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Abstract:
A graceful solution for managing user plane disconnection between gNB and UPF.
1. Introduction
This paper presents a graceful solution for managing user plane disconnection between gNB and UPF when the gNB, located onboard satellites, moves out of the coverage area served by a ground-based CN.

Clause 6.1 of TR 23.700-29 v0.3.0 provides guidance on gracefully managing the disconnection of the control plane (N2 interface) when a LEO satellite, equipped with an onboard gNB, moves away from an area serviced by a specific core network on the ground. To prevent errors in the UPF caused by removing N3 connections, this solution proposes a graceful removal of the user plane connection.
We suggest focusing the study on user plane operations when satellites move away from an area served by a ground-based core network. Furthermore, we suggest providing a supplementary addition to clause 6.1 of TR 23.700-29 v0.3.0.

In this paper, all cases based on the following principles and assumptions:

· The gNB is deployed on LEO satellite and 5GC is on the ground.

· AMF and gNB disconnect the N2 connection as described in clause 6.1.1 of TR 23.700-29 v030.
· AMF release UEs to RRC_IDLE after N2 connection is released gracefully and UE does not perform handover procedure.
2. Text Proposal
It is proposed to update TR 23.700-29 v0.3.0 as follows:
* * * * First change * * * *

6.0
Mapping of Solutions to Key Issues

Table 6.0-1: Mapping of Solutions to Key Issues
	
	Key Issues

	Solutions
	1 

Support of Regenerative-based satellite access
	2

Support of Store and Forward Satellite operation
	3

Support of UE-satellite-UE communication
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* * * * Second change * * * *

6.X
Solution X: N3 disconnection for satellites leaving an area served by a CN

6.X.1
Description

This solution resolves Key Issue #1: Support of Regenerative-based satellite access.

This solution assumes that the gNB is deployed on LEO satellite and 5GC is on the ground.

To prevent errors in the UPF caused by removing N3 connections, this solution proposes a graceful removal of the user plane connection.
All cases are based on the following principles and assumptions:

· The gNB is deployed on LEO satellite and 5GC is on the ground.

· AMF and gNB disconnect the N2 connection as described in clause 6.1.1 of TR 23700-29-030.
· AMF release UEs to RRC_IDLE after N2 connection is released gracefully and UE does not perform handover procedure.
6.X.2
Procedures 
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Figure 6.x.2-1 Release of N3 interface
Pre-conditions: N2 connection is released and UEs are in RRC-IDLE.

1a. The AMF informs SMF that the N2 connection is released when gNB on-board satellite has left the serving aera.

1b. The AMF sends information regarding the upcoming availability of satellite coverage (e.g., based on ephemeris data) to UEs over N1 NAS signalling, which describes in TS 23.501 clause 5.4.13.3.

2a. The SMF informs UPF to release UP tunnel over N3 interface.

2b. The SMF updates traffic steering rules including packet handling instructions to UPF if needed.

NOTE: About how to update packet handling instructions (i.e., PDRs, QER, URRs, FARs) is FFS.

3a. When the UPF receives notification from the SMF, it performs the operation of releasing the N3 connection. If N2 connection is still available, the UPF shall notify gNB that N3 connection is released. 

3b. The UPF updates traffic steering rules received in step 2b and buffers the downlink data packets if the SMF instructed the UPF to do so. 

NOTE: When the UPF receives the downlink data packet before the N3 connection is rebuilt, UPF may buffer data if the SMF instructed the UPF to do so until the N3 connection is built.
4、UEs may use satellite coverage availability information for satellite access to support discontinuous coverage operations. 
NOTE: The coverage availability information based on ephemeris data may be provisioned to the AMF by O&M.
NOTE: This solution focuses on notifying the UPF to release N3 connection through the 5GC control plane network functions. In addition, the gNB could also notify the UPF that the N3 connection needs to be released over GTP-U tunnel.
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Figure 6.x.2-2 Setup of N3 interface
Pre-conditions: The gNB on-board satellite starts serving and N2 connection has been built.

1. The gNB sends a N3 setup request to the UPF, based on GTP-U Messages (e.g., Path Management Messages).

2. The UPF provides the N3 setup response. 

NOTE 1: If the UPF buffers the downlink data packet for the UE, UPF shall send N4 Session Report to SMF to trigger the regular paging process as described in TS 23.502 clause 4.2.3.3.

NOTE 2: If the UE needs to forward UL data to the network, the UE can perform service request procedure. 
NOTE 3: The UE may re-registers with network based on information regarding the upcoming availability of satellite coverage (e.g., based on ephemeris data) from AMF or pre-configuration (e.g., Periodic Registration Update timer).
6.x.3
Impacts to Services, Entities and Interfaces
UPF:
-
Support for releasing the GTP-U tunnel with gNB after N2 connection is released.

-
Support for obtaining traffic steering rules updates from the SMF after N2 connection is released. To ensure that the downlink data packet could be processed in time, whether N2 connection is re-built or not.
-
Support buffer downlink data packet, when GTP-U tunnel between UPF and gNB has not been built, based on traffic steering rules received from SMF.
AMF:
-
Support for obtaining ephemeris data which may be provisioned by O&M.

-
Support for informing UE about the when and where satellite coverage is available in an area, which described in TS 23.501 clause 5.4.13.3.

UE:
-
UE could apply the mobility management and energy saving mechanisms based on the satellite coverage availability information given by the AMF, as described in TS 23.501 clause 5.4.13.2.
* * * * End of changes * * * *

