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Abstract of the contribution: The contribution proposes a new solution to Key Issue #2: support of store and forward satellite operation in EPS.
1. Introduction
This contribution proposes a new 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 23.700-29-030.
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* * * Next change * * * *

6.X	Solution #X:	Support of store and forward satellite operation in EPS with eNB and MME on board
[bookmark: _Toc157597015][bookmark: _Toc157699060]6.x.1	Description
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 and MME on board, the rest of functionalities are deployed on the ground.
The following basic principles and assumptions are applied to the proposed solution:
-	Single satellite is deployed for serving the UE.
-	The full eNB and MME are onboard the satellite, the rest of other 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.
-	When the feeder link is not available, MME performs uplink data/signalling storage and forwards the stored uplink data/singalling if feeder link becomes available.
-	When the feeder link is not available, S-GW performs downlink data storage and forwards the stored downlink data to MME if the feeder links becomes available.
-	When the service link is not available, MME performs downlink data/singalling storage and forwards the stored downlink data/signalling if service link becomes available.
-	Architectural assumptions and principles defined in clause 4 in 23700-29 is applied to this solution.
-	Other details are described in the procedures

[bookmark: _Toc157597016][bookmark: _Toc157699061]6.x.2	Procedures
1) Attach procedure
The attach procedure can refer to the Attach procedure without PDN connectivity as described in subclause 6.13.2.

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



Figure 6.x.2-1: MO data transmission using control plane signalling based on S&F operation
0. The UE is in ECM-IDLE mode.
1. The UE establishes a RRC connection or sends the RRCEarlyDataRequest message and sends as part of it an integrity protected NAS PDU. The NAS PDU carries the EPS Bearer ID and encrypted Uplink Data.If Header Compression is supported, the UE shall apply header compression before encapsulating data into the NAS message.
The UE may also indicate in a NAS Release Assistance Information in the NAS PDU whether no further Uplink or Downlink Data transmissions are expected, or only a single Downlink data transmission (e.g. Acknowledgement or response to Uplink data) subsequent to this Uplink Data transmission is expected.
2. The NAS PDU is sent to the MME by the eNodeB using a S1-AP Initial UE message. If the RRC Early Data Request message was received in step 1, the eNodeB includes the "EDT Session" indication in the S1-AP Initial UE message.
3. The on board MME detects the feeder link is unavailable. The detection can be based on the satellite ephemeris information. With this information, MME has the knowledge about when the satellite can connect to the ground station.The uplink data is stored in MME during the feeder link is unavailable.
4. If the onboard MME detects the feeder link becomes available, it decides to forward the stored data to the S-GW. Before the data forwarding, the onboard MME checks the integrity of the incoming NAS PDU received in step 2 and decrypts the data it contains. The MME shall decompress the IP header if header compression applies to the PDN connection.
5. If S11-U connection is not established, the onboard MME sends a Modify Bearer Request message (MME address, MME TEID for downlink traffic) for the PDN connection to the S-GW.
The S-GW sends modify bearer response message (S-GW address, S-GW TEID for uplink traffic) to the MME. After this step, the MME can send the buffered uplink data to the S-GW.
6. The onboard MME forwards the stored uplink data to the S-GW. 
7. If downlink data is expected based on the NAS release assistance information from the UE in step 1, downlink data should be transferred to the UE. The S-GW sends the downlink data to the onboard MME via S11-U bearer.
8. If downlink data is received, the onboard MME encrypts and integrity protects the downlink data. It stores the downlink data in the case of service link is detected unavailable.
9. If the onboard MME detects service link becomes available, the stored downlink data are encapsulated in a NAS PDU and sent to the eNodeB in a S1-AP Downlink NAS Message. The onboard MME may indicates acknowledgment is requested as per UE subscription. If the NAS Release Assistance Information in step 1 indicated that downlink data was expected and if MME does not aware of additional MT traffic or S1-U bearer, the MME sends a S1 UE Context Release Command immediately after the S1-AP to indicate eNB to release the RRC connection promptly after successfully sending data to the UE.
10. The onboard eNB sends a RRC downlink data message including the downlink data encapsulated in NAS PDU to the UE. If the eNB receiving the S1-AP message in step 9 was followed by an S1 UE Context Release Command, an S1 release procedure is enforced after the downlink data is transmitted to the UE and the acknowledgement is sent to the MME by the eNB.
11. 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 3-4 or 8-9 will be performed in the onboard MME accordingly.

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


Figure 6.x.2-2: MT data transmission using control plane signalling based on S&F operation
0. The UE is EPS attached and in ECM-Idle mode.
1. When the S-GW receives a downlink data packet/control signalling for a UE, if the S- GW context data indicates no downlink user plane TEID towards the MME, it buffers the downlink data packet and identifies which MME is serving that UE
2. The Serving GW sends a Downlink Data Notification message (ARP, EPS Bearer ID) to the onboard MME for which it has control plane connectivity for the given UE. 
3. The on board MME in the satellite detects the feeder link is going to be unavailable. This detection can be based on the satellite ephemeris information. With this information, the onboard MME has the knowledge about when the satellite can connect to the ground station.
4. The onboard MME responds to the S-GW with a Downlink Data Notification Ack message.
If the onboard MME detects that feeder link will become unavailable at the time of receiving Downlink data notification, a downlink buffering duration time is determined by onboard MME based on the satellite ephemeris information, which can ensure downlink data is stored at S-GW during the feeder link is unavailable. The downlink buffering duration time is included in the message and provided to the S-GW.
5. When receiving the downlink buffering duration time, the downlink data is stored in the S-GW.
6. The onboard MME detects the service link is available. It sends Paging message(s) to the UE via onboard eNB.
7. Upon reception of paging indication, the UE sends Control Plane Service Request NAS message over RRC Connection request and S1-AP initial message. The Control Plane Service Request NAS message does not trigger Data radio bearer establishment by the onboard MME and the onboard MME can immediately send Downlink Data it receives using a NAS PDU to the eNodeB.
8. The onboard eNB relay the Control Plane Service Request NAS message to the onboard MME using S1-AP initial message.
9-10.When the onboard MME detects feeder link is available, it sends a Modify Bearer Request message (MME address, MME TEID DL) for the PDN connection to the S-GW to establish S11-U connection. The S-GW shall return a Modify Bearer Response (S-GW address and S-GW TEID UL) to the MME as a response to a Modify Bearer Request message. The S-GW address for S11-U User Plane and S-GW TEID are used by the MME to forward UL data to the SGW.
11.	The S-GW is now able to transmit stored downlink data towards the UE.
12.	The onboard MME encrypts and integrity protects the Downlink data and stores during the service link becomes unavailable.
13.	When the service is detected available, the onboard MME sends the downlink data to the onboard eNB using a NAS PDU carried by a Downlink S1-AP message.
14.	The NAS PDU with data is delivered to the UE via a Downlink RRC message.
15.	The onboard eNB sends a NAS Delivery indication to the onboard MME if requested.
16.	While the RRC connection is still up, the uplink data can be transferred using NAS PDUs as described in steps 16-19 defined in clause 5.3.4B.3 of TS 23.401 with the onboard MME performing S&F operation.
17.	 If no NAS activity exists for a while, an eNB initiated S1 release procedure or Connection Suspend Procedure is enforced. The UE may enter ECM_IDLE state both in UE and in the onboard MME.

6.x.3	Impacts to Services, Entities and Interfaces
The onboard MME has the following impacts:
-	Detects the availability of service link and feeder link 
-	Performs S&F operation for the UL/DL data
-	Determine the downlink data buffer duration time based on the satellite ephemeris information and provide to the S-GW
The S-GW has the following impacts：
· Performs downlink data S&F based on the downlink data buffer duration time 

* * * End of changes * * * *
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