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Abstract of the contribution: The intent of this contribution is to propose a Solution for KI#2 of FS_5GSAT_ARCH_Ph3.
[bookmark: _Hlk87257355]1	Discussion  
This contribution proposes a solution for KI#2 of FS_5GSAT_ARCH_Ph3:
	[bookmark: _Hlk154421643]S&F Satellite operation is especially suited for the delivery of delay-tolerant/non-real-time satellite services (i.e. CIoT/MTC, SMS). To support S&F Satellite operation for such services, it is proposed to study the following items:
[bookmark: _Hlk156918615]-	If applicable, what are the minimum necessary set of core network elements/network functions that should be placed on board the satellite(s) for the intended service(s);
-	Whether and how to trigger S&F Satellite operation, and how to execute S&F Satellite operation;
-	What enhancements on the related UE and network procedures are needed to support S&F Satellite operation, including: 
      - Whether to inform the UE when the S&F Satellite operation is applied or not.


 
As described in clause 6.46.8 of TS 22.261, under “S&F satellite operation” mode, the satellite is able to operate the service link without an active feeder link connection. In such case, the end-to-end exchange of signalling/data may not be completed in time, since there is no end-to-end connection available. Therefore, it is required that the Satellite holds on the signalling procedure/data transmission currently being executed and waits for another link to become available, and then continues the signalling procedure/data transmission.
[bookmark: _Hlk155187261]The proposed solution focuses on the signalling procedure enhancement to support the S&F Satellite operation. Besides the eNB, it is proposed to place the MME on the satellite, so that the capability negotiation between UE and MME can be performed if the service link is available, no matter what the status of feeder link is. 
[bookmark: _Hlk155863308]Besides, the security related functionality e.g. HSS is proposed to be deployed on the satellite, such that the authentication and NAS security can be accomplished as long as the service link is available. Otherwise, MME has to wait for the feeder link to become available, and then obtain the security information (e.g. authentication vectors) from the HSS deployed on the ground. In such case, the AKA procedure has to be suspended/resumed at least twice, and may bring some impacts on the freshness of the security parameters. 
Given all above, this solution proposes the following assumptions and principles:
· The eNB, MME and HSS are placed on board the satellite;
· The eNB on board satellite broadcasts that it is in S&F satellite operation mode;

2	Proposal
[bookmark: _Hlk513714389]The proposed Solution is applicable to KI#2. It is proposed to update TR 23.700-29 on FS_5GSAT_ARCH_Ph3 as follows.
[bookmark: _Hlk146795295]Start of Changes
[bookmark: _Toc500949097][bookmark: _Toc22214908][bookmark: _Toc23254041][bookmark: _Toc146636841][bookmark: _Toc148441193][bookmark: _Toc151176059][bookmark: _Toc151176201]6.X	Solution #X: <Solution Title> Attach Procedure with MME and HSS on board the satellite
[bookmark: _Toc500949099][bookmark: _Toc22214909][bookmark: _Toc23254042][bookmark: _Toc146636842][bookmark: _Toc148441194][bookmark: _Toc151176060][bookmark: _Toc151176202]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 address key issue#2.
In order to support the attach under the S&F Satellite operation, the proposed solution follows the assumptions and principles as below:
· The eNB, MME and HSS are placed on board the same satellite.
· The eNB on board satellite broadcasts that it is in S&F satellite operation mode;
· [bookmark: _Hlk156915618]The UE has a subscription and credentials in the onboard HSS, the onboard HSS is synchronized with the HSS on the ground when feeder link is available. 
[bookmark: _Hlk156920104]Editor's note: how the onboard HSS is synchronized with the HSS on the ground is FFS.
· Single satellite deployment use case, the UE accesses one satellite only which maintains a NAS and AS state of the UE;
[bookmark: _Hlk156920717]Editor's note: how to address the multiple satellites deployment use case is FFS.
· No roaming support. 
[bookmark: _Hlk156915976]Given the above assumption, the following procedures involved eNB, MME and HSS can be completed when the service link is available, no matter what the status of feeder link is:
· the negotiation between UE and MME regarding the capability to support S&F satellite operation;
· [bookmark: _Hlk156918563]the authentication and NAS security can be accomplished when service link is available.
Therefore, if a UE has set "Attach without PDN Connectivity is supported" in the Preferred Network behaviour during attach procedure and the network has acknowledged its support to the UE, the initial attach procedure without PDN Connectivity can be completed when the service link is available.
If the UE also wants to establish a PDN connectivity during the attach procedure, this solution proposed to attach the UE to the MME and complete the NAS procedure without setting up GTP-C tunnels between the MME and SGW/PGW when service link is available. After the feeder link become available, the GTP-C tunnels can be established. In this case, only Control Plane CIoT EPS Optimisation is considered, and PDN connection only use the Control Plane CIoT EPS Optimisation, i.e. the MME includes a Control Plane Only PDN Connection Indicator in Create Session Request.

6.X.2	Procedures
The procedure for E-UTRAN Attach under the S&F Satellite operation is shown in the Figure 6.x.2-1


Figure 6.X.2-1: Attach Procedure under the S&F Satellite Operation
0. When service link is available, the eNB broadcasts that it is in the S&F satellite operation mode.
1. If the UE has the capability to support the S&F satellite operation, it initiates the Attach procedure by the transmission, to the eNB, of an Attach Request Message. In addition to the required parameters as specified in the clause 5.3.2.1 of TS 23.401, the UE also indicates its capability to support the S&F satellite operation in the Attach Request message.
2. The eNB forwards the Attach Request message to MME as specified in the clause 5.3.2.1 of TS 23.401. MME checks if the UE has the capability to support the S&F satellite operation, if not, rejects the Attach Request with an appropriate cause value.
3. Authentication and NAS security is performed as specified in the clause 5.3.2.1 of TS 23.401.
4. MME sends an Attach Accept message to the eNB in the S1-AP Initial Context Setup Request message or DL NAS Transport message. In addition to the required parameters as specified in the clause 5.3.2.1 of TS 23.401, MME indicates its capability to support the S&F satellite operation in the Attach Accept message. And then, the eNB forwards the Attach Accept message to the UE. If the UE has not included the ESM message container in the Attach Request in step 1, the following steps are skipped. If the UE has included the ESM message container in the Attach Request in step 1, the MME allocates an EPS Bearer Identity for the Default Bearer associated with the UE. The EPS QoS info can be set to the default value received from the HSS.
5. The UE sends the Attach Complete message to MME. 
6. If the UE has included the ESM message container in the Attach Request in step 1, when feeder link is available, MME sends a Create Session Request message and a Modify Bearer Request message to the SGW as specified in the clause 5.3.2.1 of TS 23.401.
7. The SGW sends a Create Session Request message and a Modify Bearer Request message to the PGW as specified in the clause 5.3.2.1 of TS 23.401.
8. The PGW returns a Create Session Response message and a Modify Bearer Response message to the SGW as specified in the clause 5.3.2.1 of TS 23.401.
9. The PGW returns a Create Session Response message and a Modify Bearer Response message to the MME as specified in the clause 5.3.2.1 of TS 23.401. 
10. The DL data can be sent from S/PGW to MME. The MME receives and stores the DL data for the UE.
11. When the service link is available, i.e., the satellite covers the tracking area(s) in which the UE is registered, the MME sends a paging message to the eNB. If eNB receive the paging message from the MME, the UE is paged by the eNB.
12. UE establishes a radio bearer for DL data transmission.
13. A S1-MME path is established for DL data transmission.
14. The MME sends the DL data to the UE.
15. The UL data can also be sent to the MME.
[bookmark: _Toc23254044][bookmark: _Toc146636844][bookmark: _Toc148441196][bookmark: _Toc151176062][bookmark: _Toc151701870]6.X.3	Impacts to Services, Entities and Interfaces
This solution impacts the following entities.
UE:
· [bookmark: _Hlk155902178]Indicate its capability to support the S&F satellite operation in the Attach Request message.

eNB:
· Indicate it is in the S&F satellite operation mode in the SIB.
MME:
· Indicate its capability to support the S&F satellite operation in the Attach Accept message.
· Receive and Store the UL data when service link is available, and forward the UL data when feeder link is available.
· Receive and Store the DL data when feeder link is available, and for ward the DL data when service link is available.
· Complete the NAS procedure of the attach procedure without setting up GTP-C tunnels between the MME and SGW/PGW when service link is available. 
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