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Abstract: A solution to KI#2 on support of Store and Forward via CN on-board with the UE attaching/detaching.
1. Introduction
[bookmark: _Toc510607461]A solution to KI#2 to support Store and Forward via a CN on-board. The solution has a core network, including UDM/HSS on-board. With this solution, the UE can finish attach/registration procedure and transfer UL/DL data that need to be stored and forwarded, even when the feeder link is not available. The data is buffered and then synchronised when the feeder link is available (and the UE is detached).
2. Text Proposal
The following text is proposed to be applied to TR 23.700-29. 
* * * * First change * * * *
[bookmark: _Toc22214907][bookmark: _Toc23254040][bookmark: _Toc146636840][bookmark: _Toc148441192][bookmark: _Toc151176058][bookmark: _Toc151701866]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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* * * * Second change (All new text) * * * *

[bookmark: _Toc500949097][bookmark: _Toc22214908][bookmark: _Toc23254041][bookmark: _Toc146636841][bookmark: _Toc148441193][bookmark: _Toc151176059][bookmark: _Toc151701867]6.X	Solution #X: Support of S&F via CN on-board and attaching/detaching the UE
[bookmark: _Toc500949099][bookmark: _Toc22214909][bookmark: _Toc23254042][bookmark: _Toc146636842][bookmark: _Toc148441194][bookmark: _Toc151176060][bookmark: _Toc151701868]6.X.1	Description
[bookmark: _Toc500949101][bookmark: _Toc22214910]This solution supports KI#2.
The solution is illustrated in Figure 6.X.1-1 and operates as follows.


Figure 6.X.1-1: Support of store and forward via CN on-board
When a feeder link is available a store and forward ground function (SFGF)/store and forward satellite function SFSF pair buffers and transfers data between themselves. When a UE attaches/registers to a satellite, buffered data in the SFSF is provided to the CN onboard for MT data transfer, and any UL data from the UE is buffered by the SFSF and the UE is then detached. When the feeder link becomes available, SFGF/SFSF exchange any buffered data (both UL and DL data) and the cycle is continued. The solution can be applied to 5GS and EPS, as the SFGF/SFSF pair appear to the application server as an CN and to the CN onboard as an application server respectively.
The SFSF receives the data from UE and stores it while feeder link is not available, and forwards the data to ground when feeder link is available. The SFSF can be co-located with other entities, e.g. P-GW/UPF or SCEF/NEF (for NIDD), or it could be a server located behind the P-GW/UPF or NEF/SCEF. 
For power saving, a specific S&F monitoring list is used for UE and SSFC. The UE only listens to the RAN/SATs in the S&F monitoring list and SFGF only use the RAN/SATs in this specific S&F monitoring list to send MT data. The S&F monitoring list could be negotiated between UE, CN and endpoint proxy, e.g., UE sends preferred satellite monitoring mode (e.g., single satellite, a subset of satellites, all satellites) to the CN, CN exposures the mode, the UE location to the endpoint proxy, then the endpoint proxy may determine a S&F monitoring list based on the information provided by CN, the communication pattern of the UE, the mobility trajectory of the UE, location of the SSFC and satellite ephemeris, and provides the S&F monitoring list to the CN
To avoid the impact on the SCS/AS or AF, the SFGF is introduced on the ground. The SGSF interacts with the application function via SGi/N6, or via T8/N33.
The UE attaches/registers with the satellite when the service link is available. Since the CN onboard includes the HSS/UDM, the UE attach/registration procedure will be successful without a feeder link, and may include PDN Connection/PDU Session establishment. The UE can then send uplink data to the satellite. The UE can use current available CIoT EPS/5GS optimisation procedures to send the uplink data, e.g. UE can send uplink data via NAS or via user plane (S1-U or N3). The SFSF stores the data from the UE. When the feeder link is available, the SFSF forwards the data for the UE to SFGF. The data transfer from SFGF to the application function is either via exposure interface T8/N33 or via SGi/N6.
For downlink transfer, the SFGF stores the DL data for the UE received from the e.g. application function, and forwards the DL data for the UE towards one or more specific satellites in the S&F monitoring list when the feeder link is available. The SFSF then stores the DL data and subscribes address information (e.g. PDN address/UE IP address, TLTRI) or the reachability of the corresponding UE (i.e. UE has attached/registered to the CN onboard for SMS) from the CN onboard. When service link is available, the UE initiates Attach/initial registration procedures towards the specific satellite CN in S&F monitoring list. After successful Attach/initial registration and PDN Connection/PDU session establishment (if required), the CN notifies the address information to the SFSF. Based on the address information or the reachability of the UE, the SFSF forwards the stored DL data corresponding to the UE to the CN onboard and then to the UE.
The subscription on-board may be provision and updated by OAM via the feeder link. The configuration of the functions on-board the satellite may be configured by the OAM via the feeder link.
The interface between the SFSF and the SFGF is implementation specific, and is not expected to be specified in 3GPP.
[bookmark: _Toc23254043][bookmark: _Toc146636843][bookmark: _Toc148441195][bookmark: _Toc151176061][bookmark: _Toc151701869]6.X.2	Procedures
The procedure for this solution is illustrated in figure 6.x.2-1. 
UE
Satellite
RAN
CN
SFSF
SFGF
AF
1. NAS Attach or Registration, establish PDN connections/PDU sessions
2. MO Transaction(s)
3. NAS Detach or De-registration
4. Transfer MO Transaction(s)
5. MO Transaction(s)
6. MT Transaction(s)
7. Transfer MT Transaction(s)
9. NAS Attach or Registration, establish PDN connections/PDU sessions
12. MO Transaction(s)
13. NAS Detach or De-registration
T1: WITH SERVICE LINK, NO FEEDER LINK
T2: NO SERVICE LINK, WITH FEEDER LINK
T3: WITH SERVICE LINK, NO FEEDER LINK
8. SFSF subscribes from the CN
10. CN notifies to the SFSF
11. MT Transaction(s)

Figure 6.X.2-1: Procedure to support store and forward via CN on-board
1. 	The UE initiates attach/registration procedure. Since the subscription data is on-board, the attach/registration procedure can be completed without a feeder link. The UE is also able to establish PDN Connections/PDU Sessions for data transfer. 
The UE indicates a preferred satellite monitoring mode (e.g., single satellite, a subset of satellites, all satellites) to the MME. If the MME/AMF accepts the Attach or Registration, the MME/AMF exposures the preferred satellite monitoring mode and the UE location to the SFSF, then the SFSF may determine a S&F monitoring list based on the information provided by MME/AMF, the communication pattern of the UE, the mobility trajectory of the UE, location of the SFGF and satellite ephemeris, and provides the S&F monitoring list to the MME/AMF which then provides the S&F monitoring list to the UE.
2.	The UE transfers MO data to the satellite, and the SFSF stores the data from the UE if there is no feeder link.
3.	After data transfer is complete, the UE is then detached/deregistered from the satellite CN. After detach/deregistration, the UE keeps the S&F monitoring list.
4.	When the satellite has a feeder link, if there is MO data stored, the SFSF forwards UE status (e.g. GPSI of the UE), S&F monitoring list and the MO data from the UE to the SFGF.
5.	The SFGF forwards any MO data to the application function via SGi/N6 interface or via T8/N33 interface.
6.	The application function may have sent MT data to the SFGF. The SFGF stores the MT data if the feeder link is not available.
7.	When feeder link is available, the SFGF may select the target satellite based on S&F monitoring list and forwards the MT data for the UE to the SFSF. The SFSF stores the MT data if the service link is not available.
8.	After received MT transaction data for the UE from the SFGF in step 7, the SFSF sends the GPSI of the UE to the CN onboard to subscribe address information (e.g. PDN address/UE IP address for IP packet, TLTRI for unstructured data) or the reachability of the UE (i.e. UE has attached/registered to the CN onboard for SMS).
9.	When the service link is available, if the UE expects to receive MT data, or if the UE has MO data to transfer, the UE performs Attach/initial registration with the satellite CN again, and establishing PDN Connection(s)/PDU Session(s).
10.	The CN notifies the address information or the reachability of the UE to the SFSF.
11.	The SFSF forwards the stored MT data received in step 7 to the onboard CN based on the received address information or the reachability of the UE in step 10 (e.g. sends MT data to the TLTRI of the SCEF/NEF, replaces the target IP address of the MT transaction data to the PDN address/UE IP address and sends to the PGW/UPF). After received from SFSF, the CN sends the MT transaction data to the UE.
12.	If the UE has MO data, it can send the MO data and SFSF stores the MO data if feeder link is not available.
13.	After the all the data has been transferred, the UE is detach/de-register from the satellite CN.
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc22214911][bookmark: _Toc23254044][bookmark: _Toc146636844][bookmark: _Toc148441196][bookmark: _Toc151176062][bookmark: _Toc151701870]6.X.3	Impacts to Services, Entities and Interfaces
UE:
-	Send preferred satellite monitoring mode (e.g., single satellite, a subset of satellites, all satellites) to CN and store the S&F monitoring list received from the CN.
RAN:
	- None.
CN:
-	New SFSF function is introduced, which may be co-located within existing network functions, e.g. UPF
-	New SFGF function is introduced, which interfaces with SFSF and interfaces with AF via existing interfaces.
-	The interface between SFSF and SFGF is not expected to be standardized by 3GPP.
-	The OAM may need to support interfacing with a satellite, to support UE subscription on-board provision and update via feeder link. 
-	Sends address information or the reachability of the UE to the SFSF.
-	Send preferred satellite monitoring mode to the SFSF.
-	Receive S&F monitoring list from the SFSF and send it to the UE.
SFSF and SFGF:
-	Support of transferring the PDU Session status related with MO/MT data between SFSF and SFGF.
-	The SFGF supports satellite selection for MT data transmission based on the S&F monitoring list.
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