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1
Introduction
This contribution analyses the “RAN3-AP” (i.e. NGAP, or F1AP) interface management for Regenerative satellite based NG-RAN architecture option, when gNB (or gNB-DU) is on the satellite, and the AMF (or gNB-CU) is on the ground. 
2
Discussion

In Regenerative satellite based NG-RAN architecture option, the RAN3-AP interface between the network entity on the satellite and the network entity on the ground need to be managed appropriately. 
· For architecture option with gNB-DU on satellite, the “RAN3-AP” interface is the F1AP interface between the gNB-DU on the satellite, and the gNB-CU on the ground.

· For architecture option with gNB on satellite, the “RAN3-AP” interface is the NGAP interface between the gNB on the satellite, and the AMF on the ground. 

2.1
Architecture option with gNB-DU on satellite:
[image: image1.emf]Data 

Network 

UE

Remote Radio Unit

5G CN

gNB-CU

NG N6

NG Radio Access Network

NR-Uu

F1 over SRI

NTN 

Gateway

gNB-DU


Figure 5.3-6: NG-RAN with a regenerative satellite based on gNB-DU

As the satellite moves out of a specific geographic area, the satellite/gNB-DU will loose the connection with current NTN Gateway, and needs to connect to a new NTN Gateway. There are two further cases:
· Case 1: the satellite remains in the coverage area of current gNB-CU. 

To use the new NTN Gateway for the SCTP with the current gNB-CU, the satellite/gNB-DU has to use a new IP address that is anchored in the NTN Gateway. The satellite/gNB-DU could use the multiple TNLAs by adding the new SCTP IP address then remove the old SCTP IP address. This may results the termination of the existing STCP, and setup a new SCTP using the new IP address. Alternatively, the satellite/gNB-DU may use Mobile IP, or Proxy Mobile IP to maintain the SCTP with the current gNB-CU using the current IP address. The F1 interface remains unaffected after the satellite/gNB-DU connects to current gNB-CU via the new NTN Gateway.
· Case 2: the satellite moves into a coverage of a new gNB-CU. 
The satellite/gNB-DU need to setup the new F1 with the new gNB-CU. There are some issues that need to be further studied:

· Issue 1: How to handle the F1 connection with the old gNB-CU?

There is no F1 release procedure. It is unclear whether the gNB-CU/DU can use the indication from the SCTP layer, e.g. the satellite/gNB-DU initiates a SCTP Shutdown before it leaves the old gNB-CU. This should be treated differently than the abnormal case, e.g. satellite/gNB-DU lost the connection with the gNB-CU due to bad satellite radio connection. Since the satellite/gNB-DU will connect to the same CU in the near future, there may be no need to release the F1. Instead, the satellite/gNB-DU and gNB-CU may suspend the F1 interface and keep the application level configuration data when the satellite/gNB-DU leaves, then resume the F1 interface when the satellite/gNB-DU connects to the same gNB-CU later. 
· Issue 2: how to setup the F1 connection with the new gNB-CU?

According to current F1AP, one DU can only connect to one CU. It is not possible for the DU to setup the F1 with the new CU, while still keep the F1 with the old CU. One possibility is to have 2 DUs on the satellite. While the 1st DU connects to the old gNB-CU, the 2nd DU setup the connection with the new gNB-CU. Further study may be studied.  

Proposal 1: For architecture option with gNB-DU on satellite, RAN3 to study how to handle the F1 connection with the old gNB-CU, and how to setup the F1 connection with the new gNB-CU. 
2.2
Architecture option with gNB on satellite:
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Figure 5.3-1: NG-RAN with a regenerative satellite based on gNB

As the satellite moves out a specific geographic area, the satellite may be out of the serving area of the NTN Gateway, and needs to connect to a new NTN Gateway. There are two further cases:

· Case 1: the satellite remains in the coverage area of current AMF. 

To use the new NTN Gateway for the SCTP with the current AMF, the satellite/gNB has to use a new IP address that is anchored in the NTN Gateway. The satellite/gNB could use the multiple TNLAs by adding the new SCTP IP address then remove the old SCTP IP address. This may results the termination of the existing STCP, and setup a new SCTP using the new IP address. Alternatively, the satellite/gNB may use Mobile IP, or Proxy Mobile IP to maintain the SCTP with the current AMF using the current IP address. The NG interface remains unaffected after the satellite/gNB connects to current AMF via the new NTN Gateway.

· Case 2: the satellite moves into a coverage of a new AMF. 

The satellite/gNB need to setup the connection with a new AMF. 
· How to handle the NG connection with the old AMF?
There is no NG release procedure. It is unclear whether the gNB/AMF can use the indication from the SCTP layer, e.g. the satellite/gNB initiates a SCTP Shutdown before it leaves the old AMF. This should be treated differently than the abnormal case, e.g. satellite/gNB lost the connection with the AMF due to bad satellite radio connection. Since the satellite/gNB will connect to the same AMF in the near future, there may be no need to release the NG. Instead, the satellite/gNB and AMF may suspend the NG interface and keep the application level configuration data when the satellite/gNB leaves, then resume the NG interface when the satellite/gNB connects to the same AMF later.
· How to setup the NG connection with the new AMF?
A gNB can setup NG connection with multiple AMFs. So it is possible that the satellite/gNB setup the NG with the new AMF, while still keep the NG with the old AMF. This may not be an issue. 
Proposal 2: For architecture option with gNB on satellite, RAN3 to study how to handle the NG connection with the old AMF.
3
Conclusions
In this contribution we have analysed the mobility issues for Non Terrestrial Network with earth-fixed beam. Our observations and proposals are: 

Proposal 1: For architecture option with gNB-DU on satellite, RAN3 to study how to handle the F1 connection with the old gNB-CU, and how to setup the F1 connection with the new gNB-CU. 

Proposal 2: For architecture option with gNB on satellite, RAN3 to study how to handle the NG connection with the old AMF.
We propose to capture the issue in the TR. (refer to the TP at the end of this contribution) 
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8.y
Interface management between satellite and network entity on the ground
8.y.1
Interface magament for Architecture option with gNB-DU on satellite:
[image: image3.emf]Data 

Network 

UE

Remote Radio Unit

5G CN

gNB-CU

NG N6

NG Radio Access Network

NR-Uu

F1 over SRI

NTN 

Gateway

gNB-DU


Figure 5.3-6: NG-RAN with a regenerative satellite based on gNB-DU

As the satellite moves out of a specific geographic area, the satellite/gNB-DU will loose the connection with current NTN Gateway, and needs to connect to a new NTN Gateway. There are two further cases:

· Case 1: the satellite remains in the coverage area of current gNB-CU. 

To use the new NTN Gateway for the SCTP with the current gNB-CU, the satellite/gNB-DU has to use a new IP address that is anchored in the NTN Gateway. The satellite/gNB-DU could use the multiple TNLAs by adding the new SCTP IP address then remove the old SCTP IP address. This may results the termination of the existing STCP, and setup a new SCTP using the new IP address. Alternatively, the satellite/gNB-DU may use Mobile IP, or Proxy Mobile IP to maintain the SCTP with the current gNB-CU using the current IP address. The F1 interface remains unaffected after the satellite/gNB-DU connects to current gNB-CU via the new NTN Gateway.

· Case 2: the satellite moves into a coverage of a new gNB-CU. 

The satellite/gNB-DU need to setup the new F1 with the new gNB-CU. There are some issues that need to be further studied:

· Issue 1: How to handle the F1 connection with the old gNB-CU?

There is no F1 release procedure. It is unclear whether the gNB-CU/DU can use the indication from the SCTP layer, e.g. the satellite/gNB-DU initiates a SCTP Shutdown before it leaves the old gNB-CU. This should be treated differently than the abnormal case, e.g. satellite/gNB-DU lost the connection with the gNB-CU due to bad satellite radio connection. Since the satellite/gNB-DU will connect to the same CU in the near future, there may be no need to release the F1. Instead, the satellite/gNB-DU and gNB-CU may suspend the F1 interface and keep the application level configuration data when the satellite/gNB-DU leaves, then resume the F1 interface when the satellite/gNB-DU connects to the same gNB-CU later.
· Issue 2: how to setup the F1 connection with the new gNB-CU?

According to current F1AP, one DU can only connect to one CU. It is not possible for the DU to setup the F1 with the new CU, while still keep the F1 with the old CU. One possibility is to have 2 DUs on the satellite. While the 1st DU connects to the old gNB-CU, the 2nd DU setup the connection with the new gNB-CU. Further study may be studied.  

8.y.2
Interface magament for Architecture option with gNB on satellite:
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Figure 5.3-1: NG-RAN with a regenerative satellite based on gNB

As the satellite moves out a specific geographic area, the satellite may be out of the serving area of the NTN Gateway, and needs to connect to a new NTN Gateway. There are two further cases:

· Case 1: the satellite remains in the coverage area of current AMF. 

To use the new NTN Gateway for the SCTP with the current AMF, the satellite/gNB has to use a new IP address that is anchored in the NTN Gateway. The satellite/gNB could use the multiple TNLAs by adding the new SCTP IP address then remove the old SCTP IP address. This may results the termination of the existing STCP, and setup a new SCTP using the new IP address. Alternatively, the satellite/gNB may use Mobile IP, or Proxy Mobile IP to maintain the SCTP with the current AMF using the current IP address. The NG interface remains unaffected after the satellite/gNB connects to current AMF via the new NTN Gateway.

· Case 2: the satellite moves into a coverage of a new AMF. 

The satellite/gNB need to setup the connection with a new AMF. 

· How to handle the NG connection with the old AMF?

There is no NG release procedure. It is unclear whether the gNB/AMF can use the indication from the SCTP layer, e.g. the satellite/gNB initiates a SCTP Shutdown before it leaves the old AMF. This should be treated differently than the abnormal case, e.g. satellite/gNB lost the connection with the AMF due to bad satellite radio connection. Since the satellite/gNB will connect to the same AMF in the near future, there may be no need to release the NG. Instead, the satellite/gNB and AMF may suspend the NG interface and keep the application level configuration data when the satellite/gNB leaves, then resume the NG interface when the satellite/gNB connects to the same AMF later.
· How to setup the NG connection with the new AMF?

A gNB can setup NG connection with multiple AMFs. So it is possible that the satellite/gNB setup the NG with the new AMF, while still keep the NG with the old AMF. This may not be an issue. 

