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1 Discussion
This paper proposes conclusion principles to support the important evaluation criteria as agreed in clause 7. 
2 Proposal
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8.2	KI #2: Conclusions for Support of Store and Forward Satellite operation
Editor's note:	This clause will list conclusions for KI#2.
8.2.1	Principles of conclusion
The conclusion principles supports the 4 important evaluation criteria:
1)	Roaming. HSS is on-ground.
2)	Multiple and single satellite deployment. 
3)	MO/MT SMS service, CIoT CP. Optionally UP services.
4)	No proprietary NFs are required.
The following conclusions apply to the split MME architecture. SA2 will align further based on feedback from SA3 to ensure secure authentication procedures. 
In the Split MME architecture, HSS is on the ground.
MME functionality is split into two parts: MME-onboard - the MME part which is onboard the satellite and MME-ground – the MME part which is on the ground network with an interface out of scope of 3GPP.

1)	When feeder link is not available and the network supports S&F operation, the network shall be able to inform UE(s) whether S&F Satellite operation is applied, (e.g. eNB broadcast support of S&F operation as part of System Information).
NOTE 1:	The trigger for the eNB to broadcast support of S&F operation is based on the decision of RAN WGs. From system perspective the expectation is that if the network does not support S&F operation and the feeder link is not available then eNB switches off and does not broadcast any signal.

2)	When UE initiates Attach or TAU procedure, it indicates support for S&F mode to the MME following existing NAS capability, the MME sends Attach or TAU Reject message to the UE if these procedures cannot be completed due to S&F operation. The Attach or TAU Reject message includes:
a)	A new information indicating the UE that attach or TAU procedure cannot be completed because of the S&F operation and that the UE can re-attempt the attach or TAU in this PLMN in a next satellite pass. This indicates to the UE that the information contained in the Attach or TAU Request message is stored by the MME and the network will be available to the UE after interaction with ground network.
b)	Wait timer: Indicates to the UE the time it should wait before re-attempting the Attach procedure in the current or another satellite of the same PLMN. The UE shall not select any other network which will provide store and forward service to the UE till the wait timer is running.
c) 	The list of Satellite IDs over which the UE can re-attempt the Attach procedure, after wait timer expires. The Satellite IDs are based on the Satellite IDs available in SIB3 and SIB32.
3) How the UE process this information is up to UE implementation and during the wait timer the UE can search for another terrestrial or satellite PLMN to get normal service.
NOTE 2:	The security issues (if any) of this solution are in the scope of SA3.
NOTE 3:	The LI issues (if any) of this solution are in the scope of SA3-LI.

4)	MME may indicate to HSS the "Request Time", allowing the HSS to check that no other (e.g., terrestrial) MME has sent an Update Location Request after the "Request Time", and fetches the authentication vector and other details from HSS following current Authentication and security procedures. The MME may triggers Update location with the HSS and Update location ACK is received by MME. i.e. all the subscription details are retrieved by MME-ground. The Update Location Request includes an indication that this location update is provisional i.e. the HSS must not consider the UE as registered until it receives the final Update Location Request.
5)	When the wait timer has expired given to the UE in step 2, if the UE has not successfully attached to another PLMN and the UE finds the cell which broadcast the Satellite ID valid to re-attempt the attach procedure, the UE re-sends the Attach or TAU Request message.
6)	MME is expected to execute the authentication, and attempts to execute the remaining steps to complete the Attach or TAU procedure with the UE. The MME may also provide a list of Satellite IDs over which the UE may exchange the signalling and data, and a wait-timer that indicates to the UE the time UE it should wait before attempting signalling and data exchanges in those satellites.   


7)	
Optionally for MO SMS, upon reception of the MO SMS the MME-onboard may store the MO-SMS and immediately sends the delivery report to the UE i.e. as if the MO-SMS has already been successfully delivered to the Service Centre (SC).

NOTE 4:	If the MME-onboard does not send immediately the Delivery report, the UE might need to be paged later only for sending of the Delivery report (e.g. potentially delayed by several hours).
8)	The UE may be indicated by MME with estimated delivery time in NAS messages (Attach accept or TAU accept message or service accept. How UE uses this information is left for UE implementation. 
9)	The external SCA/AS is indicated by core network whether UE is registered in S&F Mode and the estimated delivery time.
NOTE 5:	Whether any existing monitoring events or procedures can be used or enhanced to achieve above will be determined during normative phase.
The split MME architecture will be described in informative annex, including the interaction between MME-onboard and MME-ground. Informative annex will also describe how data is stored in EPS to support store and forward operations for example:
a)	The MO data is stored in the MME-onboard and transferred to the ground and the MT data is stored in the MME-onground or in S-GW and transferred to the MME-onboard when the feeder link is available. The MT data is stored in the MME-onboard and transferred to the UE when service link is available. All types of data traffic (e.g. IP etc) can be supported and transferred using the existing user plane and control plane procedures defined in EPS.
 


8.2.1	Architecture
eNB is assumed to be on board the satellite.
For supporting SMS and CP CIoT services:
· MME is split into two functions:
· MME-onboard - the MME part which is onboard the satellite. MME-onboard is in charge of (1) handling the S1 interface with the onboard eNB and (2) terminating the NAS protocol signalling from/to UEs via the onboard eNB.
· MME-ground – the MME part which is on the ground network. MME-ground is in charge of handling the rest of interfaces towards other CN functions (S6a towards HSS, SGd towards SMS-GMSC/IWMSC /SMS Router, T6a towards SCEF, T6ai towards IWF-SCEF, S11 towards SGW). One MME-ground instance can be connected to one or multiple MME-onboard instances via a new Ssf reference point (see Figure 8.2.1-1). 
· Rest of the core network elements (HSS, SGW, PGW, SCEF/IWF-SCEF, SMS-GMSC/IWMSC/SMS Router) are on the ground.


 
Figure 8.2.1-1: “Split-MME” architecture for supporting S&F satellite operation for SMS and CP CIoT services
Editor's note:	FFS whether the definition of Ssf reference point should be addressed by 3GPP or left to implementation.

For supporting S1-UP and UP CIoT services, part of the SGW function should be also deployed on board the satellite..

8.2.2	Attach procedure
At time T0 (i.e. when service link is available, and feeder link connectivity is not available)
1)	When feeder link is not available and the network supports S&F operations, the network shall be able to inform UE(s) whether S&F Satellite operation is applied, (e.g. eNB broadcast support of S&F function as part of System Information).
NOTE 1:	If the network does not support S&F and the feeder link is not available then eNB should switch off and does not broadcast any signal.
NOTE 2: 	How to handle legacy UEs (i.e. Rel-17 & Rel-18 UEs) when S&F Satellite operation is applied is left to implementation.
NOTE 3:	If access from legacy UEs (i.e. Rel-17/Rel-18 UE) during S&F Satellite operation needs to be barred as per operator policy, the mechanisms to avoid legacy UEs (which does not support S&F) to trigger signaling over the cell supporting only S&F will be determined by RAN WGs.
NOTE 4:	The stage-3 timers needs to be revisited for S&F features and is in the scope of CT1 and CT4.
Editor's note:	Given a UE is aware whether S&F satellite operation is applied or not, whether the UE will attach with network even though there is another network which can provide normal services to the UE is FFS.
Editor's note:	Whether NAS can indicate S&F Satellite operation is applied to the UE is FFS.
2)	The UE initiates Attach procedure, indicates S&F mode to the MME-onboard following existing procedures, the MME-onboard sends Attach Accept/Reject message to the UE. 
The Attach Accept message includes:
a)	GUTI (existing IE/procedure)
b)	Wait timer: Indicates to the UE the time it should wait for network to reach the UE to continue with Attach procedure. The UE shall not select any other network which will provide store and forward service to the UE till the wait timer is running. Implicitly, this can act as an indication 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 UE may select another network if available which can provide normal services to the UE while wait timer is running.
The Attach Reject message includes:
a) A new EMM Cause that informs the UE that the attach procedure cannot be completed because of the S&F operation but that the UE can re-attempt the attach in a next satellite pass.
b) Wait timer: Indicates to the UE the time it should wait before re-attempting the Attach procedure in the current or another satellite of the same PLMN.
c) 	The list of Satellite IDs over which the UE can re-attempt the Attach procedure, after wait timer expires. The Satellite IDs can be based on the same Satellite IDs already considered in SIB3 and SIB32.
NOTE 5:	The security issues in this solution for e.g. on how to protect the Attach Accept message is in the scope of SA3.
Editor's note:	Whether to use Attach Accept (using GUTI) or Attach Reject (providing wait timer and list of valid Satellite IDs for re-attempt) or both is FFS.
At time T1 (i.e. when service link is not available, and feeder link connectivity is available)
3)	MME-onboard selects MME-ground (see clause 8.2.5). MME-onboard forwards stored Attach Request message, UE serving area, any other details fetched from the UE e.g. IMSI to MME-ground. MME-ground fetches the authentication vector and other details from HSS following current Authentication and security procedures. MME-ground triggers 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. 
4)	The MME-ground performs MME-onboard selection, and 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)
5)	The MME-onboard when enters the UE serving area will page the UE with the assigned GUTI in Attach Accept message (see step 2). The UE in response to receiving the paging message, the UE re-sends the Attach Request message.
Alternately, if wait timer has expired and UE finds the cell which broadcast the Satellite ID valid to re-attempt the attach procedure, the UE re-sends the Attach Request message.
6)	MME-onboard executes the authentication and security procedure with the UE, once authentication procedure is successful then it 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 and list of Satellite IDs over which the UE may exchange the data. 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-onboard 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)
7)	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. The 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.
8)	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.
[bookmark: _Toc157596949][bookmark: _Toc157698992]8.2.3	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.
[bookmark: _Toc157596951][bookmark: _Toc157698994]8.2.4	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, based on the MME-group ID which is common for all the MME(s)-onboard which can serve the UE based on UE serving area and the MME-ground. 
[bookmark: _Toc157596952][bookmark: _Toc157698995]8.2.5	MME-ground selection by MME-onboard and vice-versa
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-ground is configured with 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).
[bookmark: _Toc157596953][bookmark: _Toc157698996]8.2.6	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 principles described for attach procedure are applicable. 
8.2.7	S&F Policies 
For CP CIoT service, the ESM data transport procedure shall allow enforcing the S&F policies that might be applicable as per operator policy for data transmission, such as S&F data quotas, S&F data retention period, delivery priority levels and providing information on expected delivery times to the UE. The external SCA/AS is indicated whether UE is registered in S&F Mode, Expected delivery time, The Feeder-Link availability information.
NOTE 6:	Whether any existing monitoring events or procedures can be used or enhanced to achieve above S&F policies will be determined during normative phase.

8.2.8	Support of CP CIoT and SMS services
For CP CIoT data in uplink direction and MO SMS, similar to steps followed for attach procedure, 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 sends back the response message to the MME-onboard to delegate to the UE. Similarly downlink direction packets for CP data and MT SMS are stored at MME-ground and when feeder link becomes available it will be delivered to MME-onboard.

8.2.9	Support of UP data
S-GW are assumed to be onboard the satellite. Similar to MME-ground, there is a S-GW-ground to sync with the UE context. The uplink data packets are stored at onboard S-GW when feeder link is not available. Once the feeder link is available the data packets are delivered to the S-GW-ground. The downlink data packets are stored at S-GW-ground when feeder link is not yet established, once the feeder link is established those packets are delivered to S-GW-onboard.
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