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[bookmark: _Toc462478989]Abstract of the contribution: This paper proposes to update the Solution#18 to resolve the ENs.
1	Discussion
This paper proposed to update Solution#18 to address the following ENs:
[bookmark: _Hlk156920104]Editor's note: how the onboard HSS is synchronized with the HSS on the ground is FFS.
[bookmark: _Hlk156920717]Editor's note: how to address the multiple satellites deployment use case is FFS.
[bookmark: _Hlk158759693][bookmark: _Hlk158759549][bookmark: _Hlk158760437]In order to distinguish the onboard HSS and the HSS on the ground, the Local Subscriber Server (LSS) is used to represent the HSS on the ground in this paper. The LSS is an HSS on the ground with following enhancements:
· The UE state (e.g. EMM state) and UE context are stored in the LSS. 
· [bookmark: _Hlk158756741]The LSS interacts with the onboard MME to synchronize the UE states and UE context when feeder link is available.
[bookmark: _Hlk158760216][bookmark: _Hlk158759358][bookmark: _Hlk158760044]It is assumed that a subset of UEs have their subscriptions and credentials in the onboard HSS. Different satellite stores distinct subscriptions and credentials for different subsets of UEs. If the UE accesses a satellite which has its subscription and credentials, the UE can proceed to attach, otherwise the attach request is rejected due to the lack of UE subscription and credentials. Besides, the satellite can record the IMSI for the UEs whose attach request is rejected, and retrieve the subscriptions and credentials for the rejected UEs when the feeder link is available, and then the UE can access the satellite and tries to attach again when the service link become available.
[bookmark: _Hlk158764181]The onboard MME can synchronize the UE states and UE context with LSS when feeder link is available. For instance, After the attach procedure without PDN Connectivity is complete, the UE shall enter EMM-REGISTERED state in the MME onboard satellite-1, and then when the feeder link become available, the UE state (e.g. EMM-REGISTERED) and UE context for UE-1 is stored in the LSS. After that, based on the UE-1’s location and the Ephemeris information of satellite-2, the LSS can send the UE-1’s state (e.g. EMM-REGISTERED) and UE context to the MME onboard satellite-2 when the feeder link is available.
2	Proposal
It is proposed to include the following changes in TR 23.700-29.
[bookmark: _Toc93073650]		* * * * Start of Changes (All text new) * * * *
[bookmark: _Toc153818177][bookmark: _Toc153818393]6.18	Solution #18:  Attach Procedure with MME and HSS on board the satellite
6.18.1	Description
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: _Hlk158754373][bookmark: _Hlk156915618][bookmark: _Hlk158754624][bookmark: _Hlk156920080]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. 
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;
Editor's note: how to address the multiple satellites deployment use case is FFS.
· No roaming support. 
[bookmark: _Hlk156918584][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.
[bookmark: _Hlk156915920]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.
[bookmark: _Hlk155989580]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.
In order to distinguish the onboard HSS and the HSS on the ground, the Local Subscriber Server (LSS) is used to represent the HSS on the ground in this paper. The LSS is an HSS on the ground with following enhancements:
· The UE state (e.g. EMM state) and UE context are stored in the LSS. 
· The LSS interacts with the onboard MME to synchronize the UE states and UE context when feeder link is available.
It is assumed that a subset of UEs have their subscriptions and credentials in the onboard HSS. Different satellite stores distinct subscriptions and credentials for different subsets of UEs. If the UE accesses a satellite which has its subscription and credentials, the UE can proceed to attach, otherwise the attach request is rejected due to the lack of UE subscription and credentials. Besides, the satellite can record the IMSI for the UEs whose attach request is rejected, and retrieve the subscriptions and credentials for the rejected UEs when the feeder link is available, and then the UE can access the satellite and tries to attach again when the service link become available.
[bookmark: _Hlk158762810]The onboard MME can synchronize the UE states and UE context with LSS when feeder link is available. For instance, After the attach procedure without PDN Connectivity is complete, the UE shall enter EMM-REGISTERED state in the MME onboard satellite-1, and then when the feeder link become available, the UE state (e.g. EMM-REGISTERED) and UE context for UE-1 is stored in the LSS. After that, based on the UE-1’s location and the Ephemeris information of satellite-2, the LSS can send the UE-1’s state (e.g. EMM-REGISTERED) and UE context to the MME onboard satellite-2 when the feeder link is available.

6.18.2	Procedures
The procedure for E-UTRAN Attach under the S&F Satellite operation is shown in the Figure 6.18.2-1




Figure 6.18.2-1: Attach Procedure under the S&F Satellite Operation
1. When service link is available, the eNB broadcasts that it is in the S&F satellite operation mode.
1. [bookmark: _Hlk155888566]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.
1. 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.
1. [bookmark: _Hlk155901508]If the UE has its subscriptions and credentials in the onboard HSS, Authentication and NAS security isare performed as specified in the clause 5.3.2.1 of TS 23.401. Otherwise, the attach request is rejected and the IMSI of the rejected UE is recorded.
1. 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.
1. The UE sends the Attach Complete message to MME. The MME enters the EMM-REGISTERED for the UE. 
1. When the feeder link is available, the HSS can retrieve the subscriptions and credentials for the rejected UEs. 
1. When the feeder link is available, the MME synchronizes the UE states and UE context with LSS. The MME sends the UE states (e.g. EMM-REGISTERED) and UE context to the LSS. For the registered UEs whose UE context isn’t stored in the current satellite, LSS may also send the UE states (e.g. EMM-REGISTERED) and UE context to the MME. Whether to send the above UE related info depends on the UE location (e.g. TAI) and the Ephemeris information of current satellite.
1. 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.
1. 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.
1. [bookmark: _Hlk155901712]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.
1. The SPGW 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. 
1. The DL data can be sent from S/PGW to MME. The MME receives and stores the DL data for the UE.
1. 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.
1. UE establishes a radio bearer for DL data transmission.
1. A S1-MME path is established for DL data transmission.
1. The MME sends the DL data to the UE.
1. The UL data can also be sent to the MME.
[bookmark: _Toc157699043][bookmark: _Toc157596998]6.18.3	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:
· [bookmark: _Hlk155902766][bookmark: _Hlk155902637]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 forward 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. 
· [bookmark: _Hlk158765414]Synchronize the UE states and UE context with the HSS on the ground.
LSS (HSS on the ground):
· Synchronize the UE states and UE context with the onboard MME.
· Synchronize the UE subscription and security credentials with the onboard HSS.
HSS (onboard the satellite): 
· Retrieve the UE subscription and security credentials from the LSS for the UEs whose Attach Request is rejected due to the lack of subscription and security credentials.

[bookmark: startOfAnnexes]* * * * End of Changes * * * *
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