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Abstract of the contribution: The contribution proposes a solution to Key Issue #2: support of store and forward satellite operation in EPS.
1. Introduction
This contribution proposes a solution to Key Issue #2: Support of store and forward satellite operation in EPS.

2. Proposal
It is proposed to agree the following solution to 3GPP TR 23.700-29-020.


* * * Start of change * * * *
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Table 6.0-1: Mapping of Solutions to Key Issues
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* * * Next change * * * *

6.x	Solution X:	Support of store and forward satellite operation in EPS
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc146539439]6.x.1	Description
Editor's note:	This clause will describe the solution principles and architecture assumptions for corresponding key issue(s). (Sub) clause(s) may be added to capture details.
This solution resolves KI#2 about supporting store and forward satellite operation for delay-tolerant/non-real-time services. The solution is based on architecture with eNB on board and all EPC functionality are deployed on the ground, as shown in the following figure:


Figure 6.x.1-1: Regenerative based satellite architecture with eNB on board
The following basic principles and assumptions are applied to the solution:
-	The full eNB is on board satellite, only one satellite serves the UE access, all EPC functionalites are deployed on the ground.
-	The UE subscription information contains store and forward information (e.g. data storage quota, data forward priority, etc), if the UE subscribed S&F capability.
-	Assuming UE finished attachment procedure before performing store and forward capability.
Editor's note:	It is FFS how the UE performs attachment in case of no simultaneously connection for service link and feeder link.
-	When eNB detects the feeder link is not available, it performs uplink data storage and forwards the stored uplink data if feeder link becomes available.
-	When MME detects the feeder link is not available, it performs downlink data storage or it indicates S-GW to perform downlink data storage. The MME forwards the stored downlink data or it indicates S-GW to forward the stored downlink data to eNB if the feeder links becomes available.
-	When eNB detects the service link is not available, it performs downlink data storage and forwards the stored downlink data if service link becomes available.
-	Architectural assumptions and principles defined in clause 4 in 23700-29 is applied to this solution.

[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686][bookmark: _Toc146539440]6.x.2	Procedures
[bookmark: _Toc500949101]Editor's Note:		This clause describes high-level procedures and information flows for the solution.
1) [bookmark: _Toc92875663][bookmark: _Toc93070687][bookmark: _Toc146539441]Attach procedure

 
Figure 6.X.2-1: UE attach procedure based on regenerative satellite architecture 
The attach procedure for supporting store and forward feature is described as below:
1. The UE accesses EPC via satellite access with eNB on-board. The UE sends attach request message to the network.
2. The attach request is transferred to the MME by the eNB using S1-AP message. If the on-board eNB supports S&F, the eNB S&F capability is included in the S1-AP message as well and sent to MME.
3. When the MME has no UE subscription information, it retrieves the information from HSS. If the UE subscribed S&F service, S&F information (e.g. data storage quota, data forward priority) is contained in the UE subscription.
4. Based on the eNB supporting S&F capability, the UE S&F subscription information, the MME determines S&F capability is applied to the UE.
5. The S&F subscription information is stored at the MME.
6. Other steps of attach procedure as defined in clause 5.3.2.1 of TS 23.501 are finished between UE and network.
7. The MME uses S1-AP to send attach accept to eNB. If S&F capability is determined to applied to the UE, the S&F subscription information is also sent to the eNB.
8. The eNB returns attach accept message to the UE.
9. The UE sends attach complete message to the network.

2) MO data transmission using control plane signalling based on S&F operation



[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Figure 6.X.2-2: MO data transmission using control plane signalling based on S&F operation
The MO data transmission based on S&F operation is described as below:
0.	The UE is ECM-IDLE.
1.	The UE establishes a RRC connection or send the RRC early data request message as defined in TS 36.300 and sneds as part of it an integrity protected NAS PDU. The NAS PDU carries the EPS bearer ID and encrypted Uplink Data.
2.	If the on-board eNB detects feeder link is unavailable, it stores the NAS DATA PDU based on the data storage quota. 
3.	After a period of time, if the on-board eNB detects the feeder link becomes available, then it forwards the stored NAS DATA PDU based on the data forward priority.
4.	The on-board eNB forwards the NAS DATA PDU in the S1-AP intial UE message to the MME.
5.	The MME sends uplink data to the P-GW via S-GW.
6.	If downlink data is expected based on the NAS Release Assistance Information from the UE, the P-GW receives the downlink data and sends it to the MME.
7.	If the MME detects feeder link is unavailable, it stores the downlink data based on the data storage quota.
8.	The MME detects the feeder link becomes available.
9.	The downlink data is sent to the eNodeB by MME in a S1-AP Downlink NAS Message.
10. When eNB receives the downlink data, it detects the service link is unavailable. The downlink data will be stored in eNB.
11.	If the service link is detected available, the eNB sends a RRC downlink data message including the downlink data to the UE.
12. Other steps of the MO data transport in Control Plane CIoT EPS Optimization defined in clause 5.3.4B.2 of TS 23.401 are performed. During these steps, if feeder link or service link is detected unavailable, the Store and Forward feature as described in steps 2-3, 7-8, or 10-11 will be performed will be performed at eNB or MME accordingly.

3) MT data transmission using control plane signalling based on S&F operation



Figure 6.X.2-3: MT data transmission using control plane signalling based on S&F operation
The MT data transmission based on S&F operation is described as below:
1.	When the S-GW receives a downlink data for a UE, it forwards the downlink data to the MME as described in step 1-2, 7-11 in clause 5.3.4B.3.
2.	If the MME detects feeder link is unavailable, it stores the downlink data based on the data storage quota.
3.	After a period of time, the MME detects the feeder link becomes available.
4.	The MME sends Paging message as specified in step 3a of clause 5.3.4.3. 
5.	When the eNB receives the Paging message, it detects service link is unavailable.
Editor's note:	It is FFS whether and how to reponse to MME if the service link is unavailable when eNB receiving Paging.
6.	The eNB detects the service link becomes available.
7.	The eNB sends Paging message to the UE as specified in step 4a of clause 5.3.4.3.
8.	Upon reception of paging indication, the UE sends Control Plane Service Request NAS message over RRC Connection request.The eNB stores Control Plane Service Request NAS message if the feeder link is unavailable.
9.	When the feeder link recovers, the eNB sends Control Plane Service Request NAS message voer S1-AP initial message.
10.	The MME encrypts and integrity protects the stored downlink data.
11.	The MME sends the stored downlink data to the eNB based on the data forward priority using a NAS PDU carried by a Downlink S1-AP message.
12.	If the on-board eNB detects service link is unavailable, it stores the downlink data based on the data storage quota.
13.	After a period of time, the on-board eNB detects the service link becomes available.
14.	The stored downlink data is delivered to the UE via a Downlink RRC message based on the data forward priority.
15.	Other steps of the MT data transport in Control Plane CIoT EPS Optimization defined in clause 5.3.4B.3 of TS 23.401 are performed. During these steps, if feeder link or service link is detected unavailable, Store and Forward feature as described in steps 2-3, 12-13 will be performed at eNB or MME accordingly.

6.x.3	Impacts to Services, Entities and Interfaces
The on-board eNB has the following impacts:
-	Reports S&F capability to MME
-	Receives and stores S&F subscription information for the UE
-	Detects the available/unavailable of service link/feeder link
-	Performs S&F opteration based on UE S&F subscription information.
The MME has the following impacts:
-	Determine to apply S&F capability for a UE based on eNB S&F capability and UE subscription information
-	Sends UE S&F subscription information to the eNB
-	Detects the available/unavailable of feeder link
-	Performs S&F operation based on UE S&F subscription information
The S-GW may have the following impacts:
-	Performs S&F operation based on MME indication

* * * End of change * * * *
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