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1. Introduction
This contribution proposes a new KI on the impacts to application enablers for supporting satellite access with discontinuous coverage for Cellular IoT (CIoT) / Machine Type Communication (MTC) services.
2. Reason for Change
In Rel-17 and Rel-18, 3GPP SA2 specified architecture and solutions considering the service requirements in TS 22.261 including the support of discontinuous coverage which is inherent to NGSO (Non-Geostationary Orbit) satellite deployments. Any specific information related to discontinuous coverage provided by SA2 or other sources may be utilized by the application enablement layer or mission critical applications.
The SID“Study on application enablement for Satellite access enabled 5G Services” has been approved to include the following objectives based on S6-233266. One of them is to support the discontinuous satellite coverage in application enablers.
The SA6 objectives of this study item include the following:
1.	Application Enablers:
[bookmark: _GoBack]a.	Study the impacts to application enablers for supporting satellite access, such as:
i)	Use of satellite access characteristics to optimise application layer enablement behaviour
ii)	Discontinuous satellite coverage: Support the predictable discontinuous /intermittent connectivity patterns between UEs and AS/AFs for IoT services with satellite access e.g. asset tracking, critical infra asset monitoring delivered through low density NGSO satellite constellations.
iii)	Support delivery of content from a content caching application by taking advantage of satellites in supporting ubiquitous service.
In line with th objective, a discussion on the impacts to application enablers for supporting satellite access with discontinuous coverage is addressed in the following.
A. Notion of discontinuous coverage and illustrative patterns
A description of what discontinuous coverage is can be found in TS 36.300: “As an NTN payload moves on a specified orbit, for example in case of a NGSO satellite, the NTN payload beam(s) coverage area may move and cover different portions of a geographical area due to the orbital movement of the NTN payload. As a consequence, a UE located in the concerned geographical area may experience a situation of discontinuous coverage, due to e.g. a sparse satellite constellation deployment.”
An illustration of a discontinuous coverage pattern for a given UE location and a single example LEO satellite at a nominal 600 km altitude is represented in Figure 1 (source: R2-2107453). The figure shows the flyovers where the satellite passes above 30 degrees elevation as seen from the UE location. The rise time of the satellite is plotted on the x axis against the visibility duration on the y axis. The results do not consider link budget aspects, only geometrical visibility above the given elevation angle. In the provided example, the satellite is visible from the UE location twice on most days, and occasionally three times, and the interval between passes varies between ~9 to 13.3 hours, with a mean of 11.9 hours. The median duration of the visibility window lasts around 220 seconds (3.6 minutes), with 90% of flyovers longer than 110 seconds.
This sort of discontinuous coverage pattern between the UE and a satellite can be predicted ahead of time for periods of days or even a few weeks with good accuracy (e.g. time errors of a few tens of seconds in estimating the starting time of the satellite pass when considering prediction windows of up to a few tens of days) by means of orbit propagation models and satellite ephemeris information (see R2-2206115 for prediction estimation errors using TLE and SGP4 propagator).
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Figure 1: Flyovers and duration of visibility (≥ 30 degrees elevation) for a single LEO-600 km satellite (source: R2-2107453)
B. Support for discontinuous coverage at network level
Several mechanisms to cope with the discontinuous coverage nature of the service link has been included in Rel-17 and Rel-18 specs:
· Within the radio access network:
· For IoT NTN access in E-UTRAN, as specified in TS 36.300, to enable the UE, in RRC_IDLE, to save power during periods of no coverage, the network provides NTN payload assistance information (e.g., ephemeris parameters, the start-time of upcoming NTN payload coverage) to enable the UE to predict when coverage will be provided by upcoming NTN payloads. Predicting out of coverage and in coverage is up to UE implementation.
· In NR NTN access in NG-RAN, there is no specified support for discontinuous coverage over NR in RAN specifications in TS 38.300.
· Within the core network, support for discontinuous coverage has been specified for both EPS and 5GS. This support mainly comes in the form of optional enhancements for:
· Mobility management and power saving optimization.
· Coverage availability information provisioning to the UE, which can be provided by an external server via a PDN Connection or SMS.
· Note: The protocol and format of satellite coverage availability information to be provisioned to the UE via PDU session or SMS is not defined in this release of the specification
· Coverage availability information provisioning to the MME/AMF, which may be provisioned by O&M.
· NOTE:	In this release of the specification there is no support for provisioning of satellite coverage availability information to an MME/AMF from an AF.
· Paging
· Overload control
C. Impact of discontinuous coverage to the application layer for CIoT/MTC
Regardless of the above enhancements at network level, it becomes clear from Figure 1 that the discontinuous coverage nature of the service link may have a direct impact on the behaviour of the application layer, which will experience/suffer the sort of intermittent connectivity pattern between the UE and an Application Server (AS)/Application Function (AF) residing on the network side.
This raises several points with respect to the impact of discontinuous coverage to the application layer and whether/how information related to discontinuous coverage could/should be exposed and used at application layer. We’ve tried to illustrate these points in Figure 2, which shows a simplified architecture representation of the application layer components in the UE side and in the network side for CIoT/MTC services (referred to as AS/SCS/AF according to the terminology used in TS 23.682 and TS 23.501[footnoteRef:1]) along with the representation of an underlying 3GPP network with satellite access that may interact with the application layer via network exposure functions such as SCEF (specified in TS 23.682 for CIoT/MTC) and NEF (specified in TS 23.501) on the network side, and via AT commands on the UE side.  [1:  The terms SCS/AS are used in TS 23.682 for Cellular Internet-of-Things (Cellular IoT, or CIoT), also referred to as Machine Type Communication (MTC). In TS 23.501, in the context of 5GS optimisations and functionality for support of CIoT, the term AF denotes an SCS/AS as defined TS 23.682.] 


On this basis, satellite access with discontinuous coverage (referred to as DCOV in the figure and in the following) may impact on:	Comment by Ramon Ferrus: This text has to be revised 
· Which information should be exposed/exchanged between the SCEF/NEF and the application layer for handling DCOV. This is represented by (A) in Figure 2. 
· Which information should be exposed/exchanged between the UE NTN modem and the UE application for handling DCOV. This is represented by (B) in Figure 2.
· How knowledge on DCOV pattern could be used to optimise application layer behaviour (e.g. traffic flow prioritization based on the expected duration of the contact opportunities).
· Which information should be exchanged at application layer between the UE and the AS / SCS / AF for handling DCOV. This is represented by (C) in Figure 2.
· Whether there is a need to specify a sort of “DCOV App Enabler” entity (or entities: one in UE and one in the AS/SCS/AF) that could be leveraged by diverse CIoT/MTC applications, instead of requiring each CIoT/MTC application having to embed its own support for DCOV. This is represented by (D) in Figure 2.



3. Proposal
It is proposed to agree the following changes to 3GPP TR 23.xxx v0.0.0.


* * * First Change * * * *
[bookmark: _Toc148430533]4.x	Key issue #x: Satellite access with discontinuous coverage
4.x.1	Description
In a network with satellite access, a UE may experience a situation of discontinuous coverage , due to e.g., a sparse NGSO satellite constellation deployment. From a network perspective, support to cope with the discontinuous coverage  nature of the service link in sparse constellations has been specified in Rel-17 and Rel-18. This support includes optional enhancements within the radio access network (e.g., satellite ephemeris parameters are broadcast in SIBs for satellite pass predictions for IoT NTN access) and within the core network (e.g., mobility management and power saving optimization, coverage availability information provisioning, paging, overload control). Coverage availability information provisioning to the UE and to the MME/AF entities have been also been idenfified, though no specific protocol or format have been defined in the specifications.
However, regardless of these enhancements at the network level, the discontinuous coverage nature of the service link results into an intermittent connectivity pattern between the UE and the AS/SCS/AF that has a direct impact on the behaviour of the application. It is therefore necessary to study if some support to handle discontinuous coverage should to be introduced within the application layer and/or as part of the information exposed by the network to the application layer.
To facilitate the description of the open issues, Figure 2 provides a high-level view of the main entities, interfaces and information flows that could be impacted by the support of discontinuous coverage at application layer.  
[image: ]
Figure 2: Potential points that could be relevant to handle discontinous coverage at the application layer.
4.x.2	Open issues
The open issues are:
1) Whether a Satellite Coverage Availability Information (SCAI) entity should be specified to provide information of when and where satellite coverage information is expected to be available. (see label (A) in Figure 2).
2) How the SCAI information should be delivered (i.e. protocol and format) and whether it should be defined in the specifications or left to implementation. 
3) Whether and how the SCAI information should be made available to network entities (e.g. MME/AMF) as an alternative to the provisioning of this information via O&M. (see label (B) in Figure 2).
4) Whether and how Discontinuous Coverage Application Enabler (DCAE) entity(ies) should be specified to provide support for discontinuous coverage at different (vertical) application layer entities, avoiding a scenario in which each individual application needs to handle the discontinuous coverage separately ((see labels (C) and (D) in Figure 2)
5) Whether and how the DCAE entities could/can retrieve SCAI information from the SCAI entity (e.g. the SCAI can be provided to a DCAE in the UE via a PDU session or SMS) (see labels (E) and (F) in Figure 2)
6) Whether and how the DCAE entities could/can retrieve SCAI or related information via northbound network APIs and/or AT commands (see labels (G) and (H) in Figure 2)
7) Whether and how the SCAI information or related information is utilized in the DCAE entities and which are the services and/or support offered by the DCAE entities to the application layer entities to cope or mitigate the discontinuous coverage nature of the service link (e.g. SCAI information could be used e.g. to activate/deactivate energy saving modes in the NTN modem, to prioritize/schedule application data transfer based on the predicted coverage pattern, etc.) (see labels (I) and (J) in Figure 2)
8) Whether and how the DCAE client and server entities should exchange any information to perform its functions. (see label (K) in Figure 2)
9) Whether and how to support the SCAI and DCAE functions based on an existing or a new application enabler.



* * * End of Change * * * *


* * * Next Change * * * *
[bookmark: _Toc138427386][bookmark: _Toc61885565][bookmark: _Toc59116746][bookmark: _Toc52638661][bookmark: _Toc45387616]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[x]	3GPP TS 22.261: "Service requirements for next generation new services and markets; Stage 1".
[y]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[x1]	3GPP TS 23.401
[x2]	3GPP TS 23.682

* * * End of Change * * * *
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