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Discussion 
This paper proposes updates to Solution #14 to ensure that this procedure does not disconnect the mobile if it has moved into the coverage of another access network. 
This is a critical issue to be solved, e.g. to avoid calls (including emergency calls) failing when an e.g, NB-IoT+WB-EUTRA UE returns to WB-EUTRA coverage. 

Without a solution to this issue, roaming agreements from this type of satellite system are very unlikely to be accepted by HPLMNs.

Proposal

It is proposed to update TR 23.700-29 as follows:
**** First Change ****

6.14
Solution #14: Initial Registration with prior rejection in satellite network for S&F operation

6.14.1
Key Issue mapping

This solution addresses the Initial Attach / Initial Registration of Key Issue #2 (Support of Store and Forward Satellite operation).

The Initial Attach / Initial Registration procedure is assumed to be common to all S&F services.

6.14.2
Description

Consider the extreme case depicted in Figure 6.14.2-1 with a satellite orbit consisting of only one LEO satellite:
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The Earth illustration is borrowed from Citynoise, CC BY-SA 4.0, via Wikimedia Commons < https://commons.wikimedia.org/wiki/File:Hemisphere_water.png >


Figure 6.14.2-1: Incomplete satellite orbit with only one satellite

Assuming that the satellite orbit is located at 500 km altitude, the orbital period is roughly equal to 90 minutes. The size of the satellite's coverage area depends on several factors, but for simplicity it is assumed that a given spot on the Earth is served by the satellite for e.g. 5 minutes during each satellite pass. Due to Earth's rotation, a given satellite will pass over the same geographical area only after several orbits. Given that there is only one satellite in Figure 6.14.2-1, the UE will be served intermittently i.e. only during e.g. 5 minutes within a period of several hours.

In the scenario depicted in Figure 6.14.2-1 the satellite establishes a contact with the UE and with the ground station at T1 and T3, respectively. At no time does the satellite have simultaneous connection to both the UE and the ground station due to the absence of Inter-Satellite Links (ISLs) with additional satellites.

As a consequence, none of the signalling procedures between the UE and the Core Network can be executed in their entirety as an atomic procedure.

The solution is based on the EPS architecture. It is assumed that the MME function is split into two parts: MME-SAT functionality residing on the satellite (together with RAN functionality) and MME-GND functionality residing on the ground. This is illustrated in Figure 6.14.2-2.
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Figure 6.14.2-2: Satellite architecture for S&F operation (registration related)

The exact split of functionality between MME-SAT and MME-GND, as well as the definition of Ssf reference point, is considered outside of 3GPP scope.

Functionality that is not relevant for the Registration procedure is omitted from Figure 6.14.2-2.
6.14.3
Procedures

The procedure for Initial Attach in a Satellite network for S&F operation is depicted in Figure 6.14.3-1. The steps enclosed in dashed line boxes are executed as atomic procedures.
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Figure 6.14.3-1: Initial Attach in satellite network for S&F operation

1-3.
When UE determines that it is in satellite coverage, the UE attempts to register with the network by sending an Initial Attach Request (without PDN connectivity) message to MME-SAT. MME-SAT stores UE's IMSI. Given that the satellite has no connection with the ground station, it rejects UE's request by sending the Attach Reject message with an appropriate cause. The MME-SAT stores the time (“Request Time”) at which message 3 was sent.
NOTE: 
After message 3 is sent, the UE will look for coverage (and may move) and may find another access network and then it will perform a Tracking Area Update / Registration Update with that (e.g., terrestrial) network. It is vital (e.g., for emergency communication from the UE) that message 4 and/or message 11, below, does not lead to the UE’s registration with that new network to be cancelled.
4-5.
When MME-SAT establishes contact with the ground station, it requests authentication data for the UE by sending the Authentication Data Request (IMSI, “Request Time”) message to the HSS via MME-GND. The HSS checks that no other (e.g., terrestrial) MME (or AMF) has sent an Update Location Request after the “Request Time” and, if not, the HSS generates authentication vectors for the UE and sends them to the MME-SAT (via MME-GND) using the Authentication Data Response (EPS Auth. Vectors) message.

6-10.
When UE subsequently determines that it is in satellite coverage, the UE re-attempts to register with the network by sending an Initial Attach Request (without PDN connectivity) message to MME-SAT. MME-SAT authenticates the UE using the stored authentication vectors and accepts the Attach Request. From UE's perspective the Initial Attach procedure is completed at this point.

Editor's note:
It is FFS how the procedure is modified in presence of multiple satellites. For instance, how the UE identifies the satellite that carries the authentication vectors.

11-12.
When MME-SAT subsequently establishes contact with the ground station, it updates the current UE location with the HSS by sending the Update Location Request message (via MME-GND). The HSS sends UE's subscription data to MME-SAT using the Update Location Ack message.

NOTE:
If the subscription data in the Update Location Ack message indicate that the UE is not allowed to be served in the location where the Attach was requested, the MME-SAT initiates UE detach during the subsequent contact with the UE.

Editor's note:
It is FFS whether there is a more efficient way for handling the subscription-based service restrictions.

6.14.4
Impacts on services, entities and interfaces
MME impact:

-
Ability for split operation with MME-SAT and MME-GND component on the satellite and on the ground, respectively.
MME/HSS impact:
- 
addition of time stamp to Authentication Request sent to HSS. HSS functionality to check for requests received after that time from other access networks.
Editor's note:
It is FFS whether there is any UE impact.

**** End of Changes ****
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