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Executive Summary

Background
The radio frequency spectrum is a limited and shared resource, and therefore needs to be managed
effectively and efficiently. Dependence on radiocommunication services in everyone’s daily life has
grown dramatically in recent years. The radio frequency spectrum is used extensively, not only for
communication, but also in support of transportation, defence, public safety, weather prediction,
agriculture and many other fields. The growth in the number and variety of applications, along with
ever-increasing user expectations, places an increasing demand on the radio frequency spectrum.
Industry Canada (IC) is responsible for the management of the radio frequency spectrum and satellite
orbital resources; access to these resources is provided through authorization.
Given that radio frequency emissions are not intrinsically bound by geopolitical boundaries, spectrum
must also be effectively coordinated on a global scale. In this context, Canada participates in various
international governmental organizations such as the International Telecommunication Union (ITU),
where the treaty binding ITU Radio Regulations (RR) are developed and updated. The RR provide a
basis for the Canadian Table of Frequency Allocations (CTFA), which establishes the frequency
allocations available for radio services in Canada.
In order to support the technical and strategic planning functions of IC, a study of current spectrum
allocations and assignments in Canada has been undertaken in the range of 52 MHz to 38 GHz. This
study is based on twelve (12) different services and applications, which are intended to capture all the
radio services listed in the CTFA and a number of key applications. For the purpose of this study, the
following services and applications have been considered: commercial mobile, fixed, land mobile,
amateur, public safety, broadcasting, satellite, space science, aeronautical, maritime, radiodetermination
and licence-exempt devices.
Information on the services and applications are divided into separate chapters, with each chapter
providing historical trends in assigned spectrum, background analysis of the current spectrum usage,1
and comparisons with spectrum use in the United States.
The data on assigned spectrum was gathered from IC’s databases, extracted during the summer of 2010.
Public information has also been gathered for some services and certain applications, such as
licence-exempt and commercial mobile, to complement the analysis. It is important to note that the
information available in the databases varies, depending on the service or application. Consequently, the
numbers of frequency assignments provided in this study are estimates in some instances.
In essence, this study provides a snapshot of the frequencies assigned in Canada as of August 2010.
Commercial Mobile
The commercial mobile service has evolved from simple 1G mobile voice telephony in the 1980s to
complex 4G technology supporting voice and data transmissions in the high mobility environment of the
21st century. In response to increasing consumer demand for extended reach, faster data rates and more
advanced applications, high capacity, extensive coverage and scalable commercial radio networks were
deployed based on complex network architectures and state-of-the-art technologies.
1

In this study, spectrum usage refers to frequency authorizations and does not consider efficiency of use.
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As a result of the tremendous success and popularity of the cellular service, more bands have been
allocated to this service, and now include the following:







Cellular: 824-849 MHz/869-894 MHz
Personal Communications Services (PCS): 1850-1915 MHz/1930-1995 MHz
Advanced Wireless Services (AWS): 1710-1755 MHz/2110-2155 MHz
Broadband Radio Services (BRS): 2500-2690 MHz
Mobile Broadband Service (MBS): 698-764 MHz/776-794 MHz
1670-1675 MHz

Commercial mobile service providers are granted spectrum licences, as opposed to radio licences, which
allow them to provide coverage over a specific geographic area. In Canada, these geographic areas are
defined by service areas, also known as tier sizes. In the United States, the Federal Communications
Commission (FCC) has similar service areas associated with spectrum licences. Furthermore, the FCC
has allocated and licensed the same frequency bands as listed above (but with slight modifications) to
U.S. service providers, and deployment in these bands is currently in progress.
Virtually all of the spectrum in the Cellular, PCS, and AWS bands (that is, 270 MHz in total) has been
licensed to various service providers, including the three major national carriers (Rogers, Bell, and
TELUS), two large regional operators (MTS Allstream and SaskTel), and new regional operators
(Videotron, Shaw, Eastlink) and new entrants (Globalive, Mobilicity and Public Mobile, amongst
others). Small amounts of spectrum in the PCS and 1670-1675 MHz bands were not assigned in the
initial auction and are available for licensing on a first-come, first-served basis in service areas with
lower population densities.
Portions of both the MBS and BRS bands are planned for auction in 2012-2013. Up to 84 MHz of the
MBS band will be available for deployment in the coming years. In the BRS band, at least 60 MHz will
be available for auction across Canada.
In the frequency range from 52 MHz to 38 GHz, commercial mobile services have 539 MHz of primary
allocated spectrum. This figure includes the maximum amount of spectrum to be auctioned in the
700 MHz and 2500 MHz bands.
Fixed Systems (Backhaul and Fixed Wireless Access)
Fixed services in Canada can be categorized into two types of systems: backhaul or point-to-point
systems; and fixed wireless access (FWA) systems or point-to-multi-point systems.
Backhaul spectrum in Canada is categorized into two areas: unidirectional and two-way data
communication. Applications for backhaul range from broadcasting auxiliary services to the aggregation
of telephone and Internet traffic over long distances. Two-way data applications tend to be deployed in
rural areas, where the distances required or terrain makes fibre impractical. Backhaul is typically
licensed on a first come, first-served (FCFS), site-by-site basis. Regulations for the majority of backhaul
services are broadly harmonized between Canada and the United States. However, there are some
backhaul bands which are not harmonized.
Major uses of backhaul spectrum include the unidirectional data links for those in the broadcasting
industry, including television and audio broadcasting, as well as cable television distribution. Two-way
data communication users include cellular, telephone and Internet service providers (ISPs), electrical
power utilities, banks, forestry/mining/oil and gas companies, pipelines, railways and other businesses,
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municipal governments, as well as other federal government departments (e.g. Fisheries and Oceans
Canada and the Department of National Defence).
FWA systems support a variety of applications, including broadband Internet, advanced meter systems
and rural telephone services. FWA systems are sometimes deployed in bands shared with other
radiocommunication services or fixed service applications. Some systems are site licensed, but systems
providing broadband Internet are generally spectrum licensed in a geographic area through a competitive
process (i.e. auction) or on an FCFS basis.
Major users of FWA spectrum include communication, cellular, telephone and ISPs, as well as electrical
power utilities and a variety of industrial users.
In the frequency range from 52 MHz to 38 GHz, the fixed (point-to-point and point-to-multipoint)
service has 10.82 GHz of primary allocated spectrum. Backhaul allocations have been migrating
towards higher frequency bands, partly due to increased interest for lower frequency bands for other
services, such as commercial mobile. Some frequency bands (1800-1830 MHz, 3475-3650 MHz,
3650-3700 MHz, 2305-2320 MHz) allocated to the fixed service for FWA have been useful in serving
remote communities and supporting electricity management applications.
Land Mobile
Land mobile systems are generally used to provide push-to-talk voice communications and low speed
data to users. The land mobile bands are site-licensed on an FCFS basis. These bands are available to all
users, except for the bands that are designated specifically for public safety. Land mobile systems are
used by public safety, all levels of government, commercial entities (e.g. taxi and delivery companies)
and commercial communications providers. In the frequency range from 52 MHz to 38 GHz,
146.225 MHz of primary allocated spectrum is available for land mobile systems.
In general, the Canadian land mobile bands align with the U.S. land mobile bands. Although the bands
themselves are aligned, some of the ways that the bands are used may not align with the US. In some
cases there are different users, different channelling plans, different duplexing schemes and different
technical criteria for these bands in Canada and the United States.
Although there are several land mobile bands, Chapter 3 of this study focuses on the VHF band
(138-144 MHz and 148-174 MHz), the UHF band (406.1-430 MHz and 450-470 MHz), the 800 MHz
band (806-824 MHz and 851-869 MHz) and the 900 MHz band (several bands in the 869-941 MHz
range).
The VHF, UHF and 800 MHz bands are heavily used. The VHF and UHF bands are used across
Canada, particularly in rural areas, whereas the 800 MHz band is heavily used in major metropolitan
areas. In comparison, there is 15 MHz of spectrum in the 900 MHz band that is not very heavily used.
Amateur Service
The amateur service is used by individuals to provide training, communication between amateur
stations, disaster relief communications and technical investigations in radio techniques. Amateur
stations generally do not have assigned frequencies but dynamically select frequencies within a band
allocated to the amateur service using a listen-before-talk protocol. Amateur station operators require an
Amateur Radio Operator Certificate. With this certificate, an amateur operator may operate within the
amateur service frequency bands in accordance with the operator’s qualifications identified for the
specified band.
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There are many bands allocated to the amateur service and many are on a shared basis. In general, the
amateur service bands are aligned with the United States, and most are also aligned internationally.
There are currently 60,173 amateur radio operator certificates issued across Canada. Over the last
10 years, the total number of amateur certificates has almost doubled, but the number of new amateur
certificates awarded annually has decreased by 50% in recent years.
In the frequency range from 52 MHz to 38 GHz, the amateur service has 59 MHz of primary allocated
spectrum and 20.183 GHz of secondary allocated spectrum.
Public Safety
The Department defines the term “public safety” as services or applications related to the preservation of
life and protection of property. The public safety community uses spectrum to communicate on a
day-to-day basis, in emergency situations and for disaster relief. Land mobile systems are used by public
safety entities to provide critical communications between first responders, within groups, and between
command centers and first responders. It is expected that broadband mobile applications will be used by
public safety entities to provide information that will improve situational awareness and increase
response time, such as, pictures, blueprints, real-time video feeds, fast records transfer, etc.
Public safety systems can be found in many frequency bands. The primary bands used by public safety
are the land mobile bands (e.g. VHF, UHF, 800 MHz and 900 MHz bands) and the bands designated
specifically for public safety use (e.g. 768-776 MHz, 798-806 MHz and 4940-4990 MHz).
As with the land mobile bands, in general the Canadian public safety bands align with the US. Although
the public safety bands themselves are aligned, some of the ways that in which the bands are used may
not align with the United States. Additionally, the United States has some public safety pools in the
VHF and UHF bands which, in Canada, are not limited to public safety use.
Given that most of the bands designated solely for public safety are fairly new and licensing has only
recently begun, this study focuses on the portion of the 800 MHz band that is designated for public
safety, 821-824 MHz and 866-869 MHz. The 800 MHz public safety band has been in use since the mid
1990s. Use of this band has doubled since 1998 and the band is at the point that there are very few
channels available in metropolitan areas.
In the frequency range from 52 MHz to 38 GHz, 80.15 MHz has been designated for public safety.
Public safety is also a major user of all land mobile bands.
Broadcasting
Broadcasting is defined in the Radiocommunication Act as “any radiocommunication in which
transmissions are intended for direct reception by the general public”
The frequency bands allocated for broadcasting services in Canada are as follows:
 For AM radio-services, the band from 525 to 1705 kHz
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There is currently little interest in establishing new AM stations. Although AM stations can cover a
large area, the cost of building AM facilities is relatively high and the sound quality is inferior to
alternatives such as FM. There is currently a clear tendency by AM radio operators to migrate to the
FM band and abandon their AM channel. Introduction of some form of digital audio technology may
revive the band, but there are challenges including lack of digital receivers and night-time skywave
interference issues related to some digital radio standards.
 For FM radio-services, the band from 88 to 108 MHz

The FM frequency band is extremely congested in most major markets with no spare capacity
available for new stations. FM radio is popular due to the audio quality and the ease of
implementation. To relieve the congestion in this band, the United States has introduced HD Radio,
“In-Band On-Channel (IBOC)”, which is a hybrid method of transmitting digital radio and analog
radio broadcast signals simultaneously on the same frequency. The technology has a few minor
limitations, but it allows the introduction of numerous new digital radio services without necessitating
additional spectrum. HD Radio receivers are increasingly available on the market. The Department
allows HD Radio technology to be implemented on a developmental basis.
 For TV, the bands of 54 to 72 MHz, 76 to 88 MHz, 174 to 216 MHz and 470 to 806 MHz

Digital conversion is underway in the CRTC’s mandatory markets and elsewhere in the country.
When the transition is completed, the Department will be able to reallocate the 700 MHz
(698-806 MHz) band to new wireless services. The current television business model is based on
serving fixed locations with HDTV quality content. This business model may change as mobile TV
receivers become available in cars, tablets, mobile phones and laptops.
In the frequency range from 512 MHz to 698 MHz, Rural and Remote Broadband Services (RRBS)
may be able to share the spectrum in certain areas where there are few TV assignments and
allotments. As mentioned above, the frequency range from 698-806 MHz will be re-allocated to
public safety services and to new wireless services. As technology advances, providers of other
services may be able to take advantage of the low geographical density of broadcasting stations and
share spectrum in certain areas.
 For Digital Radio Broadcasting (DRB), the band from 1452 to 1492 MHz, also called, the L-Band.

The DRB service was expected to replace the AM and FM radio services that have filled Canadian
airwaves since the 1930s. Digital radio provides CD-like sound quality, but listeners need to acquire
new receivers designed specifically for the type of DRB technology and frequency band.
There were about 70 stations on-air in Canada at its peak in the late 1990s. Currently, there are very
few still in operation. The demise is essentially attributed to the lack of receivers and new content.
The Department is currently reviewing its policy on the usage of the band.
In the frequency range from 52 MHz to 38 GHz, the broadcasting service has 462 MHz of spectrum,
allocated on a primary basis.
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Satellite Services
Satellite services include FSS, BSS and MSS. Common users of fixed-satellite services (FSS) are the
natural resources sector and rural and northern communities. Broadcasting-satellite services (BSS) have
good penetration in both rural and urban areas of Canada and serve a wide range of urban and rural
residents.
Studies conducted for the purpose of this report were undertaken by analyzing database information. It
was also necessary to obtain additional information on spectrum and radio licences to supplement the
Department’s licensing database analysis due to the licence-exempt nature of some satellite receivers
and the fact that spectrum licences, often awarded for mobile satellite services (MSS), are not recorded
in the database.
Studies conducted on the major bands used by FSS, BSS and MSS show consistent growth of satellite
services, from 1998 to 2010. In particular, more heavily used FSS bands showed the greatest growth.
The number of licensed frequencies in the Ku-Band (11-15 GHz) outpaces that of the C-Band (3-7 GHz)
and Ka-Band (18-31 GHz). The reason being the Ku-Band has characteristics that make it more
attractive to both operators and consumers. However, there is now saturation in the Ku-Band and
operators have begun to deploy and plan new satellites in the extended Ku-Band and Ka-Band. New
innovations are being developed to overcome challenges, such as higher susceptibility to rain fading,
inherent to this band.
There has been constant growth in BSS. A steady increase in the number of licensed frequencies in this
band has compounded into a growth of 757% since 2000. In the 17 GHz BSS Band, seven satellites have
approvals in principle to launch Canada’s first 17 GHz BSS satellites. In the 12 GHz BSS band, there
are recent and planned satellite deployments.
There are two licensed Canadian MSS satellites (one at L-Band (1-2 GHz) and one at S-Band
(2-4 GHz)). Analysis of public information shows that the L-Band has the greatest number of spectrum
licences (12 approved, 2 approved in principle). The Big LEO (low earth orbit) Band has two operators
that use 91% of the band. In the S-Band, there is a single operator using 25% of the band. While the
S-Band is currently shared with fixed and mobile terrestrial services, MSS has priority. In the
United States, the S-Band is solely allocated to MSS; however, a new proposed rule change
recommends amending the allocation to include fixed and mobile terrestrial services. Other rule changes
in the United States recommend policies that would see terrestrial deployments in all MSS bands.
In the 52 MHz to 38 GHz range, there is approximately 20 GHz of spectrum allocated to the satellite
service on a primary basis, 15 275 MHz of spectrum for FSS, 1590 MHz of spectrum for BSS, and
3161.15 MHz of spectrum for MSS.
Space Sciences Services (EESS, SRS, MetSat, SOS, MetAids, RAS)
The term “space science services” is defined in the context of this study as satellite services (including
airborne/ground-based platform and balloon) use for the purpose of science. It also encompasses the
radio astronomy service, whose main purpose is to “listen” to space. The services that are mentioned in
Chapter 8 are: Earth Exploration Satellite Service (EESS), Space Research Service (SRS),
Meteorological Satellite (MetSat) Service, Space Operation service (SOS), Meteorological Aids
(MetAids) and Radio Astronomy Service (RAS).
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Satellites provide the most cost-efficient way to monitor the environment of the entire Earth, including
land, sea and air. Unique capabilities of EESS satellites include observing wide areas non-intrusively
and uniformly (by using the same instrument) with the ability to rapidly target any point on Earth,
including remote locations, and to continue with a series of observations over a long period of time.
Through these capabilities, the EESS brings many benefits to society in both the public and commercial
sectors. Information about climate change, weather, precipitation, pollution or natural disasters is
a critically important for the global community.
The following is the percentage of spectrum allocated to each service in the Space Science category on a
primary basis in the frequency range from 52 MHz to 38 GHz:
Space Science Service
Radio Astronomy
Meteorological Satellite
Meteorological Aids
Space Operation
Space Research
Earth Exploration Satellite
Total

Total Spectrum (MHz)
1461.7
583.85
837.45
281.4
8787.25
6964
18915.65

In general, frequency allocated to the radio astronomy service may be reused by other services except
for the area where the radio astronomy station is located. It is noted that SRS and EESS allocations are
often shared.
Aeronautical Services and Applications
Aeronautical allocations are international in nature. The associated regulatory requirements are generally
established by International bodies such as the International Telecommunication Union (ITU) and the
International Civil Aviation Organisation (ICAO), due to the global nature of the various aeronautical
applications. These are then applied at the domestic level in order to ensure the safety of flight of all
aircraft. Canada is bound by a treaty (the Chicago Convention) to designate certain radio frequencies for
use by aeronautical services.
The majority of the aeronautical bands are part of air navigation and air traffic management systems.
Multiple bands are used simultaneously during a flight (i.e. from take-off to landing and taxiing at the
airport). It is therefore necessary to consider the relationship between aeronautical bands when
evaluating their utilization.
From a utilization perspective, all bands associated with the National Air Navigation system and the Air
traffic control systems (108-117.975 MHz, 117.975-137 MHz, 328.6-335.4 MHz, 960-1164 MHz) are
heavily used in Canada.
The band 5000-5150 MHz is currently only lightly used domestically. However, this band has been
identified internationally for new aeronautical applications (e.g. airport surface applications and
telemetry for testing new aircraft).
In the frequency range from 52 MHz to 38 GHz, the aeronautical radionavigation service has
approximately 2156 MHz of allocated spectrum and the aeronautical mobile service has 373 MHz of
allocated spectrum.
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Maritime Mobile Service
Maritime Mobile Service (MMS) is different in comparison to some other types of services in that there
are no competing users within this service. The primary purpose for the use of frequency spectrum for
MMS is safety of life. Today, most of the MMS uses analogue technologies. However, with the
emergence of new digital technologies, discussions within the ITU, as well as the International Maritime
Organization (IMO) and the International Association of Marine Aids to Navigation and Lighthouse
Authorities (IALA), indicate that the maritime community would benefit from the switch from analogue
technologies to digital technologies. The revision of frequencies and channeling arrangements for HF
frequency bands, outlined in Appendix 17 of the International Radio Regulations, has begun. This
revision aims to allow the implementation of new digital technologies in the maritime mobile service.
In the frequency range from 52 MHz to 38 GHz, the maritime service has 884 MHz of allocated
spectrum on a primary basis.
Radiodetermination
The radiodetermination service includes the radionavigation service and the radiolocation service.
Many systems operating under these services, such as weather radar networks and radar used for
navigation of ships and aircraft are critical to safety of life and property. Different frequency ranges are
necessary for the radiolocation service to satisfy different requirements. Existing allocations for the
radionavigation and radiolocation services are not congested. However, new allocations are sometimes
necessary to satisfy increased bandwidth needs and new operational requirements such as the need for
additional data from oceanographic radiolocation systems to help respond to natural disasters such as
tsunamis, understand climate change, and ensure safe maritime travel.
In the frequency range from 52 MHz to 38 GHz, the radionavigation service has 3210 MHz of allocated
spectrum and the radiolocation service has 8671 MHz of allocated spectrum. Some frequency bands
(2300-2500 MHz, 24050-24250 MHz) allocated to the radiolocation service have been repurposed in the
past 10 years to accommodate other services. As technology advances, other services may be able to
take advantage of the geographical concentrations of radiolocation systems and share spectrum in
certain areas.
Licence-Exempt Devices
Consumers and businesses appreciate the convenience and low cost of licence-exempt radio devices and
this represents a significant benefit to Canadians. In accordance with the Radiocommunication Act and
the Radiocommunication Regulations, users of licence-exempt radio devices are exempted only from the
requirement to obtain a radio licence. However, these radio devices must still comply with all other
relevant regulatory requirements, including equipment standards. Unlike licensed radio systems that are
afforded some protection by obtaining a licence, licence-exempt radio devices must operate on a strict
no-interference, no-protection basis in relation to other radio systems. Accordingly, licence-exempt
radio devices are not permitted to cause interference to licensed radio systems and users are not
permitted to claim protection from potential interference.
Licence-exempt devices can be categorized in terms of industrial, scientific, and medical (ISM) devices
and consumer devices; the main difference between the two is that ISM devices are used within the
industrial, scientific and medical community (e.g. industrial heaters, thermal sealers) and consumer
devices are used by the general public in a residential environment (e.g. Wi-Fi, cordless phones, garage
door openers, etc.).
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The number of licence-exempt (LE) consumer radio apparatus used in Canada can only be estimated
based on the number of models certified in Canada. Assuming that a typical occupied dwelling in
Canada could have up to 20 LE apparatus, and based on the 2006 census data of 12,435,520 dwellings,
up to 250 million consumer devices could be in circulation. The number of consumer devices per
dwelling is steadily increasing.

x
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Chapter 1 - Commercial Mobile
1.1

Background

1.1.1

Definition of Service

Commercial mobile service providers offer radiocommunication services to the general public. The
services offered consist of mobile access to the Public Switched Telephone Network (PSTN), i.e. mobile
telephony and, more recently, mobile access to the Internet. A commercial mobile service provider or
licensee of this service, operating as a radiocommunication carrier must comply on an ongoing basis
with the eligibility criteria in subsection 10(2) of the Radiocommunication Regulations and must adhere
to laws prescribed in both the Radiocommunication Act and Telecommunications Act.
1.1.2

Types of Service/Applications

Mobile access to the PSTN was being offered over traditional two-way mobile radio networks until the
early 1980s. These services were only available to an exclusive number of wealthy individuals and
corporations, as the available capacity was limited – there were only a few hundred frequency channels
available – and consumer costs were high.
The original mobile telephone service had several limitations. For example, mobile telephone calls could
only last until the user moved out of the coverage area of the base station. These problems were resolved
with the introduction of the cellular network architecture. Enabled by the increased electronics
miniaturization and processing power, the cellular networks are characterized by two specific features:
1. Frequency reuse – the network consists of a large number of base stations, which use the same
frequencies many times over, in a defined geometric pattern, to manage the radio interference. The
service area of each tower is called a cell. The geometric pattern resembles a honeycomb, which is a
common symbol used in related literature. By employing the frequency reuse concept, the capacity
of the cellular networks can be scaled up to tremendous values by simply making the cells smaller
(i.e. using more towers). In theory, the capacity of a cellular network is infinite; in practice, there are
limitations.
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2. Hand-off (¨Handover¨ in European literature) – is the feature by which a mobile device moving from
one cell into another during a call is directed by the network to change its radio frequency over
which it will continue communicating in the target cell. To maintain communication, the network
instantaneously changes the path of the traffic voice or data channel from the first to the second
tower. This ensures that a mobile telephone conversation can be carried over any length of time and
at any distance as long as the user does not leave the coverage area of the network.
Over time, additional features were added to the service, including roaming, which enables users to
receive service while outside of the coverage footprint of their service providers. With the advent of
digital technologies, the service migrated from circuit-switched voice telephony to packet switched data
which allowed access to the Internet. The mobile IP protocol was introduced in early 2000 enabling
continuous mobile data sessions.
Many additional technical capabilities are required for a fully deployable operational system, including
authentication, billing systems, encryption, etc. All of these add up to a high level of complexity for the
whole system.
The above features enable the deployment of high capacity, extensive coverage, scalable radio networks,
which make possible mass service provisioning to the general public at affordable prices. These
advantages come at the price of equipment and network complexity, as well as very high capital costs to
implement the extensive infrastructure required.
All mobile commercial networks in all frequency bands employ a limited number of technology
standards, and all make use of the cellular architecture principles described above. As a result, these
services are often referred to as “cellular like” services. For simplicity, the term “cellular” is also used
interchangeably with “commercial mobile systems” in this report. This should not be confused with the
“Cellular band” (824-849/869-894 MHz) – the first band allocated to this type of service in Canada and
the United States in the early 1980s.
The cellular networks were initially introduced to overcome scarcity of spectrum in large metropolitan
areas. The large available customer base supported the high capital and operational expenses required by
the networks. In a relatively short time frame (a few decades), cellular telephones and related services
have become technological products with one of the fastest growth rates in history. The “wireless
industry,” largely referring to commercial cellular services and the related technical/economic
ecosystem, has become one of the pillars of economic growth and a large portion of the
telecommunications sector. From this point of view, the cellular radio service is a good example of a
new technological capability meeting a social need at the end of the 20th century.
Due to the tremendous success and popularity of the cellular service, more bands have been allocated to
this service over time, as discussed in Section 1.2.
Specific to the cellular systems is the need for the spectrum licences to cover “bands” or “blocks” (rather
than single channel frequencies) of frequencies over a specific geographic service area. Additional
details on spectrum licensing are available in Section 1.2.3. The frequency reuse concept enables the
cellular systems to make the most intensive use of spectrum. This has brought both economic and social
benefits and, in a short time frame, the frequency spectrum became considered a valuable and limited
resource. Initially, the licences were awarded based on fiat; later on, in recognition of the increased
economic value and high demand for spectrum, the spectrum licences were auctioned.
2
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As a service deployed in mass to the general public, and unlike many other specialized radio services,
the cellular service (especially the handset portion) is subject to the technical and economic constraints
impacting the consumer electronics industry, i.e. interoperability and economies of scale in
manufacturing – recall VHS versus Betamax, etc. As Canada is a relatively small market, the technical
standards and frequency bands of operations adopted here must be harmonized with larger international
markets (United States, Europe, etc.) in order to ensure equipment availability at reasonable price points.
Although initially designed to overcome capacity limitations in high density areas, due to the popularity
of the service over time, cellular services are also in high demand today in rural and remote areas. This
is a challenging situation in many countries of the world, as this technology is neither geared towards,
nor economically effective for deployment in remote and low density areas. From radio spectrum
management, technological and economical perspectives, other services may be more appropriate to
provide equivalent services in these areas.
Figure 1.2 below shows the technical evolution of cellular services from their introduction to present
day.

1980s
1G
-voice

1990s
2G
voice + slow data
transmission

2000s

present

3G
voice and higher
data rates
(e.g. HSPA)

4G
Broadband
Internet
access

Figure 1.2 - Evolution of cellular technology
It should also be noted that the large-scale deployment of a cellular system requires an extensive
backhaul network, both with large capacity and wide geographical reach. As wireline/fibre optic
backhaul is generally expensive, time-consuming to deploy and not always available, microwave
backhaul is the preferred solution by many commercial mobile service providers to provide connectivity
to the cell towers when wireline/fibre is not available in close proximity. Hence, commercial mobile
systems have spectrum requirements not only for the “access” portion, but for the “backhaul” portion as
well.
1.2

Current Allocations and Utilization

1.2.1

List of Allocated Bands

The following is a list of bands available or expected to be made available in the near term for
commercial mobile services in Canada:
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Table 1.1: List and Description of Allocated Bands for Commercial Mobile Services
Band
Mobile Broadband
Service (MBS)2
(698-764/
776-794 MHz)
Cellular
(824-849 MHz/
869-894 MHz)
1670-1675 MHz

Spectrum
Available
Up to
35+35
MHz

Year Licensed/
Auctioned

Deployment
Status

to be auctioned in
2012-2013

12 MHz
unpaired
25+25
MHz
5 MHz

Advanced Wireless
Services (AWS)
(1710-1755MHz/
2110-2155 MHz)

45+45
MHz

Personal
Communication
Systems (PCS)
(1850-1915 MHz/
1930-1995 MHz)

65+65
MHz

Broadband Radio
Services (BRS)
(2500-2690 MHz)

70+70
MHz

Auction (part of
AWS) completed
in July 2008

1995: awarded
14 companies
licences, held in
reserve: 30 MHz
(block C/C’) and
10 MHz (block
E/E’). 2001: Block
C/C’ and block
E/E’ auctioned
(plus returned
TELUS holdings).
2008: auctioned
10 MHz block G as
part of AWS
auction
to be auctioned in
2012-2013

50 MHz
unpaired
Minimum
of 30+30
MHz for
auction

Comments

pending DTV
transition on
August 31, 2011

MBS is the proposed term
for the commercial mobile
deployments in the band.

100% licence
extensively
deployed

Mature deployments, and
available in less densely
populated areas

Few licensees and
no known usage

One 5 MHz block
(1670-1675 MHz range)

100% licensed,
with approx. 33%
in operation: usage
by new entrants (no
deployments by
incumbents yet)
100% licensed;
some currently in
deployment stage
(block G from
AWS auction)

Three 10+10 MHz, three
5 + 5 MHz blocks in
40 MHz of spectrum (block
B, C, D) set-aside for new
entrants. Tier 2/3 based
services areas.
Introduced spectrum
aggregation limit to place
limit on amount of spectrum
any one entity could hold
(see RP-021—now
rescinded)

At least 60 MHz of
paired spectrum in
this band will be
subject to auction;
more in areas where
there is currently
only on MCS/MDS
incumbent

Incumbents to return 1/3 of
current MCS/MDS holdings
in order to convert to BRS
and remain in the band

Beside the bands listed above, a cellular-like business oriented mobile telephone and data service based
on iDEN technology is operated by TELUS in the 806-821/ 851-869 MHz band. This is a land mobile
band which is covered in Section 3 of this report.
2

This band is pending DTV transition. As such, the Canadian Table of Frequency Allocations will be updated to include a
mobile allocation for the band and a spectrum utilization policy will soon be released to identify this band for
commercial mobile radio services.
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Commercial Mobile use from 52 MHz to 38 GHz (for additional information, refer to Annex 1):
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1.2.2

Types of Licences (Radio vs. Spectrum)

The Radiocommunication Act was amended in June 1996, to give the Minister of Industry the explicit
authority to use auctions to select those to whom radio authorizations could be issued. This new method
of licensing required a new class of radio authorizations that incorporated the concept of area licensing
(also known as spectrum licensing).
Commercial mobile service providers are granted spectrum licence(s), as opposed to traditional radio
licences,3 which are granted for land mobile services. As defined in paragraph 5(1) of the
Radiocommunication Act, a spectrum licence is a licence issued in respect of utilizing specified radio
frequencies within a defined geographic area.
Spectrum licences are awarded through auction, based on tier sizes which define the geographic area to
be served. The Department has established four tier sizes to meet requirements for different wireless
services and applications:





Tier 1 is a single national service area;
Tier 2 consists of 14 large service areas (mainly provincial);
Tier 3 contains 59 smaller regional service areas; and
Tier 4 comprises 172 localized service areas.

A geographical interpretation of the above tier sizes is located in Annex 4. To minimize the impact in
network deployments, borders between adjacent areas are located where the population density is lower.
In the past, the spectrum licences were generally valid for 10 years. In the Revised Framework for
Spectrum Auctions released in March 2011, spectrum licenses are valid for up to 20 years based on the
specific spectrum being offered and subject to a public consultation preceding the specific auction or
renewal process.
To encourage competition and new entrant operations, the Department has allowed transfers and
subordinate licensing agreements through secondary markets. These arrangements can be an effective
way for licensees to establish commercial arrangements with third parties for the use of the spectrum.
Licensees may apply to Industry Canada to transfer their spectrum licence, in whole or in part, to
another entity where the two parties have come to a commercial agreement. Subordinate licensing
allows licensees to enter into arrangements in which another party can operate within their licensed area
without having to completely transfer their spectrum licence(s), i.e. leasing arrangements. Although
these options are available to cellular and PCS licensees, there has been limited activity to date in this
regard.

3

Radio licences are provided on a per radio apparatus basis.
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1.2.3

Comparison with United States

In the United States, the Federal Communications Commission (FCC) licenses these frequency bands
based on defined “licensing areas.” These licensing areas, similar to tier sizes used in Canada, are as
follows:









Cellular Market Areas (CMA)
Basic Trading Areas (BTA),
Major Trading Areas (MTA)
Regional PCS Areas (RPC)
Economic Areas (BEA)
Major Economic Areas (MEA)
Regional Economic Areas (REA)
Economic Area Groupings (EAG)

The licensing areas vary from band to band.4
Table 1.2 below summarizes the commercial bands available in the United States and the deployment
status in each of the bands.
Table 1.2: List and Description of Bands for Commercial Mobile Services in the United States
Band
Commercial Mobile Radio Service
(CMRS)
(698-763/776-793 MHz)

Spectrum
Available
Up to 82 MHz

Year Licensed/Auctioned

Deployment Status

Auction completed in 2008

Service started late 2010
(Verizon)

Cellular
(824-849 MHz/869-894 MHz)
1670-1675 MHz

50 MHz

Auction 12 completed January
1997

100% used

5 MHz

Auction 43 completed
March 2003

No known usage

Advanced Wireless Services (AWS)
(1710-1755 MHz/2110-2155 MHz)
Personal Communication Services
(PCS)
Broadband Radio Services (BRS)
(2495-2690 MHz)5

90 MHz

Auction 66 completed
Sept. 2006

35% used

130 MHz

Auctions completed in 2007

93% used

195 MHz

Auction 86 completed
Oct. 2009

Deployments begun by
Clearwire/Sprint
(approx. 35%)

Unlike Industry Canada, the FCC does not collect usage information from licensees.

4

FCC licensing areas: http://www.fcc.gov/oet/info/maps/areas/

5

Note: This band begins 5 MHz lower than the Canadian BRS band (2500-2690 MHz).
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1.3

Spectrum Inventory and Analysis

1.3.1

Major Users

For the purpose of this study, the Cellular, PCS and AWS bands were investigated. The Cellular and
PCS bands have been extensively deployed and deployments in the AWS band have recently begun.
Given that the 700 MHz and BRS bands are still in developmental stages and deployments are not yet
under way in these bands, preliminary information (prior to auctioning) regarding this band is provided
below.
Tables 1.3 to 1.5 show spectrum holdings for service providers in Canada’s three largest markets,
Toronto, Vancouver and Montréal. In the BRS band, Rogers and Bell have formed a partnership, known
as Inukshuk, and hold a large percentage of the BRS spectrum in Canada.
Table 1.3: Spectrum Holdings by Band: Toronto
ORGANIZATION
Rogers
Bell
TELUS
Globalive
Videotron
Mobilicity
Public Mobile
Industry Canada
Total Spectrum Available

Cellular
(MHz)
25
25
0
0
0
0
0
0
50

PCS
(MHz)
50
30
40
0
0
0
10
0
130

AWS
(MHz)
20
20
10
20
10
10
0
0
90

BRS
(MHz)
120
0
0
0
0
0
60
180

Table 1.4 - Spectrum Holdings by Band: Vancouver
ORGANIZATION
Rogers
Bell
TELUS
Globalive
Shaw
Mobilicity
Novus Wireless
Industry Canada
Total Spectrum Available

Cellular
(MHz)
25
0
25
0
0
0
0
0
50

PCS
(MHz)
60
40
20
0
0
0
10
0
130

AWS
(MHz)
20
10
20
10
20
10
0
0
90

8

BRS
(MHz)
120
0
0
0
0
0
60
180
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Table 1.5: Spectrum Holdings by Band: Montréal
ORGANIZATION
Rogers
Bell
TELUS
Globalive
Videotron
Mobilicity
Public Mobile
Industry Canada
Total Spectrum Available

Cellular
(MHz)
25
25
0
0
0
0
0
0
50

PCS
(MHz)
60
20
40
0
0
0
10
0
130

AWS
(MHz)
20
10
20
0
40
0
0
0
90

BRS
(MHz)
120
0
0
0
0
0
60
180

Similar spectrum holding patterns are present in other large markets in Canada. The largest service
providers in all major market areas tend to be Rogers, Bell and TELUS. Nevertheless, smaller service
providers hold licences in specific bands and/or market areas. Videotron, for example, holds several
AWS licences in portions of Quebec and Ontario, whereas Shaw has licences in Western Canada.
Globalive’s spectrum holdings (all AWS), are found in almost all Canadian markets except in Quebec.
Mobilicity holds AWS licences and Public Mobile has PCS licences in Canada’s six most densely
populated markets across Canada (Vancouver, Calgary, Edmonton, Ottawa, Toronto and Montréal).
The chart in Figure 1.3 illustrates the total spectrum holdings of various service providers in Cellular,
PCS and AWS bands. For any given market, a total of 270 MHz of paired spectrum is available (that is,
50 MHz of Cellular, 130 MHz of PCS and 90 MHz of AWS spectrum). It should be noted that Bell does
not have any spectrum holdings in Manitoba or Saskatchewan. SaskTel and MTS have significant
spectrum holdings across the Cellular, PCS, and AWS bands in Saskatchewan and Manitoba
respectively.
Service Providers’ Bandwidth's in Canada's Largest Markets
Rogers

Bell

TELUS

Globalive

Videotron

Shaw

Mobilicty

Public Mobile

SaskTel

Other

120
100
80

MHz
60
40
20
0
Quebec City

Montréal

Ottawa

Toronto

Winnipeg

Edmonton

Calgary

Vancouver

Regina

Figure 1.3 - The amount of spectrum (in the Cellular, PCS and AWS bands) licensed per service
provider in Canada’s nine largest cities
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The major Canadian markets account for a large percentage of the population, but a small percentage of
geographical area. In many cases, there exist smaller service providers that target specific markets. For
example, Mobilicity can potentially service 50% of the Canadian population because it holds spectrum
licences for several Tier 3 service areas (mainly in the Greater Toronto Area) in densely populated areas
across Canada and particularly in southern Ontario. On the other hand, EastLink’s licences cover larger
service areas in rural Atlantic Canada (approximately three times more geographical area than that of
Mobilicity); however, these service areas account for only 16% of the Canadian population.
Table 1.6 gives a breakdown of the service providers based on the territory and population covered by
their spectrum licences. The population and area columns show how much coverage potential each
service provider has. However, this does not necessarily mean that the service provides service to the
entire geographic area of its licence.
Table 1.6: Geographical area and population covered by licences of the major service
providers in Canada
Licence Coverage
Area (All bands)
Company
Rogers
Bell
TELUS
Globalive
Videotron
Shaw
Mobilicity
Public Mobile
Novus Wireless
EastLink
SaskTel
MTS

Area (km2)
9755534
8459191
9755534
9244475
1559869
3542209
552110
656179
1606721
1705345
655407
646936

Population within licensed area
(% of Canada)
Cellular
100
71
27
0
0
0
0
0
0
0
3
4

PCS
100
93
100
3
0
0
0
59
23
0
3
4

AWS
100
91
100
77
49
31
54
0
0
16
3
4

Number of
subscribers *
(All Bands)
Subscribers
8626000
6987386
6699000
93882
N/A
N/A
N/A
N/A
N/A
N/A
541105
469744

* Data from CWTA, 2010

1.3.2

Number of Assignments and Geographic Information

As the commercial mobile bands are spectrum licensed, no specific frequency assignments are made.
Within their spectrum licence, the licensees are free to deploy stations as required by their business and
technical requirements. The licensees are required as part of their licence conditions to report specific
technical data for each station deployed. This data becomes part of the departmental spectrum
management database and was used to generate this report.
The three tables below show the number of base station sites for Cellular, PCS and AWS operations
deployed by the major service providers in each of the five regions, as of August 2010. It should be
noted that Prairies-based service providers SaskTel and MTS hold a significant amount of Cellular and
PCS spectrum holdings in the central region, and have deployed significant infrastructure.
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Table 1.7: Number of sites operating in the Cellular band
Company
Rogers
Bell
TELUS
SaskTel
MTS
Total

Atlantic

Quebec

Ontario

Central

Pacific

Total

284
478
762

858
380
108
1346

1770
1347
3117

839
2
454
471
224
1998

640
65
528
1244

4391
2272
1090
471
224
8467

Table 1.8: Number of sites operating in the PCS band
Company
Rogers
Bell
TELUS
SaskTel
Public Mobile
Total

Atlantic

Quebec

Ontario

Central

Pacific

Total

236
38
278

815
422
369
133
1739

1753
971
748
111
3583

763
232
325
142
1498

622
214
254
1090

4189
1839
1734
142
244
8188

Table 1.9: Number of sites operating in the AWS band
Company
Globalive
Mobilicity
Videotron
Total

Atlantic
-

Quebec

Ontario

Central

Pacific

Total

464
464

421
172
593

151
151

119
119

691
172
464
1327

As expected, most cellular and PCS sites (and deployments) are in Ontario, which accounts for
approximately 40% of the Canadian population and has some of Canada’s largest markets (Greater
Toronto Area and Ottawa).
It should be noted that service providers co-locate their cellular and PCS sites to reduce costs of building
and maintaining new towers and backhaul links. Most/all sites have transmitters in the cellular band,
whereas PCS band is used mainly in the urban areas or along major transportation corridors. This is the
reason that the figures for cellular are higher than PCS.
Atlantic Canada has more than five times more cellular sites than PCS, whereas Ontario and Quebec
have one and a half times more cellular sites than PCS. One possible reason for this is that Atlantic
Canada is much more rural and the market is not demanding as much capacity so that deployment of
PCS is slower there.
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1.3.4

Trend Charts

Commercial mobile technologies have evolved significantly over the last three decades. From simple 1G
telephony, which supported voice-only transmission, to today’s 4G technology, which supports voice
plus increasingly higher data speeds, service providers are adopting newer technologies to meet
consumer demands for higher data speeds, uninterrupted communication and user-transparent roaming.
Analog technologies, which have become obsolete in commercial mobile communication services,
traditionally operate on 30 kHz bandwidths, i.e. one conversation takes up 30 + 30 kHz of bandwidth.
Most new commercial mobile communications have now adopted digital technologies, such as Global
System for Mobile Communications (GSM),6 Code Division Multiple Access (CDMA) and High-Speed
Packet Access (HSPA), which use bandwidths of 200, 1250 and 5000 kHz respectively, and can
accommodate multiple users (holding simultaneous multiple conversations or high data rate sessions) on
each RF carrier.
The following two figures demonstrate how the use of various technologies has evolved in recent years
relative to the implementation in Canada (based on the data from across the country reported by
licensees). In figures 1.7 and 1.8, the term “frequency record” refers to an entry into the spectrum
management database which indicates the use of a specific transmission mode (i.e. a specific
technology, e.g. GSM, CDMA, etc.) at a specific site or sector of a sectorized site.

Technology Trends in Cellular Band
GSM/GPRS/EDGE
CDMA
HSPA
TOTAL

# of Frequency Records

35,000
30,000
25,000
20,000
15,000
10,000
5,000
0
2007

2008

2009

2010

Figure 1.7 - Technology Trends in Cellular Band
As can be seen from the above figure, most service providers have begun implementing newer
technologies, such as HSPA, which provide higher data speeds and can accommodate more users on
each RF carrier.

6

General Packet Radio Service (GPRS) and Enhanced Data Rates for GSM Evolution (EDGE) are subsequent GSM
standards providing progressively higher speed data transmission rates.
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The trends in the PCS band show that HSPA use has increased substantially over the past year. CDMA
use has seen a slight decrease recently, but is still quite common in the PCS band. GSM/GPRS/EDGE
technology use has shown little changes, but HSPA is now almost as common as GSM/GPRS/EDGE in
the PCS band.

# of Frequency Records

Technology Trends in PCS Band
GSM/GPRS/EDGE
CDMA
HSPA
TOTAL

50,000
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Figure 1.8 - Technology Trends in PCS Band
The GSM figures in figures 1.7 and 1.8 reflect the use of this technology by Rogers. The CDMA
technology is used by the rest of the service providers, such as Bell, TELUS, MTS, SaskTel and
TBayTel (i.e. the incumbent local exchange service providers); however, almost all operators are now
deploying HSPA technology in their existing spectrum holdings.
As mentioned earlier, HSPA technology has been chosen as the latest generation technology by most
service providers in Canada and has seen widespread deployment in recent years. New competitors in
the AWS band, such as Globalive Wireless and Mobilicity, are using only HSPA on their networks. The
figures below illustrate the technologies deployed by Canada’s top three service providers in terms of
number of sectors using a specific technology.
Technologies Used in PCS Band

Technologies Used in Cellular Band

GSM
CDMA
HSPA

GSM
CDMA
HSPA
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3000
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0
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TELUS
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Bell
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Figure 1.9 - Technologies used by top 3 Canadian service providers
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1.3.5

Spectrum Available for Licensing

The following analysis provides information regarding spectrum available for commercial mobile
services, based on current utilization as noted in the previous sections.
1.3.5.1

Mobile Broadband Service (MBS)

Up to 80 MHz of spectrum7 in the 700 MHz band (698-764/776-794 MHz) will be available for
commercial mobile services following the DTV transition, which is slated for August 31, 2011. This
spectrum will be auctioned in 2012-2013 across the country.

Figure 1.10 – Spectrum availability in 700 MHz band
1.3.5.2

Cellular

In the Cellular band (824-849 MHz/869-894 MHz), the entire 50 MHz of commercial spectrum has been
licensed to service providers across the country and the band is fully deployed, thus, no spectrum in this
band remains.
1.3.5.3

1670-1675 MHz band

In this band, there are 5 MHz available for licensing in certain regions of Canada. See green shaded
areas in Figure 1.11.

7

Possibly three blocks 6 + 6 MHz, one block 11 + 11 MHz, 12 MHz unpaired and one block 5 + 5 MHz
(see SMSE-018-10)
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Figure 1.11 – Spectrum availability in the 1670-1675 band
1.3.5.4

Advanced Wireless Services (AWS)

In the AWS band, there is currently no spectrum available for licensing.
1.3.5.5

Personal Communication Systems (PCS)

In PCS band, different amounts of spectrum are available for licensing, mostly in the areas shaded in
green, as indicated in the following figure.
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Figure 1.12 - Spectrum availability in the PCS band
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1.3.5.6

Broadband Radio Service (BRS)

In the BRS band, there is spectrum available in every area across the country. The amount of spectrum
available for auction is either 60 or 120 MHz, as shown in Figure 1.13.

Figure 1.13 - Spectrum availability in the BRS band
Note: Manitoba school boards and commercial operation in Manitoba have been grandfathered and are
occupying the BRS spectrum in most areas in southern Manitoba.
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Chapter 2 - Fixed Systems (Backhaul and Fixed Wireless Access)
2.1

Background

2.1.1

Definitions8

Fixed Service: Fixed service (FS) is defined as a radiocommunication service between specified fixed
points.
Backhaul: Backhaul communication is defined as the “transport of aggregate communication signals
from base stations to the core network.” This chapter takes a broader view of backhaul as any form of
transport of aggregated traffic regardless of source and destination.
Fixed Wireless Access (FWA): FWA systems refer to the use of fixed or nomadic radios to provide
access to a public telecommunications network for telephone and/or data services serving residential and
business communities. These radio systems may also provide access to private networks. They are
generally designed as point-to-multipoint systems where all end points are fixed.
2.1.2

Broad description of type of service/application

Backhaul
Backhaul communications can take place using several different technologies, including wireline
technologies such as fibre optics or copper wire, and wireless technologies, such as satellite. However,
the focus of this paper is on wireless terrestrial backhaul via point-to-point microwave radio networks.
Wireless backhaul can be roughly divided into two categories: unidirectional applications, such as
Broadcast Auxiliary Service (BAS), and two-way data applications.
Unidirectional applications include broadcast applications that operate from the television camera to the
studio (i.e. includes electronic news gathering (ENG), TV outside broadcast and electronic field
protection), studio to studio applications, studio to the transmitter (e.g. Studio to Transmitter Links or
STLs), and studio to the cable television (CATV) head-end devices (e.g. Cable Television Relay Service
or CARS). The type of data transmitted can include video or audio data and many one-way systems may
still use analogue transmissions, although these are increasingly shifting to digital transmission.
Two-way data applications include carriage of telephone and Internet traffic over relatively long
distances and as a means to aggregate voice and data traffic from cell sites and link these sites back to
the public switched telephone network and the Internet. Two-way data links are also used for private
data networks and telemetry to link offices to nearby fibre points of presence or to connect private
networks on nearby hospital, university or business campuses. In addition, wireless data links are often
used to provide backup to wireline networks to improve reliability in case of damage, for example,
damage from construction to buried cables.

8

Definitions from various sources: ITU-R Radio Regulations; ITU-R Recommendations; Canadian Table of Frequency
Allocations; Industry Canada’s Standard Radio System Plans
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Two-way applications may be long-haul, especially in rural areas where the distance or terrain makes
fibre impractical. There are also increasing numbers of short-haul backhaul systems in urban areas that
are often used in conjunction with wireline backhaul technologies. Wireless backhaul has the advantage
of cost and speed of deployment in short-haul networks, as digging is not required, but does not
typically have the same capacity as a wireline system.
FWA
FWA has experienced growth for broadband delivery in recent years while continuing to support many
conventional applications. In Canada, these applications can be broadly divided into four categories;
broadband Internet applications, industrial applications, rural telephone services and automated meter
infrastructure (AMI)/automated meter reading (AMR).
a. Broadband Internet
Fixed wireless spectrum supporting broadband Internet services and applications are mainly
concentrated in the 2.3 GHz, 2.5 GHz and 3.5 GHz bands. These bands are generally harmonized with
the United States, with the exception of the band 3475-3650 MHz, which is instead aligned with
European provisions. The 2.5 GHz band was designated for multipoint communication systems (MCS)
and multipoint distribution systems (MDS); however, the band is currently under consultation to
introduce the broadband radio services (BRS), which is part of the IMT family of standards and includes
mobile applications.
In addition, further FWA broadband spectrum is available at 512 MHz, 953 MHz, 24 GHz, 25 GHz and
38 GHz.
b. Industrial applications (e.g. SCADA)
The 1.4 GHz subscriber radio service (SRS) band is used by FWA systems to support a variety of
industrial applications for industries such as manufacturing, production, power generation, fabrication
and refining. For example, SCADA (supervisory control and data acquisition) systems are industrial
control systems used to monitor and control industrial processes. They use these bands to monitor an
entire system in real time by capturing the data through meter reading, checking plant sensor statuses,
etc. at regular intervals.
c. Automated Meter Infrastructure (AMI) and Automated Meter Reading (AMR)
FWA systems are also at the core of the architecture for AMI and AMR applications. AMR refers to
one-way systems, drive-by and walk-by systems, phone-based dial-up systems, handheld reading entry
devices and touch-based systems. These systems tend to be collection only, without means for
broadcasting command or control messages. Data is typically gathered only monthly or, at most, daily.
AMI systems are more automated and allow two-way, real-time, on-demand interrogations with fixed
metering endpoints. AMI meters are often referred to as smart meters.
Currently, the VHF, 220 MHz and 1.4 GHz bands support AMI and AMR systems. The 900 MHz and
2.4 GHz licence-exempt bands also allow such operations on a no-protection basis.
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d. Rural telephone service
FWA systems provide essential rural telephone services in subscriber radio service (SRS) bands at
900 MHz, 1.4 GHz, 2 GHz, and 3.4 GHz in combination with wireless local loop systems (also FWA) or
traditional copper wire for the last mile to each home. Rural telephone services are deployed across the
country.
2.2

Current Allocations and Utilization

2.1.2

List of allocated bands

The following three tables distinguish between unidirectional backhaul bands, two-way data
communication backhaul bands and FWA bands. It should be noted that FS bands are not necessarily
exclusive to one of these systems and the band may include all three systems. In addition, the frequency
bands are also shared with other services as per the Canadian Table of Frequency Allocations.
a. Unidirectional Backhaul
Table 2.1 lists the unidirectional backhaul bands available in Canada.
Table 2.1: Summary of Unidirectional Backhaul Bands
Application(s)[1]

Band
953-960 MHz

 STL

Comments/Special Notes
 Shared with land mobile, aircraft (aeronautical mobile)
 Shared on primary basis with meteorological satellite
(space-to-Earth), space operations, space research, mobile
satellite and land mobile
 Mobile and Earth exploration satellite (space-to-Earth) is
secondary
 Shared with two-way backhaul systems on an urban/rural
basis
 Shared on a primary basis with space operations, space
research and Earth exploration satellite (all Earth-to-space
and space-to-space)
 Mobile is secondary
 Selected channels
 Shared co-primary fixed satellite (Earth-to-space)

1700-1710 MHz
1780-1850 MHz

 STL

2025-2110 MHz

 TV pickups

6425-6930 MHz

 STL

6590-6770 MHz
6930-7125 MHz

 STL
 TV Off-air pickuprebroadcasting transmitter
Links
 TV Inter-studio program links
 CATV Studio-headend links
 TV pickups and temporary
links

 Shared co-primary fixed satellite (space-to-Earth)

8275-8500 MHz

 One-way video

 Shared co-primary fixed satellite (Earth-to-space), Earth
exploration satellite (space-to-Earth), and space research.

12.70-13.25 GHz

 CATV Studio-headend links
 TV Pickups

 Shared co-primary with fixed satellite service.
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Band
14.875-14.975 GHz

Application(s)[1]
 Temporary radio links

Comments/Special Notes
 Mobile is secondary.

Note [1]:
Studio-transmitter Links (STL): A fixed radiocommunication system used to relay television or audio
program material (and related communications) from the studio to the transmitter site of a broadcast
station.
TV Off-air Pickup-rebroadcasting Transmitter Links: A fixed radiocommunication system used to
relay television program material from an off-air pickup site to the transmitter site of a television
rebroadcasting station or to a cable television headend.
TV Inter-studio Program Links: A fixed radiocommunication system used to relay television program
material and related communications between a remote studio and the principal studio of a television
broadcasting station. This would include backhaul links from remotely located satellite TVRO (TV
Receive Only) Earth stations to television studios in order to avoid terrestrial interference.
CATV Studio-headend Links: A fixed radiocommunication system used to relay television program
material and related communications from the cable television studio to the cable television headend
(also known as Cable Television Relay Service or CARS).
TV Pickups and Temporary Links: This type of service is intended for the direct pickup of television
programs for transmission to a television broadcast studio or to a cable television headend, and also for
temporary TV links. This includes applications such as electronic news gathering (ENG), TV outside
broadcast, and electronic field protection.
One-Way Video: This type of service includes one-way video channels used to carry digitized video.
b. Two-way Data Backhaul
Table 2.2 lists the two-way backhaul bands and includes information on permitted capacities, channel
sizes and other notes of interest.
Table 2.2: Summary of Two-way Backhaul Bands
Band

Permitted
Capacities[1]

Channel Sizes
(MHz)

1700-1710 MHz
1780-1850 MHz

VLC
LC

1-10 MHz

MC
2025-2110 MHz
2200-2285 MHz

LC
VLC

3700-4200 MHz

HC

5925-6425 MHz

HC
MC

10 MHz +10 MHz
7.5 MHz
5.0 MHz
2.5 MHz
1.25 MHz
50 kHz
40 MHz
30 MHz
20 MHz
30 MHz
10 MHz
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Notes
 Since June 2009, p-mpt systems for the management of
the electricity supply are permitted in the band 18001830 MHz.
 Shared primary with Earth Exploration Satellite, space
operation and space research. Mobile is secondary.

 Shared co-primary with fixed satellite (space-to-Earth)
on a first-come, first-served basis.
 Shared co-primary with fixed satellite (space-to-Earth)
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Band

Permitted
Capacities[1]
LC
HC

6425-6930 MHz

MC
LC
HC

7125-7725 MHz

MC
LC
HC

7725-8275 MHz

MC
LC

8275-8500 MHz

LC, MC, HC

10.55-10.595 GHz
10.615-10.66 GHz

LC

10.7-11.2 GHz/
11.2-11.7 GHz

LC, MC, HC

14.5-14.875 GHz/
14.975-15.35 GHz

17.8-18.3 GHz/
19.3-19.7 GHz

Channel Sizes
(MHz)
5 MHz
3.75 MHz
2.5 MHz
30 MHz
20 MHz
10 MHz
5 MHz
2.5 MHz
1.25 MHz
30 MHz
20 MHz
10 MHz
7.5 MHz
5 MHz
2.5 MHz
30 MHz
20 MHz
10 MHz
5 MHz
2.5 MHz
1.25 MHz

Notes
on a first-come, first-served basis.
 Shared co-primary fixed satellite (Earth-to-space)

 Shared co-primary space research, fixed satellite
(space-to-Earth), meteorological satellite
(space-to-Earth)
 Mobile satellite co-primary in the bands
7250-7375 MHz (space-to-Earth) and 7900-8025 MHz

 Shared co-primary with meteorological satellite
(space-to-Earth), fixed satellite (Earth-to-space), Earth
exploration satellite (space-to-Earth)
 Limited use of fixed satellite for Government of
Canada only in the bands 7250-7750 MHz and
7900-8400 MHz
 Video only
 Shared co-primary fixed satellite (Earth-to-space),
Earth exploration satellite (space-to-Earth) and space
research.

18.75 MHz

 Shared co-primary radiolocation, radio astronomy,
Earth exploration satellite, space research.
 Fixed point-to-multipoint (Ptmpt)
 Effective December 2009, new backhaul licences only
allowed in 10.7-11.075/11.2-11.575 GHz
(DGTP-013-09)
 Shared co-primary fixed satellite service.

5 MHz
2.5 MHz
1.25 MHz
40 MHz
20 MHz
10 MHz
5 MHz
3.75 MHz
2.5 MHz
1.25 MHz
40 MHz

 Since December 2009, new backhaul licences only
allowed in 14.5-14.66/14.975-15.135 GHz and
14.82-14.875/15.295-15.35 GHz (DGTP-012-09)
 Mobile is secondary.

20 MHz
LC, MC
10 MHz

LC, MC, HC

5 MHz
50 MHz
40 MHz
30 MHz
20 MHz
10 MHz
7.5 MHz
2.5 MHz

 Fixed satellite (space-to-Earth) (Earth-to-space) limited
to feeder links for mobile-satellite.
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Band

21.8-22.4 GHz
23.0-23.6 GHz

24.25-24.45 GHz/
25.05-25.25 GHz

Permitted
Capacities[1]

LC, MC, HC

Channel Sizes
(MHz)
50 MHz
40 MHz
20 MHz
15 MHz
10 MHz
7.5 MHz
5 MHz
2.5 MHz
5 x 40 MHz block
pairs

Not Specified
14 x 50 MHz block
pairs

38.6-40 GHz

Not Specified

Notes
 Shared co-primary with Earth exploration satellite,
radio astronomy, space research (passive),
inter-satellite
 Mobile is secondary.

 Shared co-primary with radionavigation, fixed satellite
(Earth-to-space)
 Broadband wireless applications (P-p, P-mpt)
 Auctioned in 1999, therefore detailed frequency data is
not available.
 Shared co-primary with fixed satellite, mobile, mobile
satellite
 Secondary Earth exploration satellite (space-to-Earth)
 Priority for high density applications for fixed area
based Ptp and Ptmpt systems
 Auctioned in 1999, therefore detailed frequency data is
not available.

Note[1]: The definitions for the permitted capacities are provided in Table 2.3 below.
Table 2.3: Definitions of Fixed System Capacities (SP 1-20)
RF Channel Capacity
Very Low Capacity (VLC)
Low Capacity (LC)
Medium Capacity (MC)
High Capacity (HC)

Minimum
Mbits/s

Maximum
Mbits/s
≤1.544
≤24.704
≤51.840

≥1.544
>24.704
>51.840

c. FWA
The FWA bands are listed in Table 2.4, which includes information on application and licence types and
other notes of interest.
Table 2.4: Summary of FWA bands
Band
220-222 MHz

Application(s)
 AMI and AMR

512-698 MHz

 Broadband Internet (RRBS)

902-928 MHz

 AMI and AMR

953-960 MHz

 rural telephone service

Type of
Licence
FCFS
FCFS

LE
FCFS
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Notes
Shared with land mobile
Licence applications will be considered on a
case-by-case basis for advanced communications
services in remote rural communities in television
channels that are unallotted and unassigned to the
broadcasting service.
Licence-exempt band
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Band
1427 -1432 MHz
1435-1452 MHz

1452-1492 MHz

1492-1518 MHz

1780-1850 MHz

Application(s)
 AMI and AMR
rural telephone service
Under consultation
 Currently used for remote
telephone service and is
paired with the band
1492 MHz to 1517 MHz.
Under Consultation
 Currently DAB allotment
plan, no FWA
Under consultation
 Currently used for remote
telephone service and is
paired with the band
1435 MHz to 1452 MHz.
 AMI and AMR

2025-2110 MHz
2200-2285 MHz

 Rural telephone services

2305-2320 MHz
2345-2360 MHz

 Broadband Internet (WCS)

2400-2483.5 MHz
2500-2690 MHz

 Broadband Internet
AMI and AMR
Under consultation
 Broadband Internet

3475-3650 MHz

 Broadband Internet

3650-3700 MHz

 Broadband Internet (WBS)

24.25-24.45 GHz
25.05-25.25 GHz

 Broadband Internet

25.35-28.35 GHz

 Under consultation

38.6-40 GHz

 Broadband Internet

2.2.2

Type of
Licence
FCFS

Notes

-

Consultation proposes flexible fixed and mobile
applications while maintaining rural telephone
services

-

Consultation proposes to rescind DAB allotment plan
and allow flexible fixed and mobile applications,
including FWA broadband Internet

FCFS
spectrum
licence

Consultation proposing Aeronautical Mobile
Telemetry (harmonize with the United States)

FCFS
spectrum
licence
FCFS
spectrum
licence
Auction
spectrum
licence
LE

FWA systems used for the management of the
electricity supply

Auction
spectrum
licence
Auction
spectrum
licence
FCFS
spectrum
licence +
contention
-based
protocol
Auction
spectrum
licence
-

Consultation on designation for BRS (refer to
Chapter 1 for further information)

FCFS
Spectrum
licence

Band mainly used for backhaul

Licence-exempt band

Previously auctioned LMCS spectrum has been
returned. Consultation considering fixed p-p and
p-mpt use.
Area licensing with shared use

Type of Licence

Backhaul systems are typically site-licensed on a first-come, first-served (FCFS) basis. The
24.25-25.05 GHz/25.05-25.25 GHz and 38.6-40.0 GHz bands were auctioned in 1999.
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FWA systems are site-licensed on an FCFS basis or spectrum-licensed in a particular geographic area by
either a competitive process (i.e. auction) or on an FCFS basis. More recently, the Department has used
a “lite” licensing regime in the 3.65 GHz band. Under this approach, licensees must apply for a
non-exclusive spectrum licence in a geographic area on an FCFS basis and share the band using
equipment with contention-based protocols.
2.2.3

Comparison with the United States

2.2.3.1

Backhaul Bands

The majority of backhaul bands are broadly harmonized between Canada and the United States.
However, some bands are not harmonized, as described below.
In Canada, the band 1700-1850 MHz was traditionally used for backhaul. In the United States, this band
has been reserved for use by federal government licensees. The band 1710-1755 MHz has since been
reassigned for mobile Advanced Wireless Services in both Canada and the United States. In Canada, the
band 1755-1780 MHz is on hold for possible future use for AWS as well. Although the band
1780-1850 MHz remains a backhaul band in Canada, this is not the case in the United States, and usage
in Canada has therefore been low. In 2008 and 2009, Industry Canada decided to make technical rule
changes to the sub-band 1800-1830 MHz to accommodate systems for the management of the electricity
supply. The United States has yet to identify spectrum for this application.
Both Canada and the United States use the band 2025-2110 MHz for unidirectional applications,
primarily electronic news gathering (ENG). Unlike the United States, helicopter ENG is also allowed in
this band in Canada. In addition, Canada, unlike the United States, continues to allow the bands
2025-2110/2200-2285 MHz to be used for low and medium capacity backhaul systems.
The 7125-7725/7725-8275 MHz bands are designated for high-capacity use throughout, with some
portions designated specifically for low-capacity use. In Canada, the majority of use of these bands is by
electrical utilities, whereas in the United States, this is not the case.
Until 2010, the band 10.7-11.7 GHz was harmonized between Canada and the United States. However,
as of December 2009, no new backhaul systems will be licensed in the sub-bands 11.075-11.2 GHz and
11.575-11.7 GHz in Canada until January 1, 2026 (though existing systems were grandfathered), so that
this spectrum can be used for direct-to-home satellite television.
The United States does not have commercial backhaul spectrum in the band 14.5-15.35 GHz, as it is
reserved for federal government licensees. In Canada, the sub-band 14.5-14.875/14.975-15.35 GHz had
traditionally been available for two-way systems. In December 2009, spectrum for fixed backhaul
systems was reduced to the sub-bands 14.5-14.66/14.975-15.135 GHz and
14.82-14.875/15.295-15.35 GHz. In Canada the sub-band 14.875-14.975 GHz is available for
unidirectional backhaul systems.
It is also worth noting that, even in harmonized bands, the exact technical specifications may not be
identical between Canada and the United States, though the same equipment should normally be usable
in both countries.
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2.2.3.2

FWA Bands

In general, Canadian fixed wireless bands align with the U.S. fixed wireless bands. Although the bands
themselves are aligned, some usage differences may exist at times, particularly when bands are used for
both FWA and backhaul applications. There may also be different channel sizes and pairings, as well as
technical criteria. In bands not aligned with the United States, Canada may be harmonized with
European spectrum, which allows continued economies of scale.
Notable differences with the United States exist in the following bands:
 512-698 MHz - Available in Canada on a case-by-case basis for advanced communications services in

remote rural communities in television channels that are unallotted and unassigned to the broadcasting
service. In the United States, this spectrum is used for licence-exempt TV Band Devices.
 1.435-1.525 GHz – The band is under consultation in Canada to accommodate both aeronautical

mobile telemetry (AMT) and flexible fixed and mobile applications, including FWA broadband
Internet applications. In the United States this band is used solely for aeronautical telemetry.
 3.45-3.65 GHz – In Canada, the band is harmonized with European spectrum and allocated to the

radiolocation service in the United States.
 25.35-28.35 GHz – The band is under consultation to allow fixed point-point and point-multipoint

use. In the United States, this band is partially reserved for use by federal government use, and
partially designated for fixed point-multipoint use.
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Fixed service (Backhaul and FWA) use from 52 MHz to 38 GHz (for additional information, refer to Annex 1):
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2.3

Spectrum Inventory and Analysis

2.3.1

Major Users

a. Unidirectional Data
The major users of unidirectional data links are those in the broadcasting industry. This includes both
television and audio (e.g. AM/FM) broadcasting, as well as cable television distribution.
b. Two-way Data
Users of two-way data links include:
 cellular, telephone and Internet service providers (ISPs), including national, regional and small local





companies;
electrical power utilities;
banks, forestry companies, mining companies, oil and gas companies, pipelines, railways and other
businesses;
municipal governments; and
Federal government departments, including Fisheries and Oceans Canada and the Department of
National Defence

c. FWA
FWA users include national, as well as smaller local/regional telephone and cellular providers, power
utilities, broadcasters and other commercial entities providing telephone services, Internet services, or
industrial applications.
2.3.2

Number of Assignments

a. Backhaul (unidirectional and two-way data): Number of Frequency Assignments
There are more than 53,000 fixed land station frequency assignments across Canada. It should be noted
that the results of these frequency assignments only consider fixed assignments and do not include other
services within the selected frequency bands (i.e. Earth, Space, Aeronautical, Land Mobile, and
Aircraft). Figure 2.1 shows the distribution of assignments in each band.
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Figure 2.1 - Total Number of Fixed Land Station Frequencies Assigned
b. FWA
Detailed deployment data is not available for spectrum-licensed bands in the fixed service. As such, an
analysis of the type of usage and relevant auction information was performed on 3 key FWA bands
primarily used for broadband Internet applications.
2305-2320 MHz/2345-2360 MHz
This band is used for Wireless Communication Service (WCS), which is licensed under the fixed and
mobile services. It was licensed through auctions in various service areas across the country
(172 licences issued). There are also a significant number of commercial and government grandfathered
point-to-point stations across the country.
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WCS deployments can have elements of both the fixed and mobile services, but current technical
restrictions limit some mobile applications and the band is predominantly used for the provision of local
broadband access services in point-to-multipoint configurations and some broadband point-to-point
configurations.
3475-3650 MHz
The 3475-3650 MHz band is used by the fixed service for both FWA and point-to-point applications. It
provides three paired blocks of 25 + 25 MHz with 100 MHz separation and one unpaired block. The
band is shared with some radiolocation operations and there is a small potential throughout Canada for
interference that would cause a reduction in performance of FWA systems. In situations of national
security, this band may experience increased interference due to radiolocation activities throughout
Canada.
There are more than 1,000 assignments in this band and the large majority were made via auction of the
spectrum blocks in various service areas. However, prior to the auction, the band was available for
FCFS licensing in rural areas to support broadband access across the country. These licences are mostly
concentrated in Ontario.
3650-3700 MHz
This band is used by the Wireless Broadband Service (WBS), allowing a full range of fixed and mobile
applications. Spectrum licences are issued on an FCFS basis in various service areas with no limitation
on the number of licences that may be issued for the same spectrum and geographic area. All licences
have equal access to the spectrum and must use contention-based protocols for all equipment as
described by departmental technical standards. As such, licensees do not have the same interference
protection rights commonly associated with licensed systems and are expected to cooperate to identify
and resolve interference issues themselves. Some FSS receive earth stations located across Canada have
been grandfathered and WBS stations must coordinate with them when located within a certain radius of
the FSS station(s). Currently, approximately 158 WBS spectrum licences have been issued.
2.3.3

Geographic Location

a. Regional Distribution
Figure 2.3 provides additional details on the distribution of fixed frequency assignments across Canada
in each band, based on which region issued the assignment. The percentage distribution includes the
frequency assignments of all services within the fixed service designated bands. It should be noted that
these percentages are based on the total number of fixed assignments. The highest number of total
frequency assignments across Canada in found in the paired bands 17.8-18.3 GHz and 19.3-19.7 GHz,
with approximately 4,600 assignments each, with the majority in Ontario.
The second highest number of total frequency assignments across Canada is found in the band
5925-6425 MHz, with nearly 4,000 assignments.
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Figure 2.2 - Frequency Band Usage by Region
b. Metropolitan Vs. Non-Metropolitan
Figure 2.3 shows the numbers of metropolitan versus non-metropolitan stations expressed as a
percentage. According to the numbers, on average, approximately 65% of all backhaul links in Canada
are located outside of metropolitan areas.
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Avg Band Distribution
953-960 MHz
1700-1710 MHz
1780-1850 MHz
2025-2110 MHz
2200-2285 MHz
3700-4200 MHz
5925-6425 MHz
6425-6930 MHz
6930-7125 MHz

Frequency

7125-7725 MHz
7725-8275 MHz

Metropolitan

8275-8500 MHz

Non-metropolitan

10550-10595 MHz
10615-10660 MHz
10700-11700 MHz
12700-13250 MHz
14500-14875 MHz
14875-14975 MHz
14975-15350 MHz
17800-18300 MHz
19300-19700 MHz
21800-22400 MHz
23000-23600 MHz
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Figure 2.3 - Percentage of Metropolitan versus Non-metropolitan Use
**Some of the flags were not input into the database**
Note [1]: Total number of frequency assignments associated with all metropolitan areas of Canada.
Metropolitan areas are defined as cities with a large urban core population of at least 100,000
people.9
Note [2]: Remaining frequency assignments not associated with a metropolitan area.
From the figure, it appears that the number of assignments in metropolitan areas tends to be greater in
bands above 14 GHz, with the exception of the band 6930-7125 MHz. This may be due to the fact that
the ranges of the microwave links are shorter at higher frequencies and, at the same time, the available
capacity is greater.

9

Statistics Canada Census 2006 definition of metropolitan area
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2.4

Trend Charts

The following figures show the trends in total number of frequency assignments of all services operating
in the predominantly fixed bands, from 1998 to 2010, for a selected number of bands. It should be noted
that these trends include not only fixed frequency assignments, but assignments for all services within
the selected frequency bands, including Earth, Space, Aeronautical, Land Mobile, and Aircraft
assignments.
a. 5925-6425 MHz
This band has seen a decrease of approximately 10% from 1998 to 2010. However, this overall trend
masks a rapid decrease between 2000 and 2002, followed by a gradual year-to-year increase afterwards.
The initial decrease may be related to the replacement of long-haul microwave networks, which were
traditionally located in this band, by fibre optic networks. The more recent increase may be due to the
introduction of new services in areas where fibre is not economical.

Figure 2.4 – 5 925-6 425 MHz Trend Chart
b. 10.7-11.7 GHz
There has been a 600% increase in frequency assignments from 1998 to 2010, with most of this growth
occurring since 2006. There has been significant growth in use of this spectrum. This may be due to an
increasing need for higher capacity short-haul networks to support the growth in broadband cellular
two-way communication systems.
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Figure 2.5 - 10.7-11.7 GHz Trend 1998-2010
c. 17.8-18.3/19.3-19.7 GHz
In the bands 17.8-18.3 and 19.3-19.7 GHz, the number of frequency assignments from 1998 to 2010
increased by more than 800%. The significant growth is also likely due to increased requirements for
higher capacity short-haul networks for broadband cellular systems.

Figure 2.6 - 17.8-18.3/19.3-19.7 GHz Trend Chart
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2.5

Conclusion

Backhaul spectrum usage has been growing rapidly in recent years. This is likely being driven by
increasing capacity requirements in support of cellular mobile networks. There is no reason to expect
this increase to slow in the future.
Most of the backhaul bands identified in this chapter show significant and increasing levels of use. One
exception is the band 3700-4200 MHz, which had traditionally been used for long-haul
telecommunications traffic, but which currently has only 147 frequency assignments for two-way
systems. Part of the reason for this is likely due to the large antenna sizes needed in this frequency range
and the need to coordinate with fixed satellite earth stations. The 5925-6425 MHz band has similar
constraints in this respect, but contains far more backhaul frequency assignments. More restrictive
licensing rules in the 3700 MHz band are a possible explanation for this difference.
The trend between 1998 and 2010, in the band 5925-6425 MHz has seen a decrease of approximately
10% from 1998 to 2010. However, since 2002, there has been a gradual year-to-year increase. The more
recent increase may be due to the introduction of new services in areas where fibre is not economical.
The trends between 1998 and 2010, in the bands 10.7-11.7 GHz and 17.8-18.3 GHz/19.3-19.7 GHz
showed an increase in frequency assignments of 600% and 800% respectively, with this significant
growth due to an increasing need for higher capacity short-haul networks to support the growth in
broadband cellular two-way communication systems.
Bands above 20 GHz seem to be most heavily used in metropolitan areas. These bands are not capable
of the same long-distance hops as in bands closer to 1 GHz, but this is much less of a factor while
bandwidth, which is more plentiful at these frequencies, is more of a factor in metropolitan areas.
An absence of detailed usage data for the auctioned 24 and 38 GHz bands makes their usage difficult to
assess.
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Chapter 3 - Land Mobile
3.1

Background

3.1.1

Definition of Service

There are many definitions of land mobile either as a service or as an application. In this study, land
mobile is considered as a sub-set of the mobile service with specific characteristics. The ITU-R Radio
Regulations Article 1.24 defines mobile service as “A radiocommunication service between mobile and
land stations, or between mobile stations.” Article 1.67 defines mobile station as “A station in the
mobile service intended to be used while in motion or during halts at unspecified points.” Article 1.69
defines land station as “A station in the mobile service not intended to be used while in motion.” Many
bands below 1 GHz that are allocated to the mobile service are used for land mobile systems.
Land mobile systems are radiocommunication systems that generally include specific features:
 push-to-talk, release to listen – a single button press opens communication on a radio frequency

channel;
 large coverage areas;
 closed user groups and/or direct communication between radios; and
 relatively narrow channel bandwidths (e.g. 6.25 kHz, 12.5 kHz and 25 kHz).

3.1.2

Broad description of type of service/applications

Land mobile systems are used to provide push-to-talk voice communications and low-speed data to
users. Land mobile systems are comprised of base stations, repeaters, portables and mobiles. Base
stations are fixed stations that are usually high power and at high elevations to provide service to
portables and mobiles. Repeaters are essentially mobile base stations that are used to extend the base
station coverage. Portables are handheld radios and mobiles, vehicle mounted radios which either
communicate with a base station/repeater or with each other. Land mobile systems operate either in
conventional mode or as trunked systems.
Conventional systems allow a user the use of only one channel. If that assigned channel is already in
use, the user must wait until the channel becomes available. Management of the channels used in a
conventional system is done by the users.
Trunked systems employ access control techniques to share channel capacity among multiple users. In a
trunked system, a control channel is used and the decision as to which channel is used is invisible to the
user. The design of a trunked system allows it to support more users on fewer channels than a
conventional system.
The land mobile bands are also used for one-way and two-way paging systems and some low-speed data
applications.

36

Radio Spectrum Inventory: A 2010 Snapshot ─ Canada _____________________________________

3.2

Current Allocations and Utilization

3.2.1

List of allocated bands

In general, the land mobile bands are allocated to the mobile service on a primary basis and are in
frequency bands below 1 GHz. For the purposes of this study, the paging and narrowband PCS bands
are also considered, as they have similar rules. Table 3.1 provides a list of the bands and some notes on
their utilization.
Table 3.1: Land Mobile Bands
Bands
27.41-28 MHz
29.7-50 MHz
72-76 MHz
138-144 MHz
148-174 MHz
216-222 MHz
406.1-430 MHz
450-470 MHz
768-776 MHz
798-806 MHz
806-824 MHz
851-869 MHz
896-901 MHz
901-902 MHz10
929-930 MHz
930-931 MHz
931-932 MHz
935-940 MHz
940-941 MHz10

Utilization
Land mobile
Land mobile
Land mobile
Land mobile
Land mobile, maritime mobile
Land mobile, 15 pairs of 5 kHz channels are designated for public safety
Land mobile
Land mobile
Land mobile band designated to public safety
Land mobile band designated to public safety
Land mobile, 821-824 MHz is designated for public safety
Land mobile, 866-869 MHz is designated for public safety
Land mobile
Narrowband PCS
Paging
Narrowband PCS
Paging
Land mobile
Narrowband PCS

There is a total of 167.115 MHz of spectrum that has been allocated for land mobile systems. In some of
these bands, the fixed service is also allowed but the main use is land mobile and, in the congested areas,
mobile systems are given priority access.
Land mobile bands are often discussed using the following nomenclature:
 138-144 MHz and 148-174 MHz are called the VHF band;
 406.1-430 MHz and 450-470 MHz are called the UHF band;
 768-776 MHz and 798-806 MHz are called the 700 MHz band;
 806-824 MHz and 851-869 MHz are called the 800 MHz band; and
 896-902 MHz, 929-932 MHz and 935-941 MHz are called the 900 MHz band.
These are used in the discussion that follows.

10

SP 1.7 GHz made changes to this band to make it land mobile. Not yet been implemented.
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Land Mobile use from 52 MHz to 38 GHz (for additional information, refer to Annex 1):
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3.2.2

Band plans (pairing) where applicable

Land mobile bands are either paired for duplex operations or unpaired for simplex operations. The
majority of the spectrum for land mobile is paired for trunked systems. In general, the upper pair of a
land mobile band is used for the base station transmitters and the lower pair is used for mobile
transmitters.
Figures 3.1 through 3.5 below provide the band plans for the majority of the bands listed in Table 3.1.

138

144

Mobile

SARIAN-F

Maritime

Maritime

149.08 MHz

156-157.45

161.58-162.05

148

174 MHz

Amateur

Mobile

Mobile

149.8-150.5

160.17- 161.58

MSS

Railway

Figure 3.1 - VHF Band Plan

406.1

430

Mobile

Mobile

…

414-415
Fixed

451

470 MHz

Mobile

450-451
STL Aux.

419-421
Fixed

455.025-456
STL Aux.

Figure 3.2 - UHF Band Plan
Figures 3.1 and 3.2 do not show the paired and unpaired portions for the VHF and UHF bands because
the plans for both of these bands are very complex. Both bands have multiple paired blocks and multiple
unpaired blocks.
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776
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805
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Figure 3.3 - 700 MHz Public Safety Band Plan

Paired

806

824

Public
Safety

Mobile TX

…

851

869 MHz

Base TX

Public
Safety

Figure 3.4 - 800 MHz Band Plan
Paired
Paging

896

901

LM Mobile TX

902

928

929

932

935

License Exempt

940

941 MHz

LM Base TX

Narrowband PCS
Fixed

Fixed

Figure 3.5 - 900 MHz Band Plan
The bands 27.41-28 MHz, 29.7-50 MHz and 216-220 MHz are not shown in the above figures because
there is no national band plan to date. The band 220-222 MHz does have a simple band plan where
220-221 MHz is mobile transmit and 221-222 MHz is base transmit.
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3.2.3

Type of licence (spectrum vs. frequency)

Land mobile systems are site licensed on a first-come, first-served basis. Some bands or channels are
limited to public safety systems.
3.2.4

Comparison with the United States

In general, the Canadian land mobile bands align with the U.S. land mobile bands. Although the bands
themselves are aligned, the way that the bands are used may not align with the United States. In some
cases, there are different users, different channelling, a different duplex and trunking scheme, as well as
different technical criteria for these bands in Canada and the United States.
For the most part, the United States has set up its land mobile bands for different users and users are
limited to using designated channels. In Canada, some bands are designated for particular users, but
those users are not limited to those bands. For example, the band 162-174 MHz is a National
Telecommunications and Information Administration (NTIA) band in the United States and can only be
used by federal users, whereas in Canada, it can be used by any type of user.
Another example of differences between Canadian band plans is the recent U.S. rebanding of the
800 MHz band. The United States moved its public safety users to the lower part of the band, whereas
Canada has maintained them in the upper part of the band. In this case, there was no need for a change,
as Canada did not encounter the same inference issues and the equipment would remain available.
In the more recently released land mobile bands, the channelling and duplexing schemes are aligned
between Canada and the United States, but in some of the older bands, such as the VHF band, these
schemes do not align due to the number of users and the cost that would be involved in harmonizing
with the United States.
The technical criteria for land mobile systems in Canada are often different from those in the
United States. The equipment certification standards are harmonized, but the allowable power levels and
the interference criteria are often different.
3.3

Spectrum Inventory and Analysis

The analysis provided below focuses on the VHF, UHF, 800 MHz and 900 MHz bands. Given that each
frequency was counted, and the mixture of duplex and simplex assignments in these bands, there may be
cases where the numbers of assignments and/or licences could be doubled for duplex systems. However,
the analysis still provides a useful snapshot of the use of the land mobile bands.
The 700 MHz band and the band 216-222 MHz are not included in the analysis below because they are
fairly new bands where licensing has been minimal to date.
Additionally, the bands 27.41-28 MHz and 29.7-50 MHz are not included in this analysis. However,
examining the current data, these bands are relatively lightly used across Canada and they are primarily
used by the Department of National Defence and commercial enterprises (low-power communications
used in retail establishments and restaurants).
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3.3.1

Major users

Figures 3.6-3.9 below present, based on the number of frequency assignments, the current licensee
distribution for the VHF, UHF, 800 MHz and 900 MHz bands.

VHF Band Licensees
741

20132

34211

Commercial
Federal Government
Municipal Government
Provincial Government

44755
179368

Miscellaneous
Foreign Government

22375

Figure 3.6 – VHF Band Licensees
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UHF Band Licensees
1096
7666

542

12927
Commercial
8274

Federal Government
Municipal Government
Provincial Government
Miscellaneous
Foreign Government

90825

Figure 3.7 - UHF Band Licensees
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800 MHz Band Licensees
209
85
3413

Commercial

31269

Federal Government
Municipal Government
Provincial Government
Miscellaneous
62161

Foreign Government

1750

Figure 3.8 - 800 MHz Band Licensees

900 MHz Band Licensees

2841
Commercial
Federal Government
Municipal Government
Provincial Government
Foreign Government

72
1084

6955
163

Figure 3.9 - 900 MHz Band Licensees
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From the figures above, for the VHF, UHF, 800 MHz and 900 MHz bands, the major licensees are
commercial entities. These bands are heavily used by utilities, oil and gas companies, logging
companies and at industrial sites. However, many commercial systems are shared with or providing
services for federal, municipal and provincial government agencies. For example, in Manitoba, there is a
province-wide system that is owned and operated by a commercial provider where the majority of the
users are from all three levels of government to provide public safety communications.
3.3.2

Number of Assignments and Geographic Information

Given the narrow bandwidth of land mobile systems, there are a significant number of assignments for
each land mobile band. Currently, there are a total of 216,259 licences and 450,479 frequency
assignments in the VHF, UHF, 800 MHz and 900 MHz bands.
Figures 3.10 to 3.17 show the distribution of the licences and frequency assignments by Region, and in
the major metropolitan areas for the VHF, UHF, 800 MHz and 900 MHz bands.

Figure 3.10 - VHF Regional Distribution
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Figure 3.11 – VHF Major Metropolitan Distribution

Number of UHF Licences and Frequencies by Regions
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Figure 3.12 - UHF Regional Distribution
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Figure 3.13 - UHF Major Metropolitan Distribution

Figure 3.14 - 800 MHz Regional Distribution
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Figure 3.15 - 800 MHz Major Metropolitan Distribution

Figure 3.16 - 900 MHz Regional Distribution
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Figure 3.17 - 900 MHz Major Metropolitan Distribution
The figures above show that, depending on the frequency band, there is a different distribution of
assignments. This difference in distribution is related to the industry in the region and/or the coverage of
other mobile systems. For example, in the VHF and UHF bands, the majority of the assignments are in
the Prairie and Northern Region (PNR), as these bands are very heavily used by the oil and gas industry
and in the north, where there are very few other mobile systems.
It is clear from the VHF and UHF figures above that, although there are systems in the major
metropolitan areas, the majority of licenses fall outside of the bigger cities.
3.3.3

Spectrum Usage Maps

3.4

Trend Charts

Over the last 10 years, land mobile systems have been evolving, conventional systems have been
replaced with trunked systems and simplex systems have been replaced with duplex systems. The
following analysis is based on an extracts from Industry Canada’s database and does not account for this
evolution. For example, the number of licences in a band may have decreased, but if those systems were
replaced by trunked systems, then the number of users in that band may have increased.
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Figures 3.18 to 3.22 show the total annual number of clients, licences and frequency assignments since
1998 for the VHF, UHF, 800 MHz, 900 MHz bands and for all of them combined.

VHF Clients, Licences and Frequencies Trends
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Figure 3.18 - VHF Trends

UHF Clients, Licences and Frequencies Trends
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Figure 3.19 - UHF Trends
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800 MHz Clients, Licences and Frequencies Trends
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Figure 3.20 - 800 MHz Trends

900 MHz Clients, Licences and Frequencies Trends
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Figure 3.21 - 900 MHz Trends
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Total Number of Clients, Licences and Frequencies Trends
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Figure 3.22 - Compiled VHF, UHF, 800 MHz and 900 MHz Trends
As can be seen in the above figures, assignments have been declining in the VHF band, increasing in the
800 MHz and 900 MHz bands, and have remained steady in the UHF band. Figure 3.22 shows that,
overall, there has been a relatively stable number of frequency assignments, licences and clients in the
land mobile bands.
It is clear from the above figures that the VHF and UHF bands are heavily used, with many clients in
each band. For the 800 MHz band, the above figures may be a bit misleading, as there are fewer
assignments and clients; however, this band is used heavily by commercial operators with a large client
base.
In comparison, the 900 MHz band is not used very heavily. The 800 MHz and 900 MHz bands have
similar physical characteristics; however, in the 15 MHz of spectrum available in the 900 MHz band,
only 11,059 frequency assignments currently exist, whereas in the 32 MHz spectrum available in the
800 MHz band, there are 98,887 frequency assignments. This may be due to a difference in rules and
equipment availability between the two bands.
There are many other factors that could be taken into account when examining the trends for the land
mobile bands. There are some barriers to growth in some bands, for example, in a portion of the UHF
band, there is a Canada-United States agreement that requires updating to open the band for new, more
efficient equipment. Some of the bands are very complex, with a mixture of duplex, simplex, trunking,
conventional, as well as small and large systems, which would require a more thorough analysis in order
to make comparisons between the land mobile bands.
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Chapter 4 - Amateur Service
4.1

Background

4.1.1

Definition of Service

The ITU-R Radio Regulations, Article 1.56 defines amateur service as “A radiocommunication service
for the purpose of self-training, intercommunication and technical investigations carried out by
amateurs, that is, by duly authorized persons interested in radio technique solely with a personal aim and
without pecuniary interest.”
The ITU-R Radio Regulations, Article 1.57 defines amateur-satellite service as “A radiocommunication
service using space stations on earth satellites for the same purposes as those of the amateur service.”
4.1.2

Broad description of type of service/applications

The amateur service is used by individuals who have been certified to operate in those frequencies.
Amateur stations do not generally have frequency assignments, but dynamically select frequencies
within a band allocated to the amateur service using a listen-before-talk protocol. Amateur stations
perform a variety of functions, such as training, communication between amateur stations, disaster relief
communications and technical investigations in radio techniques.
4.2

Current Allocations and Utilization

4.2.1

List of Allocated Bands

There are some bands that are allocated exclusively to the amateur service, but many bands allocated to
the amateur service are shared with other radio services and amateur operators are aware of the sharing
conditions. The following table shows the bands allocated to the amateur service in Canada, their
allocation status and whether they are shared with other services.
Amateur Service Bands
135.7-137.8 kHz
1800-1850 kHz
1850-2000 kHz
3500-4000 kHz
7000-7300 kHz1
10.1-10.15 MHz
14-14.35 MHz1
18.068-18.168 MHz1
21-21.45 MHz1
24.89-24.99 MHz1
28-29.7 MHz1
50-54 MHz
144-148 MHz1
216-222 MHz

Status
Secondary
Primary
Primary
Primary
Primary
Primary
Primary
Primary
Primary
Primary
Primary
Primary
Primary
Secondary

Shared/Exclusive
Shared
Exclusive
Shared
Exclusive
Exclusive
Exclusive
Exclusive
Exclusive
Exclusive
Exclusive
Exclusive
Exclusive
Exclusive
Shared
53

Radio Spectrum Inventory: A 2010 Snapshot ─ Canada _____________________________________

Amateur Service Bands
222-225 MHz
430-450 MHz
902-928 MHz
1240-1300 MHz
2300-2450 MHz
3300-3500 MHz
5650-5925 MHz
10-10.5 GHz1
24-24.05 GHz1
24.05-24.25 GHz
47-47.2 GHz1
76-77.5 GHz1
77.5-78 GHz1
78-81 GHz1
122.25-123 GHz
134-136 GHz1
136-141 GHz1
241-248 GHz1
248-250 GHz1

Status
Primary
Secondary
Secondary
Secondary
Secondary
Secondary
Secondary
Secondary
Primary
Secondary
Primary
Secondary
Primary
Secondary
Secondary
Primary
Secondary
Secondary
Primary

Shared/Exclusive
Exclusive
Shared
Shared
Shared
Shared
Shared
Shared
Shared
Exclusive
Shared
Exclusive
Shared
Exclusive
Shared
Shared
Exclusive
Shared
Shared
Shared

Note 1: Allocated in whole or in part to both the amateur service and the amateur-satellite service
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Amateur use from 52 MHz to 38 GHz (for additional information, refer to Annex 1):
Note: There are a number of secondary allocations for the Amateur service, illustrated by an ‘S’ in the box.
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In general, there is more than 23 GHz of spectrum allocated to the amateur service, approximately 20%
of which is allocated on a primary basis and 80% of which is allocated on a secondary basis. Although
there is a large amount of spectrum allocated to the amateur service, all of the bands are very small,
shared or in frequency bands above 20 GHz. Given that this study is limited to the frequency range
52 MHz-38 GHz, there is 59 MHz of spectrum allocated to the amateur service on a primary basis in this
range.
4.2.2

Band plans (pairing) where applicable

Not applicable.
4.2.3

Type of licence (spectrum vs. frequency)

Amateur stations are not licensed in Canada. Amateur station operators require an Amateur Radio
Operator Certificate with the Basic Qualification and a call sign. With this certificate, an amateur
operator may operate within any of the amateur service frequency bands in accordance with the
operator’s qualifications (basic, Morse code or advanced) identified for the specified band.
4.2.4

Comparison with the United States

In general, the amateur service bands are aligned with the United States; most are also aligned
internationally.
4.3

Spectrum Inventory and Analysis

4.3.1

Major users

These bands are used by certified amateur radio operators.
4.3.2

Number of assignments and geographic information

There are currently 60,173 amateur radio operator certificates across Canada.
4.3.3

Spectrum usage maps

Not applicable.
4.4

Trend Charts

Figure 4.1 shows the total number of amateur certificates that are active in Canada by fiscal year. Over
the last 10 years, the number of amateur certificates has almost doubled.
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Figure 4.1 - Fiscal year total of amateur certificates
Figure 4.2 shows the total number of new amateur certificates that have been issued in Canada by fiscal
year. This figure shows that, even though the total number of amateur certificates has increased over the
last 10 years, the number of new amateur certificates awarded has decreased by 50%.
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Figure 4.2 - Fiscal year total of new amateur certificates
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Chapter 5 - Public Safety
5.1

Background

5.1.1

Definition

The term “public safety” refers to services or applications related to the preservation of life and
protection of property. The Department defines the categories of users or agencies that may be eligible
for licensing in designated public safety spectrum as follows:
Category 1 – police, fire and emergency medical services;
Category 2 – forestry, public works, public transit, hazardous material clean-up, border protection and
other agencies contributing to public safety; and
Category 3 – other government agencies and certain non-governmental agencies or entities.
The term “public safety agencies” generally refers to Category 1 and 2 agencies collectively. That is,
Category 1 and 2 agencies generally support the principle of preserving life and protecting property.
Category 3 agencies may not be directly related to the preservation of life and protection of property.
The hierarchy of agencies, as described by the categories above, is applied in the radio licensing process
to outline priority access to spectrum designated or made available for public safety use.
5.1.2

Broad Description of Type of Service/Applications

Public safety entities use both land mobile and broadband mobile applications. As such, the descriptions
of these applications apply to public safety.
The public safety community uses spectrum to communicate on a day-to-day basis, in emergency
situations and for disaster relief. Land mobile systems are used by public safety entities to provide
critical communications between individuals, to large groups at one time and between individuals and
command. Broadband mobile is used by public safety to provide information that will improve
situational awareness and increase response time, such as, pictures, blueprints, real-time video feeds, fast
records transfer, etc.
Many public safety agencies need to talk to one another in the event of an emergency or a disaster.
Therefore, interoperability is an important requirement for public safety. Common spectrum for public
safety systems is very important to allow for interoperability.
5.2

Current Allocations and Utilization

Currently, there are public safety systems in many bands, but, in general, public safety entities are major
users of the land mobile bands. The Department has also designated several bands for public safety use,
as shown in Table 5.1 below. Figure 5.1 shows that the bands are heavily used by public safety entities.
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Figure 5.1 - Bands Heavily Used by Public Safety Entities
5.2.1

List of Allocated Bands

Table 5.1 below provides a list of bands that are designated for public safety. Licensing in these bands is
limited to the categories defined in Section 5.1.1 and are assigned based on a hierarchy of those
categories.
Table 5.1: Bands Designated for Public Safety
Designated Public Safety Bands
220-222 MHz (15 pairs of 5 kHz channels)
764-776 MHz11
794-806 MHz12
821-824 MHz
866-869 MHz
4940-4990 MHz

Amount of
Spectrum
0.15 MHz
12 MHz
12 MHz
3 MHz
3 MHz
50 MHz

Utilization
Land mobile
Land mobile
Land mobile
Land mobile
Land mobile
Broadband mobile and fixed

Currently, there is a total of 80.15 MHz designated for public safety use.
5.2.2

Band plans (pairing) where applicable

Refer to the Land Mobile band plans in Chapter 3.

11

Utilization of the band 764-768 MHz is subject to further consultation.

12

Utilization of the band 794-798 MHz is subject to further consultation.
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Public Safety use from 52 MHz to 38 GHz (for additional information, refer to Annex 1):
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5.2.3

Type of Licence (spectrum vs. frequency)

Public safety land mobile systems are site-licensed on a first-come, first served basis. The mobile
licences in the band 4940-4990 MHz are non-exclusive spectrum licences and the fixed licences are
site-licensed.
5.2.4

Comparison with the United States

As with the land mobile bands, in general the Canadian public safety bands align with the United States.
Although the public safety bands themselves are aligned, the way that the bands are used may not align
with the United States. In some cases, there are different users, different channelling, different duplex
and trunking schemes, as well as different technical criteria for these public safety bands in Canada and
in the United States.
Additionally, the United States has some public safety bands in VHF and UHF which, in Canada, are not
limited to public safety. Therefore, Canadian public safety users are not concentrated in particular
frequencies in these bands and are not limited to a certain amount of spectrum that they can occupy.
5.3

Spectrum Inventory and Analysis

It is difficult to distinguish between all the public safety licences and other licences in the database. In
order to have concrete statistics, a detailed analysis would be required. Given that most of the land
mobile bands, the VHF, UHF and 800 MHz bands in particular are heavily used for public safety, the
trends presented in the land mobile study in Chapter 3 are equally applicable to this one.
Of the bands shown in Table 5.1, only the bands 821-824 MHz and 866-869 MHz (800 MHz PS band)
have been in use for any length of time, and will therefore be used as an example for the analysis below.
It should be noted that the 800 MHz PS band is primarily a duplex band; however there are receive-only
systems and some simplex systems. As it is difficult to make the distinction from the data extractions,
the following analysis is based on a combination of both receiver and transmitter information.
5.3.1

Major users

Public safety users are not limited to the bands designated for public safety. The public safety
community uses all the land mobile bands heavily.
In the bands designated for public safety, Category 1 users are the primary users. Of the Category 1
users, the police community generally requires the most spectrum.
5.3.2

Number of assignments and geographic information

Figures 5.2 and 5.3 show the distribution of the licences and frequency assignments by Region, and in
the major metropolitan areas for the 800 MHz PS band.
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Figure 5.2 - 800 MHz PS Band Regional Distribution
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Figure 5.3 - 800 MHz PS Band Major Metropolitan Distribution
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From the above figures, it is clear that Ontario contains by far the heaviest use of the 800 MHz PS band.
One reason that this band is very attractive in Ontario is the Arrangement with the United States in the
border area. The 800 MHz band has a block and zone arrangement which gives Canada primary access
to 70% of the spectrum along a large portion of the Canada-United States border.
The results may lead to a conclusion that the 800 MHz band is only being used heavily in the Ontario
region. It is important to note that many public safety agencies are purchasing service in the 800 MHz
band from a commercial carrier that would not have access to the public safety portion of the spectrum.
5.3.3

Spectrum Usage Maps

5.4

Trend Charts

The 800 MHz band was opened for land mobile in the mid 1990s. As this is the only band that has been
designated for public safety over a long period of time, it is the only band where the trends can be
assessed. Figure 5.4 provides the trends in number of clients, licences and frequency assignments in the
800 MHz public safety band since 1998.
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Figure 5.4 - 800 MHz PS Band Trends
It is clear from Figure 5.4 that there has been significant growth in the 800 MHz PS band since 1998.
The numbers of clients, licences and frequency assignments have more than doubled.
In the more recent years, the growth of the band has slowed. This can be explained by the fact that there
are currently very few channels available in the metropolitan areas where the 800 MHz PS band is
primarily used.
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5.5

Conclusion

Public safety agencies are major users of the land mobile bands (as described in Chapter 3) however it is
difficult to assess exactly how much spectrum they currently occupy in these bands. An exception to this
is where the band has been designated exclusively for public safety.
The only band that has been designated to public safety for over 10 years is the 800 MHz PS band. This
band has grown significantly, even to capacity in some areas, over the past 10 years.
In the past five years, the Department has released new spectrum designated to public safety; however,
due to equipment availability and policy changes, these bands are only just beginning to be deployed. It
is expected that these bands could see growth similar to the 800 MHz PS band, in particular the
700 MHz band. Growth in the bands designated for public safety may change the trends in the other land
mobile bands in the future.
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Chapter 6 - Broadcasting
6.1

Background

6.1.1

Definition of service

Broadcasting is defined in the Radiocommunication Act as “any radiocommunication in which the
transmissions are intended for direct reception by the general public.” Most broadcasting operations in
Canada require a broadcasting certificate from Industry Canada and a broadcasting licence from the
Canadian Radio-television and Telecommunications Commission (CRTC).
6.1.2

Broad description of type of service/applications

Broadcasting has a long history in Canada. AM radio is one of the oldest forms of commercial
broadcasting. The AM station CBK in Watrous, Saskatchewan, has been operating since July 29, 1939.
AM radio operates in the medium frequency band between 525 and 1705 kHz, with 10 kHz channels.
FM radio was introduced several decades later and became more popular than AM, due to improved
signal reception quality, especially in urban environments. FM radio operates in the VHF band
(88-108 MHz with 200 kHz channels).
Over the air television operates in the VHF and UHF bands (54-72 MHz, 76-88 MHz, 174-216 MHz,
470-806 MHz) with 6 MHz channels. In the last decade, digital television operations have been
introduced and will eventually replace the older analog television technology.
In the late 1990s, newer broadcasting services, such as the Multipoint Distribution Service (MDS) and
digital radio broadcasting (DRB), were introduced in Canada. MDS operations involve using large
blocks of 6 MHz channels to provide data and video transmission to subscribers in a wireless cable
operation. In DRB, up to five broadcasting (i.e. an ensemble)/ancillary services can share a 1.536 MHz
DRB channel in an area. DRB operates in a network of co-channel transmitters, called synchronized
Single Frequency Network (SFN), which provide a multiplex service to a digital service area.
In many broadcasting services, stations are also classified as regular and low-power. Low-power
operations are secondary to regular broadcasting systems and generally operate with smaller transmitter
power and have smaller coverage areas (less than a 20 km radius).
6.2

Current Allocations and Utilization

6.2.1

List of allocated bands

AM: 525-1705 kHz
FM: 88-108 MHz
TV: 54-72 MHz, 76-88 MHz, 174-216 MHz, 470-806 MHz
MDS: 2596-2686 MHz
DRB: 1452-1492 MHz
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6.2.2

Type of licence

Broadcasting stations in all of the previously mentioned bands are issued broadcasting certificates by
Industry Canada. These authorizations are for specific sites, generally with a single high-powered
transmitting antenna covering a large area. In some bands, operators have networks of stations to cover a
larger area. Broadcasting stations often also require a broadcasting licence from the CRTC.
6.2.3

Comparison with the United States

Canada and the United States have similar AM and FM radio services. AM and FM receivers for analog
radio services work in both countries. The United States has begun allowing hybrid digital operations
(IBOC) in its AM and FM radio bands. Canada currently allows this digital technology in the FM band
on an experimental basis.
For television, Canada and the United States have historically had similar broadcasting operations. The
transition to digital television in the United States has been completed faster than the equivalent in
Canada. While transition in the United States finished in June 2009, the Canadian transition is
anticipated to be complete in major markets in August 2011, and will take longer outside the major
markets. As part of the transition to digital, the television band in the United States has been truncated
approximately 100 MHz, with the band 698-806 MHz being reallocated for other purposes. In Canada, a
similar reallocation is planned for after August 2011, although details have not yet been officially
announced.
DRB is not implemented in the United States as it is in Canada. The United States has allocated the band
1435-1525 MHz for its aeronautical telemetry operations and has authorized hybrid digital radio
operations using In-Band On-Channel (IBOC) technology in the AM and FM radio bands.
MDS systems similar to those in Canada were introduced in the United States, but licences were
awarded in auctions instead of on a first-come, first-served basis, as was done in Canada. In 2005, the
United States transitioned its MDS allocations to BRS. Canada will be transitioning its MDS
broadcasting certificates to BRS licences in 2011.
Link to Industry Canada’s BRS Decisions:
http://www.ic.gc.ca/eic/site/smt-gst.nsf/vwapj/dgso001e.pdf/$FILE/dgso001e.pdf
Link to the FCC’s BRS Information:
http://wireless.fcc.gov/services/index.htm?job=service_home&id=ebs_brs
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Broadcast Service use from 52 MHz to 38 GHz (for additional information, refer to Annex 1):
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6.3

Spectrum Inventory and Analysis

AM radio (525-1705 kHz)
As of June 2010, there were 353 AM stations operating in Canada: 202 regular and 151 low-power.
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Major users include CBC/Radio-Canada (143 stations), Astral Media (22 stations), Newcap
(26 stations), and Golden West Broadcasting (13 stations). There were 95 unique AM broadcasting
stations owners, 65 for regular stations only.
FM Radio (88-108 MHz)
As of June 2010, there were 2,349 FM stations operating in Canada: 1,456 regular and 893 low-power.
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Major users include CBC/Radio-Canada (560 stations), Astral Media (62 stations), Rogers Broadcasting
(60 stations), Native Communications (56 stations), Newcap (51 stations), and Northern Native
Broadcasting (51 stations). There were 672 unique FM broadcasting station owners, 334 for regular
stations only.
Television (54-72 MHz, 76-88 MHz, 174-216 MHz and 470-806 MHz)
As of June 2010, there were 2,079 analog TV stations in Canada: 732 regular and 1,347 low-power.
There were also 25 digital TV stations in Canada, all regular.
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Major users include CBC/Radio-Canada (668 stations), The Ontario Educational Communications
Authority (TV Ontario) (267 stations), CTV Television (122 stations), Aboriginal Peoples Television
Network (94 stations), and CanWest Television (89 stations). There were 183 unique TV broadcasting
station owners, 37 for regular stations only.
MDS
As of June 2010, there were 47 MDS systems operating in Canada, all regular. Of these, 89% were
approved for fifteen 6 MHz channels (90 MHz total).
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Number of stations
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Major users are Look Communications (26 systems) and YourLink Incorporated (10 systems). There
were five unique MDS broadcasting owners.
6.4

Spectrum Trends
Broadcasting trends
1600
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AM radio has seen a decrease in both regular and low-power operations within the last seven years
(14.3% and 9.0% respectively). FM radio has seen increases in both regular and low-power operations
during the same time period (26.3% and 19.7% respectively). This can be partially explained by a
number of radio stations converting from AM to FM.
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Television has seen increases in regular operations (2.2% analog and 700% digital) and decreases in
low-power operations (9.4%) within the last seven years. The large increase in digital television stations
is due to their very low initial numbers and the beginning of the DTV transition.
MDS systems have increased by 15.4% over the last seven years.
6.4.1

Spectrum Maps

(Regular power broadcasting stations only)
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Chapter 7 - Satellite Services
7.1

Background

7.1.1

Definition of Services

Satellite communications networks are radiocommunications networks where a communications link is
facilitated between two earth stations by use of a satellite, which serves as an in-space signal repeater for
the transmitting earth station.
A satellite communications link can be made in one of two directions: earth-to-space, known as the
uplink; and space-to-earth, known as the downlink. There are also two link types, that characterize the
flow of information across the satellite: the forward and reverse link. The forward link is the
communications link that characterizes the flow of information from the service provider to the user, and
the reverse link is the link that characterizes the flow of information from the user to the service
provider. Figure 7.1 below gives a graphical depiction of this relationship.

Forward Link
Reverse Link
Uplink
Downlink

Service Provider

User

Figure 7.1 - Generic Satellite Communications Service
There are several defined types of satellite service. These satellite services are typically given names
based on the type of earth station utilized in delivering the service. These include broadly defined
services such as broadcasting-satellite services (BSS), fixed-satellite services (FSS) and mobile-satellite
services (MSS), as well as more precisely-defined services such as amateur-satellite service,
aeronautical mobile-satellite services (AMSS), aeronautical radionavigation-satellite services,
land-mobile-satellite services, maritime mobile-satellite services (MMSS), radiodetermination satellite
services (RDSS), radiolocation-satellite services, radionavigation satellite services (RNSS), maritime
radionavigation-satellite services, standard frequency and time signal-satellite service.
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7.1.2

Broad Description of Types of Services and Applications

The following gives the ITU definition of each satellite service, followed by the different applications
that are typically deployed using each service, where applicable.
7.1.2.1

Broadly-defined Satellite Services

Broadcasting-satellite services (BSS): A radiocommunication service in which signals transmitted or
retransmitted by space stations are intended for direct reception by the general public.
Applications: Examples of BSS applications are satellite direct-to-home (DTH) for services such as
satellite televisions, as well as satellite radio.
Fixed-satellite services (FSS): A radiocommunication service between earth stations at given positions,
when one or more satellites are used; the given position may be a specified point or any fixed point
within specified areas; in some cases, this service includes satellite-to-satellite links, which may also be
operated in the inter-satellite service; the fixed-satellite service may also include feeder links for other
space radiocommunication services.
Applications: There are several FSS applications, including broadband Internet over satellite,
information gathering, videoconferencing, distance learning and backhaul. Additionally, FSS are used as
feeder links for other types of satellite services (e.g. transmission of broadcast television to the satellite
and feeder links for MSS).
Mobile-satellite services (MSS): A radiocommunication service between mobile earth stations and one
or more space stations, or between space stations used by this service; or between mobile earth stations
by means of one or more space stations. This service may also include feeder links necessary for its
operation.
Applications: Typical applications for MSS are satellite phones capable of voice and data. Another
example of an MSS application is the Broadband Global Area Network (BGAN), operated by Inmarsat.
BGAN uses small mobile terminals the size of a laptop to provide broadband Internet access via
satellite. AMSS, land mobile-satellite services and MMSS are also examples of services that have MSS
applications.
7.1.2.2

Precisely-defined Satellite Services

Amateur-satellite services: A radiocommunication service for the purpose of self-training,
intercommunication and technical investigations carried out by amateurs, that is, by duly authorized
persons interested in radio technique solely with a personal aim and without pecuniary interest. This
service is specifically carried out using space stations on earth satellites.
Aeronautical mobile-satellite services (AMSS): A mobile-satellite service in which mobile earth
stations are located on board aircraft; survival craft stations and emergency position-indicating
radiobeacon stations may also participate in this service.
Aeronautical radionavigation-satellite service: A radionavigation-satellite service in which earth
stations are located on board aircraft.
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Land mobile-satellite service: A mobile-satellite service in which mobile earth stations are located on
land.
Maritime mobile-satellite service (MMSS): A mobile-satellite service in which mobile earth stations
are located on board ships; survival craft stations and emergency position-indicating radiobeacon
stations may also participate in this service.
Maritime radionavigation-satellite service: A radionavigation-satellite service in which earth stations
are located on board ships.
Radiodetermination-satellite services (RDSS): The determination of position, velocity and/or other
characteristics of an object, or the obtaining of information relating to these parameters by means of the
propagation properties of radio waves through the use of one of more space stations.
Radiolocation-satellite services: A radiodetermination-satellite service used for the purpose of
radiolocation, where radiolocation is a radiodetermination service used for the purpose of
radionavigation.
Applications: One example of a radiolocation-satellite service is satellite RADAR.
Radionavigation-satellite services (RNSS): A radiodetermination-satellite service used for the purpose
of radionavigation.
Applications: One example of a RNSS is GPS.
Standard frequency and time signal-satellite service: A radiocommunication service using space
stations on earth satellites for the same purposes as those of the standard frequency and time signal
service.
7.1.3

Licensing Satellite Services

The procedure for licensing satellite services in Canada depends on the type of licence to be issued.
There are two types of licences that can be obtained: a spectrum licence and a radio licence. The former
allows the deployment of several ground stations in order to use the portion of spectrum (authorized in
the licence) in specific areas. The latter licenses the apparatus used for communications at particular
locations. Since 1995, Industry Canada has transitioned from licensing satellite services using solely
radio licensing, to issuing spectrum licences, where applicable. In general, radio licences are typically
issued for the satellite and earth stations in the fixed-satellite service. Spectrum licences are issued for
the flexible deployment of a satellite network, implemented by issuing an individual licence for all radio
equipment. This type of deployment is more typical for MSS service providers, where a large number of
user terminals are deployed.
The issuance process for licences for the operation of satellite differs depending on whether the satellite
will operate in a geostationary orbit (GSO). Non-GSO satellites are licensed using a first-come,
first-served (FCFS) policy, no matter the type of service (e.g. FSS, BSS or MSS). However, the process
differs for GSO satellites depending upon the type of service being licensed. In the past, an FCFS policy
was used to license satellites for FSS. More recently, FSS have been licensed through a comparative
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process, as exampled by the 2006 Call for Applications to License Satellite Orbital Positions.13 BSS
licensing is currently done through comparative process, also exampled by the 2006 Call. There are
currently no Canadian MSS satellite operators, but there are several service providers licensed with
spectrum licences to deliver services from satellites licensed by other administrations. It should be noted
that no licence is require for a BSS VSAT (Very Small Aperture Terminal), as they are classified as
licence-exempt.
The studies conducted in Section 7.3 using information derived from Industry Canada’s licensing
database are limited for certain classes of satellite service. This is because the database does not keep
track of spectrum licences or the number of licence-exempt terminals deployed. This means that any
study done using solely the database, will fail to fully capture the true utilization in bands deploying
MSS and BSS. However, as is discussed in Section 7.3, the database information is also augmented
using public information regarding the number of spectrum and radio licences issued in a band.
7.2

Current Allocations and Utilizations

7.2.1

List of Allocated Bands

There are several bands allocated to and utilized for the implementation of satellite services. Table 7.1
lists all bands with licensed satellite services and the respective services implemented in each particular
band. Note that Table 7.1 also specifies the direction of the link (↑ for uplink and ↓ for downlink) which
can be used in the band of interest.
Table 7.1: Allocated spectrum currently used for satellite services
Band (MHz)
137-138
148-149.9
161.9625-161.9875
162.0125-162.0375
225-332
399.9-400.05
400.15-401
406-406.1
432-438
460-470
Band (GHz)
1.525-1.530
1.530-1.535
1.535-1.559
1.6265-1.6605

Services
Implemented
MSS
MSS
MMSS
MMSS
GOV14
MSS
MSS
GOV
Telemetry/
Telecommand
Experimental
Services
Implemented
MSS
MSS
MSS
MSS

↓
↑
↑↓
↑↓
↑↓
↑
↓
↑↓

Band Size
(MHz)
1
1.9
0.025
0.025
107
0.15
0.85
0.1

↑↓

6

↑↓

10
Band Size
(MHz)
5
5
24
34

Direction

Direction
↓
↓
↓
↑

13

For more information, please refer to: http://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/h_sf08522.html.

14

Where GOV is an abbreviation used to represent a service that is for the Government of Canada.
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2.000-2.020
2.180-2.200
2.310-2.360
2.700-2.900
3.500-3.650
3.650-3.700
3.700-4.200
4.400-4.490
4.835-4.950
5.091-5.150
5.850-5.925
5.925-6.700
6.700-7.075
7.250-7.300
7.300-7.450
7.450-7.550
7.975-8.025
8.025-8.175
8.175-8.215
10.70-11.70
11.70-12.20
12.20-12.70
12.75-13.25
13.75-14.00
14.00-14.47
14.47-14.50
14.50-14.66
14.820-15.135
17.30-17.70
17.70-17.80
17.80-18.10
18.10-18.40
18.40-18.60
18.60-18.80
19.30-19.70
19.70-20.20
27.50-28.50
28.50-29.10
29.10-29.50
29.50-29.90
29.90-30.00

MSS
MSS
BSS
GOV
FSS
FSS
FSS
GOV
GOV
FSS15
FSS
FSS16
FSS
GOV
GOV
GOV
GOV
GOV
GOV
FSS
FSS/AMSS
BSS
FSS
FSS
FSS/AMSS
FSS/AMSS
GOV
GOV
FSS/BSS
FSS/BSS
FSS
FSS
FSS
FSS
FSS
FSS
FSS
FSS
FSS
FSS
FSS

↓
↑
↓
↑↓
↓
↓
↓
↑↓
↑↓
↑
↑
↑
↑
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↓
↓
↓
↑
↑
↑
↑
↑↓
↑↓
↑↓
↑↓
↓
↓
↓
↓
↓
↓
↑
↑
↑
↑
↑

20
20
50
200
150
50
500
90
115
59
75
775
375
50
150
100
50
150
40
1000
500
500
500
250
470
30
160
315
400
100
300
300
200
200
400
500
1000
600
400
400
100

15

The band 5091-5150 MHz is allocated to FSS on a primary basis. This allocation is limited to feeder links of
non-geostationary orbit satellites for MSS.

16

In the band 6425-7075 MHz, passive microwave sensor measurements are carried out over the oceans. Administrations
have been asked by the ITU to bear in mind the needs of the earth exploration-satellite (passive) and space research
(passive) services in their future planning of this band. As a result, in Canada, the majority of FSS assignments in the
band 5925-6700 MHz reside in the 5925-6425 MHz portion of the band.
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Satellite Service use from 52 MHz to 38 GHz (for additional information, refer to Annex 1):
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7.2.2

Band Plans

The majority of licences for satellite services are administered for bands with specified pairings
(uplink/downlink). These paired bands are those that have been traditionally used to deliver satellite
services. Table 7.2 gives the list of band plans for satellite services.
Table 7.2: Paired Bands
Band Name
Automatic
Identification
System (AIS)

Service

Downlink Band ↓
(MHz)

Uplink Band ↑
(MHz)

MMSS

161.9625-161.9875;
162.0125-162.0375

161.9625-161.9875;
162.0125-162.0375

Downlink Band ↓
(GHz)
1.525-1.559
2.00-2.02
1.6138-1.6265;
2.4835-2.500
2.31-2.36
3.7-4.2
10.95-11.20;
11.45-11.70
11.7-12.2
12.2-12.7
17.3-17.8
17.8-18.8;
19.7-20.2

Uplink Band ↑
(GHz)
1.6265-1.6605
2.18-2.20
1.610-1.6138;
1.6138-1.6265
2.31-2.36
5.925-6.425

Band Name

Service

L-Band
S-Band

MSS
MSS

Big LEO Band

MSS

SDARS
C-Band
Extended
Ku-Band
Ku-Band
12 GHz BSS
17 GHz BSS

BSS
FSS
FSS
BSS
BSS

Ka-Band17

FSS

7.2.3

FSS

13.75-14.00
14.0-14.5
17.3-17.8
24.75-25.25
27.5-30.0

Comparison with the United States

In general, all bands allocated for satellite services in the United States align with the allocations made
by Canada. That is, all paired bands in Table 7.2 are the same as they are in the United States. The main
differences are in the rules, priorities and services allowed in each band.
For example, in the S-Band, the Canadian allocation is identical to the ITU allocation in that it includes
fixed and mobile terrestrial services, along with MSS as primary services in the band. In the
United States, this is not the case (MSS is the only service allocated to this band); however, some
exemptions are included for fixed and mobile terrestrial services that operated in the band prior to U.S.
rule changes that allocated the S-Band to MSS only. It should be mentioned that these exemptions
expire in 2013, where any previously exempt services will have to operate as secondary services. In
Canada, utilization of the S-Band is governed by a different set of rules. In 2006, rule changes were
made to encourage the use of the S-Band for MSS. This was done by giving MSS priority in the S-Band
17

Note that in the case of the Ka-Band the entire uplink band is not paired with the entire downlink band. In this case, the
frequencies listed in this table are simply those that qualify as Ka-Band FSS frequencies. Specific Ka-Band pairings are:
(downlink/uplink) 19.7-20.2 GHz/29.5-30.0 GHz.
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(as defined in Table 7.2) over all other services. Additionally, some fixed terrestrial services were
relocated in order to free up sub-bands for MSS, and a moratorium was put on the licensing of new fixed
terrestrial service in this band. Since then, Terrestar (Canada) has been issued spectrum licences to
operate in the Canadian S-Band. It has also been given special authorization to use an ancillary
terrestrial component (ATC) in the S-Band.
Recently, the United States proposed changes to the rules governing the S-Band18 in order to allow for
more terrestrial use of the S-Band, in line with its objectives in the National Broadband Plan.19 One
proposed rule is to change the frequency allocation in S-Band to reflect the ITU allocation (i.e. make
fixed and mobile terrestrial services primary services in the S-Band). Additionally, a moratorium on new
MSS services is suggested. There are also additional provisions that include obtaining MSS frequency
assignments through incentive auctions (given approval by Congress to use them) and a proposal to push
for the deployment of ATC by MSS service providers in all MSS bands (i.e. L-Band, S-Band and Big
LEO Band).
There are some differences between rules surrounding Canadian and U.S. frequency allocations in the
Ka-Band. For example, Canada specifies priority between fixed terrestrial services and FSS in the
portions of the Ka-Band that both services share.20 Although U.S. fixed terrestrial services are not
allocated in all Ka-Band frequency bands in the same way they are in Canada, in almost every band
(with the exception of 28.35-29.1 GHz and 29.25-29.5 GHz) where FSS has Canadian priority, U.S.
allocations do not include an allocation for a fixed terrestrial service. Another notable difference is in the
band 18.8-19.3 GHz. Rules governing FSS U.S. allocations in this portion of the Ka-Band state
specifically which parts are limited to the use of non-GSO FSS or GSO FSS. The distinction is not made
in the Canadian Table of Frequency Allocations.
In the 17 GHz BSS band, the U.S. allocation differs from the Canadian one in that the U.S. allocation
specifies that 17.3-17.7 GHz is allocated for downlink BSS, whereas in Canada, 17.3-17.8 GHz is
allocated for downlink BSS. The United States has decided to retain this spectrum for FSS only in
recognition of those FSS facilities that were displaced as a result of the new BSS allocation.
7.3

Spectrum Inventory and Analysis

This section analyzes data gathered on the licences registered in Canada’s ALS database, as well as
publicly available information on Canada’s satellite operators to determine the utilization of spectrum
allocated to satellite services. This analysis is done for each paired FSS, MSS and BSS band listed in
Table 7.2 of Section 7.2.2.
7.3.1

Frequency Utilization by Band

The following section describes the frequency utilization in each paired band by presenting trend charts,
satellite deployment tables and the major users of each paired band.

18

For more information, please refer to http://www.fcc.gov/Daily_Releases/Daily_Business/2010/db0715/ FCC-10126A1.pdf.

19

For more information, please refer to http://www.broadband.gov/plan/.

20

The Ka-Bands where FSS has priority are: 18.3-19.3 GHz, 19.7-20.2 GHz, 28.35-29.1 GHz and 29.25-30 GHz.
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The trend charts presented in this section were obtained by analyzing licences registered in Canada’s
ALS database. However, as explained in Section 7.1.3, spectrum licences and licence-exempt terminals
are not recorded in the ALS database, and feeder link terminals for MSS and BSS are registered as FSS.
This means that the use of ALS data alone will not provide an accurate representation of the utilization
in MSS and BSS bands. Accordingly, publicly available information pertaining to spectrum and radio
licences of satellites has also been included to supplement the trending information supplied in the
following section.
7.3.1.1

FSS

Four FSS bands (C-Band, Ku-Band, extended Ku-Band and Ka-Band) are analyzed in this section using
trending charts and information gathered on Canadian and foreign satellites currently licensed in
Canada.
C-Band (3 to 7 GHz)
The C-Band was the first band allocated for commercial telecommunications via satellite. It is typically
used for two-way (transmit and receive) communications between terminals. It is not as well suited for
individual consumer applications as other higher frequency bands. This is because the C-Band does not
allow for the use of small VSATs, nor does it allow for good frequency reuse through the use of spot
beams. The C-Band can be used for many types of applications which include the delivery of broadband
services and feeder links for television broadcasts. Figure 7.2 shows trending information on the number
of licensed frequencies in the C-Band, as well as the trending information for its top five users. Figure
7.2 reveals that the top five users of the C-Band are Tata Communications (Canada) ULC; Telesat
Canada; the Government of Canada; Northwestel Inc. and the Saskatchewan Communications Network.
The licenses held by these five companies account for 65.9% of all frequency assignments
(approximately 2,350) in this band. It is also worth noting that the Canadian Broadcasting Corporation
was once a top-five major user of the C-Band, but its utilization of the band has shrunk by 39.3% since
1998 (from 178 to 108 licensed frequencies). Analysis reveals that frequency utilization in the C-Band
has grown roughly 53.1% from 1998 levels.
Table 7.3 shows the number of Canadian and foreign satellites licensed to operate in Canada, as well as
those satellites which are not yet deployed, but approved in principle. There are currently four Canadian
and 53 foreign satellites licensed to operate in the C-Band, which makes it a heavily licensed band when
compared with other paired satellite bands evaluated in this report. Currently, all Canadian licensed
C-Band satellites have been implemented. Table 7.3 shows that Telesat Canada operates all licensed
Canadian C-Band FSS satellites.
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Table 7.3: Authorized and Approved Canadian C-Band Satellites
Satellite Operator

Satellites

Implementation Status

Telesat Canada

Anik F1

Implemented

Telesat Canada

Anik F1R

Implemented

Telesat Canada

Anik F2

Implemented

Telesat Canada

Anik F3

Implemented

Total Number of
Implemented Satellites
Total Number of
Authorized Satellites
Total Number of
Authorized
Foreign Satellites

4
4
53

Ku-Band (11 to 15 GHz)
The Ku-Band is the most popular portion of spectrum used to offer FSS. One reason is because the
Ku-Band is not as restricted in power by the coordination required with fixed terrestrial stations sharing
the C-Band. The Ku-Band’s power advantage and the fact that the Ku-Band is at a higher frequency than
the C-Band allows for the use of smaller VSATs. This makes the deployment of Ku-Band equipment
much cheaper and much better suited for individual consumer services (e.g. consumer broadband
Internet). Additionally, the Ku-Band allows for greater frequency reuse (through spot beams) than the
C-Band, which increases satellite capacity. One drawback to the Ku-Band is that it is more susceptible
to degradation due to rain fading than the C-Band; however, less so than Ka-Band. Another drawback of
the Ku-Band is that it is heavily saturated, with limited capacity available.
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Figure 7.2 – Twelve-year trend showing the overall use and the use of the top five users of the C-Band frequency range
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Figure 7.3 shows a twelve-year trending of Ku-Band utilization created from analysis of the ALS
database. This figure shows that the Ku-Band is by-far the most licensed FSS band, with roughly
14.6 times more (34359) frequency assignments than in the C-Band. Since 1998, the number of
frequency assignments in the Ku-Band has grown 198.7%, with a particular growth spike noticeable
between 2004 and 2006. The top five users of Ku-Band are Galaxy Broadband Inc., Telesat Canada,
Barrett Xplore Inc., Infosat Communications LP and Shopper’s Drug Mart Inc.; accounting for 88.3% of
all Ku-Band frequency assignments. This analysis shows that the major users of the Ku-Band are
broadband service providers, satellite operators, and enterprise consumers.
Table 7.4 lists and summarizes all licensed Canadian Ku-Band satellites, noting which satellites have
been implemented and those that have approval in principle. Table 7.4 also gives the number of
authorized foreign satellites. Analysis shows that the number of Canadian and foreign Ku-Band satellites
is roughly the same as the number of C-Band satellites. However, it should be noted that all of the
Canadian C-Band satellites are actually multi-band satellites that also operate at Ku-Band (and
sometimes Ka-Band) frequencies; and where one is an MSS satellite that uses the Ku-Band for its feeder
links.
Table 7.4: Authorized and Approved Canadian Ku-Band Satellites
Satellite Operator

Satellite Name

Implementation Status

Telesat Canada

Anik F1

Implemented

Telesat Canada

Anik F1R

Implemented

Telesat Canada

Anik F2

Implemented

Telesat Canada

Anik F3

Implemented

Skyterra (Canada) Inc.

MSAT-1

Implemented

Total Number of
Implemented Satellites
Total Number of Authorized
Satellites
Total Number of Authorized
Foreign Satellites

5
5
52

Extended Ku-Band (16 to 18 GHz)
The extended Ku-Band refers to frequencies in ranges near that of the Ku-Band, which when combined
with the Ku-Band increases the amount of contiguous Ku-Band frequency allocated for Ku-Band FSS.
For example, the 11.45-11.7 GHz and 13.75-14 GHz portion of the Ku-Band extend the contiguous
portion of Ku-Band FSS by 0.25 GHz each. This additional bandwidth could be used to launch or
augment an already existing Ku-Band FSS in a band that is quickly becoming saturated.
Figure 7.4 shows a twelve-year trend chart illustrating overall utilization of extended Ku-Band
frequencies. This chart was generated by using data on the number of frequency assignments in the
extended Ku-Band. Figure 7.4 demonstrates that the number of extended Ku-Band frequency
assignments has shrunk by 20.6% from their 1998 levels; however, the 2010 numbers have grown after a
sharp decline in 2006. The top five major users of the extended Ku-Band are Telesat Canada, Terrestar
(Canada) Inc., Tata Communications (Canada) ULC, Juch-Tech Inc. and Skyterra Canada, accounting
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for 79.4% of all frequency assignments in this band. Telesat Canada owns the lion’s share (48.7%) of
these.
Table 7.5 lists those satellites that have been implemented and authorized to provide extended Ku-Band
services, as well as those satellites not yet implemented, but with an authorization in principle.
Currently, there are two satellites owned by Telesat Canada that provide extended Ku-Band FSS and
another satellite authorized in principle, which will also to be implemented by Telesat Canada.
Additionally, Table 7.5 shows that there are 24 foreign satellites authorized to provide extended
Ku-Band services.
Table 7.5: Authorized and Approved Canadian Extended Ku-Band Satellites
Satellite Operator

Satellite Name

Implementation Status

Telesat Canada

Anik F1

Implemented

Telesat Canada

Anik F1R

Implemented

Telesat Canada

XKu-1

Not Yet Implemented

Total Number of
Implemented Satellites
Total Number of Authorized
Satellites
Total Number of Authorized
Foreign Satellites

2
3
24

Ka-Band (18 to 31 GHz)
The Ka-Band is garnering increased attention as being the facilitator of next generation FSS. Several
next generation high-throughput-satellites (HTS) are targeting the Ka-Band as a means of increasing
satellite capacity and to offer better individualized consumer services. The Ka-Band holds similar
advantages to the Ku-Band when compared with the C-Band (better frequency reuse, smaller VSAT
terminals), but is more susceptible to rain fades than both the C- and the Ku-Band. However, a major
driving force for Ka-Band deployment is that it is largely underutilized, especially when compared with
the Ku-Band. It also offers much more bandwidth than the Ku-Band, as there are more Ka-Band
frequencies available for FSS. Additionally, new innovations, such as the use of adaptive coding and
modulation technology, are driving the next generation of HTS. The first generation of Ka-Band
broadband services has already been deployed; however there is still a limited amount of capacity
available. Several new international Ka-Band satellites (including entries from North America) are
scheduled for launch in the coming years, with these next generation satellites having capacities that
range between 10 and100 Gbps.
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Figure 7.3 - Twelve-year trend showing the overall utilization of Ku-Band frequency range
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Figure 7.4 - Twelve-year trend showing the overall utilization of extended Ku-Band frequency range

87

Radio Spectrum Inventory: A 2010 Snapshot ─ Canada _____________________________________

Figure 7.5 shows a twelve-year trend of frequencies assigned in the Ka-Band created by analyzing the
ALS database. Figure 7.5 shows that use of the Ka-Band has grown 134.4% since 1998, with particular
growth noticeable between 2004 and 2006. This signalled the partnership between Telesat Canada and
Wildblue Communications Canada to deliver Ka-Band satellite broadband to consumers. Figure 7.5
demonstrates that there are not yet many users of this band (with 150 frequency assignments) and most
of the frequency assignments belong to Telesat Canada. Three other licensed users of this band are
Wildblue Communications Canada Corp., Barrett Xplore Inc. and Infosat Communications LP, of which
the majority are broadband service providers. Telesat Canada also operates in the Ka-Band to provide
feeder links for it broadcasting customers.
Table 7.6 gives a list of authorized and approved Canadian satellites, as well as the number of foreign
satellites authorized to operate in Canada. Analysis shows that the number of Canadian Ka-Band
satellites in operation is expected to increase by 60% in the coming years given that Telesat Canada and
newcomer Ciel Satellite LP plan to act upon their approval to launch new Ka-Band satellites. Currently,
there are not many foreign satellites authorized to operate in the Ka-Band; however, this is expected to
change as more countries begin to launch new Ka-Band satellites (e.g. Eutelsat’s Ka-Sat in 2010,
ViaSat’s ViaSat-1 in 2011, and Hughes Network Systems’ Jupiter in 2012).
Table 7.6: Authorized and Approved Canadian Ka-Band Satellites
Satellite Operator

Satellite Name

Implementation Status

Bell ExpressVu/Telesat

Nimiq 2

Implemented

Bell ExpressVu/Telesat

Nimiq 4

Implemented

Ciel Satellite LP

Ciel 3

Not yet implemented

Ciel Satellite LP

Ciel 5

Not yet implemented

Telesat Canada

Anik F2

Implemented

Telesat Canada

Wildblue-1

Implemented

Telesat Canada

Anik F3

Implemented

Ka/BSS1

Not yet implemented

Telesat Canada
Total Number of
Implemented Canadian
Satellites
Total Number of
Authorized Satellites
Total Number of
Authorized Foreign
Satellites

5
8
6

Summary
The FSS market is growing by making use of higher frequency bands, which are less saturated and less
restricted by the need for larger VSATs. Figures 7.6 to 7.9 give a comparison of the number frequency
assignments and satellites approved in each band.
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Figure 7.5 - Twelve-year trend showing the overall utilization of Ka-Band frequency range
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Note that the extended Ku-Band and Ku-Band results are combined in these figures. In particular,
Figure 7.6 shows that there is much more activity in the Ku-Band than any other FSS band in terms of
frequency assignments. However, Figure 7.7 shows that the gap narrows in terms of the number of
deployed satellites in all FSS bands. Figure 7.9 corroborates the data shown in Figure 7.7 in that it
shows that there is a narrower gap between the number of authorized satellites in all FSS bands when
compared with the number of frequency assignments. This difference can be interpreted as an indicator
that Ku-Band frequencies are much more utilized for service provision than any other. It should be
noted, however, that the amount of capacity on board a satellite for a particular band is not one-to-one.
For example, 49.3% of transponders on Telesat’s Anik fleet of FSS satellites are dedicated to Ku-Band
frequencies, with 36.1% of transponders to C-Band and 13.6% of transponders to Ka-Band.21 In
addition, it should be noted that not all transponders on these satellites communicate using the same
bandwidth.
It should be emphasized that Figure 7.8 demonstrates that additional capacity for Ka-Band will be
deployed in the coming years and it is possible that there will be a transfer of service provision to this
band as technology becomes more industry-proven and capacity demands continue to increase.
93%

C-Band
Ku-Band
Ka-Band

6%
1%

Figure 7.6 - Portion of total number of frequency assignments in each FSS band in 2010

21

For more information, please refer to the following link: http://telesat.ca/en/Anik_Fleet.
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28.57%
35.71%
C-Band
Ku-Band
Ka-Band

35.71%

Figure 7.7 - Portion of total number of implemented Canadian satellites in each FSS band in 2010

40%

C-Band
Ku-Band
Ka-Band

20%

40%

Figure 7.8 - Portion of total number of implemented or authorized in principle Canadian satellites
in each FSS band in 2010
7.3.1.2

BSS

12 GHz BSS
The 12 GHz BSS band is currently the only band with implemented Canadian BSS satellites serving
Canadians. The 12 GHz BSS services include the satellite subscriber television service provided by Bell
Canada.

91

Radio Spectrum Inventory: A 2010 Snapshot ─ Canada _____________________________________

Figure 7.10 shows the number of frequency assignments in the 12 GHz BSS band, which currently total
223. Figure 7.10 demonstrates that there has been sustained growth in this band, utilization having
grown 757.7% since 2000. The top five users of frequency assignments in this band are Telesat Canada,
Bell ExpressVu LP, Ciel Satellite LP, Alberta Sustainable Resources Development and SED Systems.

47%

C-Band
Ku-Band
Ka-Band
48%
5%

Figure 7.9 - Portion of total number of approved foreign satellites in each FSS band in 2010
Table 7.7 gives a list of the authorized satellites and those approved in principle. It shows that there will
potentially be one more BSS satellite (an increase of 14.29%) operating in the 12 GHz BSS band.
Telesat Canada owns the majority of satellites already implemented with five BSS satellites having just
brought Nimiq 5 into operation. New entrant Ciel Satellite LP already operates one BSS satellite (Ciel 2)
in 12 GHz BSS and has approval for Ciel 4, which is its next proposed 12 GHz BSS satellite.
17 GHz BSS
To expand BSS capacity, additional bandwidth was allocated in ITU Region 222 by the ITU, which
became available for use in 2007. The downlink of the 17 GHz BSS band completely overlaps that of
the uplink of the 12 GHz BSS band in Canada. Thus, coordination is required between 12 GHz BSS
feeder links and 17 GHz BSS satellites that share the band. To date, there have not been any licensed
satellites implemented for operation in the 17 GHz BSS bands. However, since the 2006 Call for
Applications to License Satellite Orbital Positions by Industry Canada,23 there are seven satellite orbital
positions with approvals in principle from Industry Canada. This suggests that there may be several new
BSS satellites in operation in the 17 GHz band in the near future.

22

ITU Region 2 is not limited to, but includes the territories in the continents of North and South America.

23

For more information on the 2006 Call for Applications to License Satellite Orbital Positions, refer to the following link:
http://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/h_sf08522.html.
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Figure 7.10 – Ten-year trend showing the overall utilization of 12 GHz BSS frequency range

93

Radio Spectrum Inventory: A 2010 Snapshot ─ Canada _____________________________________

Table 7.7: Authorized and Approved Canadian 12 GHz BSS Satellites
Authorization Holder

Satellites

Implementation Status

Telesat Canada

DTV-1R

Implemented

Telesat Canada

Echostar 6

Implemented

Telesat Canada

Nimiq 5

Implemented

Telesat Canada

Nimiq 1

Implemented

Telesat Canada

Nimiq 2

Implemented

Telesat Canada

Nimiq 4

Implemented

Ciel Satellite LP

Ciel 2

Implemented

Ciel Satellite LP

Ciel 4

Not yet implemented

Total Number of Implemented
Satellites
Total Number of Authorized
Satellites

7
8

Table 7.8: Authorized and Approved Canadian 17 GHz BSS Satellites
Authorization Holder

Satellites

Implementation Status

Telesat Canada

BSS3

Not yet implemented

Telesat Canada

BSS2

Not yet implemented

Telesat Canada

BSS1

Not yet implemented

Ciel Satellite LP

Ciel 3

Not yet implemented

Ciel Satellite LP

Ciel 6

Not yet implemented

Ciel Satellite LP

Ciel 7

Not yet implemented

Telesat Canada

Ka/BSS1

Not yet implemented

Total Number of Implemented
Satellites
Total Number of Authorized
Satellites

0
7

SDARS (2.31-2.36 GHz)
In the United States, the Satellite Digital Audio Radio Service (SDARS) is solely operated by XM Sirius
satellite radio, after the FCC allowed XM and Sirius to merge. In Canada, XM (Satellite Radio Canada)
and Sirius (Satellite Radio Canada) still compete as separate companies. SDARS consists of a
constellation of satellites broadcasting audio content to be received by earth terminals. In city centres,
where reception of satellite signals can be obstructed by buildings, terrestrial repeaters are operated to
ensure consistent reception by users. Telesat Canada is the only company licensed in the portion of the
2.3 GHz band that allows the SDARS. Telesat Canada holds eight frequency assignments that are used
to provide satellite telemetry, tracking and control for XM’s satellites.
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Summary
Although BSS VSATs are licence-exempt and no accurate representation of deployment can be made
using analysis of database records, the information presented in this section suggests that Canada’s BSS
industry is in growth, with the number of frequency assignments in the 12 GHz BSS band (223), having
grown 758% since 2000. Additionally, although 17 GHz BSS satellites have yet to be implemented,
there are seven new satellites with approvals in principle from Industry Canada, suggesting growth in
this band in the coming years.
7.3.1.3

MSS

L-Band (1 to 2 GHz)
The L-Band is Canada’s most active MSS band. Several MSS operators and service providers are
licensed in the L-Band, with a significant number of service providers offering the BGAN service
through Inmarsat’s satellites. Other operators include Skyterra (Canada)/Skyterra Corp., which operate
their own satellites while providing MSS services, e.g. Canadian MSS satellite MSAT-1. Recently,
Skyterra (Canada) was given approval in principle to operate an ancillary terrestrial (ATC),24 which acts
as a complementary ground component to the satellite component of a telecommunications network. The
ATC essentially allows the sharing of frequencies between terrestrial and satellite components of a
network, making more efficient use of spectrum. This extends coverage to areas that are usually limited
in the use of satellite networks, such as metropolitan areas with large buildings, while still giving
coverage to areas that are typically not well served by terrestrial infrastructure, such as rural and
northern regions.
Figure 7.11 shows a twelve-year trend depicting the use of L-Band frequency assignments. This chart
was generated using information derived from biennial snapshots of the ALS database. Currently, there
are only three entities (with 45 frequency assignments) in the L-Band (77). These are (in order of
frequency utilization): Skyterra Corp., Stratos Wireless Inc. and the Government of Canada.

24

For more information, refer to the following link: http://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf09824.html.
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Figure 7.11 - Twelve-year trend showing the overall utilization of L-Band frequency range25

25

Please note that TMI Communications Inc. and Canadian Marconi Company in Figure 6.11 are no longer licensed to use the MSS L-Band.
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All entities operate licensed earth stations; however, Skyterra (Canada)/Skyterra Corp. is also licensed to
operate its satellites at L-Band.
Table 7.9 lists all companies authorized to operate in L-Band. It should be noted that there are several
more companies listed in this table than would be suggested by Figure 7.11, where there are only three
MSS companies with frequency assignments. However, it must be emphasized that the MSS service
providers are licensed using spectrum licences, which are not reflected into the IC database.
Table 7.9 also makes it clear that Skyterra (Canada) Inc/Skyterra Corp. is the most active L-Band user,
with four satellites (two with ATC) authorized or authorized in principle. Skywave Mobile
Communications has two service offerings using Inmarsat and Skyterra satellites to track ocean and
terrestrial assets. All other MSS companies offer MSS through Inmarsat or Skyterra satellites. Currently,
there are 12 licences authorized for MSS at L-Band, with two more authorized in principle.
Table 7.9: Mobile Satellite Service Providers Currently Authorized or Authorized in Principle
with Spectrum Licences
Licence Holder
Outerlink Canada Corp.
Roadpost Inc.
SITA Information
Networking Computing
Canada Inc.
Skyterra (Canada)
Inc./Skyterra Corp.

Number
of
Licences

Satellite
Systems

Type of
Service

Type of
Approval

1
1

MSAT-2
INMARSAT

BGAN
BGAN

Authorized
Authorized

1

INMARSAT

BGAN

Authorized

MSAT-1
MSAT-2
MSAT-1
MSAT-2

General MSS

4

INMARSAT

SkyWave Mobile
Communications

2

Stratos Wireless Inc.
Virgin Technologies Inc.
Wireless Matrix Inc.

1
1
1

Skyterra (Canada)

2

Subtotal (Authorized)
Total (Authorized + AiP)

MSAT-2
INMARSAT
INMARSAT
MSAT-2
MSV-1
MSV-2

MSS to Ocean
Locations
MSS to Earth
Locations
General MSS
BGAN
BGAN
MSS/ATC

Authorized

Authorized
Authorized
Authorized
Authorized
Authorized
Authorized in
Principle (AiP)

12
14

Figure 7.12 shows the current utilization of L-Band frequency assignments in Table 7.9. It is clear that
all L-Band frequency assignments are currently utilized by MSS.
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S-Band (2 to 4 GHz)
Currently, there is one MSS company with authorization to operate in the S-Band: Terrestar Networks
(Canada) Inc./Terrestar Solutions (Canada), henceforth referred to as Terrestar (Canada). Terrestar
(Canada) is a Canadian satellite operator, running Canadian MSS satellite Terrestar-1. Figure 7.13
shows the portion of the S-Band that Terrestar (Canada) is authorized to use, which encompasses one
quarter of the S-Band. Furthermore, it is worth mentioning that Terrestar (Canada) has recently received
special authorization to operate an ATC to augment the services that it provides from its S-Band satellite
Terrestar-1.26 Terrestar (Canada) owns a spectrum licence to operate Terrestar-1 and its MSS handsets in
the MSS S-Band. Terrestar (Canada) also owns five radio licences (registered in ALS) using
10 frequency assignments in the MSS S-Band.
In Canada, the S-Band is also authorized for mobile and fixed terrestrial services; however, MSS have
priority over fixed terrestrial services; where a moratorium has been placed on the licensing of any new
fixed terrestrial services and some fixed terrestrial services are to be displaced in the S-Band to make
room for the implementation of MSS.27 This amendment to the Canadian Table of Frequency Allocation
was made in 2006.

Uplink (↑)
1525

1559
12 Spectrum Licences Authorized (see Table 6.9)

Downlink (↓)
1626.5

1660
12 Spectrum Licences Authorized (see Table 6.9)

Figure 7.12 - Current28 MSS utilization of L-Band frequency range

26

For more information, please refer to the following link: http://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf09858.html.

27

For more information, please refer to the following link: http://www.ic.gc.ca/eic/site/smt-gst.nsf/vwapj/cane2009editioneng.pdf/$FILE/cane2009edition-eng.pdf.

28

As of March 31, 2010.
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Uplink (↑)
2000

2005

2010

2020

Terrestar (Canada)

Downlink (↓)
2195

2180

2200

Terrestar (Canada)

Figure 7.13 - Current29 MSS utilization of S-Band frequency range
Big LEO Band (1610-1626.5 MHz and 2483.5-2500 MHz)
In the Big LEO Band there are currently two authorized MSS service providers: Globalstar Canada
Satellite Corp. and Iridium Satellite Canada Ltd. Figure 7.14 illustrates the MSS utilization of the
S-Band by these companies, with roughly 90.6% of the band being utilized. Globalstar Canada Satellite
Corp. and Iridium Satellite Canada Ltd. both operate MSS using a large constellation of non-GSO
satellites (in low earth orbit (LEO)). Both Globalstar Canada Satellite Corp. and Iridium Satellite
Canada Ltd.’s LEO are authorized through a spectrum licence and, as a result, there are no ALS
database entries for MSS at Big LEO Band.

1610

1618.25

1621.35

1626.5

Iridium Satellite
Canada (↑/↓)

Globalstar Canada Satellite Corp. (↑)

2483.5

2500
Globalstar Canada Satellite Corp. (↓)

Figure 7.14 - Current30 MSS utilization of Big LEO Band frequency range

29

As of March 31, 2010.

30

As of March 31, 2010.
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While these LEO MSS have the advantage of having near-worldwide coverage of the planet for
low-speed voice and data communications, several satellites are required to ensure a constellation that
maintains this coverage. LEO MSS satellite constellations require complicated service handoffs between
satellites in the constellation; however, they have less perceived voice delay in communications when
compared with MSS services that use GSO satellites.
Other MSS
There are other MSS operators and service providers that are authorized to use MSS frequencies, other
than those in the L-Band, S-Band and Big LEO Band. One of those companies is ORBCOMM Canada
Inc., which operates a MSS data service using an LEO satellite constellation in the following bands:
148-149 MHz for uplink; and bands in 137-138 and 400-401 MHz31 for downlink. SpaceQuest Canada
Inc. is also authorized to use the 400 MHz band (399.9-400.05 MHz; 400.05-400.65 MHz) and operates
as a service provider by using the LATINSAT LEO constellation for asset tracking and data monitoring.
Connexion by Boeing of Canada is authorized to operate AMSS in the Ku-Band; however, this service
remains for government users only, as Boeing began phasing out its consumer AMSS in 2007. The
company known as 32221777 Nova Scotia Limited is also authorized to operate AMSS in the Ku-Band.
Panasonic Canada Inc. is authorized to operate Ku-Band subscriber earth stations on board aircraft.
ViaSat Canada Company is authorized to operate Ku-Band subscriber stations on board vessels.
Summary
Canada has two MSS satellites, MSAT-1 and Terrestar-1, operated by Skyterra (Canada) and Terrestar
(Canada) respectively. L-Band boasts several MSS service providers and operators. Skyterra (Canada)
and Terrestar (Canada) have acquired a special authorization and an approval in principle respectively,
to operate ATC to make more efficient use of MSS spectrum. The S-Band is not yet fully utilized by
MSS; however, the intent to limit utilization of the S-Band for fixed terrestrial services was initiated in
2006 and is to be accomplished by displacing some fixed terrestrial services and by imposing a
moratorium on the licensing of any new fixed terrestrial services in this band. The Big LEO Band has
two major players (Globalstar Canada Satellite Corp. and Iridium Satellite Canada Ltd.), with both offer
services using a constellation of LEO satellites. The Big LEO Band is 90.1% utilized.
7.3.2

Geographic Deployment

Satellite services are typically deployed in areas where it would be too expensive to deploy terrestrial
infrastructure. These areas are typically in northern and rural regions of Canada. For example, northern
or rural communities not connected to broadband may opt to use FSS for connection as was exampled
by the selection of satellite service providers in the Canada Broadband Plan.32
There is a requirement that satellites deployed in Canada provide coverage of northern Canada, as well
as the hotspots in the south. This means that, unlike terrestrial systems, a single radiocommunications
device can provide national coverage. Penetration will depend on which areas a service provider wishes
31

These bands are: 137.1825-137.3175 MHz, 137.3750-137.4050 MHz, 137.6550-137.7450 MHz,
137.7975-137.8125 MHz and 400.0910-400.1090 MHz.

32

For more information, please refer to: http://www.ic.gc.ca/eic/site/719.nsf/eng/00050.html#july-15-2010.
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to serve. In general, community FSS deployment tends to be in rural and northern communities.
Additionally, FSS is heavily used by the natural resources sector (e.g. oil and gas). As the reception of a
BSS signal requires only a licence-exempt VSAT and set-top box, BSS deployment can be found in both
rural and urban areas.
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Chapter 8 - Space Science Services (EESS, SRS, MetSat, SOS, MetAids, RAS)
8.1

Background

8.1.1

Definition of space science services

1. Earth exploration-satellite service (EESS) is defined in Article 5 of the ITU-R Radio Regulation as
a radiocommunication service between earth stations and one or more space stations, which may
include links between space stations, in which:
- information relating to the characteristics of the Earth and its natural phenomena, including data
relating to the state of the environment, is obtained from active sensors or passive sensors on
Earth satellites;
- similar information is collected from airborne or Earth-based platforms;
- such information may be distributed to earth stations within the system concerned;
- platform interrogation may be included.
This service may also include feeder links necessary for its operation.
2. Space research service (SRS) is defined as a radiocommunication service in which spacecraft or
other objects in space are used for scientific or technological research purposes.
3. Meteorological-satellite service (MetSat) is defined as an earth exploration-satellite service for
meteorological purposes.
4. Meteorological aids service (MetAids) is defined as a radiocommunication service used for
meteorological, including hydrological, observations and exploration.
5. Space operation service (SOS) is defined as a radiocommunication service concerned exclusively
with the operation of spacecraft, in particular space tracking, space telemetry and space
telecommand.
6. Radio astronomy service (RAS) is defined as a service involving the use of radio astronomy based
on the reception of radio waves of cosmic origin.
8.1.2

Broad description of type of service/applications

 Earth exploration-satellite systems are used to gather data about the Earth and its natural

phenomena. These satellites use active and/or passive sensors on board the spacecraft to obtain data
on the Earth’s land, sea and atmosphere in order to study and monitor the Earth’s climate and
environment, amongst many other related scientific applications. Active sensors are radar-like
measuring instruments in the Earth exploration-satellite service which obtain information by
transmitting radio waves and then receiving their reflected energy. Passive sensors are very sensitive
receivers in the Earth exploration-satellite service, which measure the electromagnetic energy emitted,
absorbed or scattered by the Earth’s surface or atmosphere. The data from Earth exploration-satellites
enable a diverse set of scientific applications which provide countless societal benefits to all humans.
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As a rule, the scientific data and the associated data products are shared with all nations regardless of
which nation built, launched or operates the satellite.
 Meteorological-satellites (MetSats) are Earth exploration-satellites used for weather-related

purposes. MetSats can operate within the Earth exploration-satellite service or in their own more
specialized service, known as the meteorological-satellite service.
 In addition to the data collected by satellites, data may be collected from airborne or ground-based

platforms to supplement and calibrate the satellite data. For example, MetAids service usually
provides the link between an in situ sensing system for meteorological parameters and a remote base
station. The in situ sensing system may be carried, for instance, by a weather balloon. Alternatively, it
may be falling through the atmosphere on a parachute after deployment from an aircraft or
meteorological rocket. The base station may be in a fixed location or mounted on a mobile platform as
used in defence operations. Some base stations are carried on ships or research aircraft. All of this
collected data must also be transmitted to other platforms or to Earth stations for additional processing
and data distribution.
 Space research service systems enable a diverse set of scientific disciplines and technology

programs to benefit mankind. These scientific disciplines include: solar-terrestrial physics, space
physics and planetary systems research.
o Solar-terrestrial physics focus on studies of the Sun, solar activities and its influence on the Earth.
Studies are carried out using a network of scientific spacecraft located in many regions of
interplanetary space, usually between the Sun and the Earth, and equipped with an array of
scientific instruments to sense and detect solar electromagnetic radiation and plasma particles and
waves.
o Space physics research is dedicated to the study of the fundamental laws of physics in our solar
system. The information gathered is used to improve the design of a spacecraft, its instrumentation,
and its navigational capabilities.
o Planets, moons, asteroids and comets are studied to gain knowledge of the origin and evolution of
our solar system. Spacecraft, probes and planetary landers provide us with extensive information on
the planets and their moons in our solar system.
 Space operation service deals exclusively with the operation of spacecraft, in particular space

tracking, space telemetry and space telecommand (referred to as TT and C, or TT&C). These
operations functions are associated with the satellite bus. The satellite bus provides the necessary
support functions for the operation of the instruments, such as power, attitude control (maintaining the
desired orientation of the satellite, or satellite pointing), commanding and data handling,
health-monitoring (both satellite and payload), station-keeping (i.e. maintaining the desired orbit and
correcting for atmospheric drag, orbit precession, etc.), maintaining the correct thermal environment
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 (e.g. turning on heaters if necessary), etc. Typically, the satellite bus links require relatively low

bandwidths, as they support a data rate of approximately one megabit per second and often much less,
whereas the science data (payload) data rates typically are in the order of a hundred megabits per
second.
Radio astronomy service is defined in Article 1 of the Radio Regulations as being astronomy based
upon the reception of cosmic radio waves. The aggregate of these cosmic emissions constitutes the
cosmic background noise of communications. Being a passive service, radio astronomy does not
involve the transmission of radio waves in its allocated bands, and therefore the use of these bands
cannot cause interference to any other service. On the other hand, the cosmic signals received are
extremely weak, and their reception is therefore very susceptible to interference by transmissions of
other services. The best times for observation of radio sources are generally dictated by natural
phenomena (the position of the source in the sky and the rotation of the Earth). Unlike the situation
in active (transmitting) services, the radio astronomer cannot change the characteristics of the signal
to be received; the emitted power cannot be increased, or the signal coded, in order to increase
detectability. Much of the information obtained by radio astronomy is unique and cannot be obtained
at other radio wavelengths. For example, atomic neutral hydrogen (HI), the primeval element of the
universe, is detectable only through its radio line at 1420 MHz.



In contributing to our knowledge of astronomy, the radio astronomy service has also contributed to
other areas. It has provided information on the atmospheric absorption of radio waves, which is of
interest to telecommunications. It has also contributed to communication technology. Its pioneering
operations have led to continuing development of low-noise amplifier techniques, extending to
progressively higher frequencies and wider bandwidths, and the production of receiver systems with
ever increasing sensitivity. Significant contributions have been made to the design of feed systems
and large steerable antennas. The technique of very-long-baseline interferometry (VLBI) is also
important for geodetic measurements and for the accurate tracking of spacecraft. The sophisticated
image processing techniques developed by radio astronomers have a direct application in areas such
as medicine and mining.
At present, radio astronomy utilizes the electromagnetic spectrum at frequencies from below 1 MHz
to about 1000 GHz. The entire radio spectrum is of scientific interest to the radio astronomy service.
8.2

Current Allocations and Utilization

8.2.1

List of Allocated Bands

Frequency (MHz)

Space Science Services

25.550-25.670

RADIO ASTRONOMY

37.5-38.25

Radio Astronomy

40.98-41.015

Space Research

73-74.6

RADIO ASTRONOMY
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Frequency (MHz)
400.15-401

401-402
402-403

Space Science Services
METEOROLOGICAL AIDS
METEOROLOGICAL-SATELLITE (s-E)
MOBILE-SATELLITE (s-E) 5.208A 5.208B 5.209
SPACE RESEARCH (s-E) 5.263
Space Operation (s-E)
EESS (E-s)
METEOROLOGICAL AIDS
METEOROLOGICAL-SATELLITE (E-s)
SPACE OPERATION (s-E)
EESS (E-s)
METEOROLOGICAL AIDS
METEOROLOGICAL-SATELLITE (E-s)

403-406

METEOROLOGICAL AIDS

406.1-410

MOBILE except aeronautical mobile
RADIO ASTRONOMY

460-470

MOBILE 5.286AA 5.287 C23
EESS

608-614

RADIO ASTRONOMY

1215-1240

EESS (active)
SPACE RESEARCH (active)

1240-1300

EESS (active)
SPACE RESEARCH (active)

1300-1350

Radio Astronomy 5.149

1350-1390

Radio Astronomy 5.149

1390-1400

Radio Astronomy 5.149

1400-1427

EESS (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)

1559-1610

Space Research (passive) 5.341

1610.6-1613.8

RADIO ASTRONOMY
5.149 5.341 5.364 5.366 5.367 5.368 5.372 (RA)

1660-1660.5

MOBILE-SATELLITE (E-s) 5.351A
RADIO ASTRONOMY
5.149 5.341 5.351 5.354 5.376A

1660.5-1668

RADIO ASTRONOMY
SPACE RESEARCH (passive)
Fixed
5.149 5.341 5.379A

1668-1668.4

RADIO ASTRONOMY
SPACE RESEARCH (passive)
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Frequency (MHz)

Space Science Services

1668.4-1670

METEOROLOGICAL AIDS
RADIO ASTRONOMY

1670-1675

METEOROLOGICAL AIDS
METEOROLOGICAL-SATELLITE (s-E)

1675-1700

METEOROLOGICAL AIDS
METEOROLOGICAL-SATELLITE (s-E)

1700-1710

METEOROLOGICAL-SATELLITE (s-E)

2025-2110

EESS (E-s) (s-s)
SPACE OPERATION (E-s) (s-s)
SPACE RESEARCH (E-s) (s-s)

2110-2120

SPACE RESEARCH (deep space) (E-s)
EESS (s-E) (s-s)
SPACE OPERATION (s-E) (s-s)
SPACE RESEARCH (s-E) (s-s)

2200-2290
2290-2300

SPACE RESEARCH (deep space) (s-E)

2655-2686

Earth Exploration-Satellite (passive)
Radio Astronomy
Space Research (passive)

2 686-2 690

Earth Exploration-Satellite (passive)
Radio Astronomy
Space Research (passive)

2690-2700

EESS (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)

4200-4400

(Standard Frequency and Time Signal – Satellite) 5.440

4800-4825

Radio Astronomy

4825-4835

Radio Astronomy

4835-4950

Radio Astronomy

4950-4990

Radio Astronomy

4990-5000

RADIO ASTRONOMY
Space Research (passive)

5250-5255

EESS (active)
SPACE RESEARCH 5.447D

5255-5350

EESS (active)
SPACE RESEARCH (active)

5350-5460

EESS (active) 5.448B
SPACE RESEARCH (active) 5.448C

5460-5470

EESS (active)
SPACE RESEARCH (active)

5925-6700

Radio Astronomy 5.149
EESS 5.458
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Frequency (MHz)

Space Science Services

6700-7075

EESS 5.458

7145- 235

SPACE RESEARCH (E-s) 5.460
EESS 5.458

7750-7850

METEOROLOGICAL-SATELLITE (s-E) 5.461B

8025-8175

EESS (s-E)

8175-8215

EESS (s-E)
METEOROLOGICAL-SATELLITE (E-s)

9300-9500

EESS (active)
SPACE RESEARCH (active)

9500-9800

EESS (active)
SPACE RESEARCH (active)

10.6-10.68

EESS (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)

10.68-10.7

EESS (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)

13.25-13.4

EESS (active)
SPACE RESEARCH (active)

13.4-13.75

EESS (active)
SPACE RESEARCH (active) 5.501A
Standard Frequency and Time Signal-Satellite (E-s)

13.75-14

Earth Exploration-Satellite
Standard Frequency and Time Signal-Satellite (E-s)

14.47-14.5

Radio Astronomy

15.35-15.4

EESS (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)

17.2-17.3

EESS (active)
SPACE RESEARCH (active)

18.6-18.8

EESS (passive)
SPACE RESEARCH (passive)

21.2-21.4

EESS (passive)
SPACE RESEARCH (passive)

22.21-22.5

EESS (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)

23.6-24

EESS (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)

25.5-27

EESS (s-E)
SPACE RESEARCH (s-E)
Standard Frequency and Time Signal-Satellite (E-s)
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Frequency (GHz)

Space Science Services

31.3-31.8

EESS (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)

34.7-35.2

Space Research

35.5-36

EESS (active)
METEOROLOGICAL AIDS
SPACE RESEARCH (active)

36-37

EESS (passive)
SPACE RESEARCH (passive)

37-37.5

SPACE RESEARCH (s-E)
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Space Science use from 52 MHz to 38 GHz (for additional information, refer to Annex 1):
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The following is the percentage of spectrum taken by each space science service on a primary basis in
the frequency range from 52 MHz to 38 GHz:
Space Science Service
Radio Astronomy
Meteorological Satellite
Meteorological Aids
Space Operation
Space Research
Earth Exploration Satellite

Total Spectrum (MHz)
1461.7
583.85
837.45
281.4
8787.25
6964

Total Spectrum (%)
3.85
1.54
2.21
0.74
23.16
18.35

In general, frequency allocated to the radio astronomy service may be reused by other services except
for the area where the radio astronomy station is located.
See Annex 5 “Current and Planned Use of Canadian Radio Spectrum in Space Science Services”33 for
details on the use of frequency bands.
8.2.2

Type of Licence

Earth and space stations in the space science services are issued radio licences by Industry Canada.
8.2.3

Comparison with the United States

The bands that are listed in this document are identical to the international Table of Frequency
Allocations. Therefore, Canada and the United States (and the rest of the world) have identical
frequency bands allocated to space science services.
8.3

Spectrum Inventory Analysis

Unlike other services for which spectrum allocation is based on the most suitable propagation
characteristics, spectrum allocation for space science services (except space operations) is more limited
to the physical phenomenon of atmospheric gases, water, cosmic rays, etc. As a result, radio spectrum
for space science applications appears almost everywhere in the entire radio spectrum.
In order to arrange the data in a presentable format, the results are grouped by major services in space
science. Figure 8.2, which shows the utilization of spectrum sharing between space science services and
other radio services compared to 1998 level, shows where the challenges are for space science.
8.3.1

Major users

The radio spectrum in space science services is used by the following groups of agencies or institutes:
i. Canadian Space Agency (CSA)
ii. Canadian Centre for Remote Sensing (CCRS)
33

The comments in the Canadian Table of Frequency Allocations were entered by the users of radio spectrum. The current
and planned use and additional comments have not been confirmed as of September 2010.
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iii.
iv.
v.
vi.

Environment Canada (EC)
Natural Resource Canada (NRCAN)
National Research Council Canada (NRC), including Radio Astronomy
Canadian Universities

In these groups of users, the CSA, EC and NRC are the major users of spectrum allocated for space
science services. NRC uses mostly the passive bands for continuum and spectral line observations. The
CSA is the major player in the EESS (Radarsat 1 and 2). EC uses data from foreign satellites in the
EESS.
8.3.2

Number of assignments and geographic information

The data available for compiling the statistics from the Assignment and Licensing System (ALS) is
mixed with radio services other than space science services and is only available from 50 MHz up to
40 GHz. Due to this limitation, the results as shown in the figures may contain other services sharing the
same frequency band. Effort has been taken to isolate space science services from the available data
wherever possible. It should be noted that the receive-only earth stations in the passive services are not
required to obtain a radio licence. Therefore, these stations, especially in the radio astronomy service,
may not be registered in the ALS system.
Most of the frequencies are assigned for GOES (Geostationary Operational Environmental Satellite) and
POES (Polar Operational Environmental Satellite) downlinks and uplinks. The assignments are mostly
distributed in the Pacific and Prairies and Northwest Territories regions. Also, NRC operates an
observatory in British Columbia for continuum/spectral lines and solar radio flux observations. The
general distribution of frequency assignments for space science applications is shown in Figure 8.1.
Note that “National” region includes assignments for all of Canada, more than one province, but not all
Canada, and space station assignments. This designation applies to all figures regarding regional
distribution.
Regional Distribution of Frequencies for Space Science
Applications in 2010
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8.4

Spectrum Trends in Space Science

The following figures demonstrate the trend in licensing radio spectrum for space science applications
for the past 12 years. As previously stated, the limitation in available data may affect the accuracy of the
result, as other radio services sharing the same frequency bands cannot be isolated from the data. Note
that the spectrum trend data is only available from 50 MHz to 40 GHz.
8.4.1

Space Science in general

As can be seen in Figure 8.2, the most significant challenge for space science services sharing with other
radio services appears in the frequency range 13.4-14.5 GHz, in which the major utilization for space
science is continuum observations. Also there is significant increase in assignments for the lower part of
the UHF frequencies, where the major applications for space science are GOES and POES
downlinks/uplinks.

Current Utilization of Radio Spectrum Sharing with Space Science
Compared to 1998 Level
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% Change
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0.4061 - 0.41
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0.073 - 0.0746

-500.00%

Frequency Bands (GHz)

Figure 8.2
8.4.2

EESS

For spectrum sharing between EESS and other radio services, the trend chart (Figure 8.3a) shows that
the spectrum utilization has been increasing since 1998. The major users for EESS applications are CSA
for the Radarsat Program and DND (see Figure 8.3b).
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Licenced Frequencies (x 10000)
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8.4.3

Space Research Service (SRS)

For space research service, the use of spectrum sharing with other radio services has been increasing in
the past 12 years (see Figure 8.4a). The CSA is the only user for this application at the 2 GHz band.
Currently, there are four frequency assignments (see Figure 8.4b). EC uses data from foreign satellites,
which utilize frequency bands for SRS.
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8.4.4

MetSat

The use of spectrum shared by the meteorological satellite service has seen significant increase in the
past four years (see Figure 8.5a). EC is the major user for this application for GOES and POES
downlinks/uplinks in the band 400.15-402 MHz. Most of the frequency assignments are found in
western Canada (see Figure 8.5b).
Tw elve Year Trend for Spectrum Sharing w ith MetSat
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8.4.5

MetAids

The utilization of spectrum shared with MetAids has increased significantly since 1998 level
(see Figure 8.6a). DND and EC are the major users of MetAids. Most of the assignments are allocated in
western Canada (see Figure 8.6b).
Tw elve Year Trend for Spectrum Sharing w ith MetAids
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8.4.6

Space Operation

For spectrum sharing between space operation and other radio services, the number of frequency
assignments has been steadily increasing (see Figure 8.7a). The CSA is the major user for this type of
application at 2025-2110 MHz and 2200-2290 MHz for telecommand and tracking, with eight frequency
assignments (see Figure 8.7b). The University of Toronto is also operating an earth station at
2200-2290 MHz to support the operation of the CanX-2 satellite.
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8.4.7

Radio Astronomy

For spectrum sharing between radio astronomy and other radio services, the trend chart (Figure 8.8a)
shows that the spectrum utilization has rebounded since 2004. The major user of radio astronomy
applications is NRC, with one observatory (Dominion Radio Astrophysical Observatory – DRAO) in
British Columbia (see Figure 8.8b). The ALS data shows that most of the frequency assignments are use
at this location. This is also the only observatory in Canada that performs solar radio flux observation at
2750-2800 MHz.
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Chapter 9 - Aeronautical Services and Applications
9.1

Background

9.1.1

Definition of Service

Aeronautical applications are radiocommunication applications used by the civil aviation communities
and government departments and agencies to establish communications between aircrafts and ground
stations or provide navigational information to pilots and/or ground control centers (air traffic control
towers) to ensure the safety and regularity of flights in the airspace. Due to the international nature of
the aeronautical operations, the Canadian aeronautical allocations are fully harmonized with the ITU
Radio Regulations.
In the context of this study addressing the frequency range 52 MHz to 38 GHz, two aeronautical services
are allocated in various bands:
 the Aeronautical radionavigation service, a radionavigation service based on technologies, such as

radars and/or radio beacons, which provide the determination of the position, velocity and/or other
characteristics of an aircraft, or the obtaining of information related to these parameters, by means of
the propagation properties of radio waves intended for the benefit and for the safe operation of
aircraft; and
 the Aeronautical mobile (R) service, an aeronautical mobile service reserved for communications

related to safety and regularity of flight, primarily along national or international civil air routes
(the capital R standing for ‘On Route’ to represent this specific usage).
9.1.2

Broad Description of Type of Service/Applications

The range of aeronautical radionavigation applications is wide and is dependent on the intended use, the
physical characteristics of the bands used, and their interrelationship in the overall air traffic control
environment.
In the range under study, applications include Instrument Landing systems (ILS), VHF Omnidirectional
Radiobeacon (VOR), Distance Measurement Equipment (DME), Emergency Locator Transmitters
(ELT), Anti Collision Avoidance System (ACAS), Secondary Surveillance Radar (SSR), Tactical Air
Navigation systems (TACAN), JTIDS/MIDS (Joint Tactical Information Distribution
System/Multifunctional Information Distribution System) Link 16, Traffic Collision Avoidance systems
(TCAS), radar altimeters, microwave landing systems (MLS), Airborne Weather Radars (AWR) and
airborne Doppler radars. These systems will be briefly described according to their bands of operation in
the subsequent sections.
9.1.3

International and Domestic Considerations

Canada is signatory to the Convention on International Civil Aviation, known as the Chicago
Convention. Consequently, Canada is an active member of the International Civil Aviation Organization
(ICAO), based in Montréal. Under Annex 20 of the Chicago Convention, Canada has the responsibility
to designate certain radio frequencies, within the spectrum, for use by aeronautical services and, to the
greatest extent possible, keep those frequencies free from harmful interference.
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To meet these responsibilities, Industry Canada established an agreement with NAV CANADA.34 The
bands identified under this agreement are in Table 9.1 below.
Table 9.1: Frequency Bands Relevant to Frequency Selection and Coordination
(Agreement between Industry Canada and NAV CANADA)
Frequency Bands (MHz)
74.8-75.2
108.000-121.9875

Applications
ILS, Marker Beacons
VOR, ILS, ATCS, VHF Comm

123.5875-128.8125

VHF Comm

132.0125-136.4875

VHF Comm

328.6-335.4

ILS Glide Slope

960-1215

DME, TACAN, TCAS, SSR

5030-5091

MLS

9.2

Current Allocations and Utilization

9.2.1

List of Allocated Bands

In the frequency range 52 MHz to 38 GHz, the following bands are allocated to aeronautical services in
the Canadian Table of Frequency Allocations (CFTA).35
74.8-75.2 MHz:
 Aeronautical radionavigation service has primary status.
 The frequency 75 MHz is assigned to marker beacons.

The frequency 75 MHz is assigned to marker beacons for use with ILS to define specific points on the
approach path of aircraft. In addition, markers may also be used to mark significant points on air routes.
108-117.975 MHz:
 Aeronautical radionavigation service has primary status.
 The aeronautical mobile (R) service shares this band on a co-primary basis through a footnote.

34

Agreement Between Her Majesty The Queen in Right of Canada as represented by the Minister of Industry and NAV
CANADA regarding Radio Frequency Spectrum Management, November 1, 2007. http://www.ic.gc.ca/eic/site/smtgst.nsf/eng/h_sf06295.html.

35

Details of the applications are extracted from ICAO doc 9718-AN 957 Handbook on Radio Frequency Specturm
Requirements for Civil aviation, 5th edition 2009 (unedited).
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The band 108-117.975 MHz is shared by multiple aeronautical applications. It is used for ILS localizer,
VOR, ground-based augmentation system (GBAS) and VHF Data Link Mode 4 (VDL mode 4).
The instrument landing system (ILS) is a non-visual aid to final approach and landing. The localizer
transmitter emits signals which provide azimuth guidance throughout the descent path to the runway
threshold.
The VHF omnidirectional radio range (VOR) is the short-medium-range navigation aid. The basic
navigation guidance derived from a VOR is a radial line of position (magnetic) with respect to a known
geographic point (the VOR site).
The ground-based augmentation system (GBAS) monitors GNSS signals and broadcasts locally relevant
integrity messages, pseudorange corrections and approach data via a VHF data broadcast (VDB) to
aircraft.
117.975-137 MHz:
 Aeronautical mobile on route (OR) service has primary status.
 The use of frequency 121.5 MHz is limited to search and rescue operations.

The band 117.975-137 MHz is the main communications band for line-of-sight air-ground
communications and is used at all airports, for on route, approach and landing phases of flight and for a
variety of short-range tasks for general aviation and recreational flying activities (e.g. gliders and
balloons).
328.6-335.4 MHz:
 Aeronautical radionavigation service has primary status.
 The use of the band is limited to ILS (glide path applications).

The ultra high frequency (UHF) glide slope transmitter, operating within the frequency band from
328.6 MHz to 335.4 MHz, radiates its signals in the direction of the ILS localizer. The term “glide path”
means that portion of the glide slope that intersects the localizer. The signal provides vertical descent
information for navigation.
335.4-399.9 MHz:
This band is part of the NATO 220-400 MHz band reserved for military applications. DND has various
military applications in this band, such as NATO HaveQuick systems, Link 11 and NAMAR. These
various applications are common among NATO countries. There is no civilian service in this frequency
range.
960-1215 MHz:
 Aeronautical radionavigation and aeronautical mobile on route (OR) services have co-primary status

in the 960-1164 MHz portion.
 Aeronautical radionavigation and radionavigation satellite services have co-primary status in the

1164-1215 MHz portion.
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 The use of the band is limited to systems that operate in accordance with recognized international

standards developed by ICAO.
 The use of band 960-215 MHz is reserved for aeronautical radionavigation service on a worldwide

basis for the operation and development of airborne electronic aids to air navigation and any directly
associated ground-based facilities.
The band 960-1215 MHz is the prime radionavigation band, which is used intensively, and extensively,
to support a number of aviation systems, for both civil and military purposes.
The distance measuring equipment (DME) is a system for the determination of the distance between an
aircraft and a ground-based DME beacon within radio line of sight, using pulse techniques and time
measurement. DME/N is the standard system used for navigation. It can be co-located with VHF
omnidirectional radio range (VOR) enabling the aircraft’s position to be determined through a
measurement of its bearing and the distance relative to the VOR/DME. Alternatively, the aircraft’s
position can be determined through measurement of the distances from two or three DMEs and the flight
management system (FMS) equipment in the aircraft. DME/P is a precision version of DME with
enhanced precision measurement capability, which is used in conjunction with MLS to provide accurate
distance to touch down.
The TACAN is the military equivalent of DME, which also has a bearing capability and uses the same
channel plan as for DME. JTIDS/MIDS (Joint Tactical Information Distribution System/Multifunctional
Information Distribution System) Link 16 is a military radio system for the distribution of information,
position location and identification between different military elements, such as aircrafts, ships and radar
systems. A communication net is set up between these elements to distribute the information.
JTIDS/MIDS cannot cause harmful interference to the aeronautical radionavigation service and follows
a sophisticated deconfliction protocol to operate in the band.
Secondary surveillance radar (SSR) is a system for secondary surveillance radar. It is used either as a
stand-alone system or co-located and synchronized with primary radar. The ground equipment is an
interrogator and the aircraft equipment is a transponder responding to signals from the interrogator. All
SSR installations operate on 1030 MHz for the ground-to-air interrogation signal, and 1090 MHz for the
air-to-ground reply.
The airborne collision avoidance system (ACAS) is a system for detection and avoidance of airborne
conflict situations. The ACAS equipment determines which aircraft represents potential collision threats
and provides appropriate display indication or advisories to the flight crew to avoid collisions. ACAS
operates as a supplementary system to SSR and uses the same frequency pair of 1030 MHz and
1090 MHz. The 1030 MHz band is used for the air-air interrogation, and 1090 MHz for the air-air reply.
A diagram of the use of the frequencies 1030 MHz and 1090 MHz by air and ground elements of SSR
and ACAS is shown in figures 9.10 and 9.11.
The Universal access transceiver (UAT) is a system intended to support Automatic Dependent
Surveillance – Broadcast (ADS-B) data transmission, as well as ground uplink services, such as Traffic
Information Service – Broadcast (TIS-B) and Flight Information Service – Broadcast (FIS-B). UAT
employs a single 1 MHz channel at 978 MHz and is dedicated for transmission of airborne ADS-B
reports and for broadcast of ground-based aeronautical information.
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1240-1300 MHz:
 Aeronautical Radionavigation as per Footnote 5.331

These bands are used for 23 cm (L-band) primary surveillance radar (PSR), for both on-route and
terminal surveillance tasks. Modern systems employing digitized plot extraction often operate on
multiple frequencies and use pulse repetition frequency (PRF) discrimination where up to four or even
six frequencies may be used by a single radar spaced over a band of 100 MHz. For these requirements,
the band from 1215 to 1370 MHz may be utilized. Co-located SSR and primary surveillance radar are
often employed with combined plot extraction, electronic processing and display. Electronically
generated labels displaying flight number and other data, e.g. altitude, are often added to provide a
complete radar data picture.
There are 16 licensed primary surveillance radars under the Aeronautical Radionavigation, as per
Footnote 5.331 to NAV CANADA. The introduction of Footnote 5.331 at WRC-03 ensured the
protections of the operation of these licences.
1300-1350 MHz:
 Aeronautical radionavigation, radiolocation and radionavigation satellite services have co-primary

status.
These bands are used for 23 cm (L-band) primary surveillance radar (PSR), for both on-route and
terminal surveillance tasks. Modern systems employing digitized plot extraction often operate on
multiple frequencies and use pulse repetition frequency (PRF) discrimination where up to four or even
six frequencies may be used by a single radar spaced over a band of 100 MHz. For these requirements,
the band from 1215 to 1370 MHz may be utilized. Co-located SSR and primary surveillance radar are
often employed with combined plot extraction, electronic processing and display. Electronically
generated labels displaying flight number and other data, e.g. altitude, are often added to provide a
complete radar data picture.
1559-1610 MHz:
 Aeronautical radionavigation and radionavigation satellite services have co-primary status.

1613.8-1626.5 MHz:
 Aeronautical radionavigation and mobile – satellite (Earth-to-Space) services have co-primary status.
 The band 1610-1626.5 MHz is also allocated to Aeronautical mobile-satellite (R) service satellite.

The band 1559-1626.5 MHz has been allocated to aeronautical radionavigation and radionavigationsatellite for many years. A number of additional allocations have been made, including that for the
radionavigation-satellite and radiodetermination-satellite and, more recently, the mobile-satellite service
(Earth-to-space) in the bands above 1610 MHz. The prime civil aviation interest is now in the band
1559-1610 MHz, which will support the main frequency components of both GPS and GLONASS. A
component of the European system (Galileo) will also operate in this band.
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Within the sub-bands 1544-1545 MHz and 1645.5-1646.5 MHz, aviation shares this portion with MSS
for AMS(R)S communications. These frequencies are used for air-ground communications over
oceanic/remote areas. In continental airspace, satellite communications may be used as a supplement to
VHF. The system supports voice and data for ATC or ADS purposes. AMS(R)S services will be
provided by service providers for both the space segment and the ground segment. The connection to
ATC centres would normally be made by landline from the ground earth station. Recent developments
in the MSS community will add increased complexity in coordinating availability of frequencies for
AMS(R)S due to planned deployment of a terrestrial component that will use the same frequencies. The
band is heavily congested.
2700 -2900 MHz:
 Aeronautical radionavigation service has primary status.
 Radiolocation service has secondary status.

These bands are extensively used for primary surveillance radar (10 cm) for medium-range, on-route
surveillance, and for terminal area and approach monitoring. The bands are also used by other
radionavigation services (particularly maritime) and radiolocation services for national purposes on a
shared basis. Civil aviation radars tend to be concentrated in the band 2700-2900 MHz, although the use
of the band 2900-3400 MHz is increasing.
4200-4400 MHz:
 Aeronautical radionavigation service has primary status.
 The band is reserved exclusively for radio altimeters installed on board aircraft and for the associated

transponders on the ground.
Radio altimeters have a vital task in automated landing for flare guidance, and as the sensor component
in ground proximity warning systems. The basic function of radio altimeters is to measure the aircraft’s
absolute height above ground level.
5000-5030 MHz:
 Aeronautical radionavigation and radionavigation satellite services have co-primary status.

5030-5091 MHz:
 Aeronautical radionavigation service has primary status.

The band 5030-5150 MHz is intended for the operation of the international standard system (microwave
landing system) for precision approach and landing. It is not currently being used by the aeronautical
radionavigation service in Canada.
5091-5150 MHz:
 Aeronautical radionavigation service, aeronautical mobile service, and FSS feeder links have

co-primary status.
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The band 5091-5150 MHz is shared between three new aeronautical mobile applications (airport surface
applications, aeronautical telemetry and aeronautical security transmission) and FSS.
5150-5250 MHz:
 Aeronautical radionavigation, fixed satellite (Earth-to-Space) and mobile (except aeronautical)

(WLANS) services have co-primary status.
Originally part of the initial allocation for the development of the MLS, the band 5150-5250 MHz is
now unusable for that purpose.
5350-5460 MHz:
 Aeronautical radionavigation and aeronautical mobile services have co-primary status.
 The use of the band is limited to airborne applications.

The band 5350-5460 MHz is used for airborne radars and associated airborne beacons. The use of the
band 5350-5470 MHz for airborne weather radar (a mandatory carriage item in many countries) is well
established and has existed for many years. Such equipment supports the safe passage of an aircraft in
the vicinity of turbulent weather conditions. It provides timely warnings of rapidly changing weather
conditions as an aid to in-flight route planning. In addition, such equipment enables sustained contact
with geographic features, such as shorelines as a supplement to navigational orientation.
8750-8850 MHz:
 Aeronautical radionavigation and radiolocation services have co-primary status.
 The use of the band is limited to airborne Doppler navigation aids.

Airborne Doppler navigation systems are widely used for specialized applications, such as continuous
determination of ground speed and drift angle information of an aircraft with respect to the ground. The
information is derived by measuring the Doppler shift of signals transmitted from the aircraft in several
narrow beams pointed towards the surface, backscattered by the surface and received by the Doppler
radar receiver.
9000-9200 MHz:
 Aeronautical radionavigation and radiolocation services have co-primary status.
 The use of the band by the aeronautical radionavigation service is limited to ground-based radars and

to associated airborne transponders, which transmit only on frequencies in these bands and only when
actuated by radars operating in the same band.
9300-9500 MHz:
 Aeronautical radionavigation use of the band is permitted through Footnote 5.475.
 The use of the band by the aeronautical radionavigation service is limited to airborne weather radars

and ground-based radars.
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These 3 cm radar bands (9000-9200 MHz and 9300-9500 MHz) are used extensively by aeronautical,
maritime (land-based and shipborne) and national defence radar systems. They provide shorter range
surveillance and precision functions up to a 50 km distance. In aviation, they find considerable
application in precision monitoring and approach functions and in airborne weather radar (AWR)
systems where their shorter wavelength is very suitable for the detection of storm clouds. In this latter
role, the frequency band 9345-9375 MHz has been coordinated with other users within ITU-R as the
agreed aeronautical airborne frequencies for this purpose. This band provides for a narrower beam than
the airborne weather radars operating at 5.3 GHz and, therefore, provides a better resolution and less
ground clutter. Seventy percent of aircraft use weather radars operating in this band to receive warning
of hazardous weather. In many countries, the carriage of AWR is a mandatory requirement. AWR
supports the safe passage of an aircraft in the vicinity of turbulent weather conditions. It provides timely
warnings of rapidly changing weather conditions as an aid to in-flight route planning. In addition, such
equipment could support sustained contact with geographic features, such as shorelines as a supplement
to navigational orientation. This band is also used for airport surface detection radar.
13.25-13.4 GHz:
 Aeronautical Radionavigation, Earth Exploration satellite (active) and Space Research services have

co-primary status.
 The use of the band is limited to Doppler navigations aids.

Airborne Doppler navigation systems are widely used for specialized applications, such as continuous
determination of ground speed and drift angle information of an aircraft with respect to the ground. The
information is derived by measuring the Doppler shift of signals transmitted from the aircraft in several
narrow beams pointed towards the surface, backscattered by the surface and received by the Doppler
radar receiver.
15.4-15.7 GHz:
 Aeronautical Radionavigation service has primary status.
 Sub band 15.43-15.63 GHz shared on a co-primary basis with Fixed Satellite (earth-to-space).

An important civil use of this band is for airport surface detection equipment (ASDE) for operational
control of aircraft and vehicle ground movement at airports. This is an expanding requirement, as
congestion at airports increases and ground maneuvering areas begin to saturate. Another civil use is that
of height and obstruction measurement using radar techniques. This use is presently limited for general
application to smaller aircraft operating into secondary and temporary landing areas.
The band 15.5-15.7 GHz is also used for airborne weather and ground mapping radars. These systems
support the safe passage of an aircraft in the vicinity of turbulent weather conditions. It provides timely
warnings of rapidly changing weather conditions as an aid to in-flight route planning. In addition, such
equipment could support sustained contact with geographic features, such as shorelines as a supplement
to navigational orientation. The band offers the possibility for compact airborne systems which are
lightweight and have small antenna dimensions. High definition radar and precision landing systems are
some examples of applications.
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Band Plans and Technical/Regulatory Requirements
The regulatory requirements are generally established by international bodies such, as the ITU-R and the
IACO due to the global nature of the various aeronautical applications. They are adopted by domestic
civil aviation agencies. In Canada, Transport Canada regulates the implementation of aeronautical
systems.
The technical requirements are developed either by ICAO or various regional technical groups, such as
the Radio Technical Committee for Aeronautics (RTCA) and the European Organization for Civil
Aviation Equipment (EUROCAE).
Industry Canada has only one regulatory standard setting out requirements for the certification of radio
transmitters and receivers in the aeronautical mobile (R) service operating in the band 117.975-137 MHz
for the purpose of communication.
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Aeronautical Service use from 52 MHz to 38 GHz (for additional information, refer to Annex 1):
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9.3

Spectrum Inventory and Analysis

The national air navigation system:
While aeronautical services are spread in multiple allocations and various applications, as shown in the
above section, there is a common trend, i.e. the various applications are the overlays of a common
system, the air navigation system (ANS). The ANS manages the circulation of all aircrafts and ensures
the safety of all domestic, international, civilian and military flights. Domestically, the responsibility for
this system is shared by Transport Canada and NAV CANADA. In the military domain, DND is the
responsible department.
The bands used for the ANS are described in Table 9.1 above. It has to be noted that they are used
simultaneously during various phases of the flight of aircrafts, such as take-off, landing, transit, final
approach, at the airport, etc.
The following map shows the location of all airports in Canada.

Figure 9.1 - Location of Airports in Canada
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Results of an analysis of frequency assignments are shown in Table 9.2 below.
Table 9.2
Numbers of
Assignments
0

Frequency bands
74.8-75.2 MHz

Applications
ILS, Marker Beacons

108-117 MHz
117-137 MHz

VOR, ILS, ATCS, VHF
Comm
VHF Comm

328.6-335.4 MHz

ILS Glide Slope

164

NAV CANADA, DND,
airports operators, provincial
governments, aircraft
manufacturers, aircraft
operators
NAV CANADA

960-1164 MHz

DME, TACAN, TCAS,
SSR
DME, TACAN, TCAS,
SSR, JTID, MIDS

668

NAV CANADA, DND

115

NAV CANADA, DND

10
0

DND, localized use
No MLS

0

No aeronautical use

1164-1215 MHz
5000-5091 MHz
5091-5150 MHz

325
10322

MLS

5150-5250 MHz

Major Users
None. Markers beacons have
been decommissioned.
NAV CANADA, DND

The geographical distribution of the frequency assignments in relation to the airport locations is shown
in the figures 9.2 to 9.7 below.

Figure 9.2 - Band 108-117 MHz
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Figure 9.3 - Band 108-117 MHz with Airports

Figure 9.4 - Band 117-137 MHz

131

Radio Spectrum Inventory: A 2010 Snapshot ─ Canada _____________________________________

Figure 9.5 - Band 117-137 MHz with Airports

Figure 9.6 - Band 960-1164 MHz
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Figure 9.7 - Band 960-1164 MHz with airports
Observations:
The major aeronautical bands (108-137 and 960-1164 MHz), which are part of the ANS, are heavily
used by the aeronautical communities and, in particular by the two major air navigation system
operators: DND and NAV CANADA.
Two bands (74.8-75.2 MHz and 5000-5150 MHz) are underutilized by aeronautical services. The band
74.8-75.2 MHz represents 0.4 MHz of spectrum. The 5000-5150 MHz band was identified originally for
the deployment for Microwave Landing Systems (MLS). However, this band has, in recent years, been
the subject of close attention by other ITU radio services seeking worldwide exclusive spectrum. The
very long delay in implementing the MLS and the prospect of GNSS offering equivalent capability have
accelerated this attention and have led to new allocations to non-aeronautical radionavigation uses for
the frequencies in the band 5150-5250 MHz and the band 5091-5150 MHz. An allocation to the
AM(R)S in the band 5091-5150 MHz (MLS extension band), limited to airport surface operations, was
agreed at WRC-07. This is a shared allocation with the aeronautical radionavigation service (MLS),
fixed satellite service (FSS), aeronautical mobile telemetry (AMT) and an aeronautical security (AS)
application intended for the provision radiocommunication used in response to unlawful interruption of
aircraft operations.
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Other related aeronautical bands:
Table 9.3
Frequency
Bands
Applications
335-399.9 MHz Military applications
1300-1370 MHz Primary radars
2700-2900 MHz Airport surveillance
Radars
4200-4400 MHz Radio altimeters

5350-5460 MHz Airborne and ship
radars

Numbers of
Assignments
1555
523
4
0

2

Major Users
DND
DND, NAV CAN
DND
Radio altimeters are
installed on aircrafts
and are not
domestically licensed
DND, ship radars
Not domestically
licensed.

8750-8850 MHz Radar applications
9000-9500 MHz Radar applications

67

13.25-13.4 GHz

26

DND, Coast Guard
Canada
DND

27

DND

15.4-15.7 GHz

Airborne radar
applications
Airborne radar
applications

Observations:
The bands addressed are generally radar applications, either shipborne or airborne. As such, the data
would provide only domestic terrestrial radar frequency assignments. Radio altimeters in the band
4200-4400 MHz are used in large body aircraft, used by the airline carriers. On each aircraft, there are
up to three radio altimeters operating during a flight, particularly during take-off and landing. This is
also the case for radar applications in the bands 13.25-13.5 GHz and 15.4-15.7 GHz.
The band 335-399.9 MHz is part of the NATO band 220-400 MHz. As shown, it is heavily used by
military applications.
9.4

Trend Analysis

A trend analysis based on the numbers of assignment would not be representative of the aeronautical
services’ spectrum usage. The various systems and applications take years in development and have to
meet a very demanding regulatory environment. Once the systems are deployed either at airports or
included in the avionics of aircrafts, their lifespan can be several decades.
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9.5

Conclusion

Based on an analysis of the Department’s current database, the status of the aeronautical services both
domestically and internationally, an evaluation of the major users and the international activities of ITU
and ICAO, the following conclusions on the use of the spectrum by aeronautical services can be drawn:
 Aeronautical allocations are international in nature. The majority of the aeronautical bands are

part of, either directly or indirectly, the national air navigational and air traffic management systems.
The technical and regulatory requirements are developed in international fora.
 Canada is bound by a treaty to designate certain radio frequencies, within the spectrum, for use by

aeronautical services and, to the greatest extent possible, keep those frequencies free from harmful
interference.
 Multiple bands are used simultaneously during a flight. As such, consideration of aeronautical

bands must be taken as a whole, not on a per band basis.
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Chapter 10 - Maritime Mobile Service
10.1

Background

10.1.1

Definitions

The Maritime Mobile Service is an internationally-allocated radio service providing for safety of life
and property at sea and on inland waterways. It includes the MMS, the Maritime Mobile-Satellite
Service, the Port Operations Service, the Ship Movement Service, the Maritime Fixed Service, and the
Maritime Radiodetermination Service. These services classify the different types of marine radio
communications, but they are less important for regulatory purposes than the two classifications of
marine radio stations which are Maritime stations on land (Coast Station) and Maritime station on board
ships or vessels (Ship Station);
Coast Station is defined as a fixed station that operates in the maritime service;
Ship Station is defined as a mobile station, including a hand-held radio that is installed or operates on
board a ship or vessel.
10.1.2

Broad description of type of service/applications

Together, shipboard and land stations in the maritime services are meant to serve the needs of the entire
maritime community. In Canada, Industry Canada regulates spectrum allocation, while Transport
Canada, with the help of the Canadian Coast Guard, regulates operational requirements. As there are
different types of vessels and different areas in which some may travel, (i.e. international waters or
within the Canadian territory), different regulations are involved. These regulations make a distinction
between compulsory fitted ships and non-compulsory fitted ships.
The MMS has evolved considerably from the earliest practical uses of radio back in 1900 when wireless
radio devices installed on board vessels enabled them to receive storm warnings transmitted from
stations on shore. Today however, with much more sophisticated systems, the same principles apply and
both coastal and mobile stations are used to aid marine navigation, commerce and personal businesses,
but such uses are secondary to safety, which is not only a national priority, but an international one as
well.
10.2

Current Allocations and Utilization

10.2.1

List of Allocated Frequency Bands

The current frequency allocations and utilization is based on the ITU’s international Radio Regulations.
Maritime radiocommunications are carried out not only within Canada, but within international waters
and near foreign ports. However, Canada is a sovereign country and, as such, and by generally following
ITU-R Regulations, we have our domestic rules and regulations within our boundaries.
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Table 10.1: List of Allocated Frequency Bands
Frequency Band (MHz)
.415-.525
2.000-2.495
2.505-2.850
4.000-4.438
5.73-5.90
6.200-6.525
8.100-8.815
12.230-13.200
16.36-17.41
18.78-18.90
19.68-19.80
22.000-22.855
25.07-25.21
26.100-26.175
216-220
2850-3100
5470-5650
8850-9000
9200-9500
Annex 6 contains tables detailing maritime frequency allocations and the way that these frequencies are
used in Canada.
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Maritime use from 52 MHz to 38 GHz (for additional information, refer to Annex 1):
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10.2.2

Type of Licence

Radio licences are issued for maritime coastal stations and vessels. However, due to the provision in
section 15.2 of the Radiocommunication Regulations, radio apparatus on board a ship or vessel are
exempt from licensing if certain criteria are met. This commenced in 1999 and as such, many owners of
pleasure crafts ceased requesting licenses for their vessel. Because of this, attempting to quantify the
number of frequency assignments on board vessels operating in Canada is not possible.
10.2.3

Comparison with the United States

With negotiations and international agreement under the ITU, the U.S. maritime mobile bands align with
the Canadian maritime mobile bands.
10.3

Spectrum Inventory and Analysis

10.3.1

Major Users

Major users of the maritime mobile service are the Government of Canada, commercial vessels from
Canada and from different parts of the world, as well as Canadian pleasure crafts.
10.3.2

Number of assignments and geographic information

Assignments are related to a form of authority such as a licence. As there are many vessels in Canada
that do not hold a radio licence, it is difficult to assess the number of these vessels. However, based on
the licensing database, the numbers of assignments are provided in the tables below for both coastal
stations and vessels.
Table 10.2: Vessels in Canada with Radio Licences

Passenger
Cargo
Tug
Fishing
Pleasure
Barges (not self propelled)
Barges (self propelled)
Miscellaneous
Government
Total

NonCompulsory Compulsory
fitted vessels fitted vessels Total
112
41
153
67
12
79
107
51
158
177
301
478
29
2,436
2,465
9
8
17
7
10
17
63
87
150
92
218
310
3,827
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Table 10.3: Coastal Stations in Canada with Radio Licences
Maritime Coastal Stations
Quantity
Pacific Pilotage Authority Canada
2
Administration Portuaire Montréal
1
Public Works and Government Services Canada
1
The St. Lawrence Seaway Management
26
The Toronto Port Authority
2
Hamilton Port Authority
1
Nanaimo Port Authority
1
Thunder Bay Port Authority
1
Vancouver Fraser Port authority
1
Windsor Port Authority
1
Fisheries and Oceans Canada
164
Thunder Bay Terminals Limited
1
Canadian National Railway VN109925
1
Surrey Sailing Club
1
Cafferata Enterprises Ltd.
1
Emergency Measures Organization
6
Peter Semotiuk
1
Minor Bay Camps Inc.
1
Wollaston Lake Lodge Ltd.
1
Edmonton Yacht Club
1
Exxonmobil Canada Properties
5
Public Works and Government Services Canada
1
Encana Corporate
1
Sterling Marine Fuels
1
National Defence Headquarters
1
Total
224
10.3.3

Spectrum usage maps

The map of Canada below depicts the geographical locations of coastal stations that are authorized for
maritime communications. Vessels, on the other hand, are not represented because there are no specific
locations in which we assign or authorize the use of maritime mobile radios other than on water within
Canada.
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Figure 10.1 - Authorized Coastal Stations in the Maritime Mobile Service
10.4

Trends

Due to the limited information on licences and assignments in Canada, spectrum trends based on the
numbers of assignments are not representative to this type of service. The maritime community, with the
involvement of several international organizations, has been implementing new digital technologies.
However, the changes are slow as this is a worldwide endeavour.
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Chapter 11 - Radiodetermination (terrestrial) Service
11.1

Background

11.1.1

Definition of Service

Radiodetermination systems use the propagation properties of radio waves to determine the position,
velocity or other characteristics of an object, or to obtain information relating to these parameters. The
radiodetermination service includes the radionavigation service and the radiolocation service.
Radionavigation is used for the purposes of navigation, including obstruction warning and/or to
determine one’s position. Radiolocation is used for purposes other than navigation. This may include
monitoring environmental conditions (lightning, storms, precipitation and wind), locating, identifying,
and characterizing objects in the water or air.
11.1.2

Broad Description of Type of Service/Applications

Radionavigation and radiolocation systems are often referred to as radar devices. Radar is an acronym
that stands for radio detection and ranging. A radar device uses radio waves to identify characteristics of
objects such as range, altitude, direction or speed. The radio wave emitted from the radar device hits the
object being detected and scatters in many directions. The portion of the signal that returns to the radar
device can be analyzed to determine the characteristics of the object under interest.
The use of radiodetermination systems for military purposes gained popularity during the Second World
War to locate air, ground and sea targets. Today, the civilian world uses radiodetermination systems to
monitor aircraft, vessels, vehicles and various components of weather, such as precipitation, wind
direction and speed. Newer applications include automobile radar for driving in reverse, ground
penetration radar for geological purposes, building penetrating radar for public safety, as well as speed
radar for determining the speed of automobiles and trains.
Radiodetermination systems typically use high power pulsed signals and operate 24 hours a day, 7 days
a week. The use of pulsed signals allow radionavigation and radiolocation systems to share spectrum
easily so they are often allocated within the same frequency range. The high power pulsed nature of the
emissions result in difficult sharing scenarios with services such as fixed and mobile.
The radionavigation service most often operates in frequency bands with a primary allocation and has
special recognition in the ITU’s international Radio Regulations under Article 4.10:
4.10 Member States recognize that the safety aspects of radionavigation and other safety
services require special measures to ensure their freedom from harmful interference; it is
necessary therefore to take this factor into account in the assignment and use of frequencies.
Radiolocation radars perform a variety of functions, such as:
- tracking space launch vehicles and aeronautical vehicles undergoing developmental and operational
testing;
- sea and air surveillance;
- environmental measurements (e.g. study of ocean water cycles and weather phenomena such as
hurricanes);
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- Earth imaging; and
- national defence and multinational peacekeeping.
11.2

Current Allocations and Utilization

11.2.1

List of Allocated Bands

Radionavigation

2900-3100 MHz
5460-5470 MHz
9300-9800 MHz
15700-16200 MHz
24250-24650 MHz
31800-33400 MHz

Radiolocation

430-450 MHz
902-928 MHz
1215-1390 MHz
2300-2500 MHz
2900-3500 MHz
5250-5850 MHz
8500-10550 MHz
13400-14000 MHz
15700-17300 MHz
24050-24250 MHz
33400-36000 MHz

11.2.2

Type of Licence (spectrum vs. frequency)

Radionavigation and radiolocation systems are licensed by frequency. Military radar systems often
operate in frequency hopping mode and have many frequencies assigned to one station. Operation in
frequency hopping mode prevents the radar signals from being intercepted and/or disrupted.
11.2.3

Comparison with the United States

In general, radionavigation and radiolocation services are allocated globally through the ITU’s
international Radio Regulations. As a result, Canada and the United States have very similar allocations
for radionavigation and radiolocation services. There are slight differences between the countries in
terms of the status of allocations. For example, in the United States, the band 9000-9200 MHz is
allocated to the radiolocation service on a secondary basis, whereas in Canada, it is allocated on a
primary basis.
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Radiodetermination use from 52 MHz to 38 GHz (for additional information, refer to Annex 1):
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11.3

Spectrum Inventory and Analysis

11.3.1

Major Users

430-450 MHz

Radiolocation service
Used by surveyors for Differential Global Positioning Service (DGPS)

The band 430-450 MHz is currently underutilized by the radiolocation service. In rural areas, it is used
for surveying activities to provide more accurate positioning information. This application uses low
power, land mobile equipment to augment Global Positioning Service (GPS) data for more accurate
location information. Wind shear radar/wind profiler applications are commonly used in this band, but
not currently in Canada. This frequency band provides unique characteristics that are ideal for very long
range detection, identification and tracking of objects. In some countries, space object tracking and
cataloguing are accomplished in this frequency band using very high power transmitters and high
antenna gains.
902-928 MHz

Radiolocation service
Limited to Government of Canada

Radiolocation applications in this band are limited to shipborne radar along the coastline of Canada,
including Hudson Bay, James Bay and up the St. Lawrence River as far as Rimouski, Quebec.
Shipboard sea and air surveillance radars are used for ship protection and operate continuously while the
ship is under way, as well as entering and leaving port areas. These surveillance radars usually employ
moderately high power transmitters and high antenna gains, which scan electronically in elevation and
mechanically a full 360 in azimuth. Operations can be such that multiple ships are operating these
radars simultaneously in a given geographical area.
1215-1390 MHz

Radiolocation service
Mostly used by government departments

Most radiolocation systems in this band are part of the North Warning System along the north and east
coasts of Canada, which include a chain of short- and long-range radar stations (Figure 1). The North
Warning System provides strategic aerospace surveillance to ensure that Canadian sovereignty is upheld
and support Canada’s role in NORAD. The cost of the system is shared between Canada and the
United States. The radiolocation systems operating in this band are primarily used for detection of
airborne objects. They are required to measure target altitude, as well as range and bearing. These radars
must have a great sensitivity and must provide a high degree of suppression for all forms of clutter
return, including that from sea, land and precipitation. NAV CANADA also operates some aeronautical
radionavigation systems in the sub-band 1300-1350 MHz.
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Figure 1 - Map showing geographic concentration of radiolocation stations along the north and
east coasts of Canada operated by the North Warning System in the band 1215-1390 MHz and
aeronautical radionavigation stations
2900-3100 MHz

Radionavigation and radiolocation service
Mostly used by government departments

This band has limited terrestrial use in Canada, but is used on aircraft and ships. It is primarily used by
radiolocation services with 84% of assignments and radionavigation services using 16% of assignments.
This band is also used for commercial shipborne radars, which are not licensed in Canada.
Internationally, this band is used for an integrated weather network spanning the entire United States,
Guam, Puerto Rico, Japan, South Korea, China and Portugal.
3100-3500 MHz

Radiolocation service

In Canada, there is very limited use of this band by terrestrial radiolocation applications. It is a popular
band for air defence radar applications on aircraft.
5250-5850 MHz

Radiolocation service
Mostly used by government departments

Environment Canada operates its network of weather radars in the sub-band 5600-5650 MHz. These
meteorological radars are used for detection of severe weather elements, such as tornadoes, hurricanes
and violent thunderstorms, as well as wind shear and turbulence. Quantitative measurements are used in
real time as a critical and unique data source for hydrological, meteorological and environmental
forecasting. Through numerical data assimilation, modelling and forecasting of weather, flooding and
pollution, particularly on the occasions of damaging events, the data are used to increase the accuracy
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and timeliness of forecasts and warnings. These applications can be critical to safety and protection of
the general public for both life and property.

Figure 2 - Map of radar sites in the band 5250-5850 MHz. Most radars in this band belong to
Environment Canada’s meteorological radar network.
8500-10550 MHz

Radiolocation and radionavigation service
Mostly used by government departments

The band 9300-9800 MHz is the workhorse band for terrestrial radionavigation. It is a commonly used
band by Canadian Coast Guard and Fisheries and Oceans Canada for monitoring vessel traffic, and
NAV CANADA as part of its air traffic control operations. It is also used by commercial shipborne
radar on ships ranging from pleasure craft to large carrier vessels. Across Canada, the band
10500-10550 MHz is heavily used by law enforcement, railways and transit authorities for speed
detection. Low-power applications include ground penetrating radar for geophysical surveys and
mapping operations.
15700-17300 MHz

Radiolocation service

This band is currently used by low-power transportable radiolocation systems. These systems are
typically ground penetrating radar or building penetrating radar used for mapping and public safety. This
band is also used for airport surface detection equipment under the radionavigation service in the band
15700-16200 MHz.

147

Radio Spectrum Inventory: A 2010 Snapshot ─ Canada _____________________________________

33400-36000 MHz

Radiolocation service

Due to the short range of radar devices as the frequency band increases, this band is being increasingly
used by radiolocation devices to detect the speed of traffic and trains. These devices are also used for
sporting events, such as car racing, and to measure the speed of baseball pitches. Bands not used
currently in Canada by radiodetermination services:
890-902 MHz
928-942 MHz
2300-2500 MHz
3100-3500 MHz
5460-5470 MHz
24250-24650 MHz
31800-33400 MHz
11.3.2

Radiolocation
Radiolocation
Radiolocation
Radiolocation
Radionavigation
Radionavigation
Radionavigation

Number of assignments and geographic information

Service
Radiolocation
Radiolocation
Radiolocation and
radionavigation
Radiolocation

Band (MHz)
430-450
902-928
1215-1390

Radionavigation
Radionavigation

2900-3100
5250-5850

Radiolocation
Radionavigation

8500-10550
9300-9800

Across Canada

Radiolocation

13400-14000

Limited use in Canada

Radiolocation
Radionavigation
Radiolocation

15700-17300
15700-16200
33400-36000

Across Canada

2700-2900

Location
Mostly rural
Limited to coastline
East/west coast
Northern Canada
Airborne commercial
and military
Across Canada
Across Canada

Across Canada
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Number of Assignments
>4000
0 (ships not licensed)
99 radionavigation
1,430 radiolocation
9 assignments
128
35 Environment Canada
weather radar,
9 other
Heavily used and some
growth
> 500 radiolocation
1 weather radar
> 1,000 aircraft
> 400 aircraft station
1 radiolocation
21 aircraft
400 low power
60
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11.4

Trend Charts
Trends 1998-2010
3000

2500

# assignments

2000

1500

1000

500

0
1998
1215-1400 MHz

2000
2900-3100 MHz

2002
8500-10000 MHz

2004
10000-10450 MHz
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2008

15700-17300 MHz

2010
33400-36000 MHz

Chart 1 – Trends by frequency bands from 1998 to 2010
In general, the number of assignments in the radionavigation and radiolocation services has been
relatively stable over the past 12 years. However, as these systems become more sensitive and
sophisticated, they require more bandwidth. This may not result in more assignments, but will result in
more spectrum use by the same number of licensees.
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Chapter 12 - Licence-Exempt Devices
12.1

Background

Consumers and businesses prefer the convenience and low cost of licence-exempt radio devices and this
represents a significant benefit to Canadians. In accordance with the Radiocommunications Act and the
Radiocommunication Regulations, users of licence-exempt radio devices are exempted only from the
requirement to obtain a radio licence. However, these radio devices must still comply with all other
relevant regulatory requirements. Unlike licensed radio systems that are afforded some protection by
obtaining a licence, licence-exempt radio devices must operate on a strict no-interference, no-protection
basis in relation to other radio systems. Accordingly, licence-exempt radio devices are not permitted to
cause interference to licensed radio systems and users are not permitted to claim protection from
potential interference.
12.1.1

Definition of Application

Licence-exempt devices can be classified into two broad terms: industrial, scientific, and medical (ISM)
devices; and consumer devices.
As per the ITU definition, ISM applications include the operation of equipment or appliances designed
to generate and use locally radio frequency energy for industrial, scientific, medical, domestic or
similar purposes, excluding applications in the field of telecommunications.
Within the same licence-exempt status, consumer devices use radio frequency energy in radio equipment
intended for everyday use. The main difference between ISM devices and consumer devices is the user.
ISM devices are used within the industrial, scientific and medical community, whereas consumer
devices are used by the general public in a residential environment.
12.1.2

Broad Description of Type of Service/Applications

ISM applications are listed in accordance with the recommendation ITU-R SM.1056 (see also data in
Annex 12.1) as follows:
Induction Heating Equipment (Below 1 MHz)













Domestic induction cookers
Metal melting
Billet heating
Tube welding
Soldering and brazing
Component heating
Spot welding
Selective surface heat treating of metal parts
Semiconductor crystal growing and refining
Seam bonding of auto body surfaces
Package sealing
Heating strip steel for galvanizing, annealing and paint drying
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RF Dielectric Heating Equipment (1-100 MHz)














Veneer and lumber drying
Textile drying
Fibreglass drying
Paper and paper coating drying
Plastic preheating
Plastic welding and moulding
Food post-baking and drying
Meat and fish thawing
Foundry core drying
Glue drying
Film drying
Adhesive curing
Material preheating

Medical Equipment





Short-wave and microwave diathermy and hyperthermia equipment
Electrical surgical units (ESU)
Magnetic resonance imaging (MRI)
Ultrasonic diagnostic imaging

Microwave Equipment (above 900 MHz)






Domestic and commercial microwave ovens
Food tempering, thawing and cooking
UV paint and coating curing
Rubber vulcanization
Pharmaceutical processing

Miscellaneous Equipment
 RF excited arc welders
 Spark erosion equipment

Laboratory and Scientific Equipment










Signal generators
Measuring receivers
Frequency counters
Flow meters
Spectrum analyzers
Weighing machines
Chemical analysis machines
Electronic microscopes
Switched mode power supplies (not incorporated in an equipment)
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Some examples of consumer devices include:
Remote Control





Garage door openers
Household electric appliances – ceiling fans, fireplaces
Alarm systems
Model aircraft

Communication and Entertainment Devices







Bluetooth
Local area network devices (WiFi)
Cordless telephones
Auditory assistance
Wireless microphones
Family radio service and general mobile radio service (walkie-talkies)

Sensors
 Field disturbance sensors (motion detectors)
 Vehicle mounted radar systems

12.2

Current Allocations and Utilization

12.2.1

List of allocated bands

The following radiofrequency bands are allocated for ISM applications in the Canadian Table of
Frequency Allocations:
Canadian Table of Frequency Allocations 9 kHz to 275 GHz
(December 2009 Edition)
Frequency Bands
(MHz; 106 Hz)
6.765-6.795
13.553-13.567
26.957-27.283
40.66-40.70
433.05-434.79
902-928
2 400-2 500
5 725-5 875
24 000-24 250
61 000-61 500
122 000-123 000
244 000-246 000
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Consumer devices operate in various frequency bands and must follow emission standards based on the
frequency band of operation. There are some restricted frequency bands which are primarily designated
for safety-of-life services, some satellite downlinks, radio astronomy and government uses.
12.2.2

Band Plans (pairing) where applicable

Band plans are not applicable to consumer or ISM devices.
12.2.3

Type of Licence (spectrum vs. frequency)

Consumer devices and ISM applications are operated as licence-exempt devices in Canada. However,
they are certified to applicable radio standard specifications (RSS).
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Licence-Exempt use from 52 MHz to 38 GHz (for additional information, refer to Annex 1):
Note: Licence-exempt consumer radio apparatus has secondary allocated spectrum in the majority of Frequency Bands.
The chart below shows the ISM bands and the 5 GHz LE-LAN bands.
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12.2.4

Comparison with the United States

In the United States, the FCC outlines ISM radiofrequency bands, field strength and conduction limits
under the Code of Federal Regulations Title (CFR) 47, parts 2 and 18. Part 15 of the Code of Federal
Regulations Title (CFR) contains information on radiofrequency devices, including consumer devices.
The following table outlines ISM radiofrequency bands for the ITU, Industry Canada and the FCC, for
comparison purposes.
Comparison between ITU-R, Industry Canada and the FCC (United States)
ISM Radiofrequency Bands (MHz, 106 Hz)
ITU-R (SM.1056)
Industry Canada, (CTFA)
FCC, (CFR 47 Part 18)
6.765-6.795
6.765-6.795
13.553-13.567
13.553-13.567
26.957-27.283
26.957-27.283
40.66-40.70
40.66-40.70
433.05-434.79
433.05-434.79
902-928
902-928
2 400-2 500
2 400-2 500
5 725-5 825
5 725-5 875
24 000-24 250
24 000-24 250
61 000-61 500
61 000-61 500
122 000-123 000
122 000-123 000
244 000-246 000
244 000-246 000
N/A – Not Available (Not designated for ISM)
12.3

Spectrum Inventory and Analysis

12.3.1

Major Users

6.765-6.795
13.553-13 567
26.957-27.283
40.66-40.70
N/A
902-928
2 400-2 500
5 725-5 875
24 000-24 250
61 000-61 500
122 000-123 000
244 000-246 000

As mentioned previously, licence-exempt ISM devices are operated by the industrial, scientific and
medical community. Consumer devices are used by the general public in a residential environment.
12.3.2

Number of Assignments and Geographic Information

The number of consumer devices used in Canada can only be estimated based on the number of models
certified in Canada and assumptions on the typical household use of these devices. Assuming that a
typical household in Canada could have up to twenty (20) consumer devices, and based on the 2006
census data of 12,437,470 households in Canada, that would indicate that there could be up to 250
million consumer devices in Canada.
12.3.3

Spectrum Usage

Licence-exempt devices are everywhere in Canada.
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12.4

Trend Charts

Use of licence-exempt devices has increased significantly in the last 10 years and is expected to continue
increasing. In the past six years, more than 60,000 models of consumer devices have been made
available, with approximately 60% in Wi-Fi bands.
The following graphs show the number of models and the year that the models were available in Canada
for ISM and/or consumer device applications.

Number of Models
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Figure 12.1 - ISM Models in Frequency Band 902-928 MHz
.
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Figure 12.2 - ISM Models in Frequency Band 2400-2500 MHz
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Figure 12.3 - ISM Models in Frequency Band 5725-5875 MHz
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Figure 12.4 - Total ISM Models for all Frequency Bands
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Figure 12.5 - Consumer Devices 2400-2483.5 MHz
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Figure 12.6 - Consumer Devices – Medical Telemetry 174-216 MHz
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Figure 12.7 - Consumer Devices – Medical Telemetry 608-614 MHz
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Figure 12.8 - Consumer Devices – Family Radio Service (FRS) and General Mobile Radio Service
(GMRS) 462-467 MHz
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Figure 12.9 - Consumer Devices – Field Disturbance Sensors 5785-5815 MHz
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Figure 12.10 - Consumer Devices – Local Area Networks 5150-5350 MHz

7000

6433

Number of Models

6000
5000
4000
3000
2000

1476

1268

1000

975

1007

949

2007

2008

2009

691

67
0
2004

2005

2006

2010
(prior to
Sept. 3,
2010)

Total
(2004 2010)

Year of Availability in Canada

Figure 12.11 - Consumer Devices – Local Area Networks 5470-5825 MHz
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Figure 12.12 - Unlicensed Fixed Point-to-Point 24.05-24.25 GHz
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Figure 12.13 - Consumer Devices – Digital Enhanced Cordless Telecommunication Phones
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Figure 12.14 - Consumer Devices – Ultra-Wideband Devices (UWB)
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Figure 12.15 - Consumer Devices – Medical Devices
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Table of ISM Equipment

Frequency
(MHz)
Below 0.15

0.15-1
1-10

10-100

100-1000

Above

ITU-R SM.1056
ISM Equipment in Current Use
Major Applications
Industrial induction heating (welding and melting of
metals)
Ultrasonic cleaning (15-30 kHz)
Medical applications (ultrasonic diagnostic imaging)
Induction heating (heat treating, package sealing,
welding and melting of metals)
Ultrasonic medical diagnostics
Surgical diathermy (1-10 MHz dampened wave
oscillator)
Wood gluing and wood curing (3.2 and 6.5 MHz)
Valve induction generators production of
semi-conductor material
RF arc stabilized welding (1-10 MHz dampened
wave oscillator)
Dielectric heating (the majority operate on
frequencies in the ISM bands at 13.56, 27.12 and
40.68 MHz, but many also operate on frequencies
outside the ISM bands)
- ceramics
- foundry core drying
- textile drying
- business products (books, paper, gluing and
drying)
- food (post-baking, meat and fish thawing)
- solvent drying
- wood drying and gluing (veneer and lumber
drying)
- general dielectric drying
- plastic heating (die sealing and plastic embossing)
Medical applications
- medical diathermy (27 MHz)
- magnetic resonance imaging (10-100 MHz in
large shielded rooms)
Food processing (915 MHz)
Medical applications (433 MHz)
RF plasma generators
Rubber vulcanization (915 MHz)
RF plasma generators
Domestic microwave ovens (2450 MHz)
Commercial microwave ovens (2450 MHz)
Rubber vulcanization (2450 MHz)
RF excited ultraviolet curing
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Estimated
No. in use
> 100,000
> 100,000
> 10,000
> 100,000
> 100,000
> 100,000
> 1,000
> 10,000

< 1,000
< 1,000
> 1,000
> 1,000
< 1,000
> 10,000
> 100,000
> 10,000

> 1,000
< 1,000
< 1,000
>200 million
< 1,000
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Annex 1 - Canadian Table of Frequency Allocations and Frequency Use by
Service/Application
The following annex provides diagrams of the amount of spectrum used for each service/application in
this report. Sections A 1.1-1.12 contain part the Canadian Table of Frequency Allocations from 52 MHz
- 38 GHz, with white boxes depicting spectrum in use and grey boxes indicating spectrum that will come
into use in the future (or is currently under consultation) for the specific service or application. Note that
these boxes represent ‘primary’ but not necessarily ‘exclusive’ use, unless otherwise indicated. This
annex is only meant to provide a visual representation of the amount of spectrum. For exact bands, refer
to the appropriate sections of the main report.
Entire Canadian Table of Frequency Allocations
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A 1.1 – Commercial Mobile Services from 52 MHz to 38 GHz
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A 1.2 – Fixed Services from 52 MHz to 38 GHz
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A 1.3 – Land Mobile Services from 52 MHz to 38 GHz
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A 1.4 – Amateur Services from 52 MHz to 38 GHz
Note: There are a number of secondary allocations for the amateur service, illustrated by an ‘S’ in the box.
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A 1.5 – Public Safety Mobile Services from 52 MHz to 38 GHz
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A 1.6 – Broadcast Services from 52 MHz to 38 GHz
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A 1.7 – Satellite Services from 52 MHz to 38 GHz
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A 1.8 – Space Science Services from 52 MHz to 38 GHz
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A 1.9 – Aeronautical Services from 52 MHz to 38 GHz
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A 1.10 – Maritime Services from 52 MHz to 38 GHz
Note: Most maritime use is below 52 MHz. Refer to Chapter 10 for additional details.
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A 1.11 – Radiodetermination Services from 52 MHz to 38 GHz
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A 1.12 – Licence-Exempt Devices from 52 MHz to 38 GHz
Note: Licence-exempt consumer radio apparatus has secondary allocated spectrum in the majority of Frequency Bands.
The chart below shows the ISM bands and the 5 GHz LE-LAN bands.
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Annex 2 - Coverage Maps for Frequency Bands in the Range 108-940 MHz
The following annex provides a coverage maps for frequency bands in the range of 108-940 MHz.

Figure A2.1

Figure A2.2
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Figure A2.3

Figure A2.4
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Figure A2.5

Figure A2.6
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Figure A2.7

Figure A2.8
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Figure A2.9

Figure A2.10
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Figure A2.11

Figure A2.12

183

Radio Spectrum Inventory: A 2010 Snapshot ─ Canada _____________________________________

Figure A2.13

Figure A2.14
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Figure A2.15
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Annex 3 – Examples of Commercial Network Deployments
Rogers sites using GSM technology in the Cellular band

Rogers sites using GSM technology in the Cellular band (Greater Toronto Area)
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Rogers sites using HSPA technology in the Cellular band

Rogers sites using HSPA technology in the Cellular band (Greater Toronto Area)
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Rogers sites using GSM technology in the PCS band

Rogers sites using GSM technology in the PCS band (Greater Toronto Area)
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Rogers sites using HSPA technology in the PCS band

Rogers sites using HSPA technology in the PCS band (Greater Toronto Area)
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Bell sites using CDMA technology in the Cellular band

Bell sites using HSPA technology in the Cellular band
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Bell sites using HSPA technology in the Cellular band (Greater Toronto Area)

Bell sites using CDMA technology in the PCS band
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Bell sites using CDMA technology in the PCS band (Greater Toronto Area)

Bell sites using HSPA technology in the PCS band
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Bell sites using HSPA technology in the PCS band (Greater Toronto Area)

Mobilicity and Globalive sites using HSPA technology in the AWS band
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Mobilicity and Globalive sites using HSPA technology in the AWS band (Greater Toronto Area)
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Annex 4 - Tier Sizes
Tier 1 (1 National Licence)

Tier 2 (14 Large Areas)

Tier 3 (59 Regional Areas)

Tier 4 (172 Localized Areas)
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Annex 5 - FCC Licensing Areas (United States)
Regional PCS Areas (RPC)

Major Trading Areas (MTA)

Basic Trading Areas (BTA)

Cellular Market Areas (CMA)
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Economic Area Groupings (EAG) in the United States

Regional Economic Areas (REA) in the United States

Major Economic Areas (MEA) in the United States

Economic Areas (BEA) in the United States
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Annex 6 - Major Service Provider Spectrum Holdings
Maps of Canadian Licence Holdings for Major Service Providers
Rogers has licences covering the entire nation in the Cellular, PCS and AWS bands.
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Bell has licences in the respective bands as shown.

Cellular

PCS

AWS
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TELUS has licences in the respective bands as shown.

Cellular

PCS

AWS
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Annex 7 - Current and Planned Use of Canadian Radio Spectrum for the Space Science Services
(RA: Radio Astronomy; CSA: Canadian Space Agency; EC: Environment Canada)

CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(kHz)
Frequency
25 550-25 670

Services
RADIO ASTRONOMY
5.149

Current & Planned Use
RA: Continuum observations
USE AT DRAO (Radio Astronomy and
Riometry).

Additional Comments
See Note RA.0
The DRAO site is intended to be one of the
primary passive sensing sites in the
Canadian Geospace Monitoring Program
(CGSMP). However, the only band
allocation relevant to this program is
probably this one.

5.149 ~RA in 25 550-25 670 kHz
There is a proposal to build a radio
telescope on this site that would use this
band. However at this point it is a proposal
and not yet funded.

CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency
37.5-38.25

Services
MOBILE
Fixed
Radio Astronomy

Current & Planned Use
Riometry and radio astronomy.

Additional comments
See Note RA.0
5.149 ~ RA in 37.5-38.25 MHz

5.149

This band is now used for riometry and
there is a proposal to build a radio
telescope at DRAO using this frequency,
but at the moment it has no committed
funding.
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency

Services

Current & Planned Use

40.98-41.015

MOBILE
Fixed
Space Research

EC: EC supporting the development of the
O-QNet of wind profilers in 40-55 MHz

73-74.6

RADIO ASTRONOMY

RA: Continuum observations

156.8375-174

MOBILE
Fixed

EC: the Weather Radio in Canada and in the
US generally broadcast between 162.400
and 162.550 MHz
RA: Continuum Observations

5.226 5.227A
400.15-401

METEOROLOGICAL AIDS
METEOROLOGICAL-SATELLITE (s-E)
MOBILE-SATELLITE (s-E) 5.208A
5.208B 5.209
SPACE RESEARCH (s-E) 5.263
Space Operation (s-E)

EC: GOES and POES data collection
platform downlinks (current)
CSA: 400.032 MHz identified for

Cassiope

5.264

401-402

EESS (E-s)
METEOROLOGICAL AIDS
METEOROLOGICAL-SATELLITE (E-s)
SPACE OPERATION (s-E)
Fixed
Mobile except aeronautical mobile

EC: GOES and POES data collection
platform uplinks (current)

402-403

EESS (E-s)
METEOROLOGICAL AIDS
METEOROLOGICAL-SATELLITE (E-s)
Fixed
Mobile except aeronautical mobile

EC: GOES and POES data collection
platform uplinks (current)
EC: MSC and global radiosonde networks
(current). Center frequency is 403 MHz but
we do spill off 401 to 405.
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Additional comments

There is a proposal to build a radio
telescope at DRAO using this frequency,
but at the moment it has no committed
funding.
There is a proposal to build a radio
telescope at DRAO using this frequency,
but at the moment it has no committed
funding.
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency

Services

Current & Planned Use

403-406

METEOROLOGICAL AIDS
Fixed
Mobile except aeronautical mobile

EC: MSC and global radiosonde networks
(current). Center frequency is 403 MHz but
we do spill off 401 to 405.

406.1-410

MOBILE except aeronautical mobile
RADIO ASTRONOMY
Fixed

RA: Continuum Observation

Additional comments

See Notes RA.1 and RA.2
5.148 ~ RA in 406.1 - 410
This will continue to be one of the principal
bands used at DRAO.

5.149
There is a continuing interest in this band
for observations at the Algonquin Radio
Observatory.
460-470

MOBILE 5.286AA 5.287 C23
Fixed

CSA: One channel in use in Ottawa area

by David Florida Laboratory (DFL)

5.289
608-614

RADIO ASTRONOMY
Mobile-Satellite except aeronautical
mobile-satellite (E-s)

RA: Planned for use at DRAO – Continuum
Observation

902-928

FIXED
RADIOLOCATION C5A
Amateur
Mobile except aeronautical mobile

EC: wind profilers around 915 MHz (Egbert,
ON; Squamish, BC; Lunenberg, NS)

5.150
1164-1215

AERONAUTICAL RADIONAVIGATION
5.328
RADIONAVIGATION-SATELLITE (s-E)
(s-s)
5.328B

EC: SMAP Soil Moisture Active (1.41 GHz)
and Passive (1.2 GHz) mission to replace
HYDROS and provide global mapping of soil
moisture and its freeze-thaw state. (planned,
2015)
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency

1 215-1 240

Services

Additional comments

5.328A

EC: L-band scatterometer on SACD/Aquarius with L-band radiometer (1.4 GHz)
to provide roughness correction to brightness
temperature (planned for May 2010)
EC: many of EC applications rely on GNSS
ground-based networks, e.g. time stamp of
lightning from CLDN, water level
measurements using differential GPS, GNSS
Zenith Total Delays to be assimilated in
future
EC: GNSS Radio Occultation (refractivity
profiles) from the GRACE, COSMIC, and
METOP GRAS are assimilated. Observations
from other satellites (TERRASAR,
TANDEM-X, OCEANSAT, SAC-D, and
others) will be assimilated if they become
available in near-real time

EESS (active)
RADIOLOCATION
RADIONAVIGATION-SATELLITE (s-E)
(s-s) 5.328B 5.329 5.329A
SPACE RESEARCH (active)

EC: many of EC applications rely on GNSS
ground-based networks, e.g. time stamp of
lightning from CLDN, water level
measurements using differential GPS, GNSS
Zenith Total Delays to be assimilated in
future
EC: GNSS Radio Occultation (refractivity
profiles) from the GRACE, COSMIC, and
METOP GRAS are assimilated. Observations
from other satellites (TERRASAR,
TANDEM-X, OCEANSAT, SAC-D, and
others) will be assimilated if they become
available in near-real time

See Note RA.3

EC: ALOS-2 PALSAR (current)
1270 MHz with 14MHz & 28MHz chirp
bandwidth. Snow and ice measurements, soil
moisture maps from ALOS – data in research
mode for now.
EC: many of EC applications rely on GNSS
ground-based networks, e.g. time stamp of
lightning from CLDN, water level
measurements using differential GPS, GNSS
Zenith Total Delays to be assimilated in

See Note RA.3

5.332

1 240-1 300

Current & Planned Use

EESS (active)
RADIOLOCATION
RADIONAVIGATION-SATELLITE (s-E)
(s-s) 5.328B 5.329 5.329A
SPACE RESEARCH (active)
Amateur
5.282 5.331 5.332 5.335 5.335A
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency

Services

Current & Planned Use

Additional comments

future.
EC: GNSS Radio Occultation (refractivity
profiles) from the GRACE, COSMIC, and
METOP GRAS are assimilated. Observations
from other satellites (TERRASAR, TANDEMX, OCEANSAT, SAC-D, and others) will be
assimilated if they become available in nearreal time
1 300-1 350

AERONAUTICAL RADIONAVIGATION
5.337
RADIOLOCATION
RADIONAVIGATION- SATELLITE
(Earth-to-space)

5.149 ~ RA use in 1330-1400 MHz

5.149 5.337A
1 350-1 390

FIXED
MOBILE
RADIOLOCATION

5.149 ~ RA use in 1330-1400 MHz

5.149 5.334 5.338A 5.339 C5 C27
See Note RA.3
1 390-1 400

FIXED
MOBILE
5.149 5.339 C27B

1 400-1 427

EESS (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)
5.340 5.341

EC: SMAP Soil Moisture Active (1.41 GHz)
and Passive (1.2 GHz) mission to replace
HYDROS to provide global mapping of soil
moisture and its freeze-thaw state. (planned
2015)
EC: MIRAS on SMOS provides soil moisture
and ocean salinity – data not yet used by EC
(current)
EC: L-band radiometer on SAC-D/Aquarius
with L-band scatterometer (1.2 GHz) to
measure brightness temperature of ocean to
retrieve salinity
EC: NPP (planned, 2011?), then NPOESS
(planned, 2014?)
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency

Services

Current & Planned Use

Additional comments

RA: Used at DRAO – Continuum and
spectral line observations
CSA: CSA has an interest in protecting

this band for ocean salinity, soil moisture
measurement from out-of-band
emissions from NGSO feeder-links (in
support of the ESA/SMOS Project).
1 559-1 610

AERONAUTICAL RADIONAVIGATION
RADIONAVIGATION-SATELLITE (s-E)
(s-s)
5.208B 5.328B 5.329A
5.341

EC: many of EC applications rely on GNSS
ground-based networks, e.g. time stamp of
lightning from CLDN, water level
measurements using differential GPS, GNSS
Zenith Total Delays to be assimilated in
future
EC: GNSS Radio Occultation (refractivity
profiles) from the GRACE, COSMIC, and
METOP GRAS are assimilated. Observations
from other satellites (TERRASAR, TANDEMX, OCEANSAT, SAC-D, and others) will be
assimilated if they become available in nearreal time

1 610.6-1 613.8

AERONAUTICAL RADIONAVIGATION
MOBILE-SATELLITE (E-s) 5.351A
RADIO ASTRONOMY

RA: Used at DRAO – Spectral line
observations

See Notes RA.1 and RA.4

RA: Used at DRAO – Spectral line
observations

See Notes RA.1 and RA.4

RA: Used at DRAO – Spectral line
observations

See Notes RA.1 and RA.4

5.149 5.341 5.364 5.366 5.367 5.368
5.372
1 660-1 660.5

MOBILE-SATELLITE (E-s) 5.351A
RADIO ASTRONOMY
5.149 5.341 5.351 5.354 5.376A

1 660.5-1 668

RADIO ASTRONOMY
SPACE RESEARCH (passive)
Fixed
5.149 5.341 5.379A

206

Radio Spectrum Inventory: A 2010 Snapshot ─ Canada _____________________________________

CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency
1 668-1 668.4

Services

Current & Planned Use

RADIO ASTRONOMY
SPACE RESEARCH (passive)
MOBILE-SATELLITE (E-s) 5.351A
5.379B 5.379C C31
Fixed

Additional comments
See Notes RA.1 and RA.4

5.149 5.341 5.379A
1 668.4-1 670

FIXED
METEOROLOGICAL AIDS
MOBILE-SATELLITE (E-s) 5.351A
5.379B 5.379C C31
RADIO ASTRONOMY

EC: Global radiosonde network, not used by
EC. US data critical for monitoring of storm
development upstream of Canada (current)
RA: Used at DRAO – Spectral line
observations

5.149 5.341 5.379D 5.379E
1 670-1 675

FIXED
METEOROLOGICAL AIDS
METEOROLOGICAL-SATELLITE (s-E)
MOBILE (except aeronautical mobile)
MOBILE-SATELLITE (E-s) 5.351A
5.379B C31

EC: Global radiosonde network, not used by
EC. US data critical for monitoring of storm
development upstream of Canada (current)

5.341 5.379D 5.379E 5.380A
1 675-1 700

METEOROLOGICAL AIDS
METEOROLOGICAL-SATELLITE (s-E)
5.289 5.341

EC: Global radiosonde network, not used
directly by EC. US radiosonde network
providing critical data (e.g. storm
development) upstream of Canadian
populated areas (current)
EC: GOES GVAR (current)
direct satellite broadcast in the band
1685.7 MHz are spread across Canada
(Dartmouth, Montréal, Dorval (2),
Downsview, Trenton (2), Winnipeg, Stony
Plain, Vancouver (2)
EC: NOAA POES, EUMETSAT METOP and
China FY-1D, HRPT (current) direct satellite
broadcast in the band 1698-1710 MHz at
(Gander, Stony Plain, Edmonton, Resolute)
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency
1 700-1 710

Services

Current & Planned Use

Additional comments

FIXED
METEOROLOGICAL-SATELLITE (s-E)

EC: NOAA POES, EUMETSAT METOP and
China FY-1D, HRPT (current) direct satellite
broadcast in the band 1698-1710 MHz at
(Gander, Stony Plain, Edmonton, Resolute)

120 ALS assignments in total (55 Tx,
65 Rx), including 9 Metsat receive Earth
stations (Bedford, NS/Cantley PC/Sidney
BC/Prince Albert Sask). The majority of the
assignments are STL's. Operators include
CBC, CHUM, Rogers Broadcasting,
CHAM, Telemedia, Environment Canada,
Natural Resources Canada, TELUS (BC),
and Hydro Quebec.

CSA: MOST-1 (Microvariability and
Oscillations of Starts) SRS with space
astronomy mission. (TTC) 2051.5 – 2055.5
MHz Uplink / 2223-2237 MHz Downlink.
Launched in June 2003. (see 2.2 GHz band
as well) No Amateur Payload as described in
Letter of Intent

NASA's global ground network and TDRSS
operations from 2025-2110 MHz are
essential to NASA Earth exploration, space
operations, and space research activities.
This use includes earth-to-space and
space-to-space transmissions. TDRSS F1
– F7 uses 2035.95 MHz. F8 – F10 uses
2030.44 MHz specifically (TT&C
operations (i.e. it is primarily used during
L&EO, backup/emergency operations,
TDRS stored operations)

5.289 5.341

2 025-2 110

EESS (E-s) (s-s)
FIXED
SPACE OPERATION (E-s) (s-s)
SPACE RESEARCH (E-s) (s-s)
Mobile 5.391 C5
5.392

Used by CSA Satellite Networks as follows:
RADARSAT (Telecommand and Tracking)
SCISAT (Telecommand, Tracking and EESS)
MOST (Telecommand, Tracking and SRS)
Proposed Applications:
1. SSA* Nanosat Series of Satellites –
University Participation – 2005 on
(Launched in April 2008)
2. SSA - ePOP/CASSIOPE – Launch date
TBD.
3. SSA – Space Surveillance – Optical
Application – 2006/07
4. SSA – Radar Altimeter Application –
2006/07
5. SSA – Technology Demonstrator –
2008/09
6. SSA – Hyperspectral Application –
2008/09
7. SSA – Smallsat SAR – 2010
*SSA = Space Science Application
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For the use the band 2025-2110 MHz, TV
pickups are given priority in the Greater
Toronto, Montréal and Vancouver areas as
per the spectrum policy and SRSP-302.0

Radio Spectrum Inventory: A 2010 Snapshot ─ Canada _____________________________________

CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency
2 110-2 120

Services

Current & Planned Use

FIXED
MOBILE 5.388A
SPACE RESEARCH (deep space)
(E-s)

NASA uses the 2110-2120 MHz portion of
this band for Deep Space Network earthto-space command links. These activities
support or will support Pioneers 6 through
12, Voyagers 1 and 2, MAGELLAN,
GALILEO, and ULYSSES.

5.388
2 200-2 290

Additional comments

EESS (s-E) (s-s)
FIXED
SPACE OPERATION (s-E) (s-s)
SPACE RESEARCH (s-E) (s-s)
Mobile 5.391 C5

CSA: Proposing application for MOST-1
2200-2290 – Two Earth Stations (U.BC in
Vancouver & U. of Toronto). U. of Toronto: Tx
Freq: 2054.927 - 2055.415 MHz, Rx Freq:
2231.595 - 2232.125 MHz

5.392

CSA: project called SCISAT (science
satellite) will be using 2223-2237 MHz (s-E)
and 2050 – 2057 MHz (E-s)
Bell: has applied to the Regional Office to
use part of the paired spectrum (2200-2285
MHz) for special services video feeds for
Woodbine Entertainment in the GTA. This
spectrum in theory would otherwise lie fallow
in the GTA. Outside the major urban areas,
the upper 2 GHz band is available to low and
medium capacity, point-to-point FS
applications. So, it is only in the major urban
areas where the paired spectrum at
2200-2285 MHz might be available for UBS.
This would not satisfy their stated needs.
Used by CSA Satellite Networks as follows:
RADARSAT (Telecommand and Tracking)
SCISAT (Telecommand, Tracking and EESS)
MOST (Telecommand, Tracking and SRS)
Proposed Applications:
1. SSA* Nanosat Series of Satellites –
University Participation – 2005 on
(Launched in April 2008)
2. SSA - ePOP/CASSIOPE – Launch date
TBD.
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 Agreement with the US (NTIA) on the
band 2200-2290 MHz
(Arrangement D).
 2290-2300 MHz (Government band) is
used by NASA for deep space
downlinks. Currently there is no
agreement with the US in this band
 2290-2300 MHz is currently used by
Roger Wireless for fixed point-to-point.
It is part of the old super 2 GHz band
plan (revised by IC in 1995) covering
2290-2360 / 2520-2590 MHz
 General use of the band
2200-2285 MHz by P-MPT,
particularly for ubiquitous applications
of the UBS type in the access, could
create compatibility problems with the
space science services.
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency

Services

Current & Planned Use

Additional comments

3. SSA – Space Surveillance – Optical
Application – 2006/07
4. SSA – Radar Altimeter Application –
2006/07
5. SSA – Technology Demonstrator –
2008/09
6. SSA – Hyperspectral Application –
2008/09
7. SSA – Smallsat SAR – 2010
*SSA = Space Science Application
2 290-2 300

FIXED
SPACE RESEARCH (deep space)
(s-E)
Mobile C5

2290-2300 MHz is currently used by Roger
Wireless for fixed point-to-point. It is part of
the old super 2 GHz band plan (revised by
IC in 1995) covering
2290-2360/2520-2590 MHz
2290-2300 MHz (Government band) is
used by NASA for deep space downlinks.
Paired with 2110-2120 MHz in the uplink.
Currently there is no agreement with the
US in this band. TDRSS F1 – F7 uses
2211 MHz. F8 – F10 uses 2205 MHz
specifically (TT&C operations (i.e. it is
primarily used during L&EO,
backup/emergency operations, TDRS
stored operations)
In Canada, this 10 MHz is part of the "old"
super 2 GHz band plan SRSP302.2
(1990), covering 2290-2350/23902450 MHz. In 1995, the RABC prepared
and recommended to IC a new super
2 GHz band SRSP 302.29 covering
2290 2360/2520-2590 MHz which was
trying to find spectrum for P-P and P-MPT
growth outside the license-exempt
spectrum 2400-2483.5 MHz. As we know,
this new plan was not officially blessed by
IC due to MCS developments but I believe
that some FS stations were licensed under
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency

Services

Current & Planned Use

Additional comments
the RABC plan nevertheless.
FS microwave stations have been licensed
under both SRSP302.2 and the RABC
plan. Some of these stations may need to
be turned down as a result of the policy
provision in SP 2285 MHz (section 3.5)
where, as of April 2002, the paired
channels at 2390-2400 MHz is operating
on a no-protection basis from MATS and a
1-year displacement provision if there is
potential for interference to MATS.

2 300-2 450

FIXED
MOBILE 5.384A 5.394 C34
RADIOLOCATION
Amateur

EC: Arctic ice reconnaissance "Side-LookingAirborne-Radar" (SLAR) aboard Dash-7
aircraft (CFR).???

5.150 5.282 5.393 5.396 C12 C13
C13A C17
2 655-2 686

BROADCASTING
FIXED
MOBILE except aeronautical mobile
5.384A C38A
Earth Exploration-Satellite (passive)
Radio Astronomy
Space Research (passive)

RA: Possible use at DRAO starting in 2010. –
Continuum observations

See Note RA.1

RA: Possible use at DRAO starting in 2010. –
Continuum observations

See Note RA.1

EC: NPP (planned, 2011?), then NPOESS
(planned, 2014?)

ARNS future plans
Currently civil aviation radar coverage is
achieved using L band radars, in

5.149 5.416
2 686-2 690

FIXED
MOBILE except aeronautical mobile
5.384A C38A
Earth Exploration-Satellite (passive)
Radio Astronomy
Space Research (passive)
5.149

2 690-2 700

EESS (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency

Services

Current & Planned Use
RA: Possible use at DRAO starting in 2010. –
Continuum observations

Additional comments
1215-1300 MHz, and also 1350-1370 MHz
band. From a domestic standpoint we have
not yet migrated to S band
2700-2900 MHz, but that is dependant on
life cycle of the L band radars.
At a later time, Nav Canada does plan to
use S band radars, unfortunately, we do
not know what the timeframe will be.
However, considering the geographical
diversity involved, perhaps at that time we
could work out specific channel
assignments to avoid conflict with RA.

5.340

See Note RA.1
2 700-2 900

AEORNAUTICAL RADIONAVIGATION
5.337
Radiolocation

5.423 5.424 C14

RA: Continuum observations
Solar Radio Flux Patrol. This happens only at
DRAO, Penticton. We are working to get
some mention of this into national and
international radio regulations, not to make a
formal allocation, but just to let other users
know about it when they are making plans.
EC: McGill U radar part of the Canadian
operational and research radar network
EC: US weather radar network providing
critical data (e.g. storm development)
upstream of Canadian populated areas

The band (2750-2800 MHz) has been used
continuously for more than 50 years to
measure the “10.7 cm Solar Radio Flux”,
which is used worldwide as a fundamental
index of solar activity. The choice of
frequency was fortuitous, but, although
there is no formal allocation in this band for
this service, we cannot change frequency,
since it would raise questions as to data
validity and consistency, which are factors
upon which the international reputation of
this Canadian service is based.
See Note RA.8

4 200-4 400

AEORNAUTICAL RADIONAVIGATION
5.438

EC: Sea Surface Temperature (SST)
measurement at 4 300 MHz if the AMSR-E
on Aqua (12 channels: 6.9-89 GHz)
instrument at 6 925 MHz cannot be used due
to sharing conditions. (future – when?, what
instrument on what sat?)

5.440
4 800-4 825

FIXED
MOBILE 5.440A
Radio Astronomy
C25

RA: Used at DRAO – Continuum and
spectral line observations
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency
4 825-4 835

Services
FIXED
MOBILE 5.440A 5.442
Radio Astronomy

Current & Planned Use

Additional comments

RA: Used at DRAO – Continuum and
spectral line observations

See Notes RA.1 and RA.4

RA: Used at DRAO – Continuum and
spectral line observations

See Notes RA.1 and RA.4

RA: Used at DRAO

See Notes RA.1 and RA.4

RA: Used at DRAO – Continuum and
spectral line observations

See Notes RA.1, RA.4 and RA.8

5.149 5.443 C25
4 835-4 950

FIXED
MOBILE 5.440A
Radio Astronomy
C25

4 950-4 990

4 990-5 000

FIXED
MOBILE 5.442
Radio Astronomy
5.149 5.339 5.443
FIXED
RADIO ASTRONOMY
Space Research (passive)
5.149

5 250-5 255

EESS (active)
MOBILE except aeronautical mobile
5.446A 5.447F
RADIOLOCATION
SPACE RESEARCH 5.447D

CSA:
RADARSAT (EESS – Active)
SMALLSAT SAR (proposed)
RADAR ALTIMETER (proposed)

5.448A C39B
5 255-5 350

EESS (active)
MOBILE except aeronautical mobile
5.446A 5.447F
RADIOLOCATION
SPACE RESEARCH (active)

CSA:
RADARSAT 1 (EESS – Active) – 5.3 GHz BW 11.6 to 30 MHz
SMALLSAT SAR (proposed)
RADAR ALTIMETER (proposed)

5.448A C39B

EC: RADARSAT I (current). EC is primary
user of RADARSAT data in Canada (e.g.
Canadian Ice Service (CIS)) for snow, ice
and sea ice mapping and classification; to
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency

Services

Current & Planned Use
locate excessive wet/dry areas; for soil
moisture mapping
EC: Envisat ASAR (current), backup for
RADARSAT-1 at CIS
EC: POSEIDON-2 (SSALT-2) on JASON-1
and POSEIDON-3 on OSTM (aka Jason-2)
C-band radar combined to a Ku-band radar
(currently used by DFO). SSALT-2 used for
Nadir real-time high precision sea surface
topography, ocean circulation and wave
height
EC: ASCAT on METOP (current) ASCAT
also for sea surface wind measurements.
Data in research mode for now.
EC: AMI ERS-2 (current) sea surface wind –
data in research mode for now

5 350-5 460

AERONAUTICAL RADIONAVIGATION
5.449
EESS (active) 5.448B
RADIOLOCATION 5.448D
SPACE RESEARCH (active) 5.448C

CSA:
RADARSAT II (EESS – Active) – Fc = 5
405 MHz, BW 100 MHz – (Launched
December 2007)
SMALLSAT SAR (proposed)
RADAR ALTIMETER (proposed)
EC: RADARSAT II (current). EC is primary
user of RADARSAT data in Canada
(e.g. Canadian Ice Service (CIS)) for snow,
ice and sea ice mapping and classification; to
locate excessive wet/dry areas; for soil
moisture mapping
EC: RADARSAT Constellation (planned
2014, 2015, 2016)

5 460- 470

RADIONAVIGATION 5.449
EESS (active)
RADIOLOCATION 5.448D
SPACE RESEARCH (active)

CSA:
RADARSAT (EESS – Active)
RADAR ALTIMETER (proposed)
SMALLSAT SAR (proposed)
Note: 5250 – 5560 MHz (RS-2 & 3)

5.448B

EC: RADARSAT II (current). EC is primary
user of RADARSAT data in Canada
(e.g. Canadian Ice Service (CIS)) for snow,
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency

Services

Current & Planned Use

Additional comments

ice and sea ice mapping and classification; to
locate excessive wet/dry areas; for soil
moisture mapping
EC: RADARSAT Constellation (planned
2014, 2015, 2016)
5 570- 650

MARITIME RADIONAVIGATION
MOBILE except aeronautical mobile
5.446A 5.450A
RADIOLOCATION 5.450B

EC: Canadian national ground-based
meteorological radar network operates in
5600-5650 MHz.

5.452: Ground-based radars used for
meteorological purposes in the band
5600-5650 MHz.

5.452 C39B
5 925- 700

FIXED
FIXED-SATELLITE (E-s) 5.457A

5.458: In the band 6 425-7 075 MHz,
passive microwave sensor measurements
are carried out over the oceans
6650 – 6675.2 MHz used by RA as per
RR5.149

5.149 5.440 5.458 C39D
6 700-7075

FIXED
FIXED-SATELLITE (E-s) (s-E) 5.441
C40
5.458 5.458A 5.458B 5.458C

7 145-7 235

FIXED
SPACE RESEARCH (E-s) 5.460
5.458

EC: AMSR-E (12 channels: 6.9-89 GHz) on
Aqua used for Sea Surface Temperature,
Sea Ice Extent, Sea Surface Wind Speed,
Soil Moisture Maps (current)
EC: WINDSAT on Coriolis polarimetric
radiometer (10 channels: 6.8-37 GHz) for
retrievals of marine surface wind and sea
surface temperature, total precipitable water,
integrated cloud liquid water, and rain rate
over the ocean. Data used in research mode
for now. (current)
EC: METOP (current)
EC: NPP (planned, 2011?), then NPOESS
(planned, 2014?)

5.458: In the band 6 425-7 075 MHz,
passive microwave sensor measurements
are carried out over the oceans

CSA: CSA has interest in removing

5.458: In the band 7 075-7 250 MHz,
passive microwave sensor
measurements are carried out

restrictions on space research and
operations services in the
7145-7235 MHz band
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency

Services

Current & Planned Use

7 750-7 850

FIXED
METEOROLOGICAL-SATELLITE (s-E)
5.461B

EC: NPP sat (planned, 2011?) will have
direct broadcast (X-band) at 7812 MHz,
30MHz bandwidth, data rate of 15-20 Mbps.
First of the next gen. op. polar orbiting met
sats following current NOAA POES sats with
direct broadcast in L-Band (1698-1707Mhz).
EC's current polar orbiting satellite direct
readout stations are:
(1) Stony Plain, Alberta
(2) Edmonton (Twin Atria), Alberta
(3) Gander, Nfld
(4) Resolute Bay, Nun (installation in summer
2010)
EC’s plan is to receive NPP and its follow-ons
(i.e. NPOESS, planned 2014?) at each of
these four sites.
Additionally, DND is installing direct readout
stations on each coast (Masstown and
Aldergrove) which are expected to receive
NPP when it launches.
Other systems that receive L-Band in
departments like DFO (with several sites),
NRCAN (Prince Albert), and CSA may be
planning on migrating to NPP.

8 025-8 175

EESS (s-E)
FIXED
FIXED-SATELLITE (E-s) C49

EC: Current NASA sat Terra operates with
downlink at 8160 Mhz. DND is installing
direct readout stations on each coast
(Masstown and Aldergrove) which will receive
data from Tera. This data will be shared with
EC.

8 175-8 215

EESS (s-E)
FIXED
FIXED-SATELLITE (E-s) C49
METEOROLOGICAL-SATELLITE (E-s)

EC: Current NASA sat Aqua operates with
downlink at 8212 Mhz. DND is installing
direct readout stations on each coast
(Masstown and Aldergrove) which will receive
data from Aqua. This data will be shared with
EC.

9 300-500

EESS (active)
RADIOLOCATION

EC: 2 EC Cloud Physics research X-Band
radars centered at 9375 MHz at King City,
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(MHz)
Frequency

Services
RADIONAVIGATION
SPACE RESEARCH (active)
5.427 5.474 5.475 5.475A 5.475B
5.476A

9 500-9 800

EESS (active)
RADIOLOCATION
RADIONAVIGATION
SPACE RESEARCH (active)

Current & Planned Use
one scanning, one pointing vertical
EC: 1 X-band airborne radar on NRC
Convair-580 research aircraft at 9410 MHz
EC: McGill U operates 3 X-band radars: one
9335 MHz scanning, one mobile generally at
9390 MHz, and a vertically pointing at 9400
MHz (Info to be confirmed)
EC: ACE+ (to be confirmed)

5.476A
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(GHz)
Frequency
10.6-10.68

Services
EESS (passive)
FIXED
RADIO ASTRONOMY
SPACE RESEARCH (passive)

5.149 5.482 5.482A

Current & Planned Use
EC: AMSR-E (12 channels: 6.9-89 GHz) on
Aqua used for precipitation Estimate, Sea
Surface Temperature, Sea Surface Wind
Speed, Snow Depth, Soil Moisture Maps
(current)
EC: METOP (current)
EC: NPP (planned, 2011?), then NPOESS
(planned, 2014?)
EC: GMI multi-spectral radiometer on GPMBr to be used for rainfall rates over oceans
and land, combined rainfall structure and
surface rainfall rates with associated latent
heating (proposed, Dec 2014)
EC: GMI multi-spectral radiometer on GPMCore (planned, Jul 2013) and GPMconstellation (planned, Nov 2014)

Additional comments
10.6-10.7 GHz is of primary interest to
measure rain, snow, sea state and ocean
wind;
See Notes: RA.1 and RA.8
EC: GMI

RA: Planned for possible use at DRAO
(Starting in 2010) – Continuum observations
10.68-10.7

EESS (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)
5.340

EC: WINDSAT on Coriolis polarimetric
radiometer (10 channels: 6.8-37 GHz) for
retrievals of marine surface wind and sea
surface temperature, total precipitable water,
integrated cloud liquid water, and rain rate
over the ocean. Data used in research mode
for now (current)
EC: TMI on TRMM (5 channels: 10-85.5
GHz) used to measure rainfall rates over
oceans (less reliable over land), combined
rainfall structure and surface rainfall rates
with associated latent heating. Monthly total
rainfall maps over oceans (current)
RA: Planned for possible use at DRAO
(Starting in 2010) – Continuum observations

13.25-13.4

AERONAUTICAL RADIONAVIGATION
5.497
EESS (active)

EC: SEAWINDS on QuikSCAT(ceased
operations on 23 Nov 2009) SEAWINDS was
used to map soil moisture and estimate sea
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10.6-10.7 GHz is of primary interest to
measure rain, snow, sea state and ocean
wind;
See Notes: RA.1 and RA.8
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(GHz)

13.4-13.75

SPACE RESEARCH (active)

surface wind. The spinning antenna had been

5.498A

providing near-real-time ocean-surface wind
speed and direction data over 90 percent of
the global ocean every day. Its replacement
is TBD
EC: SSALT on JASON for sea surface height
(planned, currently used by DFO) (to be
confirmed)

EESS (active)
RADIOLOCATION
SPACE RESEARCH (active) 5.501A
Standard Frequency and Time SignalSatellite (E-s)

EC: SEAWINDS on QuikSCAT(ceased
operations on 23 Nov 2009) SEAWINDS was
used to map soil moisture and estimate sea
surface wind. The spinning antenna had been
providing near-real-time ocean-surface wind
speed and direction data over 90 percent of
the global ocean every day. Its replacement
is TBD
EC: POSEIDON-2 (SSALT-2) on JASON-1
and POSEIDON-3 on OSTM (aka Jason-2),
Ku-band radar combined to a C-band radar
(currently used by DFO). SSALT-2 used for
Nadir real-time high precision sea surface
topography, ocean circulation and wave
height
EC: DPR dual Ka-Ku cloud profile and rain
radar on GPM-Core to be used to measure
precipitation rate classified by rain and snow,
in latitudes up to 65 degrees (planned, Jul
2013)

5.501B

13.75-14

FIXED-SATELLITE (E-s) 5.484A
RADIOLOCATION
Earth Exploration-Satellite
Standard Frequency and Time SignalSatellite (E-s)

EC: PR (2 channel radar) on TRMM to

measures precipitation rate in tropical
latitudes. Data used in research mode for
now (current)

5.502 5.503 C16B
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(GHz)
14.47-14.5

FIXED-SATELLITE (E-s) 5.457A
5.484A 5.506
Radio Astronomy
Mobile-Satellite (E-s) 5.506A C41A

RA: Planned for possible use at DRAO
(Starting in 2010) – Continuum and spectral
line observations

See Note RA.1 and RA.8

RA: Planned for possible use at DRAO
(Starting in 2010) – Continuum and spectral
line observations

See Note RA.1 and RA.8

5.149 5.504A C16B C39D
15.35-15.4

EESS (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)
5.340

17.2-17.3

EESS (active)
RADIOLOCATION
SPACE RESEARCH (active)

EC: ACE+ (to be confirmed)

5.513A
18.6-18.8

EESS (passive)
FIXED
FIXED-SATELLITE (s-E) 5.516B
5.522B
SPACE RESEARCH (passive)
5.522A C16E

EC: AMSR-E (12 channels: 6.9-89 GHz) on
Aqua used for precipitation Estimate, Sea Ice
Extent, Snow Depth, Soil Moisture Maps,
Total Cloud Liquid Water,
Total Water Vapour (current)
EC: WINDSAT on Coriolis polarimetric
radiometer (10 channels: 6.8-37 GHz) for
retrievals of marine surface wind and sea
surface temperature, total precipitable water,
integrated cloud liquid water, and rain rate
over the ocean. Data used in research mode
for now (current)
EC: METOP (current)
EC: NPP (planned, 2011?), then NPOESS
(planned, 2014?)
EC: JMR on Jason-1 and OSTM (aka
Jason-2), 3 channels MW radiometer used to
correct altimeter errors by water vapour and
cloud cover. Also measures total water
vapour and brightness temperature. (current)
EC: GMI multi-spectral radiometer on
GPM-Br for rainfall rates over oceans and
land, combined rainfall structure and surface
rainfall rates with associated latent heating
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(GHz)
(proposed, Dec 2014)
19.3-9.7

FIXED
FIXED-SATELLITE (space-to-Earth)
5.523B 5.523C 5.523D 5.523E
C16D C46A

21.2-21.4

EESS (passive)
FIXED
SPACE RESEARCH (passive)
Mobile

EC: SSM/I on DMSP F14, F15, SSMIS
(24 channels) on DMSP F16, F17, F18
(current) and on DMSP F19 (planned,
Jan 2011) and F20 (planned, Oct 2011).
SSM/I data used for sea surface wind, rain
rate, cloud water precipitation, soil moisture,
ice edge/age. SSMIS data used for global air
temperature profile, humidity profile, ocean
surface wind, rain over land and ocean, ice
concentration/age, ice/snow edge, water
vapour/clouds over ocean, snow water
content, land surface temperature
EC: TMI on TRMM (5 channels:
10-85.5 GHz) used to measure rainfall rates
over oceans (less reliable over land),
combined rainfall structure and surface
rainfall rates with associated latent heating.
Monthly total rainfall maps over oceans
(current)
EC: GMI multi-spectral radiometer on
GPM-Core (planned, Jul 2013) and
GPM-constellation (planned, Nov 2014) used
for rainfall rates over oceans and land,
combined rainfall structure and surface
rainfall rates with associated latent heating
EC: TMI on TRMM (5 channels:
10-85.5 GHz) used to measure rainfall rates
over oceans (less reliable over land),
combined rainfall structure and surface
rainfall rates with associated latent heating.
Monthly total rainfall maps over oceans
(current)
EC: GMI multi-spectral radiometer on
GPM-Core (planned, Jul 2013) and
GPM-constellation (planned, Nov 2014) used
for rainfall rates over oceans and land,
combined rainfall structure and surface
rainfall rates with associated latent heating
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(GHz)
22.21-22.5

EESS (passive)
FIXED
RADIO ASTRONOMY
SPACE RESEARCH (passive)
Mobile except aeronautical mobile
5.149 5.532

EC: SSM/I on DMSP F14, F15, SSMIS
(24 channels) on DMSP F16, F17, F18
(current) and on DMSP F19 (planned,
Jan 2011) and F20 (planned, Oct 2011).
SSM/I data used for sea surface wind, rain
rate, cloud water precipitation, soil moisture,
ice edge/age. SSMIS data used for global air
temperature profile, humidity profile, ocean
surface wind, rain over land and ocean, ice
concentration/age, ice/snow edge, water
vapor/clouds over ocean, snow water
content, land surface temperature

See Note RA.1

RA: Planned for possible use at DRAO
(Starting in 2010) – Continuum and spectral
line observations
23.6-24

EESS (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)

5.340

EC: Critical Water Vapour Burden
EC: AMSU-A on AQUA (15 channels:
23.8-89 GHz) used for precipitation estimate
and temperature profile (current)
EC: AMSU-A on NOAA-15 to 19 and
METOP-A (15 channels: 23.8-89 GHz)
(current), and on MetOp-B (planned, Apr
2012) and MetOp-C (planned, Apr 2016)
EC: AMSR-E (12 channels: 6.9-89 GHz) on
Aqua used for Total Water Vapour,
Precipitation Estimate, Sea Ice Extent, Sea
Surface Temperature, Sea Surface Wind
Speed, Snow Depth, Soil Moisture Maps,
Total Cloud Liquid Water
EC: ATMS (22 channels; 23-184 GHz) on
NPP (planned, 2011?), then NPOESS
(planned, 2014?) to be used for precipitation
estimate and water vapour profile
EC: WINDSAT on Coriolis polarimetric
radiometer (10 channels: 6.8-37 GHz) used
for water vapour. Data used in research
mode for now. (current)
EC: JMR on Jason-1 and OSTM (aka
Jason-2), 3 channels MW radiometer used to
correct altimeter errors by water vapour and
cloud cover. Also measures total water
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See Note RA.1
23.6-24 GHz, 31.3-31.5 GHz and
50.2-50.4 GHz are essential since those
bands provide measurements on the water
vapour content and temperature
(associated with a window channel) on a
global basis and continuously in time;
ATMS: lower channel Fc = 23.8 GHz
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(GHz)
vapour and brightness temperature. (current)
EC: GMI multi-spectral radiometer on
GPM-Br used for rainfall rates over oceans
and land, combined rainfall structure and
surface rainfall rates with associated latent
heating (proposed, Dec 2014)
RA: Planned for possible use at DRAO
(Starting in 2010) – Continuum and spectral
line observations
25.5-27

EESS (s-E)
FIXED
INTER-SATELLITE 5.536
MOBILE
SPACE RESEARCH (s-E)
Standard Frequency and Time
Signal-Satellite (E-s)

25.5-7 GHz to support planned high data
rate space research missions requiring
bandwidths up to 400 MHz. Spacecraft for
these missions will carry telescopes to
conduct sky surveys or Space Very Long
Baseline Interferometry (SVLBI)
observations. They may also carry other
passive instruments to measure
phenomenon such as the Earth's
magnetosphere and solar flares. These
missions will be limited in number and will
generally be in a polar or equatorial orbit,
with some at geostationary altitudes; highly
elliptical orbit; or at the L1 or L2 Sun/Earth
equilibrium libration points that are
approximately 1.9 M km from Earth.

5.536A C47B
31.3-31.8

EESS (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)
5.340

EC: Critical Water Vapour Burden
EC: AMSU-A on AQUA (15 channels:
23.8-89 GHz) used for precipitation estimate
and temperature profile (current)
EC: AMSU-A on NOAA-15 TO 19 and
METOP-A (15 channels: 23.8-89 GHz)
(current), and on MetOp-B (planned,
Apr 2012) and MetOp-C (planned, Apr 2016)
EC: ATMS (22 channels; 23-184 GHz) on
NPP (planned, 2011?), then NPOESS
(planned, 2014?) to be used for water vapour
profile
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23.6-24 GHz, 31.3-31.5 GHz and
50.2-0.4 Hz are essential since those
bands provide measurements on the water
vapour content and temperature
(associated with a window channel) on a
global basis and continuously in time;
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(GHz)
RA: Continuum and spectral line (?)
observations
See Notes RA.5 and RA.6
33.4-34.2

RADIOLOCATION

EC: JMR on Jason-1 and OSTM (aka
Jason-2), 3 channels MW radiometer used to
correct altimeter errors by water vapour and
cloud cover. Also measures total water
vapour and brightness temperature. (current)

34.7-35.2

RADIOLOCATION
Space Research

EC: 1 Ka-band airborne radar on NRC
Convair-580 research aircraft at 34.9 GHz

35.5-36

EESS (active)
METEOROLOGICAL AIDS
RADIOLOCATION
SPACE RESEARCH (active)

EC: DPR dual Ka-Ku cloud profile and rain
radar on GPM-Core to be used to measure
precipitation rate classified by rain and snow,
in latitudes up to 65 degrees. (planned,
Jul 2013)

5.549A
36-37

EESS (passive)
FIXED
MOBILE
SPACE RESEARCH (passive)
5.149 5.550A

EC: AMSR-E (12 channels: 6.9-89 GHz) on
Aqua used for precipitation Estimate, Sea Ice
Extent, Sea Surface Temperature, Snow
Depth, Soil Moisture Maps, Total Cloud
Liquid Water, Total Water Vapour, sea
surface wind speed (current).
EC: SSM/I on DMSP F14, F15, SSMIS
(24 channels) on DMSP F16, F17, F18
(current) and on DMSP F19 (planned,
Jan 2011) and F20 (planned, Oct 2011).
SSM/I data used for sea surface wind, rain
rate, cloud water precipitation, soil moisture,
ice edge/age. SSMIS data used for global air
temperature profile, humidity profile, ocean
surface wind, rain over land and ocean, ice
concentration/age, ice/snow edge, water
vapour/clouds over ocean, snow water
content, land surface temperature
EC: NPP (planned, 2011?), then NPOESS
(planned, 2014?)
EC: TMR on TOPEX (current). Data (water
vapour) not used at EC???

224

The 35.5-35.6 GHz is used by precipitation
radars located on spacecraft.
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CANADIAN TABLE OF FREQUENCY ALLOCATIONS
(GHz)
EC: WINDSAT on Coriolis polarimetric
radiometer (10 channels: 6.8-37 GHz) for
retrievals of rain rate used in research mode
for now. (current)
EC: GMI on GPM for rain structure (future,
when???)
EC: TMI on TRMM (5 channels:
10-85.5 GHz) used to measure rainfall rates
over oceans (less reliable over land),
combined rainfall structure and surface
rainfall rates with associated latent heating.
Monthly total rainfall maps over oceans
(current)
EC: GMI multi-spectral radiometer on
GPM-Br to be used for rainfall rates over
oceans and land, combined rainfall structure
and surface rainfall rates with associated
latent heating (proposed, Dec 2014)
EC: GMI multi-spectral radiometer on
GPM-Core (planned, Jul 2013) and
GPM-constellation (planned, Nov 2014)
37-37.5

FIXED
MOBILE
SPACE RESEARCH (s-E)
5.547

EC: WINDSAT on Coriolis polarimetric
radiometer (10 channels: 6.8-37 GHz) for
retrievals of rain rate used in research mode
for now. (current)
EC: GMI multi-spectral radiometer on
GPM-Br to be used for rainfall rates over
oceans and land, combined rainfall structure
and surface rainfall rates with associated
latent heating (proposed, Dec 2014)
EC: GMI multi-spectral radiometer on
GPM-Core (planned, Jul 2013) and
GPM-constellation (planned, Nov 2014)
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Canadian Footnotes
C8

Radio astronomy observations are carried out in the band 322 - 328.6 MHz and such operations will be protected from
interference to the extent possible.

C49

In the bands 7 250-7 750 MHz and 7 900-8 400 MHz and, in all or a portion of, the bands 20.2- 21.2 GHz, 30-31 GHz and
39.5-40.5 GHz as required, the use of the fixed-satellite service is limited to the Government of Canada.

Radio Astronomy Notes
RA.0

This band is used for riometry, which is an application of radio astronomical techniques to study the ionosphere. A riometer,
or relative ionospheric opacity meter, is a simple radio telescope, operating in the HF band, which measures the attenuation of radio
emissions from the Milky Way due to their passage through the ionosphere. These devices are a powerful means of monitoring changes
in the D-Region. DRAO is currently hosting a riometer owned by Natural Resources Calgary and there are plans to implement at DRAO
at least one additional instrument, to be built by the University of Calgary.

RA.1

Canada is developing a prototype antenna for use in the Square Kilometer Array. This is an international project. The final
instrument will not be in Canada, but prototype for one of the array elements, a 30-m dish, is planned for construction at
DRAO. The SKA is intended for use up to K-Band. Timescale: 2010. The radio telescope will then be moved to a
radio-quieter part of the DRAO site and be used as a research instrument.

RA.2

This frequency band is used 24 hours a day and every day apart from maintenance periods. The current survey could
keep the instrument busy for at least another ten years, and other projects may continue indefinitely.

RA.3

On an opportunistic basis, observations of redshifted HI emissions are occasionally made at frequencies close below
1400 MHz, where there is no allocation to the Radio Astronomy Service. This note is not a request for an allocation
change, but is included for information purposes.

RA.4

This band is used a few times each year in observing sessions on the 26m radio telescope. It is not used full time, so there
are coordination and scheduling options available that are not available at 406-410 and 1420-1427 MHz.

RA.5

There are no plans to use this band for formal radio astronomy in Canada. However, this band will be one of those used
by large arrays such as the Very Large Array, Socorro, New Mexico, in which Canada is in the process of buying a share.
We will be providing the upgraded signal processing equipment the Americans need for their upgraded array, which
involves sporadic test observations at DRAO. In return we will get guaranteed access for Canadian astronomers.
Timescale: now.

RA.6

There are no plans to use this band in Canada. However, this band will be one of those used by large arrays under
construction, such as ALMA, which is currently under construction in Chile. Canada is a major shareholder in this project.
This instrument is regarded as a keystone project the Long-Range Plan for Canadian Astronomy. Timescale: 2008.
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RA.7

This band is also used at the James Clerk Maxwell Telescope, on Mauna Kea, Hawaii. Canada is a stakeholder in this
project. This instrument has been in full operation for some years, and will continue to be an important instrument to
Canadian astronomers for at least another decade.

RA.8

This frequency band is one of those intended for use by the Next Generation Solar Flux Monitor, a joint project of the
National Research Council, Natural Resources Canada, the Canadian Space Agency and Queen’s University, which is
now under construction at DRAO.

Natural Resources Canada is doing VLBI at the Algonquin Radio Observatory, in the Algonquin Provincial Park. This is a geophysics
program using Very Long Baseline Interferometric techniques to study the distortion of North America due to plate motions. At the moment
the program uses S and X band. There are dreams of doing broad-band VLBI over 2-15 GHz, obviously using some very exotic and
partially un-developed signal processing techniques. However, the broad-band transmitters are not likely to be in permanent operation
close to ARO. (Text from K. Tapping Sept 6, 2005)
The Algonquin Radio Observatory is a research facility located at (45°57′19.81″N, 78°4′22.95″W) in the Algonquin provincial Park in
Ontario, Canada. The site houses a 46-m single-dish radio antenna, a solar-observing array of 32 three-meter dishes, and a single 1.8-m
solar flux monitor observing at 10.7-cm wavelength. The large dish is involved in VLBI experiments, including geodesy. Begun in 1959, the
Observatory is situated deep in Ontario's Algonquin Provincial Park, away from manmade interference. The site contains a collection of
instruments designed for research in several phases of radio astronomy: an array of 32 parabolic reflectors, each 3 m in diameter, scans
the face of the sun every noon; nearby, a single 1.8 m dish monitors the whole solar disk at a wavelength of 10.7 cm; standing above
these is the giant 46 m dish, built in 1966, to study radio sources far out in space.
The Algonquin Radio Observatory's (ARO) 46 m telescope began operations in May, 1966. The telescope was built and operated by the
National Research Council (NRC) of Canada. At the current time the ARO is operated by the Geodetic Survey Division of Natural
Resources Canada in partnership with the Space Geodynamics Laboratory, CRESTech.
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Annex 8 – Maritime Service Bands
Table 1 - Frequencies, Nature of Service, Type of Traffic and Area of Operation with Restrictions for the VHF Band in
the Maritime Service
Frequencies
(MHz)
Ship
Transmit

Ship
Receive

Area of Operation
INLD
BC

EC NL AC GL WC BCC

INLD
PRA

Nature of
Service & Type
of Traffic

156.050

160.650

X

PC

156.100

160.700

X

PC

156.150

160.750

X

156.200

156.200

X

156.250

156.250

X

X

X

X

X

X

X

156.300

156.300

X

X

X

X

X

X

X

156.350

156.350

X

X

X

X

X

X

X

IS, SS, C

156.400

156.400

X

X

IS, C, S

156.450

X

PC

X

X

156.450

X

IS, SS, C, S

X

Restrictions (Notes and Remarks)
Refer to legend for abbreviations

DFO/Canadian Coast Guard only in BCC
area. Commercial fishing in EC area.

SM
X

IS, C, NC, S

May be used for search and rescue
communications between ships and
aircraft.
Also assigned for intership in the Lake
Winnipeg area.

Commercial — BCC area.
IS, SS, C, NC, S, May be used to communicate with aircraft
SM
and helicopters in predominantly maritime
support operations.

X

156.500

156.500

X

X

X

Commercial — BCC area.
IS, SS, C, NC, S, May also be used for communications with
SM
aircraft engaged in coordinated search and
rescue and antipollution operations.

156.550

156.550

X

X

X

IS, SS, C, NC, SM

156.600

156.600

X

X

X

X

VTS — BCC area.
IS, SS, C, NC, SM Port operations and pilot information and
messages.

156.650

156.650

X

X

X

X

X

X

X

IS, C, NC, SM
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VTS — BCC area.
Also used for pilotage purposes.

VTS — BCC area.
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Frequencies
(MHz)
Ship
Transmit

Ship
Receive

Area of Operation
INLD
BC

EC NL AC GL WC BCC

INLD
PRA

Nature of
Service & Type
of Traffic

Restrictions (Notes and Remarks)
Refer to legend for abbreviations
Bridge-to-bridge navigational traffic.

156.700

156.700

X

X

X

X

X

X

X

VTS — BCC area.
IS, SS, C, NC, SM Port operations, pilot information and
messages.

X

Port operations and ship movement — BCC
area.
IS, SS, C, NC, SM All operations limited to 1 watt maximum
power. May also be used for on-board
communications.

156.750

156.750

X

X

156.800

156.800

International Distress, Safety and Calling.

AA

156.850

156.850

X

X

X

X

X

X

X

Port operations and Ship Movement — BCC
area.
IS, SS, C, NC, SM All operations limited to 1 watt maximum
power. May also be used for on-board
communications.

156.900

156.900

X

X

X

X

X

X

X

IS, SS, C

Towing — BCC area.

156.950

156.950

X

X

X

X

X

X

X

IS, SS

DFO/Canadian Coast Guard. Pacific Pilots
— BCC area.

157.000

161.600

X

X

X

X

X

X

X

SS, S, SM

Port operations only with 1 watt maximum
power.

157.050

157.050

X

X

X

X

X

X

X

X

IS, SS

DFO/Canadian Coast Guard only.

-------

161.650

X

X

X

X

X

X

X

X

S

Continuous marine broadcast service

157.100

157.100

X

X

X

X

X

X

X

X

IS, SS, C, NC

For communications between Canadian
Coast Guard and non-Canadian Coast
Guard stations only.

157.150

161.750

X

X

---------

161.750

157.200

161.800

157.250

161.850

X

SS, PC

X
X

X

X

X

S
X

X

X

X

Continuous marine broadcast service

SS, PC

X

SS, PC
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Also assigned for operations in the Lake
Winnipeg area.
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Frequencies
(MHz)
Ship
Transmit

Ship
Receive

-------

161.850

157.300

161.900

157.350

161.950

157.400

162.000

-------

162.000

156.025

160.625

156.075

156.075

156.125

156.125

156.175

Area of Operation
INLD
BC

EC NL AC GL WC BCC

INLD
PRA

X
X

X

S

X

X

X

X

X

Nature of
Service & Type
of Traffic

X

X

X

X

Restrictions (Notes and Remarks)
Refer to legend for abbreviations
Continuous marine broadcast service

S, PC

X

SS, PC

X

SS, S, PC

X

S

Continuous marine broadcast service

X

SS, PC

X

X

IS, SS, C

DFO/Canadian Coast Guard only in BCC
area.
Commercial fishing only in EC area.

X

X

IS, SS, C

DFO/Canadian Coast Guard only in BCC
area.
Commercial fishing only in EC area.

156.175

X

IS, SS, C

Tow Boats — BCC area.

156.225

160.825

X

SS, PC

156.225

156.225

156.275

156.325

156.275

156.325

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

IS, SS, C

Commercial fishing only.

S, IS, SS, C, NC

Search and rescue and antipollution
operations on the Great Lakes. Towing on
the Pacific Coast. Port operations only in
the St. Lawrence River areas with 1 watt
maximum power. Intership in INLD PRA.

S, IS, SS, C, NC

Port operations only in the
St. Lawrence River/Great Lakes areas with
1 watt maximum power. One (1) watt
marina channel — BCC area.

156.375

156.375

X

X

X

X

X

X

X

X

S, IS, SS, C, NC

May also be used for communications with
aircraft engaged in coordinated search and
rescue and antipollution operations.
Commercial fishing only in EC and INLD
PRA areas. Pleasure craft — BCC area.

156.425

156.425

X

X

X

X

X

X

X

X

IS, SS, NC

For marinas, yacht clubs and pleasure
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Frequencies
(MHz)
Ship
Transmit

Ship
Receive

Area of Operation
INLD
BC

EC NL AC GL WC BCC

INLD
PRA

Nature of
Service & Type
of Traffic

Restrictions (Notes and Remarks)
Refer to legend for abbreviations
craft.

156.475

156.475

X

156.525

156.525

Digital Selective Calling for Distress, Safety and Calling.

156.575

156.575

X

156.625

156.625

156.675

X

156.725

156.725

X

156.825

156.775

156.825

X

X

X

X

X

X

X

X

156.675

156.775

X

X

X

X

X

X

IS, SS, C, NC

Ship movement — BCC area.
S, IS, SS, SM, C,
Marinas and yacht clubs — EC and on Lake
NC
Winnipeg.

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Commercial fishing only — EC area.
Pleasure craft — BCC area.

IS, C, NC

May be used to communicate with aircraft
and helicopters in predominantly maritime
support operations.
Pleasure craft — BCC area.

S, IS, SS, C, NC

May also be used for communications with
aircraft engaged in coordinated search and
rescue and antipollution operations.
Commercial fishing only in EC and INLD
PRA areas.

IS, SS, SM, C, NC VTS and Ship Movement — BCC area.
X

X

X

X

X

IS, SS, SM, C

Simplex port operation, ship movement
and navigation-related communication
only.
1 watt maximum.

IS, SS, SM, C

Simplex port operation, ship movement
and navigation-related communication
only.
1 watt maximum.

S, IS, SS, SM

Pilotage — BCC area; 25 watts. Port
operations only in the St. Lawrence
River/Great Lakes areas with 1 watt
maximum power.

156.875

156.875

X

156.925

156.925

X

X

IS, SS, C

Fishing Industry — BCC area.

156.975

156.975

X

X

IS, SS, C

Fishing Industry — BCC area.
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Frequencies
(MHz)
Ship
Transmit

Ship
Receive

Area of Operation
INLD
BC

EC NL AC GL WC BCC

157.025

157.025

X

157.075

157.075

X

X

X

X

X

X

157.125

157.125

X

X

X

X

X

X

157.175

157.175

X

-------

161.775

157.225

161.825

157.275

161.875

157.325

161.925

157.375

157.375

161.975

161.975

157.425

157.425

162.025

162.025

-------

INLD
PRA

X

X

X

Whale Watching — BCC area.

X

S, IS, SS

DFO/Canadian Coast Guard use only

X

IS, SS

DFO/Canadian Coast Guard use only

IS, SS

DFO/Canadian Coast Guard and other
government agencies

S

Continuous marine broadcast service

X
X

Restrictions (Notes and Remarks)
Refer to legend for abbreviations

IS, SS, C

X
X

Nature of
Service & Type
of Traffic

X

SS, PC

X

SS, PC

X

SS, PC

X

IS, SM, NC

Port operation and ship movement -EC
area.
Pleasure craft — BCC area.

-AIS-

Automatic Ship Identification and
Surveillance System

IS, SM, C

Port operation and ship movement — BCC
area.

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

-AIS-

Automatic Ship Identification and
Surveillance System

162.550

X

X

X

X

X

X

X

X

S

Weatheradio broadcast

-------

162.400

X

X

X

X

X

X

X

X

S

Weatheradio broadcast

-------

162.475

X

X

X

X

X

X

X

X

S

Weatheradio broadcast

X

X

X

X

X

X

Legend
Area of Operation:

 AA: All Areas
 EC (East Coast): NL, AC, GL and Eastern Arctic areas
 NL: Newfoundland and Labrador
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AC: Atlantic Coast, Gulf and St. Lawrence River up to and including Montréal
GL: Great Lakes (including St. Lawrence above Montréal)
WC (West Coast): BCC, Western Arctic and Athabasca-Mackenzie Watershed areas
BCC: British Columbia Coast (Pacific Coast)
INLD BC: Inland Waters of BC and the Yukon
INLD PRA: Inland Waters of MB, SK, and AB

Nature of Service & Type of Traffic:











IS: Intership
SS: Ship/shore
C: Commercial
NC: Non-commercial
S: Safety
SM: Ship movement
PC: Public correspondence
AIS: Automatic Ship Identification and Surveillance System
VTS: Vessel Traffic Services
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Table II - MF/HF Bands for Communications with Coast Stations and Other Ship Stations in the Maritime Service
Frequency Band (MHz)
.415 – .495
.495 – .505
.505 – .510
.510 – .525
2.000
2.065
2.107
2.1700

–
–
–
–

2.065
2.107
2.170
2.1735

2.1735 – 2.1905
2.1905
2.194
2.300
2.505
4.000

–
–
–
–
–

2.1940
2.300
2.495
2.850
4.063

4.063 – 4.438
5.73
6.200
8.100
8.195
12.230
16.36
18.78
19.68
22.000
25.07
26.100
216

–
–
–
–
–
–
–
–
–
–
–
–

5.90
6.525
8.195
8.815
13.200
17.41
18.90
19.80
22.855
25.21
26.175
220

Usage
COMMUNICATIONS
(Radiotelegraphy only) (Narrow Band Direct Printing on
.490 MHz receive only)
COMMUNICATIONS
Distress & Calling (Radiotelegraphy only)
COMMUNICATIONS (Radiotelegraphy only)
NAVTEX RECEIVERS .518 MHz
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
Distress and Calling
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
NavTex Receivers 4.2095 MHz
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS
COMMUNICATIONS

Restrictions
PRIMARY

PRIMARY
PRIMARY
CO-PRIMARY WITH AERONAUTICAL
RADIONAVIGATION
CO-PRIMARY WITH FIXED
PRIMARY
CO-PRIMARY WITH FIXED
PRIMARY
PRIMARY
PRIMARY
CO-PRIMARY
CO-PRIMARY
CO-PRIMARY
CO-PRIMARY
PRIMARY

WITH
WITH
WITH
WITH

FIXED
FIXED
FIXED
FIXED

CO-PRIMARY WITH FIXED
PRIMARY
CO-PRIMARY WITH FIXED
PRIMARY
PRIMARY
PRIMARY
PRIMARY
PRIMARY
PRIMARY
PRIMARY
PRIMARY
CO-PRIMARY WITH LAND MOBILE
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Frequency Band (MHz)

Usage
MARINE RADAR — SHORE-BASED RADAR ONLY

2850 – 2900

2900 – 3100
5470 – 5650
8850 – 9000
9200 – 9300
9300 – 9500

MARINE RADAR
MARINE RADAR AND SHIPBOARD INTERROGATOR
TRANSPONDER
MARINE RADAR — SHORE-BASED RADAR ONLY
MARINE RADAR & SEARCH AND RESCUE TRANSPONDERS
SEARCH & RESCUE TRANSPONDERS RADAR
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Restrictions
AND FIXED
MARITIME RADIONAVIGATION
CO-PRIMARY WITH AERONAUTICAL
RADIONAVIGATION
secondary radiolocation
PRIMARY
secondary radiolocation
PRIMARY
secondary radiolocation
MARITIME RADIONAVIGATION
CO-PRIMARY WITH RADIOLOCATION
MARITIME RADIONAVIGATION
CO-PRIMARY WITH RADIOLOCATION
PRIMARY
secondary radiolocation
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Table III – Examples of Internationally Assigned Frequencies and Usage for the MF and HF Radiotelephony
Allocations for Mobile Stations in the Maritime Service
Assigned Frequency (kHz)
2004.4
2041.4
2066.4
2080.4
2083.9
2094.4
2101.4
2104.9
2174.5
2182.0
2187.5
2238.4
2314.4
2367.4
2639.4
2739.4
4126.4
4147.4
4150.4
4177.5
4207.5
4418.4
6216.4
6225.4
6228.4
6231.4
6268.0

Usage
Intership - East Coast only
Intership between pleasure vessels - Pacific Coast only
Private ship/shore communications in coastal areas of Canada and the
St. Lawrence River as far west as Montréal
Private ship/shore communications in coastal areas of Canada and the
St. Lawrence River as far west as Montréal
Intership communications in all maritime areas of Canada, including the Great
Lakes
Private ship/shore communications in coastal areas of Canada and the
St. Lawrence River as far west as Montréal
Government use only
Government use only
International distress frequency, narrow band direct printing telegraphy
Distress and Calling
International Digital Selective Calling (DSC)
Intership between non-fishing commercial vessels on the East Coast only
Intership between fishing vessels on the Pacific Coast only
Intership for non-fishing commercial and pleasure vessels on the Pacific Coast
and Intership on the Beaufort Sea and Mackenzie Waterways
Intership
Intership
Ship/shore calling only for distress, safety, calling and reply
Ship/shore and intership communications
Ship/shore and intership communications
International distress frequency, narrow band direct printing telegraphy
International Digital Selective Calling (DSC)
Call and reply
Ship/shore calling only for distress, safety, calling and reply
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
International distress frequency, narrow band direct printing telegraphy
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Assigned Frequency (kHz)
6312.0
6517.4
8256.4
8292.4
8295.4
8298.4
8376.5
8414.5
12291.4
12354.4
12357.4
12360.4
12363.4
12366.4
12520.0
12577.0
16421.4
16529.4
16532.4
16535.4
16538.4
16541.4
16544.4
16547.4
16695.0
18796.4
18826.4
18829.4
18832.4
18835.4
18838.4
18841.4
18844.4
22061.4

Usage
International Digital Selective Calling (DSC)
Call and reply. Daytime use only.
Ship/shore calling only for distress, safety, calling and reply
Distress and safety calling
Ship/shore and intership communications
Ship/shore and intership communications
International distress frequency, narrow band direct printing telegraphy
International Digital Selective Calling (DSC)
Ship/shore calling only for distress, safety, calling and reply
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
International distress frequency, narrow band direct printing telegraphy
International Digital Selective Calling (DSC)
Distress and safety calling
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
International distress frequency, narrow band direct printing telegraphy
Distress and safety calling
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Distress and safety calling
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Assigned Frequency (kHz)
22160.4
22163.4
22166.4
22169.4
22172.4
22175.4
22178.4
25098.4
25101.4
25104.4
25107.4
25110.4
25113.4
25116.4
25119.4

Usage
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Distress and safety calling
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
Ship/shore and intership communications
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