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Abstract of the contribution: This paper proposes a new solution addressing KI#2.
1
Discussion

KI#2 is defined in TR 23.700-29 as follows:

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:
-
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.

In our understanding the S&F satellite operation is primarily motivated for deployments for incomplete LEO satellite constellation.

Consider the extreme case depicted in Figure 1 with a satellite orbit consisting of only one LEO satellite:
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Figure 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 let’s assume that a given spot on the Earth is served by the satellite for 5 minutes during one satellite pass. Given that there is only one satellite in Figure 1, the UE will be served intermittently i.e. only during 5 minutes within a period of 90 minutes. 
In the scenario depicted in Figure 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 ISLs with additional satellites.
As a consequence, none of the signalling procedures between the UE and the Core Network can be executed as an atomic procedure.

The present contribution focuses on the impacts to the procedures for SMS support.
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Figure 2: Optimised EPS architecture option for CIoT - Roaming architecture (same as TS 23.401 Figure L.3-1)

The Optimised CIoT architecture depicted in Figure 2 (same as TS 23.401 Figure L.3-1) is taken as a starting point. It is assumed that the C-SGN (CIoT Serving Gateway Node) function is split into two parts: C-SGN-SAT functionality residing on the satellite (together with RAN functionality) and C-SGN-GND functionality residing on the ground. This is illustrated in Figure 3.
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Figure 3: 5GSAT architecture for S&F operation (SMS related)
Functionality that is not relevant for SMS support is omitted from Figure 3.
2
Proposal

It is proposed to agree the proposed solution for inclusion in TR 23.700-29.

*** BEGIN CHANGES ***
6.X
Solution #X: Support for SMS in satellite network for S&F operation 
6.X.1
Key Issue mapping

This solution addresses the SMS support of Key Issue #2 (Support of Store and Forward Satellite operation).
6.X.2
Description

Consider the extreme case depicted in Figure 6.X.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_land.png >



Figure 6.X.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 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.X.2-1, the UE will be served intermittently i.e. only during 5 minutes within a period of several hours. 

In the scenario depicted in Figure 6.X.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.X.2-2.
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Figure 6.X.2-2: Satellite architecture for S&F operation (SMS 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 SMS-related procedures is omitted from Figure 6.X.2-2.

6.X.3
Procedures

6.X.3.1
Mobile Terminated SMS
The procedure for Mobile Terminated SMS (MT SMS) in a satellite network for S&F operation is depicted in Figure 6.X.3-1. The steps enclosed in dashed line boxes are executed as atomic procedures.
Editor’s note: It is FFS how the procedure is modified in presence of multiple satellites.
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Figure 6.X.3.1-1: MT SMS in satellite network for S&F operation
1-3. When the SC / SMS-GMSC has an MT SMS for the UE, the SMS-GMSC interrogates the HSS to obtain routing information. The HSS response includes the address of the MME-GND. The SMS-GMS forwards the MT SMS to the MME-GND using the ForwardShortMsg message. The MME-GND stores the MT SMS. The SM Delivery Timer in the ForwardShortMsg message should be set to a value that is large enough to anticipate the delayed reception of the delivery report in step 7.
NOTE:
The SM Delivery Timer should be set to values on the order of several hours. According to TS 29.338 [xx] the SM Delivery Timer is of type Unsigned32 and contains the value in seconds of the timer for SM Delivery, meaning that existing specifications allow for using large enough timer values.
4. When the ground station establishes contact with the MME-SAT, the MME-GND forwards the MT-SMS to MME-SAT.
5-6. When MME-SAT determines that the UE is in satellite coverage using existing mechanisms for satellite access with discontinuous coverage, the MME-SAT establishes connection with the UE and delivers the MT SMS. The MME-SAT stores the delivery report.
7-8. When MME-SAT subsequently establishes contact with the ground station, the MME-SAT sends the delivery report to the SC / SMS-GMSC (via MME-GND). The SMS-GMSC may inform the HSS of the delivery report status as defined in TS 23.040 [xx] clause 10.1.
6.X.3.2
Mobile Originated SMS
The procedure for Mobile Originated SMS (MO SMS) in a satellite network for S&F operation is depicted in Figure 6.X.3-2. The steps enclosed in dashed line boxes are executed as atomic procedures.
Editor’s note: It is FFS how the procedure is modified in presence of multiple satellites.
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Figure 6.X.3.1-1: MO SMS in satellite network for S&F operation
1-2. When the UE has an MO-SMS for the network, the UE establishes a connection with the satellite after determining that it is in satellite’s coverage and initiates message transfer to the MME-SAT. The MME-SAT stores the MO-SMS.
3-4. When MME-SAT establishes contact with the ground station, the MME-SAT forwards the MO-SMS to SMS-GMSC (via MME-GND). The SMS-GMSC replies with a delivery report to the MME-SAT (via MME-GND). The MME-SAT stores the delivery report.
5-6. When MME-SAT determines that the UE is in satellite coverage using existing mechanisms for satellite access with discontinuous coverage, the MME-SAT establishes connection with the UE and sends the delivery report to the UE.
Editor’s note: It is FFS whether the delivery report in step 6 can be delivered after the message transfer in step 2, so that steps 5-6 can be avoided. It is noted that the delivery report in this case confirms the reception of the Short Message by the SC.
Editor’s note: It is FFS whether a legacy UE can support delivery reports that are delayed by several hours.
6.X.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.

*** END CHANGES ***
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