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Abstract of the contribution: The contribution proposes solution#21 update to Key Issue #2: support of store and forward satellite operation in EPS.
1. Introduction
This contribution proposes solution#21 update 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.


* * * Start of change * * * *
[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc146539438][bookmark: _Toc117509218]6.21	Solution #21:	Support of store and forward satellite operation in EPS with eNB on board
[bookmark: _Toc157597015][bookmark: _Toc157699060]6.21.1	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 on board and all EPC functionality are deployed on the ground, as shown in the following figure:


Figure 6.21.1-1: 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/signalling storage and forwards the stored uplink data/singalling if feeder link becomes available.
-	When MME detects the feeder link is not available, it performs downlink data/signalling storage or it indicates S-GW to perform downlink data storage. The MME forwards the stored downlink data/singalling 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/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.

* * * Next change (with only changes to attach procedure)* * * *

[bookmark: _Toc157597016][bookmark: _Toc157699061]6.21.2	Procedures
1) Attach procedure

 
Figure 6.21.2-1: 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.



Figure 6.21.2-1: UE attach without PDU connectivity procedure based on regenerative satellite architecture 
The attach procedure for supporting store and forward feature is described as below:
0. An eNB on board the satellite shall broadcast Store and Forward mode if supporting S&F satellite operation. Besides, whether it supports CP or UP CIoT EPS optimisation shall be broadcasted as well.
1. A UE, camping on the eNB, reads the related SIB message. It knows the satellite access being accessed is operating in S&F mode. If the UE supports S&F capability and wants to access via the satellite access to Winitiate delay tolerant service, it initiates the attach procedure by sending an attach request (S&F capability, preferred network behavior) message together with RRC parameters to the onboard eNB. 
The UE supporting S&F capability is included in the attach request message. The UE indicated CP/UP CIoT EPS Optimisation in preferred network behaviour. In the RRC message, the UE indicates its support of the CIoT EPS Optimisations. In this case, ESM message container may be omitted in the attach request message. If the ESM message container is omitted, the MME shall not establish a PDN connection as part of the attach procedure, step 11 and 17 are not executed. 
For the case of UE attaching with CP CIoT EPS Optimisation with no user plane establishement, steps 12-16 are replaced by S1 AP NAS Transport and RRC Direct Transfer messages that transport the NAS attach accept and NAS attach complete messages.
2. After receving attach request message, if the on board eNB detects feeder link is unavailable, the on board eNB stores the message for the UE. 
3. The on board eNB sends an attach notification message to the UE to inform the UE that the attachment is under S&F mode and attach response will be delayed. After receiving the notification, the UE will not try to send attach request again to the on board eNB until the service link becomes available.
4. If the on board eNB detects feeder link is available, it forwards the attach request in a S1 AP message together with eNB operating in S&F mode to the MME.
5. If no UE context for the UE exists in the MME, if the attach request was not integrity protected, or if the check of the integrity failed, authentication and NAS security setup is needed. The MME request authenction vectors from HSS for the UE using IMSI.
6. The MME sends the authentication vectors to the eNB for the UE. The eNB may store the information for the UE if the service link is unavailable.
Editor’s note:	How to handle the case that the on board eNB stores the UE related authentication information without security mechanism is created is upto SA3.
7. If the UE receives attach notification in step 3, and if the UE detects the service link becomes available, the UE resend the attach request to the on board eNB.
8. When receiving the attach request, the eNB sends the stored authentication vectors to the UE. 
9. The UE handles the authentication vectors and returns the authentication response to the eNB. The eNB stores the authentication response if the feeder link is unavailable.
10. The eNB sends the stored authentication response message to the MME when feeder link becomes available. The MME authenticates the UE using the authentication vectors. 
Editor’s note:	Whether there is any impact on the authentication procedure to the UE in case of S&F satellite operation is applied is upto SA3 work.
11. If there is no valid subscription context for the UE in the MME, or if the MME has changed since the last detach, the MME sends an update location request (MME identity, IMSI, etc) message to the HSS. The HSS acknowledges the update location message by sending an update location ack (IMSI, Subscription data) message to the MME. If the UE supports S&F capability, the Subscription data contains the subscribed S&F information, e.g. data storage quota, data forward priority, etc.
12. If the UE provided supporting S&F capability, the on board eNB provided operating in S&F mode, and if the MME supports S&F mode, the MME stores S&F operating in the UE context in MME. The MME sends an attach accept (supported network behaviour) together with S&F subscription information (e.g. data storage quota, data forward priority) in a S1 AP NAS Transport message to the on board eNB. The MME indicates the CIoT EPS Optimisations and S&F mode it accepts in the supported network behaviour information. The MME may take the UE reporting S&F capability, the on boarding reporting S&F mode, UE subscription, the network capability into account to determine applying S&F mode for the UE. The on board eNB stores the S&F subscription information in the UE context.
13. The on board eNB sends a RRC Direct Transfer containing the attach accept message to the UE when service link becomes available.
14. The UE sends a RRC Direct Transfer containing the attach complete message to the on board eNB.
15. The on board eNB forwards the attach complete message to the MME in an uplink NAS Transprot message when feeder link becomes available.
Editor’s note:	How to handle the NAS timer to support the UE attach in S&F operation depends on CT1 decision.

******the remaining description of this clause remains unchanged************
* * * Next change * * * *
6.21.3	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 for data/signalling based on UE S&F subscription information
-	Broadcasts S&F mode information if it supports.
-	Sends attach notification to UE when feeder link is unavailable
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 for data/signalling based on UE S&F subscription information
The S-GW may have the following impacts:
-	Performs S&F operation for data based on MME indication
UE may have the following impacts:
· Receiving and identifying S&F mode information from eNB
· Sends its S&F capability to the MME
· Receive attach notification and resend attach request if service link becomes available

* * * End of change * * * *
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