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SPUTNIK 1 (Спут́ник-1)
First artificial Earth satellite launched on
4th October 1957

TELSTAR
First television pictures,
telephone calls, and fax
images, and provided the first
live transatlantic television feed

1957 .. 1965
Development of
communication satellites

2018



Mobile Asteroid Surface Scout (MASCOT)
deployed from Hayabusa2 spacecraft on Ryugu

asteroid (Oct.2, 2018)



Global Impact and Usage
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And much more!

Space fosters creativity



What is Driving Satellite Demand? … Big Data

Source:Ericsson

Traffic Trends:
• Data traffic has seen

unprecedented increase
within 5 years

 
 

 
 
 
 

Data traffic isData traffic is
exploding…that is whyexploding…that is why

terrestrial networksterrestrial networks
need satelliteneed satellite

 
And growing at very high rates In

just 12 months!!!!

www.nsr.com  © 2018 - NSR



What is Driving Satellite Demand? … Smart Data & “The
Cloud”
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Source: doubleclix.wordpress.com

Future Traffic Trends:
• Quantity and quality BUT security will be required at higher levels (encryption)
• Need for more Automation (protecting the GRID, SCADA, etc.)
• Near real-time to Real-time requirements – The Latency Card
 
 
www.nsr.com  © 2018 - NSR

Source: global.jaxa.jp



What is Driving Satellite Demand? … Devices
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Source: Cisco

• 2G devices & subscriptions will
decline while 3G, 4G and LPWA
(M2M) connections will increase
substantially.

 
• The mobile phone/smartphone

will be the dominant personal
electronic communications
device.

 
• Remote users (off-networks)

such as oil and gas personnel
and shipping increasingly use
smartphones as part of their
daily operational and personal
communications

Future data traffic will follow the trend seen in
urban areas in underserved and remote areas

 
i.e. more smartphones = more bandwidth.

www.nsr.com  © 2018 - NSR



Satellite for 3G/4G/5G?
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Source:Cisco

Coverage Shortfall:
• Due to coverage issues or the lack of a large “pipe”

to support high-bandwidth applications, rural,
remote and underserved areas have to contend with
0.1 Mbps throughput.

• Applications typically restricted to SMS, voice and
messaging/email.

An ever-widening “Digital Divide”
 

Satellite Play:
• Highly saturated and competitive urban markets

means that market expansion in all regions of
the globe lie in rural, remote and underserved
areas where satellite is the key enabler of
connectivity

• Higher capacity satellite systems will help grow
market given huge increase in 3G/4G bandwidth
requirements

 

www.nsr.com  © 2018 - NSR



Mobility via Satellite Applications
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A legacy market
that will continue

to grow

In-flight
connectivity is the
next “Big Thing”

for satellite

The Connected
Car and

Intelligent
Transportation

Systems

www.esa
.int

www.nsr.com  © 20178- NSR



Mobility via Satellite Applications – Demand Going
Up
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L-
Band

Ku-
Band

C-
band

HTS
+

LEO
HTS

L-
Band

Ku-
Band

C-
band

HTS
+

LEO
HTS

Up to 750 kbps

500 kbps up to 40 Mbps

Up to ??? Gbps

Trends in Satellite
Communications

Mirror Terrestrial
Connectivity

Supply of new system
keeps going up to

meet growing demand
of  increasingly mobile

users

www.nsr.com  © 2018 - NSR



The Future…within your lifetime
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Not if …but when
this happens in the

2026-2035
timeframe, we will
need satellites to

communicate with
our Martian

counterparts!
Source:  Mars.NASA.Gov

Source:  www.foxmovies.com
www.nsr.com  © 20178- NSR



The Sustainable Development
Goals



The Sustainable Development
Goals

• In 2015, the United Nations adopted 17 Sustainable
Development Goals (SDGs) as part of the Agenda
2030 to achieve a better future for all.

• These goals apply to all countries, whether
developing or developed.

• Radiocommunications, including satellites have a
key supporting role in achieving each and everyone
of these 17 SDGs.

 



A Typical Geostationary Satellite
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• Distance from Earth: 35,786 KM or
22,223 miles

• Geostationary satellites "parked" over
equator travel at same direction and
speed as the Earth revolves. Each
"footprint" covers 40% of globe (for C-
band).

• Speed: 11,300 km/h or 7,000 mph
• Directional antennae are aimed and

fixed in position with no need for
tracking.

Source: BBC

Source::  www2.jpl.nasa.gov

Source: www.geek.com

Source:    BBC

www.nsr.com  © 2018 - NSR



Traditional GEOs and HTS GEOs
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• Future Satellite Communications - High Throughput Satellites (HTS)
 
 

 • Traditional
• Traditional FSS provide large hemi- or regional

beams without frequency re-use  
• or multiple spot beams

 

• HTS
• HTS almost exclusively make use of

frequency re-use
• + multiple spot beams

•Why? Higher throughput, more spectrum available, smaller equipment, lower cost-per-bit
•Main applications? Consumer broadband access and enterprise data services

www.nsr.com  © 2018 - NSR
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• LEO/MEO distance 
from Earth is closer 
compared to GEO
(1200-1400 km/10000 km)

• Lower latency for LEO
• Speed: LEOs faster
• LEO footprint is smaller so

more satellites are needed 
to cover the globe.

LEO & MEO
systems



• Lower cost to build and launch LEO satellites  �  lower
cost per bit

• Low latency  �  services comparable to terrestrial
networks

• Polar Orbit  � high elevation and global coverage
 

NGSO Low Latency

LEO
<
50ms

MEO
> 135ms
 

Low Earth Orbit (LEO) System Offers Lowest Latency

 

Improved performance

GEO
> 560ms
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1.467 GHz
to 1.492 GHz

1.518 GHz
to 1.675

GHz

1.97 GHz
to 2.69 GHz

3.4 GHz
to 7.025 GHz

10.7 GHz
to 14.5 GHz

17.3 GHz
to 30 GHz

Satellite Audio
Broadcasting to

fixed and
mobile units

Civilian
Mobile-
Satellite

Services (two-
way)

Satellite
television & radio

broadcasting
to mobiles + two-

way mobile
services

Fixed-Satellite
television,

& data services
(including

broadcasting)

Fixed-Satellite
television

& data services
(including

broadcasting)

Fixed-Satellite
television

& data services
(including

broadcasting)

FREQUENCY SPECTRUM
Limited natural resource
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WHERE DO SATELLITES
OPERATE …

Highly Elliptical
Orbit – 40 000 km
in apogee

International Space Station

Sub-orbital

GEO
35,786 km above
equator

MEO
8 000 - 20 000 km

LEO
400 - 2 000 km

Molniya
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> 40,000 objects
and growing
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1963
Extraordinary Administrative Radio Conference to allocate
frequency bands for space radiocommunication purposes



TODAY
More than 2000 pages of Radio Regulations
40 services from 8.3 kHz to 3 000 GHz
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LEGAL FRAMEWORK FOR
SPECTRUM ACCESS/USE
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UN OUTER SPACE
TREATY (1967)
 

• Outer space free for exploitation and
use by all states in conformity with
international regulations

• States retain jurisdiction and control
over objects launched into outer
space

• States shall be liable for damage 
caused by their space objects
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INTERNATIONAL TREATIES
 
1967 “Outer Space Treaty”
Treaty on Principles Governing the Activities of States in Exploration and Use of Outer Space, including the
Moon and Other Celestial Bodies
 
1968 “Rescue Agreement”
Agreement on the Rescue of Astronauts, the Return of Astronauts and the Return of Objects Launched into
Outer Space
 
1972 “Liability Convention”
Convention on International Liability for Damage Caused by Space Objects
 
1975 “Registration Convention”
Convention on Registration of Objects Launched into Outer Space
 
1979 “Moon Treaty”
Agreement Governing the Activities of States on the Moon and Other Celestial Bodies
 
ITU Constitution/Convention of 1982 listed under other agreements
ITU is recognized as the specialized agency responsible for
telecommunication issues



ITU at a glance

ITU is the United Nations specializedspecialized
agency for information andagency for information and

communication technologies communication technologies (ICTs)

193
MEMBER

STATES

ITU	members

+700
INDUSTRY & INTERNATIONAL

ORGANIZATIONS

+100
ACADEMIA
MEMBERS
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ITU RECOGNIZED AS
SPECIALIZED AGENCY
RESPONSIBLE FOR
 

• Principles of use of orbit/spectrum
• Allocation of frequency bands
• Procedures, Plans, operational measures
• Instruments (Constitution, Convention, Radio

Regulations, Rules of Procedures,
Recommendations)



Role of ITU in
radiocommunicatons

• Developing and updating international
regulations on the use of orbit /spectrum

• Applying these regulations
• Developing and adopting standards and

best practices on the use of orbit/spectrum
• Disseminating information on these

regulations, standards and best practices
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ITU CONSTITUTION (Art.1)
 
   ITU shall effect allocation of bands of the radio-frequency spectrum,
the allotment of radio frequencies and the registration of
radiofrequency assignments and, for space services, of any
associated orbital position in the geostationary-satellite orbit or of any
associated characteristics of satellites in other orbits, in order to avoid
harmful interference between radio stations of different countries



ITU Constitution
(Art.44)

Radio frequencies & satellite orbits
are limited natural resources

Rational, Efficient, Economical Use

Equitable Access
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RADIO REGULATIONS
• Intergovernmental Treaty governing the use of

spectrum/orbit resources by administrations
• Define the rights and obligations of Member

States in respect of the use of these resources
• Recording of a frequency assignment in the

Master Register (MIFR) provides international
recognition

RADIO REGULATIONS
• Updated every 4 years by World

Radiocommunication Conference
(WRC)

• Complemented by Rules of Procedure,
revised by Radio Regulations Board
(RRB)



WRC PURPOSE

2. Create regulatory
certainty for a multi-trillion
dollars industry playing an
increasingly important role in the
development of our societies

1. Harmonize global
spectrum to create
economies of scale, roaming
and interoperability

3. Creating
certainty requires
consensus: time,
efforts and patience

33
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Free “exploration & use” under
international law

UN
Outer Space instruments

on space objects

ITU
Instruments

on radio frequencies
Equitable access & rational use of
spectrum under international law

States
Responsibility & licensing

Jurisdiction & control

States
Must license trans. radio stations

Shall not cause harmful interf.

States
Liable for damage

No liability clause

States
Registration OOSA

States
API…CR/C…MIFR
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REGULATION OF RADIO
SPECTRUM AND SATELLITE
ORBIT IN PRACTICE



INTERNATIONAL
REGULATIONS

 
Equitable access
Rational, efficient,
economical use

Operation without harmful
interference

ORBIT/
SPECTRUM

Limited
Global/Natural/Public

resource

SATELLITES
 

Wide coverage
Cross national borders
Facilitate connectivity

In
summary

Launch Vehicle

Photo credit: ESA (for educational purposes)

Source: Articles 1, 44, 45 & Res 71 of ITU Constitution & Convention

COMMON GOAL
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Laws of physics  
Radio waves do not stop at national borders

PROPAGATION
OF RADIO
WAVES

INTERFERENCE

RADIO
REGULATIONS

Possible between radio stations of different countries
High risk in Space Radiocommunications

One of its main purposes:
Interference-free operation of Radiocommunications
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CONTROL OF
INTERFERENCE

ALLOCATION
Frequency separation of stations of
different services
 

COORDINATION
between Administrations to ensure
interference-free operations conditions

POWER LIMITS
PFD to protect TERR services / EIRP
to protect SPACE services / EPFD to
protect GSO from Non-GSO

RECORDING
In the Master International Frequency
Register (MIFR)
International recognition

MONITORING
International monitoring system

RADIO
REGULATIONS
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SHARING ORBIT/SPECTRUM RESOURCE

1. COORDINATION
APPROACH
 

• First come, first served
• Rational, Efficient, Economical Use
• Rights acquired through

coordination with administrations
concerning actual usage

• Efficient spectrum/orbit
management

• Dense/irregular orbital distribution
of space stations

2. PLANNING
APPROACH
 

• Plan for future use
• Equitable Access
• Congestion of GSO
• Frequency/orbital position plans
• For future use by all countries
• Predetermined orbital position &

frequency spectrum

International Recognition
Registration in MIFRMIFR



NON-PLANNED
SERVICES

PROCEDURES
 

Articles 9 and 11



PLANNED
SERVICES

PROCEDURES
 

Appendix 30/30A,30B



43

INTERNATIONAL
REGULATIONS

 
Lengthy & complex

procedures
Lack of incentive to
review underused

spectrum/orbital positions

ORBIT/
SPECTRUM

Scarcity due to
thousands of filings

CONSEQUENCE
 

Difficulty to coordinate
Multiple filings

Operation without
coordination

Fait-accompli approach
Fictitious recorded

assignments
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ITU Constitution
(Art.44)

Radio frequencies &
satellite orbits are limited

natural resources
Rational, Efficient,
Economical Use
Equitable Access

44

Opportunity to resolve interference BEFOREBEFORE operation

PREVENTS LOSS PREVENTS LOSS of investment, customers &
revenue by minimizing unusable capacity due to

interference
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KEY POINTS
 

● Natural limited resources to be shared and regulated: orbit &
radiofrequency spectrum

● Legal framework: UN Outer Space Treaties, ITU
Constitution/Convention, Radio RegulationsRadio Regulations, Rules of Procedures,
Recommendations

● ITU Constitution, Articles 44 & 45: 
   To avoid harmful interference
   To ensure efficient, rational, equitable economical use

● Radio Regulations: Allocation, registration, interference free
operation

● Radio Regulations constantly being improved…Next WRC-19WRC-19
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“With a concerted effort, we can reduce, and to
the extent possible remove, all obstacles impeding
the development and bringing into operation of
new satellite networks” 

“Think carefully about how we can continue to use
and improve satellite access to help connect the
unconnected, and make the world a better and a
fairer place for all”



Yvon HENRI
Chief	Regulatory	Advisor
E-mail:	yhenri@oneweb.net

ISPL	london	ins:tute	of	space	policy	and	law
 

MERCI



Yvon HENRI
Chief	Regulatory	Advisor
E-mail:	yhenri@oneweb.net

ISPL	london	ins:tute	of	space	policy	and	law
 

ANNEX
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Global Space Industry
in 2018

$ 360 billion

Source: SSIR 2016 Tauri Group

Predicted to be 
in 2040s

$ 1 trillion



7 years

Non-plan service Procedures (GSO & non-GSO) subject to
coordination (Articles 9 & 11)

 

C
Coordination

 

N
Notification

A
API



 

C
Coordination

 

N
Notification

A
API

RR & limits compatibility and

Identified risk of Interference

Record in Master

Register (MIFR)

Comment
≤ CR/C + 4 months

BiU 
≤ API + 7 years

≥ BiU – 3 years

Source: Nos. 9.1, 9.5D, 9.52C, 9.43, 11.44.1, 11.25, 11.44 of Radio Regulations – BiU: Bringing into Use

Non-Plan Service Procedures (GSO & non-GSO) subject to coordination
(RR Book 1 Articles 9 & 11)

Max 7 years

Negotiations

 

Modification of

characteristics

 

to eliminate identified risk of

Interference

 

Submission of

Satellite

Network filling

International

recognition to use

orbit/spectrum

 



11.7-12.2 GHz (Region 3), 
11.7-12.5 GHz (Region 1),

12.2-12.7 GHz (Region 2),

 

17.3-18.1 GHz (Regions 1&3),
17.3-17.8 GHz (Region 2),
14.5-14.8 GHz (Regions 1&3 except Europe)

Broadcasting-Satellite Service and
feeder-link  Plans (BSS Plan)

4’500 – 4’800 MHz 
6’725 – 7’025 MHz 

10.70 - 10.95 GHz
11.20 - 11.45 GHz / 12.75 - 13.25

GHz

Fixed-Satellite Service Plan
(FSS Plan)

Plan Service Procedures (GSO)
(RR Book 2 Appendices 30/30A & 30B)



BSS Planned Procedures (GSO)
(Appendix 30/30A)

Plan MIFR
Art. 4 Art. 5

Region 2

List
MIFR

Art. 4
Art. 5

Regions 1&3

Plan

4.
1.
2
6
/

4.
1.
2



FSS Planned Procedures (GSO)
(Appendix 30B)

Plan
Allotment

MIFRList
Assignments

Additional
Systems

Art. 6

Art. 8Art. 7



•All stations are forbiddenforbidden to carry out unnecessaryunnecessary transmissions transmissions,

or the transmissions of superfluoussuperfluous  signalssignals, or the transmission of

false or false or misleadingmisleading  signalssignals  or the transmission of signalssignals  withoutwithout

identificationidentification. (RR15.1)

• The station which is causing harmful interference shallshall  immediatlyimmediatly

eliminateeliminate  this harmful interference

•This assumes a legal link between the transmit station and the

administration under the jurisdiction of which it is placed:

•This is the purpose of the licence (Article 18 of the Radio

Regulations)
 

 

What if interference occurs during operation of the satellite?
Article 15- Interference Infringement of the Constitution 

or Radio Regulations



‹#›



‹#›

• Study Group 1 (SG 1): Spectrum management

• Study Group 3 (SG 3): Radio wave propagation

• Study Group 4 (SG 4): Satellite services

• Study Group 5 (SG 5): Terrestrial services

• Study Group 6 (SG 6): Broadcasting service

• Study Group 7 (SG 7): Science services

• Coordination Committee for Vocabulary (CCV)

• Conference Preparatory Meeting (CPM)

The BR provides the Secretariat to every ITU-R SG, headed by each SG

Counsellor http://www.itu.int/en/ITU-R/study-groups

Study Groups structure overview



 
GET INFORMATION: BR IFIC Publications (Main

page)







WRC2019

Future broadband
Wireless access system(5 GHz), pico-
femto- cells (24.25-86 GHz) IMT,
HAPS, global NGSO FSS ( >30
GHz) , identification in 275-450 GHz
for land-mobile and fixed services

Intelligent Transport System
and unmanned transport
M2M for maritime, railway,
road transport

ESIM
Communicating with
GSO FSS in 17.7- 19.7
& 27.5-29.5 GHz

Safety of life
development of Global
Aeronautical and
Maritime distress and
safety systems (GADSS
and GDMSS) Earth resources & Climate

monitoring, Weather forecast,

61

Stations on board sub-orbital
vehicles



… and also
The following bands will also be studied, 
although they do not currently have 
global mobile allocations:
• 31.8 – 33.4 GHz
• 40.5 – 42.5 GHz
• 47 - 47.2 GHz
 

WRC2019
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The following bands, which are already
allocated to mobile, will be studied with a
view to an IMT-2020 identification:
• 24.25 – 27.5 GHz    
• 37 – 40.5 GHz
• 42.5 – 43.5 GHz
• 45.5 – 47 GHz
• 47.2 – 50.2 GHz
• 50.4 – 52.6 GHz
• 66 – 76 GHz
• 81 – 86 GHz

Broadband applications in the MS
(WRC-19 agenda items 1.13 and 1.16)



… and also

Studies on development of a regulatory
framework for non-GSO FSS systems that
may operate in the bands 37.5-39.5 GHz (s-
E), 39.5-42.5 GHz (s-E), 47.2-50.2 GHz (E-s)
and 50.4-51.4 GHz (E-s)
 

WRC2019

63

Studies for considering appropriate
regulatory actions for HAPS, within          
existing FS alloc. at 47.2-47.5, 47.9-48.2 &
31.0-31.3**/27.9-28.2** GHz (**outside
Reg. 2, +5 ADMs @6.5/6.5 MHz) or 
study new bands: 38-39.5 GHz & 21.4-22 &
24.25-27.5 GHz

Study spectrum needs
for TT&C in the SOS
for non-GSO
satellites with short
duration missions &
consider, if necessary,
new SOS allocations



WRC2019

 

Bringing	into	use	of	frequency
assignments	for	NGSO	systems	subject	to
coordina9on
Agenda	Item	7	Issue	A	

Advance	Publica.on
Informa.on	(API)*

Coordina.on	request
(CR/C) BIU	and	No.fica.on

t
o

t1	≥	to	+	6
months*

t2	≤	to	+	7
years

Comple9on	of	Coordina9on	Requirements

*	API	is	automa.cally	generated	with	CR/C	for	Ku	and	Ka	FSS	bands	as	of	July	2016



FREE ONLINE ACCESS
 

● The ITU Constitution
http://www.itu.int/pub/S-CONF-PLEN

● World Radiocommunication Conference (WRC)
https://www.itu.int/en/ITU-R/conferences/wrc/Pages/default.aspx
 

● ITU-Radio Regulations
https://www.itu.int/en/history/Pages/RegulationsCollection.aspx 
https://www.itu.int/en/history/Pages/RadioRegulationsA.aspx?reg=1.43

● ITU-R Recommendations
http://www.itu.int/publ/R-REC/en

 
● Preface to the BR International Frequency Information Circular (Space services)

https://www.itu.int/ITU-R/go/space-preface/en 


