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1	Abstract
This contribution proposes the addition of a new key issue in TR 23.799 “Study on Architecture for Next Generation System”. The objective is to address the integration of non-terrestrial (Satellite, High-Altitude platforms) components in the architecture of Next Generation Network.


2	Discussion
As 3GPP progresses its work towards the development of the next generation system, this document aims at proposing elements of architecture to seamlessly integrate satellite and other non-terrestrial components as part of the 5G ecosystem to enable:
· Broadband access everywhere;
· Global service continuity especially for selected machine type communications and critical communications;
· Optimised network operations through off-loading.


Such an integration of satellite and other non-terrestrial networks into the Next generation network would ultimately seamlessly contribute to the provision of a true ubiquitous coverage.
The integration of satellite and other non-terrestrial components in next generation system architecture relates to
· the “5G Connectivity Using Satellites” use case of 3GPP TR 22.891 [1]  within 5G-SMARTER
· the “Satellite extension to Terrestrial” deployment scenario of 3GPP TR 38.913 [2] 

Moreover, the 3GPP technical reports defining the New Services and Markets Technology Enablers for the Next generation system have identified the added value of integrating satellite and other non-terrestrial components in the next generation system:
	3GPP documents
	Next Gen use case families where satellite and other non-terrestrial networks are expected to play a role

	3GPP TR 22.862 [4]
	“Higher availability” and “Mission critical services”

	3GPP TR 22.863 [5]
	“Deployment and Coverage”

	3GPP TR 22.864 [6]
	“Access”
To this, one can add “Backhaul” since satellite backhaul solutions already exist  for 2G to 4G networks

	3GPP TR 22.861 [3]
	“Service continuity for Machine Type Communication”



To achieve the objectives as described in the previous paragraph, the architecture of the next generation system has to be defined with the aim at seamlessly integrating satellite and other non-terrestrial network components.
Non-terrestrial components refer to networks, or segments of networks, based on airborne or spaceborne transmission equipment as defined hereafter:
· Spaceborne platforms: Satellites;
· Airborne platforms: High Altitude Platform (HAPS).


3	Conclusions
This contribution emphasizes the need for the next generation system to integrate non-terrestrial components to support a variety of use case families and services for the Next Generation system, as identified in technical reports developed within 3GPP SA and RAN groups. 
Based on the above discussion, we propose to add a new key issue “integration of satellite and other non-terrestrial components” in the TR 23.799 and in subsequent related work items.
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5	Proposal for approval

It is proposed to add the following text to the TR 23.799 “Study on Architecture for Next Generation System”.
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[bookmark: _Toc453184088]5.22 Key Issue 22: Integration of satellite and other non-terrestrial components”
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Introduction
Thanks to their inherent wide coverage capability and reliability, satellite networks will support a wide range of services and use case families for the next generation systems, as identified in [4] to [7].
The architecture of the Next Gen system shall support the seamless integration of satellite or other non-terrestrial components through several deployment scenarios to enable:
· Broadband access everywhere especially with service extension in low population density regions with low ARPU (Average Revenue Per User), in underserved areas, on board public and private transport moving platforms (e.g. aircrafts, vessels, trains, bus, etc.) through backhaul or distributed core;
· The Global service continuity especially for machine type communications (MTC), public safety communications, emergency communications and Public warning/emergency alert systems;
· Terrestrial network off-loading which includes the following use cases:
· a) Cell sites in underserved areas which are connected with low bandwidth backhaul links (e.g. microwave) can be easily upgraded by backhauling the latency insensitive downstream traffic over high throughput satellite links. The large coverage area of satellite beams allows for greater statistical multiplexing gains. Moreover, the genuine satellite broadcast and multicast capabilities enable bandwidth efficient live video streaming and content distribution to edge caches;
· b) When a satellite link is used for backhaul from a cell site the traffic normally first lands at satellite Gateway (which could be in a different country) before being forwarded to the core network. Traffic destined to and from the Internet could be directly offloaded to the Internet at the satellite gateway rather than being sent back to the core network. 

By extension, the Next Generation system architecture shall be defined to also support the integration of non-terrestrial components and technologies at large.
Hence, the Next Generation system will contribute to the development of an Heterogeneous Network, that can provide an access or core network through a combination of different wireless (GSM, UMTS, LTE, NextGen, WiFi, satellite, HAPS) or wireline components (copper, fibre).

The above mentioned deployment scenarios will impact the NextGen System architecture (see figure 4.2.1-1) as follow:
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Figure 5.22.1-1: Broadband access everywhere enabled by non-terrestrial backhaul

Note that edge network computing/caching can be implemented in this deployment scenario.
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Figure 5.22.1-2: Broadband access everywhere with distributed core enabled by non-terrestrial network
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Figure 5.22.1-3: Global service continuity through non-terrestrial RAN

Note that mobile broadcast feature can be implemented in this deployment scenario.

[image: ]
Figure 5.22.1-4: Traffic offloading in underserved areas with multi-link backhaul
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Figure 5.22.1-5: Traffic offloading with multi country backhaul network

Note that NGx-represent the Next Generation interfaces

Non-terrestrial components
Non-terrestrial components refer to elements of networks based on transmission equipment embarked on board space borne platforms such as Satellites or airborne platforms such as High Altitude Platform Systems (HAPS).

Table 5.22.1-1 provides the main characteristics of the different types of non-terrestrial networks driving their latency:

Table 5.22.1-1: Typical one way propagation delay in non-terrestrial networks (earth station to Earth stations via the Space borne / airborne platform)
	Space borne / airborne platforms
	Max altitude
	Max distance between earth station and platform assuming 10° elevation
	One way propagation delay

	Geostationary orbit Satellite (GEO)
	35 786 km
	40 588 km
	270.6 ms

	Highly elliptical orbit  Satellite (HEO)
	42 708 km
	47 575 km
	317.2 ms

	Medium earth orbit Satellite (MEO)
	8 500 km
	12 380 km
	82.5 ms

	Low earth orbit Satellite (LEO)
	1 400 km
	3 480 km
	23.2 ms

	High Altitude Platform System (HAPS)
	20 km
	110 km
	0.7 ms



Geostationary (GEO) satellites orbit the Earth at the same speed as the Earth’s rotation, and thus appear to be stationary, as they are placed into orbit around 35,786 km in the Equatorial plane. Other satellite networks are based on constellations of satellites placed in Medium Earth Orbit (MEO) from 6000 to 25000 km altitude and Low Earth Orbit (LEO) below 1800 km altitude. Highly-Elliptical Orbit (HEO) satellites follow elliptical orbits typically with an inclination of 63.4 degrees to the Equator such as to be synchronized to the rotation of the Earth.

The most relevant satellite networks for the Next Generation system are summarized in the next table 5.22.1-2:

Table 5.22.1-2: Satellite and other non-terrestrial networks use cases for the Next Generation system
	Use case
	Targeted terminals
	Typical Frequency bands
	System Bandwidth (DL + UL)
	Data rate capability

	Radio Access network
	Devices equiped with quasi- omni directional antenna and battery activated
	Below 6 GHz (e.g. ~1.5, ~2, ~2.5, 3.5 GHz)
	Up to 2x 10 MHz
	Up to hundreds of kbps

	Backhaul
	Earth stations fixed or mounted on moving platforms
	Above 6 GHz (e.g. ~10, ~20, ~30, ~40, ~50 GHz)
	Up to 2x 1000 MHz, depending on frequency
	Up to hundreds of Mbps

	Traffic off loading
	Earth stations fixed or mounted on moving platforms
	Above 6 GHz (e.g. ~10, ~20, ~30, ~40, ~50 GHz)
	Up to 2x 1000 MHz, depending on frequency
	Up to few Gbps



The propagation channel can be modelled mainly with 
· a Rician Log-Normal model with 2 or 3 states (representing the Line of Sight and shadowed conditions) for Sub 6 GHz mobile satellite systems serving user equipment with quasi-omni directional antenna;
· a combined Gaussian model with rain fading also subject to transponder non linearities, for satellite systems operating in frequency bands above 6 GHz and addressing fixed directive antennas or directive antennas mounted on moving platforms.

Architectural challenges related to the integration of non-terrestrial networks
The following key objectives have to be addressed:
· The seamless integration of satellite and other non-terrestrial components into the Next Gen system architecture.
· The support of the Next Gen system for non-terrestrial network comprising 3GPP and non-3GPP waveforms and protocols. 

Topics to be addressed when defining the Next Generation system architecture

· Flexibility of the end to end network/transport/application protocols (UE – CN) (control and user plane) to accommodate high latency;
· Define the flexibility of the interface between the Core Network and the non-terrestrial components;
· Integration of non-terrestrial link(s) into link aggregation scheme, so as to allow the aggregation of non-terrestrial and terrestrial links at the same time in the User Equipment, for backhaul or distributed core;   
· Partitioning of next generation network functions including space-borne or airborne on-board processing capabilities with clear interfacing requirements;
· Power dynamic and control, Doppler and timing ranges adequately defined so as to uniquely integrate terrestrial and non-terrestrial components in a single air interface;
· Unified radio air interface frequency channelling and duplexing definition for terrestrial and non-terrestrial networks to enable the implementation of efficient solutions in accessing to the spectrum;
· Flexibility of the radio interface protocols (UE – RAN) (control and user plane) to accommodate high latency;


5.22.2 Work Tasks
 
Table 5.22.2-1: Work Tasks for Integration of non-terrestrial networks
	Work Task ID
	Work Task(s)
	Work Task Description

	NTNI_WT_#1
	Non-terrestrial networks integration
	Support of NextGen radio interface protocols and potentially waveforms in non-terrestrial networks

Support of user and control planes of the NG2 and NG3 interfaces over non-terrestrial network (e.g. backhaul)

Support of management plane to interface with the non-terrestrial networks to configure and manage the ground segment and non-terrestrial networks components connectivity

Support of simultaneous link aggregation of non-terrestrial  and terrestrial links in the User Equipment, for backhaul or distributed core

Support mobility between terrestrial and non-terrestrial radio access networks

Support traffic routing between terrestrial and non-terrestrial components for RAN & CN.
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