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Abstract; in this contribution, we clarify the; use cases, deployment scenarios and corresponding requirements for satellite communications  and also propose to approve the text proposal below in the Annex below to be included in TR38.913.
Following the TSG RAN#71 meeting, an email discussion ([RAN#71-08] Satellite Communications) was kicked off introducing the importance of satellite in the context of NR and also highlighting some of the use cases by teeing them to SMARTER scenarios and inviting companies to express their view and collect feedback. No feedback or questions were received online on the use cases or deployment scenarios but some feedback was received offline and those comments have been taken into consideration within the text proposal in the Annex of this document

1.0	Introduction
This contribution outlines the importance of satellite systems in the context of next generation New Radio (NR) interface (5G) and its deployment. 
Conceptually, 5G is viewed as a composition of 3 broad categories; eMBB (enhanced Mobile Broadband), URLLC (Ultra-Reliable and Low Latency Communications) and mMTC (massive Machine Type Communications), but more importantly it is a view shared by many that it is an umbrella solution to enable ubiquitous connectivity. Many potential use cases have been defined both within 3GPP (SA) and beyond for 5G and below we share some of these use cases that can be more efficiently supported by satellite systems.
As stated in the ITU, the terrestrial and satellite components are complementary, with the terrestrial component providing coverage and services over areas of land mass with population density considered to be large enough for economic provision of terrestrially-based systems, and the satellite component providing both an overlay service in these areas and extending 5G coverage outside these areas to virtually global coverage. Satellite as a component of 5G is also noted within the NGMN white paper in consideration of the use cases list and emerging technologies available in due time for 5G. 
A common standard and specifications for satellite & terrestrial networks ensures interoperability and seamless user experience. A high degree of commonality between the two radio interfaces (RAN’s) is a desirable requirement.
2.0	Satellite Overview
Satellite orbits can be classified into four main types:  
· Geostationary orbits (GEO) 
· Medium earth orbits (MEO)
· Low earth orbits (LEO) 
· Highly elliptical orbit (HEO) 
Geostationary (GEO) satellites orbit the earth at the same speed as the earth’s rotation, thus appear to be stationary, and they are placed into orbit around 36,000 km above the equator. Other satellite constellations are Medium Earth Orbit (MEO) from 6000 to 25000 km altitude and Low Earth Orbit (LEO) below 1500 km altitude. Highly-Elliptical Orbit (HEO) satellites follow elliptical orbits with an inclination of 63.4 degrees to the equator such as to be synchronized to the rotation of the earth.
The one-way delay for the signal to travel from a ground station to the satellite and to end user, in addition to normally experienced communications processing delays, is between 250-300 ms for GEOs and the Round Trip Time (RTT) would typically be up to 600 ms in the case of GEO and HEO, up to 180 ms in the case of MEO, and up to 50ms for the LEO satellite systems. 
Today, the mobile satellites services (MSS) operate primarily in L band (~1.5 GHz) and S band (~2 GHz). The offered services comprise broadband connectivity as well as broadcasting and messaging services to different terminal types (handheld, vehicle mounted fixed terminals). Additionally, service is also offered via an integrated system where the satellite and terrestrial components are operated by same operator (MSS-ATC/CGC). In the past, the air interfaces and network functions have tended to be proprietary. More recently satellite systems have adopted standards published at ETSI (e.g. GMR-1, SL, and DVB-S2x/RCS2). 
The Fixed satellites (FSS) provide backhaul services to cellular (3G and 4G) and services to terminals on board moving platforms (e.g. automobiles, ships, planes, etc.) in C band (3.4-6.725 GHz), Ku band (10.7-14.8 GHz), Ka band (17.3-21.2 GHz, 27.0-31.0 GHz) and Q/V band (37.5-43.5 GHz, 47.2-50.2 GHz and 50.4-51.4 GHz).
It is envisaged that satellites will play a role in 5G as part of an integrated and managed 5G infrastructure allowing for dynamic re-configurability of infrastructure and services. Their role can be as part of the core network infrastructure e.g. backhaul, broadband/broadcast (fixed) or part of the access directly to the user terminal (mobile). In these cases there is need for RAN harmonization with the terrestrial network. 

3.0	Deployment Scenarios
In this section, some of the satellite deployment cases are briefly covered.
A single radio standard, allows flexibility to the devices to choose the best access link for connectivity based on required service.
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Many of the SMARTER use cases are empowered with satellite systems.
	Service Category
	Deployment Scenario/ Services
	3GPP SA Use Case (TR 22.891-200)

	Multimedia delivery
	Mobile Broadcast
	5.53 Vehicular Internet & Infotainment
5.56 Broadcasting Support
5.64 User Multi-Connectivity across operators

	
	Content Caching
	5.36 In-network and device caching

	
	Broadcast to home
	5.56 Broadcasting Support

	 

	Broadband
	Mobile Broadband to users and Vehicles
	5.28 Multiple RAT connectivity and RAT selection
5.29 Higher User Mobility
5.53 Vehicular Internet & Infotainment

	
	Fixed Broadband to homes and enterprises
	5.41 Domestic Home Monitoring

	
	Ubiquitous coverage- Remote areas services
	5.30 Connectivity Everywhere
5.10 Mobile broadband services with seamless wide-area coverage

	
	Backhaul Connectivity
	5.30 Connectivity Everywhere
5.10 Mobile broadband services with seamless wide-area coverage

	
	Broadband to moving platforms- flights, ships etc.
	5.30 Connectivity Everywhere
5.12 Connectivity for drones
5.29 Higher User Mobility

	 

	Machine Type Communication
	Fleet Tracking
	5.43 Materials and inventory management and location tracking

	
	Asset Management
	5.43 Materials and inventory management and location tracking

	
	Wide area sensor management
	5.20 Wide area sensor monitoring and event driven alarms
5.42 Low mobility devices
5.73 Delivery Assurance for High Latency Tolerant Services

	 

	Critical Communication
	Disaster Management
	5.3 Lifeline communications / natural disaster
5.31 Temporary Service for Users of Other Operators in Emergency Case

	
	Air Traffic Management
	 

	
	Reliable Communication
	5.73 Delivery Assurance for High Latency Tolerant Services

	 

	Vehicular Communication
	Traffic Updates and Software Upgrades
	5.33 Connected Vehicles

	
	eCalls and Emergency Notifications
	5.3 Lifeline communications / natural disaster
5.31 Temporary Service for Users of Other Operators in Emergency Case



4.0	Satellite Specific Considerations
To be able to service the above use cases efficiently and in a cost-effective manner, it is important to maximize the commonalities with the terrestrial system. As part of the NR study item, 3GPP should study and develop flexible/scalable access technology (radio standard) that allows satellites to use the same interface as terrestrial systems 
The main consideration in the satellite systems that is not an issue in terrestrial systems is a long propagation delay. Therefore, the next generation radio access interface should be able to work with;
· The longer Round Trip Time (RTT} of satellite systems.
· The access technology should consider adding flexibility to some of the associated aspects, due to large RTT, such as {uplink synchronization, random access, memory requirements, HARQ, adaptive modulation and coding etc.}
In addition to above, the Doppler effects are of relevance for LEO and most of MEO constellations satellites, which need to be taken into account, particularly for high speed UEs such as aircrafts. 
It is recognized that the terrestrial design would be the baseline, and the NR interface should accommodate above features only when dealing with the satellite access links.
Annex: Text Proposal for TR38.913
-------------------------------------------------- BEGIN TEXT PROPOSAL ----------------------------------------
6.1.11 Satellite extension to terrestrial -- Ubiquitous Coverage
This deployment scenario is defined to allow for the provision of services for those areas where the terrestrial service is not available and also for those services that can be more efficiently supported by the satellite systems such as broadcasting service. Satellite acts as a fill-in especially on roadways and rural areas where the terrestrial service isn’t available. The supported services via the Satellite system are not limited to just data and voice, but also for others such as machine type communications, broadcast and other delay tolerant services.



Some of its attributes are listed in Table [6.1.11-1]
Table 6.1.11-1: Examples for Satellite Deployment 
	Attributes
	Deployment-1
	Deployment-2
	Deployment-3

	Carrier Frequency
	Around 1.5 or 2 GHz for both DL and UL
	Around 20 GHz for DL
Around 30 GHz for UL
	Around 40/50 GHz

	Duplexing
	FDD
	FDD
	FDD

	Satellite architecture
	Bent-pipe
	Bent-pipe,
On-Board Processing
	Bent-pipe,
On-Board Processing

	Typical satellite system positioning in the 5G architecture
	Access network
	Backhaul network
	Backhaul network

	System Bandwidth 
(DL + UL)
	Up to 2*10 MHz
	Up to 2*250 MHz
	Up to 2 * 1000 MHz

	Satellite Orbit
	GEO, LEO
	LEO, MEO, GEO
	LEO, MEO, GEO

	UE Distribution
	100% Outdoors
	100% Outdoors
	100% Outdoors

	UE Mobility
	Fixed, Portable, Mobile
	Fixed, Portable, Mobile
	Fixed, Portable, Mobile


NOTE 1:	The carrier frequencies noted here are for evaluation purpose only, satellites are deployed in wide range of frequency bands including L band (1-2GHz), S band (2-4GHz), C band (3.4-6.725 GHz), Ku band (10.7-14.8 GHz), Ka band (17.3-21.2 GHz, 27.0-31.0 GHz) and Q/V bands (37.5-43.5 GHz, 47.2-50.2 GHz and 50.4-51.4 GHz) and more.
NOTE 2:	Bent pipe refers to the architecure where the satellite transponders are transparent—only amplify and change frequency but preserve the waveform. On Board Processing satellite transponders incorperate regeneration — including modulating and coding the waveform
NOTE 3:	Mobile consitutes of both hand-helds and other moving platform receivers such as automobiles, ships, planes etc. Currently the hand-helds are limited to L and S bands but the research is ongoing to support higher bands. 
[bookmark: _Toc446354187]7.4	Control plane latency
Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE).
The target for control plane latency should be 10ms
[bookmark: _Toc446354188]Note: For satellite communications link, the control plane should be able to support RTT of up to 600ms in the case of GEO and HEO, up to 180ms in the case of MEO, and up to 50ms in the case of LEO satellite systems.
7.5	User plane latency
The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.
For URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.
NOTE1:	The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.
For eMBB, the target for user plane latency should be 4ms for UL, and 4ms for DL.
NOTE2:	For eMBB value, the evaluation needs to consider all typical delays associated with the transfer of the data packets in an efficient way (e.g. applicable procedural delay when resources are not preallocated, averaged HARQ retransmission delay, impacts of network architecture).
When a satellite link is involved in the communication with a user equipment, the target for user plane RTT can be as high as 600 msec for GEO satellite systems, up to 180ms for MEO satellite systems, and up to 50ms for LEO satellite systems.
NOTE3:	For the satellite case, the evaluation needs to consider the max RTT that is associated with the GEO satellite systems. 
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