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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinat-
ing Committees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the
committees serve voluntarily and without compensation. They are not necessarily members of the
Institute. The standards developed within IEEE represent a consensus of the broad expertise on the
subject within the Institute as well as those activities outside of IEEE that have expressed an inter-
est in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply
that there are no other ways to produce, test, measure, purchase, market, or provide other goods and
services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in
the state of the art and comments received from users of the standard. Every IEEE Standard is sub-
jected to review at least every five years for revision or reaffirmation. When a document is more
than five years old and has not been reaffirmed, it is reasonable to conclude that its contents,
although still of some value, do not wholly reflect the present state of the art. Users are cautioned to
check to determine that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of
membership affiliation with IEEE. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as
they relate to specific applications. When the need for interpretations is brought to the attention of
IEEE, the Institute will initiate action to prepare appropriate responses. Since IEEE Standards rep-
resent a consensus of all concerned interests, it is important to ensure that any interpretation has
also received the concurrence of a balance of interests. For this reason, IEEE and the members of its
societies and Standards Coordinating Committees are not able to provide an instant response to
interpretation requests except in those cases where the matter has previously received formal
consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may
require use of subject matter covered by patent rights. By publication of this standard,
no position is taken with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying patents for
which a license may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is
granted by the Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate
fee is paid to Copyright Clearance Center. To arrange for payment of licensing fee, please contact
Copyright Clearance Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA;
(978) 750-8400. Permission to photocopy portions of any individual standard for educational class-
room use can also be obtained through the Copyright Clearance Center.
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Introduction

(This introduction is not part of IEEE Std 1404-1998, IEEE Guide for Microwave Communications System Develop-
ment: Design, Procurement, Construction, Maintenance, and Operation.)

The Intelligent Transportation Society of America (ITS America) was organized to support the development
of US Department of Transportation (USDOT) Intelligent Transportation Systems (ITS) and subsequently
requested standards assistance from the IEEE. The first meeting of the IEEE Standards Coordinating Com-
mittee on Intelligent Transportation Systems (SCC32) was convened by John E. May at Newport Beach,
California on 22 May 1992.

Traditional DOT electronic system construction and maintenance projects have been limited in scope to
“local” systems and system control environments that do not require system-to-system communications.
Each system has usually been a stand-alone system, and in many cases, proprietary design has negated the
ability to communicate with an adjacent system(s). These electronic systems are relatively new to the DOT
environment and most are traffic control systems. However, after the US Legislature passed the Intermodal
Surface Transportation Efficiency Act of 1991 (ISTEA), the need to communicate with many discrete traffic
management systems over a large geographic area became essential if the concept of ITS was to become a
reality. The key to cost-effective ITS systems is a cost-effective, highly reliable communications infrastruc-
ture. A terrestrial microwave system can be designed to meet these requirements.

This guide is the product of an SCC32 Working Group responsible for the development of a document that
would provide guidance to the USDOT, as well as state and local transportation departments in developing a
terrestrial microwave system, including the steps required for design, procurement, construction, mainte-
nance, and operation.

At the time this guide was completed, the Working Group on Microwave Communications System Develop-
ment: Design, Procurement, Construction, Maintenance, and Operation had the following members:

Robert L. Gottschalk, Chair

Gene A. Glotzbach Gerald M. Kessler
John M. Hogan Terry A. Posey
Clinton L. Hugghins

Thomas G. Brooks, Jr.
Lawrence R. Danello

The following persons were on the balloting committee:

John H. Bailey

John R. DiSalvo

Roger D. Madden

Robert Barrett Samuel F. Gargaro John E. May
Roger R. Block Arthur H. Greenberg Alan Otwell

Gene A. Buzzi James E. Gunn Leonard L. Tripp
James Costantino Gerald M. Kessler Joseph Ulaszek
Lawrence R. Danello Richard Laine Charles E. Wallace
Spiros Dimolitsas Craig E. Lekutis Richard Weiland
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The final conditions for approval of this guide were met on 13 April 1998. This guide was conditionally
approved by the IEEE-SA Standards Board on 19 March 1998, with the following membership:

Richard J. Holleman, Chair Donald N. Heirman, Vice Chair
Judith Gorman, Secretary

Satish K. Aggarwal James H. Gurney L. Bruce McClung
Clyde R. Camp Jim D. Isaak Louis-Franc¢ois Pau
James T. Carlo Lowell G. Johnson Ronald C. Petersen
Gary R. Engmann Robert Kennelly Gerald H. Peterson
Harold E. Epstein E. G. “Al” Kiener John B. Posey

Jay Forster* Joseph L. Koepfinger* Gary S. Robinson
Thomas F. Garrity Stephen R. Lambert Hans E. Weinrich
Ruben D. Garzon Jim Logothetis Donald W. Zipse

Donald C. Loughry

*Member Emeritus

Catherine K.N. Berger
IEEE Standards Project Editor

National Electrical Code and NEC are registered trademarks of the National Fire Protection Association.
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IEEE Guide for Microwave
Communications System
Development: Design,
Procurement, Construction,
Maintenance, and Operation

1. Overview

This document provides step-by-step guidance to individuals involved in the development of terrestrial
microwave communications systems. Included are the requirements for the design, procurement, construc-
tion, maintenance, operation, and test of such systems.

1.1 Scope

This guide was developed in accordance with traditional microwave system development methods. This
guide addresses the needs and requirements specific to the design, procurement, construction, maintenance,
and operation of a microwave system. Steps for a variety of applications have been included in this guide;
however, readers should select only those steps that apply to their particular system(s) and their procurement
policies.

It is recommended that this guide be thoroughly reviewed and all steps not applicable to the needs of the user
and/or project be deleted. The customized guide should then be used as a project-specific guide. Each step in
the modified guide can then be used as a check-off item to ensure that all the requirements of the process
have been fulfilled or completed.

1.2 Purpose

The purpose of this document is to provide a step-by-step guide for the development of a microwave com-
munications system for the non-technical manager or purchasing agent or to serve as a handy checklist for
the experienced communications engineer/technical manager.

This guide addresses the basic issues associated with each potential element of a microwave communica-
tions infrastructure construction project. It was the intent of the writers to provide a generic and basic
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approach, addressing as many of the possible project elements, rather than provide a more detailed docu-
ment that would be typical of a procedure or specification. This document is a guide and should not be used
as the only source of information when designing, procuring, constructing, maintaining, and operating a
microwave communications system.

The guide can be used by both the communications engineering professional who may wish to review one or
more elements of microwave project design and by the non-technical manager/purchasing agent who desires
to become familiar with the various aspects of microwave system project development.

2. References

This guide shall be used in conjunction with the following publications. If the following publications are
superseded by an approved revision, the revision shall apply.

ANSI/EIA 195-C-1985, Electrical and Mechanical Characteristics for Terrestrial Microwave Relay System
Antennas and Passive Reflectors. !

ANSI/EIA 310-D-1992, Racks, Panels, and Associated Equipment.

ANSI/EIA/TIA 222-E-1991, Structural Standards for Steel Antenna Towers and Antenna Supporting
Structures.

ANSI/NFPA 780-1997, Lightning Protection Code.?
ASCE 7-95 Minimum Design Loads for Buildings and Other Structures.’
EIA-252-A-1972, Standard Microwave Transmission Systems.4

EIA-368-1969, Frequency Division Multiplex Equipment Standard for Nominal 4 kHz Channel Bandwidths
(Non-Compandored) and Wideband Channels (Greater than 4 kHz).

IEEE Std C62.41-1991 (Reaff 1995), IEEE Recommended Practice for Surge Voltages in Low-Voltage AC
Power Circuits.”

NFPA 70-1996, National Electrical Code® (NEC®).0

UL-752-1995, Bullet-Resisting Equipment.7

I ANSI/EIA publications are available from Global Engineering, 1990 M Street NW, Suite 400, Washington, DC, 20036, USA. They are
also available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY
10036, USA.

2NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101,
Quincy, MA 02269-9101, USA.

3ASCE publications are available from American Society of Civil Engineers, 1015 15th Street NW, Suite 600, Washington DC 20005
USA.

4EIA publications are available from Global Engineering, 1990 M Street NW, Suite 400, Washington, DC, 20036, USA.

SIEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA.

%The National Electrical Code is available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331,
Piscataway, NJ 08855-1331, USA. It is also available from Publications Sales, National Fire Protection Association, 1 Batterymarch
Park, P.O. Box 9101, Quincy, MA 02269-9101, USA.

TUL standards are available from Global Engineering, 1990 M Street NW, Suite 400, Washington, DC, 20036, USA.
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3. Acronyms

AASHTO American Association of State Highway and Transportation Officials

AGL Above Ground Level

ANSI American National Standards Institute

EPA Environmental Protection Agency

ERP Effective Radiated Power

FAA Federal Aviation Administration

FCC Federal Communications Commission

FHWA Federal Highway Administration

HVAC Heating, Ventilation, Air-conditioning

IEEE Institute of Electrical and Electronics Engineers

I/0 Input/Output

ISO International Organization for Standardization

ISTEA Intermodal Surface Transportation Efficiency Act (1991)
ITS Intelligent Transportation System [formerly Intelligent Vehicle Highway System (IVHS)]

ITS America Intelligent Transportation Society of America [formerly the Intelligent Vehicle Highway
Society (IVHS) of America]

ITU-R International Telecommunications Union—-Radio Communications Sector

ITU-T International Telecommunications Union-Telecommunications Standardization Sector
IVHS Intelligent Vehicle Highway System [replaced by Intelligent Transportation System (ITS)]
LP Liquefied Petroleum

NEC National Electrical Code

NEMA National Electrical Manufacturers Association

NFPA National Fire Protection Association

NRTL Nationally Recognized Testing Laboratory

NTIA National Telecommunications and Information Agency

NTP Notice to Proceed

PCS Personal Communications Service

RF Radio Frequency

RFB Request for Bid

RFI Request for Information

RFP Request for Proposal

UL Underwriters Laboratories

UPS Uninterruptible Power System

USGS US Geological Survey

VSWR Voltage Standing Wave Ratio
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4. Professional assistance requirements

Professional assistance may be required for two specific reasons —first, to fulfill the need for technical assis-
tance not available within the user organization, and second, to satisfy professional engineer licensing or cer-
tification required by either policy or law. In either case, the professional engineer, whether a qualified
registered professional engineer or a communications engineer, should bring a level of expertise to the pro-
cess that is both cost effective and time effective.

5. Assignment of responsibility

It is important to assign responsibility as early in the process as possible. Agencies in the public sector usu-
ally have policies, procedures, and laws governing the process for the assignment of authority and responsi-
bility to programs addressed by this guide, whereas private sector planners may not have any predefined
rules or policies. Therefore, the initial project activities, which include mission statements, budget issues,
and work scopes, should clearly identify where the program authority and responsibility lies. It is important
that technical and complex projects (e.g., microwave communications systems) be controlled by managers
or engineers who are qualified communications specialists. Individuals or groups who do not practice com-
munications engineering are not qualified and should not be considered.

5.1 Engineering

The individual or group selected to be responsible for the engineering design, maintenance, and operation of
a microwave system should be a qualified communications engineer or communications engineering group.
The individual or group should be a specialist or specialize in this area of electrical engineering. If qualified
personnel are not internally available, engineering assistance should be acquired from an outside source.

5.2 Procurement

The procurement policies affecting each project should be considered in the design process. In addition,
institutional standards should be considered and possibly changed or waived for some communications
projects. It is best to identify any impediments in advance and obtain permits, license waivers, or design
modifications before making a final commitment to the proposed project.

Failure to address institutional issues early in the conceptual and design phases can delay the project later on
and almost always increases the final and/or long-term recurring costs of the project. Responsible engineer-
ing and management are necessary to prevent delays and minimize costs.

Given the policies and standards, it is necessary to establish the procurement methodology that is appropri-
ate to the project. The owner may choose among competitive procurement [bid or request for proposal
(RFP)], negotiated sole-source procurement, or operating lease.

5.3 Implementation

Implementation of a microwave communications system is an intensive technical effort. For most projects,
successful implementation requires a dedicated project manager. This individual oversees activities such as
scheduling, site acquisition and development, permitting, vendor/contractor coordination, receiving, inven-
tory and storage of equipment and materials, construction supervision, Federal Aviation Administration
(FAA) and Federal Communications Commission (FCC) compliance, system optimization, and performance
verification. Time should be allocated for extensive field travel and regular progress meetings with the sys-

tem vendor.
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5.4 Operation

Operational issues include system management, site management, maintenance, and other issues associated
with office management. System management includes resource allocation, maintenance strategies, and
future growth requirements. Site management includes tower management, frequency and channel selection,
and loading. Maintenance funding and resource allocation may be a shared responsibility between opera-
tions and maintenance. Other management issues are essentially office management requirements that
should be defined and allocated budget funds.

NOTE —Tower management includes tower/site use agreements with other users.

5.5 Maintenance

Maintenance should be considered from the beginning of the project and effectively begins during system
burn-in and should continue throughout the life of the system. Maintenance tactics, billing, training, network
monitoring and control, response time, equipment and vehicle requirements, and preventive maintenance
schedules are all directly associated with maintenance and indirectly associated with operation.

Two basic maintenance concepts are contract and in-house maintenance. Contract maintenance is performed
by independent contractors who perform specific maintenance tasks delineated by a contractual agreement
between the microwave system owner and the maintenance contractor(s). In-house maintenance is mainte-
nance performed by personnel employed directly by the microwave system owner.

The development of maintenance capabilities (e.g., acquiring personnel, equipment, spare parts, and train-
ing) should be done sufficiently in advance so that the maintenance personnel will be ready to assume main-
tenance responsibility upon initial system start-up.

5.6 Legal

Legal issues will vary from project to project. It is recommended that site selection be considered a part of
the initial design engineering and all FAA, FCC, Federal Highway Administration (FHWA), and local build-
ing and zoning permit approvals be obtained before advertising for bids. Unless all approvals are guaranteed,
a project may be delayed or completion may be prevented due to a rejection by any one authority such as
those delineated herein.

However, it should be recognized that large systems will present a logistical problem to the manager who
attempts to obtain all licenses and permits prior to advertising for bids. FCC licenses will usually expire
between the time of the bid and the completion of construction, maybe more than once. FAA studies also
expire if the FCC license is not issued promptly. Therefore, large system planning should also include the
legal issues associated with the logistical necessity of awarding a contract first and requiring the contractor
to complete the FCC licensing before the construction notice to proceed (NTP) can be authorized. In all
cases, the contract should have a cancellation clause, without penalty to the buyer, in the event that the FCC
does not grant a license(s) for the system.

6. Design requirements

The design requirements of a terrestrial microwave system are directly driven by the needs of the owner(s)
and user(s) and should be determined during the user needs assessment. Design requirements are affected by
the volume and density of information that needs to be transported, the terrestrial characteristics of the area
of operation, and geographic restrictions for the site locations.
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