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Abstract of the contribution: This contribution proposes a Solution for KI#2 of FS_5GSAT_ARCH_Ph3.
1	Discussion
Regarding Key Issue #2: Support of Store and Forward Satellite operation captured in clause 5.2 of TR 23.700-29v0.2.0, this paper proposes a new solution.
For store and forward operation for MT data, the CN need to be aware of the feeder link information for the eNB/gNB embedded in the satellite, so that whether and when the downlink data can be forwarded to the serving satellite. Based on the feeder link information of the satellite, the MME can adjust the buffering strategy for CN.
2 Text Proposal
[bookmark: _Hlk513714389]It is proposed to agree the following changes into TR 23.700-29v0.2.0.
* * * * Start of 1st Change * * * *
[bookmark: _Toc22214907][bookmark: _Toc23254040][bookmark: _Toc146636840][bookmark: _Toc148441192]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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* * * * Start of Next Change * * * *
!! All New Texts !! 
[bookmark: _Toc500949097][bookmark: _Toc22214908][bookmark: _Toc23254041][bookmark: _Toc146636841][bookmark: _Toc148441193]6.X	Solution #X: Solution on enabling S&F operation and data delivery with only eNB onboard satellite
[bookmark: _Toc500949099][bookmark: _Toc22214909][bookmark: _Toc23254042][bookmark: _Toc146636842][bookmark: _Toc148441194]6.X.1	Description
[bookmark: _Toc500949101][bookmark: _Toc22214910]This solution resolves KI#2 Store and Forward operation with only eNB onboard satellite.
This solution assumes the followings:
· Only eNB is embedded and the eNB can buffers data for Store and Forward operation and no other Core Network function is embedded in the satellite.
· UE and MME negotiate about the support of Store and Forward operation capability during attach procedure.
· MME and eNB store in the UE context that the UE is operate in Store and Forward operation mode.
· It is assumed that there is only one satellite serving the UE for Store and Forward Operation.
· It is assumed that the UE is stationary.
[bookmark: _Hlk157082893]Editor's Note: It is FFS how to preconfigure the UE is stationary for S&F operation.
· How the UE in Store and Forward operation is EPS attached and transitioned to the Connection suspend before the MME receives Downlink Data Notification is out of scope of this solution and will be addressed by other solutions.
[bookmark: _Hlk157078977]Editor's Note: It is FFS that how the only eNB onboard satellite can be EPS attached and transitioned to the Connection suspend.
[bookmark: _Hlk157076449]Editor's Note: It is FFS that how to manage S1 interface connection regarding S&F during the connection between eNB and MME is interrupted.
The solution reuses the User Plane CIoT EPS Optimisation functionality including Connection Suspend procedure and Connection Resume procedure. Also, functions for High latency communication are reused to invoke extended buffering of MT data at the S-GW when the UE is not reachable.
When the MME receives Downlink Data Notification from S-GW, MME cannot know whether and when the downlink data can be forwarded to the serving satellite that is associated with the MME because the MME does not aware whether feeder link is available. Also, S-GW cannot know how long it should buffer the data before the feeder link available.
In Rel-18, the MME can use satellite coverage availability information to support satellite access by UEs with discontinuous coverage operation. Satellite coverage availability information may be provisioned to the MME by O&M and it describes when and where satellite coverage is expected to be available in an area.
This solution introduces feeder link availability information to support the store and forward operation for eNB embedded in the satellite. This information may also be provisioned to the MME (How the information is provisioned to the MME is out of scope of this solution). Feeder link availability information contains e.g.:
-	For each satellite, satellite ID and orbit information
-	Gound gateways connected to each MME and/or location of ground gateway (e.g., Cell, TA, Geographical location)
-	Time windows when gateways are connectable via feeder link for each satellite
Based on the above information, the MME can know when each satellite is available via feeder link through the ground gateway connected to the MME. This can be used to determine whether to forward the MT data for the UE to the satellite for store and forward operation.
[bookmark: _Hlk149733106]The MME can derive Downlink Buffering Duration time as the expected time until the feeder link could be available to the serving satellite based on the feeder link availability information. MME provide it to the S-GW and S-GW stores Downlink Data Buffer Expiration Time based on the Downlink Buffering Duration time received from the MME.
[bookmark: _Toc23254043][bookmark: _Toc146636843][bookmark: _Toc148441195]6.X.2	Procedures for Mobile Terminated Data Delivery in User Plane CIoT EPS Optimisation for Store and Forward Operation
6.X.2.1	General
Clause 6.X.2.2 shows the case that the feeder link is available when receiving downlink data.
Clause 6.X.2.3 shows the case that the feeder link is unavailable when receiving downlink data, then feeder link becomes available.
6.X.2.2	The case that the feeder link is available when receiving downlink data


Figure 6.X.2.2-1: MT Data delivery in User Plane CIoT EPS Optimisation for Store and Forward Operation if feeder link is available
0.	The UE is EPS attached and in ECM-Idle mode with suspend using User Plane CIoT EPS Optimisation.
1.	S-GW receives a downlink data packet for a UE, it buffers the downlink data packet.
2.	The S-GW sends a Downlink Data Notification message to the serving MME for the UE.
3.	The MME checks that the UE is operating as a Store and Forward operation mode. If it is, based on the feeder link availability information, the MME further checks if there is a feeder link to the satellite eNB which will cover the UE.
4.	The MME detects that there is a feeder link with satellite and can be reached to the satellite at the time of receiving Downlink data notification, the MME response with Downlink Data Notification Ack message. If there is a reachable feeder link.
[bookmark: _Hlk157077956]Editor's note: It is FFS how the MME determines to forward the DL data to the satellite when feeder link is available or other additional considerations are needed to store it further in the Core Network.
5.	The MME sends S1-AP message to the eNB for User Plane activation between the satellite and the S-GW if the MME determines that the feeder link to the MME is available. The S1-AP message include the information that buffering data in the satellite is needed for Store and Forward operation, and UE location information (e.g. TA) for assistance information when paging.
Editor's note: What S1-AP message will be used is FFS and will be determined by RAN3.
If the eNB receives S1-AP message from MME at step5, the eNB checks whether it serves the area corresponding to the UE location information in the received S1-AP message. If so, the eNB paging the UE and the UE initiated Connection resume procedure as clause 5.3.5A in TS 24.301 [5] is performed and the rest of this procedure is skipped. Otherwise, continues step 6.
6-8. The eNB sends UE Context Resume Request message to the MME to re-activate the S1-U bearers. The MME requests the S-GW to re-activate the S1-U bearers for the UE. The MME sends UE Context Resume Response to the eNB after Modify bearer with S-GW.
9. Downlink data is transferred from the S-GW to the eNB and the eNB buffers the downlink data.
10.	The MME may send S1-AP message to the eNB to indicates that the feeder link will be unavailable.
Editor's note: What S1-AP message will be used is FFS and will be determined by RAN3.
11-13. The eNB sends UE Context Suspend Request and S1-U bearer is released. 
	After this step, feeder link between satellite and MME become unavailable.
14.	When the satellite covers the TA where the UE is located which is received at step 5, eNB sends paging request to send stored data to the UE.
15.	The UE sends the RRC Connection Resume message and the UE becomes RRC Connected state.
16.	Stored Downlink data in the satellite is forwarded to the UE
17.	While the Service link is still up, further Uplink data can be transferred from the UE to the satellite and the satellite stores the uplink data until the feeder link is available again and forward the data.
6.X.2.3	The case that the feeder link is unavailable when receiving downlink data


Figure 6.X.2.3-1: MT Data delivery in User Plane CIoT EPS Optimisation for Store and Forward Operation if the feeder link is unavailable
0.	The UE is EPS attached and in ECM-Idle mode with suspend using User Plane CIoT EPS Optimisation.
1.	The S-GW receives a downlink data packet for a UE, it buffers the downlink data packet.
2.	The S-GW sends a Downlink Data Notification message to the serving MME for the UE.
3.	The MME checks that the UE is operating as a Store and Forward operation mode. If it is, based on the feeder link availability information, the MME further checks if there is a feeder link to the satellite eNB which will cover the UE.
4.	The MME detects that there is no feeder link with satellite and cannot be reached to the satellite at the time of receiving Downlink data notification, shall invoke extended buffering depending on operator configuration. The MME derives Downlink Buffering Duration time that expected time before the feeder link can be available to the serving satellite based on the feeder link availability information. the MME indicates Downlink Buffering Requested to the S-GW in the Downlink Data Notification Ack message and includes a Downlink Buffering Duration time.
5.	A S-GW that receives a Downlink Buffering Requested indication in a Downlink Data Notification Ack message stores a new value for the Downlink Data Buffer Expiration Time based on the Downlink Buffering Duration time and continues buffering the Data until the Downlink Data Buffer Expiration Time expires.
6.	If the MME determines that the feeder link become available based on the feeder link availability information and the MME has provided Downlink Buffering Requested indication in a Downlink Data Notification Ack at step 4, the MME triggers step 5 of Figure 6.X.2.2-1 to activate user plane data. Then the procedure continues to the step 17 of Figure 6.X.2.2-1.
Editor's Note: It is FFS that the procedures for Mobile Originated Data Delivery in User Plane CIoT EPS Optimisation for Store and Forward Operation.
Editor's Note: It is FFS for the impact on how long the UL and DL delays will be.
[bookmark: _Toc23254044][bookmark: _Toc146636844][bookmark: _Toc148441196]6.X.3	Impacts to Services, Entities and Interfaces
eNB:
-	New S1-AP message from MME for User Plane activation and indicates that buffering data in the satellite is needed for Store and Forward operation, and includes the UE location information (e.g. TA) for assistance information when paging.
-	New S1-AP message from MME indicates that the feeder link will be unavailable.
-	Support user plane activation with S-GW when the eNB is not connected with UE.
-	Support RRC Connection resume with UE when the eNB is connected with CN.
-	Paging for stored data/signalling when the eNB covers the area corresponding to the UE location information (e.g. TA) provided by MME.
MME:
-	Support feeder link availability information.
-	Derive Downlink Buffering Duration time based on the feeder link availability information.
-	UE Context in MME includes whether the UE is operating in Store and Forward operation mode
-	New S1-AP message to the eNB for User Plane activation and indicates that buffering data in the satellite is needed for Store and Forward operation. It also includes the UE location information (e.g. TA) for assistance information when paging.
-	New S1-AP message to the eNB indicates that the feeder link will be unavailable.
* * * * End of Changes * * * * 
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