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Abstract of the contribution: This contribution proposes solution for store and forward aspect of KI#2. 
1 Discussion
This paper proposes the solution to the KI#2 on store and forward for multiple satellite deployment case.
2 Proposal
It is proposed to add the following candidate solution to 23.700-29.
*** First Change ***
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*** Next Change ***
6.x
Solution #X:  S&F for multiple satellite deployment with anchor MME-ground
6.x.1
Description
For control plane management of registration and connection management procedures, we propose to have eNB and MME onboard the satellite. 

Below are the principles of the solution:

1. MME-ground is an anchor node situated in ground network which has the UE context. MME-ground synchronizes the UE context with all the MME-onboard(s)

2. The eNB and MME-onboard are onboard the satellite. Thus they can provide basic connection management procedures. The MME-onboard executes all the procedures with the UE which does not need interaction with other core network nodes on the ground when the service link is available.

3. Whenever a procedure needs an interaction with a core network node in the ground then MME-onboard(stores it when feeder link is not available) and forwards the respective message to the MME-ground when feeder link is available, the MME-ground executes the procedure with the ground network nodes and syncs back the UE context with the MME-onboard or sends back the response message to the MME-onboard.
4. The MME-ground first receives information on any downlink signalling message, it forwards to MME-onboard(when feeder link is available), the MME-onboard can page the UE(when service link is available) and deliver respective message/execute the procedure with the UE.

5. To reduce number of iterations, if the MME-ground can be trusted then Authentication information and Subscription data fetching(i.e. update location and ack) is performed together before the UE can be authenticated. This is the decision of the HSS if such procedure should be allowed. If HSS does not allow such combining of the procedure to complete the attach procedure at least two iterations of interaction with ground network is required a) to fetch authentication vectors and b) to fetch subscription data after authentication procedure is executed in first iteration.
6. GUTI management, Periodic registration management, how UE identifies that it is allowed to register for S&F are described in procedures section.

7. Satellite-1, Satellite-2 are used as illustration in the flow. But the system can deploy “n” number of satellites for the same flow(or procedure).

6.x.2
Procedures
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Figure 6.x.2-1: Attach without PDN connectivity
The eNB, MME-onboard are assumed to be onboard the satellite, there is a ground MME which is acting like an anchor for the MMEs onboard the satellite.

The attach procedure as described in 3GPP TS 23.401 clause .5.3.2.1 are executed with below modifications

At time T0 (i.e. when service link is available, and feeder link connectivity is not available)

1)
In step 1, if the UE identifies that current serving cell support S&F mode and the UE is allowed to use S&F(see clause 6.x.3.1.2). then UE sends Attach Request message to network

2)
Steps up to step-4 in 3GPP TS 23.401 clause .5.3.2.1are executed between MME-onboard and the UE, 

3)
MME-onboard sends NAS message Partial attach accept(which can be unprotected) to the UE, indicating to the UE that the sent ATTACH REQUEST message is stored by the MME-onboard and network will reach UE once the UE authentication and subscription details are fetched by the MME-onboard from ground network. The Partial attach accept includes a temporary GUTI (though UE is not registered with network) and a wait timer till which UE should wait for network to send the paging message. The UE shall not select any other network which will provide store and forward service to the UE till the wait timer is running. The UE may select another network if available which can provide normal services to the UE while wait timer is running. The MME memorizes the UE serving area.

4)
The UE receives Partial attach accept message. The UE shall not trigger Attach request again until paging message is received or wait timer is expired.
Editor's note:
Security aspects of not performing authentication for steps 1-4 (e.g. denial of service attack, false BS attack) need to be resolved.
At time T1 (i.e. when service link is not available, and feeder link connectivity is available)

5)
MME-onboard selects MME-ground(see clause 6.x.3.1.3). MME-onboard forward stored Attach request message, UE serving area to MME-ground. 
6)
Step 5 is executed between MME-ground and HSS, i.e. MME-ground fetches the authentication vector and other details from HSS.
7)
Step 8 & 11 are executed. i.e. Update location with HSS and Update location ACK is received by MME-ground. i.e. all the subscription details are retrieved by MME-ground. The MME indicates S&F to HSS to retrieve Subscription details specific to S&F(if any) and indicates that it is pre-fetching the subscription data without authenticating the UE.

8)
The MME-ground syncs the UE information it retrieved with the MME-onboard. For optimization purpose, the MME-onboard can be any MME-onboard which will serve the UE next.
At time T2 (i.e. when service link is available, and feeder link connectivity is not available)

9)
The MME-onboard when enters the UE serving area will page the UE with the assigned GUTI in Partial attach accept message. 

10)
The UE in response to receiving the paging message, the UE re-sends the Attach request message.
Editor's note:
Recovery from failure to page the UE is FFS.
11)
MME-onboard executes the step 5 of authentication and security procedure with the UE, once authentication procedure is successful then system executes remaining steps to complete Attach procedure with the UE. The MME-onboard also provide S&F policies to the UE which includes a UE context activation timer. The UE starts UE context activation timer after it receives the NAS message, the UE should consider itself registered with the network at the expiry of this timer. The MME based on subscription data available may send the reject message to the UE before or after the authentication/security procedure are executed.

At time T3(i.e. when service link is not available, and feeder link connectivity is available)
12)
MME-onboard indicates to MME-ground, if UE is successfully registered or registration procedure was not successful. MME-onboard syncs UE context with MME-ground if successful registration procedure is achieved.
13)
MME-ground sends Update location indicating to HSS that UE is authenticated successfully or not authenticated successfully, which implies to HSS that subscription data is not required in response.
14)
If UE context is created or changed in any of the MME-onboard, this will be synced with all the MME-onboard(s) when they connect with ground network. Deployment should handle that this sync of UE context with all satellites should not take more time than UE context activation timer. 
Editor's note:
After change to the UE context in an MME-onboard, the UE must wait until the new UE context is transferred to other satellites before again accessing a satellite. How this can be managed is FFS.
15)
After expiry of UE context activation timer the UE enters EMM-REGISTERED state.
6.x.2.1.1:
Periodic timer and mobile reachable timer:

The mobile reachable timer(MRT) is run only at the MME-ground, each time UE gets in connected mode with any of the MME-onboard, the MME-onboard informs the MME-ground, then MME-ground restart the MRT timer.

The mobile reachable timer value has to be increased at network so that it takes into account delay in receiving information from the MME-onboard after UE has come to connected mode( including case of PTAU procedure).

For e.g. Mobile reachable timer = PTAU timer given to UE + Maximum potential delay for MME-onboard to connect with MME-ground after UE has come to connected mode( including case of PTAU procedure).

Each MME-onboard runs a MME-UE-context onboard timer, at expiry of this timer, the MME-onboard synchronizes the UE context with MME-ground.
6.x.2.1.2:
How UE identifies that it is allowed to attach with network for S/F
If UE determines that it has no other network which can provide normal services then UE may determine to attach in store and forward mode. Similar to CAG mechanism available in 5GS, we propose that UE is configured with S&F information and if configured S&F ID is broadcasted along with the indication of support for S/F mode(i.e. feeder link is not available) then UE will attach with the network in S&F mode. If the UE is not configured with S&F ID and the serving network broadcasts support of S&F(i.e. feeder link is not available) then UE may attempt attach to register and receive allowed S&F IDs from network.
6.x.2.1.3:
GUTI management and MME selection:
The GUTI is assigned to the UE only by the MME-ground which is stored commonly with all the MME(s)-onboard in the UE context. The eNB-onboard selects the MME-onboard:

a) Based on the MME-group ID which can be kept common for all the MME(s)-onboard which can serve the UE based on UE serving area and the MME-ground; or

b) Following range of MME IDs which are expected to be same for selection. i.e if eNB receives one MME-ID(during RRC connection establishment) it can select any of the MMEs it has connection from the range of MME IDs.
c) The eNB will follow current mechanism to select MME-onboard, it may take into account S&F indication in the RRC signalling procedure

6.x.2.1.4:
MME-ground selection by MME-onboard:
MME-onboard selects the MME-ground when UE first attaches the network. 
MME-onboard should follow same selection mechanism as eNB selects MME in Rel-18 to select a MME-ground.
The MME-onboard is assume to support all the features MME-ground supports.

MME-ground once assigns the GUTI, MME-onboard can uniquely identify the MME-ground, MME-onboard is configured with all ground station IDs which MME-onboard can connect to reach MME-ground. This information is provided to all MME(s)-onboard during the UE attach procedure and successful UE context is synchronized.
MME-ground is configured with potential MME-onboard(s) which can serve the UE based on the UE serving area. The MME-ground is locally configured with this information or can be configured by O&M or AF(through SCEF path). 
6.x.2.1.5:
Authentication procedure/subscription details fetch during any other procedure.
If network determines to execute authentication procedure/fetch subscription details etc during any time for e.g. during service request procedure execution then the concept of partial attach accept discussed above is applicable. i.e. UE is indicated in NAS message that network has stored uplink message and network will get back to the UE once UE authentication/subscription details are fetched from ground network.

6.x.2.1.6:
Attach with PDN connectivity, multiple satellite.

The gNB, MME, S-GW and P-GW are assumed to be onboard the satellite. 

Assumption-1: If we assume there is no need for PCRF because PCC policies can be configured in the P-GW onboard satellite because. communication is for delay tolerant devices there is no specific or very small policies may need to be applied.

Assumption-2: In case of dynamic PCC deployment is required then PCRF also is assumed to be on board the satellite.

Then is no changes are expected on top of above flow. Because P-GW/S-GW/PCRF are available for interactions with MME onboard the satellite to establish the PDN connections

Similar to MME-ground, there is a P-GW-ground, S-GW-ground to sync with the UE context.
Editor’s note: Any other enhancements required to handle data transfer or onboard core network entities is FFS
6.x.3
Impacts on services, entities and interfaces
a)
MME-ground is an anchor node situated in ground network which has the UE context. MME-ground synchronizes the UE context with all the MME-onboard(s)

b)
The eNB and MME-onboard are onboard the satellite. Thus they can provide basic connection management procedures with the UE. The MME-onboard executes all the procedures with the UE which does not need interaction with other core network nodes on the ground when the service link is available.

c)
Whenever a procedure needs an interaction with a core network node in the ground then MME-onboard(stores it when feeder link is not available) and forwards the respective message to the MME-ground when feeder link is available, the MME-ground executes the procedure with the ground network nodes and syncs back the UE context with the MME-onboard or sends back the response message to the MME-onboard.

d)
GUTI management, Periodic registration management, how UE identifies that it is allowed to register for S&F are described in procedures section.

3GPP

SA WG2 TD



Satellite-1


Satellite-2

HSS
MME-onboard
UE
1
2. Registration Request (Unreachability Period)
6) Authentication & security procedure
eNB
1. UE determines if it can attach to network supporting  S/F.
2) UE sends Attach request message.
3) Partial Attach Accept.
At time 
T0
4. UE shall not trigger attach again till it receives paging message.
7). Update location & Ack
At time 
T1
9) Paging procedure
10) UE sends Attach request message.
11) Authentication & rest of the procedures to complete attach procedure
At time 
T2
12.Forward UE registered context (Result of registration)
Ground netwrok
At time 
T3
MME-ground
MME-onboard
eNB
5) MME selection and Forward Attach request message
8) Sync UE context with one of the MME-onboard.
13. Update location (Result of registration)
14) Sync UE context with all the MME(s)-onboard.which can serve the UE in UE serving area.
15. After timer expiry, UE enters registered state..



