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EXECUTIVE SUMMARY

The Communications Research Centre Canada (CRC), an agency of Industry Canada (IC), is one of the country’s leading
laboratories for research and development (R&D) in advanced telecommunications. CRC's vision is one of national leadership
in R&D on telecommunications and information technologies. Through our unique expertise and collaborative ways of
doing business, CRC is responding to the federal government's goal to increase Canada’s innovation capacity and to
make information and communications technologies available to all Canadians.

Working within Industry Canada’s mandate to help make Canadians more productive and competitive in a knowledge-
based economy, CRC's Strategic Research Plan identifies two overarching goals aimed at turning research into opportunities
and outcomes that matter to Canadians.

Goal 1: Innovation Leadership

Develop core competencies in the telecommunications field to maintain a high degree of expertise and knowledge needed
to respond to and drive advancements in science and engineering for the well-being of Canadians.

Goal 2: Client Support

Carry out R&D for clients requiring expertise in communications technologies and provide technical advice. CRC will
continue to provide advice on radio frequency (RF) spectrum use and communications technologies to its parent department,
Industry Canada. CRC will also continue to support its federal government clients, National Defence (DND), the
Canadian Space Agency (CSA) and others, as well as academia and industry.

In addition, CRC will generate new opportunities for joint research activities that effectively combine resources and
knowledge to meet Industry Canada’s core strategic objectives: innovation, connectedness, marketplace, investment and trade.

Strategic Priorities

CRC developed six strategic priorities to help meet these goals:

Broadband Access: CRC's Rural and Remote Broadband Access (RRBA) Program will continue to help fill the R&D gap
not addressed by industry by finding cost-effective technologies and solutions that will enable and facilitate the deployment
of broadband access in Canada'’s rural and remote areas.

Radio Spectrum: In support of Industry Canada’s mandate to regulate radio spectrum, CRC will continue to conduct research
and provide technical advice for spectrum allocation and the development of policy and related technical standards.

Internet and Convergence: CRC will focus on predicting and understanding trends and underlying technologies for the
convergence of the Internet and other telecommunications and broadcasting technologies. This will allow the Canadian
government to make more informed policy and regulatory decisions for the eventual provision of fully integrated
services to Canadians.

Network Security and Public Safety: CRC will expand its research in network security in support of a growing need for
a secure national network infrastructure and to overcome emerging challenges, such as wireless network security. R&D will
also be conducted to rationalize the use of RF spectrum and related communication technologies to improve public safety.

Defence Communications: CRC will continue to provide scientific and technical (S&T) advice to DND in order to
enhance the capabilities of the Canadian Forces through advanced communications technologies.

Applications: CRC will continue to provide access to various national and international communications networks used
to demonstrate novel broadband applications with potential social and industrial benefits.

In an effort to meet client needs, CRC must also address challenges such as succession planning and campus infrastructure
planning — two key elements in building its level of expertise and maintaining its research capacity.

Working with our partners, CRC will address these goals and contribute its unique expertise to devise solutions for future
telecommunications challenges.

Throughout the years, CRC has focused on research that makes a difference to Canadians. The upcoming years will be

no different.
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Introduction

Because of Canada’s geography, connectivity has always been a great challenge. The challenge was first addressed
with birch bark canoes; followed by steel rails, asphalt roads, and runways and airways. By the middle of the last century,
a connectivity other than transportation became important — telecommunications.

Government policies of the 1960s recognized this and called for national broadcast coverage and telephone dial tone
(at least one telephone in every community greater than 500!). These challenges and those since have been met with
remarkable progress in telecommunications technology and applications.

With the relatively recent dawn of the information society, the telecommunications infrastructure is now sometimes
referred to as the foundation that supports a knowledge-based economy. Recognizing this, it is now Canada’s goal to
become the most connected nation in the world and to offer the possibility of broadband access to every community in
Canada by mid-decade. This is a goal for which the crossbar rises steadily, requirements increase, and applications
become more demanding. However, geographic challenges remain the same and barriers will continue to reappear as
ubiquitous access to a more advanced infrastructure becomes highly beneficial.

Since the CRC's last Strategic Plan in 2001, the telecommunications industry has suffered a severe financial downturn
worldwide for a variety of reasons. This and other recent events have resulted in both opportunities and challenges
for a research organization such as CRC and therefore, the Board of Directors suggested in June 2003 that an updated
plan be developed to reflect these new realities and to set a course for the next several years. In particular, the Board
emphasized that clear understandable goals should be articulated so that progress against objectives can be easily
tracked. This plan has been written with this focus in mind and roughly has a three-year time horizon.

CRC's Mission

As a federal government research laboratory, it is imperative that the R&D activities of the CRC are aligned with the
mandate of its parent department, Industry Canada. CRC must also adhere to the principles stated in The Council of
Science and Technology Advisors report, Building Excellence in Science and Technology (BEST), which identifies four
major roles that government laboratories must fulfill. These are!:

e support for decision making, policy development and regulations

e development and management of standards

e support for public health, safety, environmental and/or defence needs
e enabling economic and social development

In fulfilling these expectations, CRC's primary mission is to be the federal government's centre of excellence for
communications R&D, ensuring an independent source of advice for public policy purposes.

Complementary to this primary mission, CRC will also help identify and close the innovation gaps in Canada’s
communications sector by:

e engaging in industry partnerships

¢ building technical intelligence

e supporting small and medium-sized high technology enterprises
e working with other research organizations across Canada

CRC's unique position in Canada’s communications research infrastructure derives from the fact that it is the only
national laboratory with a critical mass of staff, programs, facilities and expertise in the three major technologies that
form the basic transport mechanism for information delivery across Canada: radio, satellite and fibre optics.

[
1 Recommendations on the federal roles in performing science and technology as presented in the report, “Building Excellence in
Science and Technology (BEST),” by the Council of Science and Technology Advisors, December 1999.

This enables CRC to conduct research activities not only in these areas independently, but also to investigate and
understand how they can better operate together to form an efficient seamless communications network.

Industry Canada’s Strategic Objectives

Industry Canada has identified five strategic objectives for achieving sustainable economic growth and building a world-
leading innovative economy2. As an agency of Industry Canada, CRC aligns its research objectives with the following:

Innovation Improving Canada'’s innovation performance

Connectedness  Making Canada the most connected country in the world

Marketplace Building a fair, efficient and competitive marketplace

Investment Improving Canada’s position as a preferred location for domestic and foreign investment
Trade Working with Canadians to increase Canada’s share of global trade

CRC mainly supports the Innovation, Connectedness and Marketplace objectives, and all have been the subject of a
great deal of activity during the past two years. In particular, after extensive cross-Canada consultations, Industry
Canada (with its partner Department, Human Resources Development Canada) has articulated a number of targets
to ensure Canada becomes one of the most innovative countries in the world during the next decade. CRC also
supports trade and investment initiatives within the Information and Communications Technology (ICT) sector. This
support includes provision of technical advice and expertise for trade and investment missions.

Innovation is not only the generation of new ideas but also the commercialization of research findings in a timely
manner and the adoption of new processes and technologies. CRC, with its ability to ‘de-risk’ new technologies, can
play a valuable role in the innovation chain, positioned somewhere between the basic but perhaps unproven research
performed in universities and the requirement by industries to get new ideas to the marketplace quickly.

Connectedness, a key part of an economy based on innovation, provides the required infrastructure and ensures that
all Canadians have the means to participate in the creation and sharing of knowledge. One of the major innovation
targets is the goal that high-speed broadband access is widely available to Canadian communities by 2005. Industry
Canada has made a commitment to invest significant funds to achieve this target.

A fair, efficient and competitive Marketplace requires regulations, policies and standards that instill confidence and
inspire investment. New standards and regulations arise from technological advances in sectors, such as telecommunications
and information technology, where Canada must actively participate and defend its interests as a member of a world
community. CRC plays an important role in this area by providing scientific advice to Industry Canada and by taking
part in international technical committees.

CRC's Strategic Goals

Based on its mission, the objectives of Industry Canada, and the environment in which the lab exists, CRC has identified
two main goals to guide its research through the upcoming years.

Goal 1: Innovation Leadership

CRC will continue to develop its core competencies in the telecommunications field to maintain a high degree of
expertise and knowledge needed to respond to and drive advancements in science and engineering for the well-being
of Canadians.

2 Industry Canada — Making a Difference — Our?’_orit:;es for 2002-20
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Core Competencies

In order for CRC to continue to perform its mission and achieve its strategic goals, a significant portion of its effort
must be devoted to longer term R&D. It is through longer-term R&D that CRC maintains and increases its reputation
as the federal government'’s centre of expertise in communications technology, and generates new intellectual property (IP).
It is fundamental that CRC continues to be recognized by its peers, nationally and internationally, for its excellence in
research. As one measure of success, CRC ranks among the top federal laboratories in North America for IP revenues
resulting from licensing and technology transfer.

At its foremost, CRC is a wireless laboratory and, on the recommendation of its Board of Directors, will endeavor to
devote some 80 per cent of its base R&D resources to this communications area. CRC has established and maintains
a very unique Canadian R&D capability in a number of wireless communications disciplines, including satellite
communications, radio propagation, wireless access and digital broadcast technology. Complementing this is a strong
research program in optical communications based on photonics technologies.

CRC's core expertise, as well as its major ongoing and future investments in staff and facilities, can be grouped into
the following main areas:

e wireless systems

e communications networks
¢ radio fundamentals

e interactive multimedia

e photonics

CRC believes that these five areas provide a strong base of expertise to undertake leading-edge R&D activities to meet
its clients’ needs and to support the federal government’s mission to ensure delivery of high-quality communications
services to all Canadians, regardless of location.

Wireless systems R&D involves the investigation of hardware components, technologies, and systems for reliable,
robust and high capacity fixed, mobile, personal and broadcast communications, as well as technologies and subsystems
for existing and emerging satellite networks. CRC is Canada’s leading laboratory for satellite communications and
broadcasting research.

Communications networks R&D involves the study and development of advanced network protocols with emphasis
on interconnectivity and interoperability among various wired and wireless systems, the efficiency and reliability
of communications over wireless links, and standards. CRC will continue to expand its R&D activity related to
network security and infrastructure, aspects of critical interest to CRC's major client, DND.

Radio fundamentals research involves the study of radiowave propagation phenomena and their influence on
wireless communications, as well as electromagnetic compatibility and the effects of fields on communications,
electronic and electrical equipment. This area also involves investigation of antenna theories and techniques to
improve the performance of existing and next generation wireless systems and the development of techniques and
tools for spectrum surveillance.

Interactive multimedia R&D involves investigation of technologies related to the convergence of communications,
computer and broadcast networks as they merge into a single web of communication links and services. It also deals
with technologies to format information content to adapt to network constraints and meet varying end-user requirements.
The activity includes the conduct of applications trials and demonstrations that show the full potential of multimedia-
based communications for the end-user community.

Photonics R&D involves investigation into all-optical solutions for the cost-effective delivery of broadband services to
the individual, component technologies required to achieve interoperability between wireless and fiber-optic networks,
and optical/wireless subsystem components.

Investment in these areas is key to maintaining excellence, generating intellectual property for technology transfer,
establishing new partnerships and collaboration across Canada, and enhancing CRC's national presence. In particular,
this provides much of the technology base for all client-related activities.

Goal 2: Client Support

CRC's client base includes federal government departments and agencies, Canadian industries and academic institutions
that have an interest in a variety of technologies and issues related to telecommunications. In many cases, these
stakeholders interact with each other through consortia, working groups and other alliances to exchange information
and work together on specific topics. The Canadian broadcasting industry, in particular, has no domestic research
capability other than CRC with whom to interact and obtain valuable insight and technical information. CRC is an
active participant in many such consortia and continues to be instrumental in forming new alliances in Canada.

A very important and critical part of CRC's R&D work is performed on a cost-recovery basis on behalf of three major
clients: Industry Canada, DND and the Canadian Space Agency. In addition, work is done in partnership with other
federal departments and agencies. Since the majority of CRC's budget comes from government clients, it is important
that these relationships are nurtured and that the organization remains in a position to respond to their future
requirements. To diminish the risk of losing a major client, CRC must maintain an ongoing dialogue with its major
stakeholders on several fronts (technical, operational and political) as well as a proper investment in those areas that
are anticipated hot topics.

Opportunities also exist to build relationships with new government clients and focused efforts will be made to do
so. In particular, the government will be looking at these future horizontal relationships as a way to increase the return
on its research dollar investment.

Support to Industry Canada

The CRC provides S&T advice, often on an as-needed basis, to the Spectrum Regulatory and Policy Branches and, in
particular, to the Spectrum Engineering Branch, the Information Highway Advisory Branch (especially through the
BRAND Program — Broadband for Rural and Northern Development), Technology Partnerships Canada, CANARIE's program
and other branches of Industry Canada that have responsibility for communications policy and regulatory decision making.
A key to CRC's support is the ongoing Spectrum Research Program for which Industry Canada provides seed funding.
Carrying out this program draws on the underlying expertise and knowledge that CRC gains through internally funded,
longer-term research endeavors. The R&D covered by the program includes topics related to terrestrial wireless, fixed and
mobile satellite services, broadcasting services, electromagnetic compatibility, and telecommunications standards.
CRC also acts as the main focal point for all international S&T initiatives in the ICT Sector. The priorities for R&D under
this program are jointly determined by CRC and Industry Canada.

Support to the Department of National Defence

The Defence Communications R&D Program is an ongoing cost-recoverable program in which CRC conducts R&D on
behalf of Defence R&D Canada (DRDC) under the terms of the Memorandum of Understanding between DND and
Industry Canada. CRC receives some 25 per cent of its R&D resources from this arrangement. The overall mission of
the program is to provide improved operational capability in the Canadian Forces (CF), and to maintain scientific
knowledge and expertise in wireless communications to assist DND and the CF in decision-making. The program is
formulated each year under DRDC's business planning process in collaboration with DND and CF clients. The current
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program includes projects spanning communication layers from physical, through network to application, and addresses
growing military requirements in network-centric operations for communications interoperability, increased information
flow, and effective mobile communications in complex environments. The R&D is complementary to the CRC research
program and, as such, the synergism benefits both CRC and DND.

Support to the Canadian Space Agency

Recognized as the federal government's centre of expertise in satellite communications, CRC has a long-standing
partnership with the Canadian Space Agency (CSA). Along with its A-base supported R&D program in satellite
communications, CRC assists the CSA in fulfilling the objectives of the Satellite Communications Program within the
Canadian Space Plan. This assistance helps to maintain or increase Canadian industry’s share of the worldwide
market for satellite communications and to ensure that Canadians have access to the world’s most advanced satellite
communications technologies. For major domestic satellite communications programs funded by CSA, CRC performs
the important functions of program management and scientific authority on a cost-recovery basis.

Support to Other Government Departments

As the federal government's primary telecommunications research laboratory, CRC is in a good position to assist or
partner with other departments and agencies on communications issues. For example, CRC is working with the
National Research Council on e-learning applications over broadband networks, and both organizations are together
cultivating productive relationships with Library and Archives Canada and the National Arts Centre to get culturally-rich
content online. CRC is also working with a federal community of interest on technologies related to network security.
It should be possible to increase the number of interdepartmental collaborations, particularly as these organizations
attempt greater use of broadband technologies to deliver content and services to their respective clients.

Strategic Priorities

Through discussions with Industry Canada, various other clients, board members and CRC management, six major
strategic priorities have been developed to define major elements of CRC's research program and associated activities
to help CRC meet its goals. CRC believes that these six priorities will ensure that the organization will continue to
conduct world-class R&D in areas of importance to telecommunications in Canada, provide a window on the future
for policy decision-making and help to address specific challenges faced by various clients.

It should be noted that CRC will not address all of these issues alone, but will continue to foster working relationships
and partnerships with numerous organizations across Canada. In most of these partnerships, CRC offers significant
expertise in its core strength areas while the other parties either bring complementary scientific expertise or valuable
insight into the application and use of a particular technology.

Broadband Access

The objective of this activity is to carry out scientific and engineering research to develop cost-effective solutions for access
to broadband services in rural and remote communities in Canada. Its scope ties very well into Industry Canada’s major
objectives of Connectedness and Innovation as well as the recently funded BRAND Program.

Radio Spectrum

Industry Canada is mandated to regulate the radio spectrum and therefore, must have a solid technical base to make proper
decisions and policy. Research in this area contributes to advice for spectrum policy development, support for SMART regu-
lations, reallocation and/or new or more efficient use of allocated spectrum, and utilization of new frequency bands.

Defence Communications

DND is one of CRC's major clients and research tasks are done on a cost-recoverable basis. Most of the activities are
closely tied to CRC's own technology interests, creating a mutually beneficial relationship. DND's present interests include
interoperability of communications networks, quality of service, network security and high-capacity wireless systems.

Network Security

As communications, commerce, defence and other applications become more dependent on the national network
infrastructure, the requirement for security and redundancy increases in priority. CRC already has modest research
activity in this area but due to its growing importance, some additional tasks will be undertaken in partnership with
other Canadian organizations. In particular, security of wireless networks is one of the emerging challenges.

Internet and Convergence

Although the Internet can be considered to be a mature technology having been in existence for over 20 years, it is
important for Canada to be on top of, and even contribute to, new world developments and improvements. As tech-
nology evolves and bandwidth is more readily available to consumers at reasonable cost, it also becomes important
to understand and predict convergence trends between the various competing and complementary information delivery
systems. For example, if high-quality video can be transmitted from anywhere in the world over the Internet onto a
large computer screen, what is the potential impact on the Canadian broadcasting industry and its regulations? CRC
can provide a valuable look forward on these trends so that the government can be better informed when considering
policy decisions.

Applications

One of the key drivers for acceptance and use of broadband technology is the availability of high-quality applications.
CRC is well positioned to use its access to various national and international communications networks to conduct
high-quality demonstrations of novel broadband applications, with a particular focus on those with a high degree of
social or industrial benefit.

The interrelation between these six priorities and two strategic goals is depicted in the diagram in Appendix A. These
priorities are further described in the form of tables in Appendix B. Each priority is detailed in terms of the
specific programs and projects that CRC will undertake, their impact, performance measures, linkages and approximate
resources. More specific performance measures will be developed on a yearly basis and will be included in operational plans.

Operational Considerations
Human Resources

From the perspective of human resources management, there will be a number of key issues that must be addressed
if CRC's strategic direction is to become successful and productive. Foremost, there is a need to clarify CRC's
size/growth guidelines to ensure that there is a proper balance of experienced and junior staff with the required skill
sets. The current phenomenon of an aging CRC population combined with normal attrition will also influence the
development of these guidelines. It is also imperative to examine the capacity of CRC’s corporate support organizations
to handle any staffing challenges. Solutions include mechanisms for career and succession planning, encouragement
of staff and management training, and a flexible culture for employees to maintain a healthy work/life balance.

More broadly, CRC will review the current organization structure to ensure that it supports the direction of its business
objectives. Moreover, CRC will need to ensure that there will be a sufficient managerial complement and sound
management practices in place to ensure the integration of new recruits into the organization.
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In embarking on these initiatives, CRC will continue to ensure that its core human resource practices continue to be in tune
with new government policies on hiring, diversity, ethics and values, and that CRC management is fully apprised of the
impact that these reforms may have on the ongoing conduct of business.

Finally, CRC will continue to foster relationships with Canadian universities with a view to encouraging graduate student
placement in our laboratories to work on projects of mutual interest. CRC already has a number of adjunct professors
attached to various universities on staff which should facilitate this effort and also offers the opportunity for professors to
spend sabbatical time within the various groups. Student placements are beneficial to both parties and have the positive
effect of increasing the resources that can be applied to a given task at moderate cost.

Fixed Assets and Campus Infrastructure

CRC is not only responsible for managing its own assets, but is also the landlord of the Shirleys Bay Campus, a 700-hectare
site with a number of other government tenants. As such, CRC is responsible for maintaining much of the infrastructure,
some of which dates back to the early 1950s. Although the tenants contribute to this financially, the size and age of the
campus makes this task an annual budgetary challenge. However, CRC does find that having a large area of land is critical
for research work involving satellite and radio antennas. Furthermore, the campus as a whole has grown to over 1,000
employees and has become a major research centre in its own right, particularly for agencies that require some degree of
physical security. CRC will therefore continue to try and address the issue of funding and maintaining this important infra-
structure with Industry Canada and Treasury Board.

CRC is also in the process of undertaking some additional construction to add new laboratory and office space for its
research program. In particular, a new antenna laboratory and an expanded facility for photonics research are currently
in progress. Any vacated space will then be modified and used for other programs. Although these projects have
encountered some problems and are somewhat behind schedule for a variety of reasons, they are considered important
for CRC's future growth and will provide critical space and new capabilities. Therefore, all avenues will be explored to
ensure their successful completion.

Finally, a research organization such as CRC requires an internal communications network that is robust, fast and secure.
It must operate within the constraints of government regulations but at the same time, be somewhat independent so that
new protocols, hardware and services can be tested in a working environment. CRC will continue to review its network
infrastructure to determine the best balance between researcher requirements and those applications that need to interact
with Industry Canada and other government central agencies.

Conclusion

The telecommunications and information technology sector has always been an exciting and productive area for Canada and
this remains as true today as 50 years ago when communications research at Shirleys Bay first started. Although the industrial
side has experienced several up and down cycles during this period, the sector nevertheless continues to grow worldwide and
market opportunities exist for products that are both timely and add efficiency or new applications for infrastructure operators.

The federal government, for its part, has articulated a number of major objectives for Canada for the next decade, and
among these is to become or remain a world leader in research, connectivity and innovation. At the same time, there are
a number of operational and policy issues that Canada and other nations face as communication networks become more
complex, vulnerable and open to the rest of the world. The leadership opportunities for a laboratory such as CRC are obvious.
This plan outlines some of the future directions that CRC, together with its partners, will take to meet the many challenges
that are facing us in the future.

Appendix A

Representation of CRC's Strategic Goals and Priorities

The following figure graphically represents the two strategic goals that were identified in developing the CRC Strategic Plan;
namely Innovation Leadership and Client Support. The six strategic priorities described in the plan and detailed in the tables
in Appendix B are indicated by the arrows that tap into the core competencies of the CRC to deliver to the
various clients of the organization. The core competencies have to be maintained on a long-term basis to be able to feed
the various R&D programs underlying these priorities. The concept represented in this chart will be used to develop annual
operational plans where performance measures will be defined more precisely.

In the reverse direction, the requests and perceived needs of the clients will result in adjustments to the strategic priorities
and these adjustments will, in turn, guide the development of the core competencies so that these competencies continuously
evolve to always be relevant.

Radio
Spectrum

Innovation
Leadership

(Core competencies)

Defence
Communications
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