to the CN. CN uses the mapped Cell ID for Paging, PWS and other services.

When a UE is handed over a source NTN cell to target NTN cell via XN interface, the target does not know the UE location. Based on configuration, the target may report configured Mapped Cell ID and TAI to the CN in the Path Switch Request message. Post the handover execution, target may request UE to send its location and target may report the updated Mapped Cell ID and TAI to the CN based on the UE location provided. In this scenario, the target reports pre-configured mapped cell ID and TAI to CN due to missing UE location in Handover Preparation phase, which is not so efficient. The source already has the UE location information which could be sent to target for its initial reporting of UE location to CN during Handover execution. 

[image: PlantUML diagram]

Fig 1: Current scenario for NTN XN Handover

If the target is made aware of the UE location during handover preparation by the source, then the target may send the Mapped Cell ID and TAI to CN based on the location information shared by source, instead of using a preconfigured value. Hence the proposal is to send the available UE location at the source from source to the target in XNAP Handover Request message. Target may use the UE location sent by source, to compute mapped CellID and TAI to the be reported to CN in XNAP Path Switch Request.

Proposal 4a:  For NTN mobility via XN, the UE location if available at the source gNB, shall be sent to the target gNB in Handover Request message. The UE location will assist the target gNB to compute the Mapped Cell ID and TAI to send to AMF in NGAP Path Switch Request. 
 

Alternatively, the source may also send the latest mapped Cell ID and TAI it computed for the UE based on UE location, to target instead of UE location directly. Target may then forward the mapped Cell ID + TAI from source to CN in XNAP Path Switch Request. 

Proposal 4b:  Altenatively, for NTN mobility via XN, the Mapped Cell ID and TAI  at the source gNB, shall be sent to the target gNB in Handover Request message. The Mapped Cell ID and TAI will assist the target gNB to send the Mapped Cell ID and TAI to the AMF in NGAP Path Switch Request message.
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Fig2: XNAP NTN Handover including UE Location


Similar way the UE location or Mapped Cell ID + TAI can be shared from source to target in NG Handover Required message in Source to Target Transparent Container. Target shall use the UE location information provided by source to report Mapped Cell ID and TAI in Handover Notify message.
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Fig3: NTN NGAP Handover including UE Location


Proposal 5a:  For NTN mobility via NG, the UE location if available at the source gNB, shall be sent to the target gNB in the Source to Target Transparent Container in NGAP Handover Required message. UE location from the source will assist the target gNB to find the Mapped Cell ID and TAI to be sent to AMF in NGAP Handover Notify. 
 
Proposal 5b:  For NTN mobility via NG, the Mapped Cell ID and TAI from the source gNB, shall be sent to the target gNB in the Source to Target Transparent Container in NGAP Handover Required message. Mapped Cell ID and TAI from the source will assist the target gNB to send the Mapped Cell ID and TAI to AMF in NGAP Handover Notify message. 


Summary 

Based on the discussion, we have following proposals: 

Proposal 1: Conditional HO over NG shall be supported for NTN to NTN or TN to NTN or vice versa handovers 

Proposal 2: Group handovers over NG and XN interfaces should be supported for NTN for earth moving and quasi earth fixed cells

Proposal 3: For group handovers, message size limitation should be taken into consideration. 

Proposal 4a:  For NTN mobility via XN, the UE location if available at the source gNB, shall be sent to the target gNB in Handover Request message. The UE location will assist the target gNB to compute the Mapped Cell ID and TAI to sent to AMF in NGAP Path Switch Request. 
 
Proposal 4b:  Alternatively, for NTN mobility via XN, the Mapped Cell ID and TAI  at the source gNB, shall be sent to the target gNB in Handover Request message. The Mapped Cell ID and TAI will assist the target gNB to send the Mapped Cell ID and TAI to the AMF in NGAP Path Switch Request message. 
 
Proposal 5a:  For NTN mobility via NG, the UE location if available at the source gNB, shall be sent to the target gNB in the Source to Target Transparent Container in NGAP Handover Required message. UE location from the source will assist the target gNB to find the Mapped Cell ID and TAI to be sent to AMF in NGAP Handover Notify. 
 
Proposal 5b:  Alternatively, for NTN mobility via NG, the Mapped Cell ID and TAI from the source gNB, shall be sent to the target gNB in the Source to Target Transparent Container in NGAP Handover Required message. Mapped Cell ID and TAI from the source will assist the target gNB to send the Mapped Cell ID and TAI to AMF in NGAP Handover Notify message. 
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