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ABSTRACT:  Data communications is one of the fastest growing industries today. Many
see data communications as one key to increasing workforce productivity.
Communications circuits are becoming increasingly expensive especially if wireline is
used. A simple solution to this problem is utilized radio. With the advent of the new Multi-
Point distribution Service on the 950 MHz Microwave band, simple and relatively
inexpensive solutions to data communications distribution has been solved. This paper will
explore this new service and its uses as related to data communications.

MULTI-POINT AND THE FCC:  The Federal Communications Commission (FCC)
has set aside a portion of the 950/928 MHz microwave band for Multiple Address Systems
(MDS), on these frequencies MDS systems are protected from harmful interference, this is
a distinct advantage of these frequencies compared to other bands that are designated for
data on a shared basis with voice traffic.

The multiple address radio system as specified in Part 94 serves as a bridge between
fixed point-to-point microwave and land mobile systems.

While the intent of the multiple address system is that it be fixed, it differs from a fixed
microwave system. Rather than having a single path between two highly directional
antennas, the central location uses an omni-directional antenna to reach multiple remote
locations that use directional antennas oriented toward the central location. Putting this in
perspective, one might imagine a conventional repeater system with on mobiles, only
control stations.

Although the multiple address system is not configured as a repeater, the system can be
licensed for transmission from the central site only, or a frequency pair can be chosen to
permit transmission from a central site to remotes and transmission by the remotes to the
central site. Table 1 lists these frequencies that can be used.



USES OF MULTIPLE ADDRESS:  Very little restricts the use of frequencies
allocated for multiple address. Fourteen frequency pairs and eight single frequencies are
available to anyone eligible under Part 94 of the FCC Rules and Regulations; 20 frequency
pairs are earmarked for eligibles under Part 90.63 (Power Radio Service); and 12 single
frequencies are set aside for use by those qualifying under Part 22 (Domestic Public Land
Mobile Radio Service, or RCC’s).

Multiple address systems have been broadly accepted by industries involved in gas
transmission by pipeline, steam generation, utilities and petroleum refining because of its
ability to monitor and report alarm conditions at numerous, unmanned sites.

RCC’s find multiple address a convenient way to eliminate phone lines and time-delay
apparatus on simulcast paging systems.

One of the biggest users of multiple address is the burglar alarm industry. Doing away
with telephone lines allows a cost savings as well as maintenance of a system’s integrity if
a subscriber’s phone lines are cut either accidentally or willfully.

REQUIREMENTS FOR MDS RADIO

Frequency allocation for multiple address is found in Part 94.65(a)(1) of the Federal
Communications Commission Rules and Regulations. Frequencies range from 928.0125 to
928.8375 MHz and from 952.0125 to 952.8375 MHz for paired frequencies, with the
lower frequency designated as “remote transmit” and the higher frequency designated as
“master transmit.”

Single frequencies are available in the 928, 956 and 959 MHz ranges. In both single
and paired frequencies, channel spacing is 25 kHz.

Channel bandwidth also is 25 kHz, and provision is made to assign two adjacent
channels for 50 kHz bandwidth. In order for the FCC to allow 50 kHz operation the
licensee must offer justification for the extra bandwidth and the equipment must meet a +/-
0.00015% tolerance requirement.

In terms of system configuration, the multiple address radio system consists of a central
site (or master site) and one or more remote sites. It is permissible to transmit at both the
remote sites and the master site, and while the remote sites should have directional
antennas with azimuths toward the master site, the master site may have an antenna with
an omindirectional pattern.



Part 94 list the technical requirements of a multiple address system. As previously
mentioned, frequency tolerance is limited to +/-0.00015%. Transmitter power output,
normally is limited to 20 watts in the 952 to 960 MHz range, and may be as high as 100
watts, as long as an omnidirectional antenna is used. The 928 MHz remote transmitters are
permitted no more than 5 watts output power. Effective radiated power of the master site
may be as much as 1000 watts, while the remote sites may have an ERP of up to 50 watts.
When computing system ERP, antenna gains must be referenced to an isotropic radiator,
not to a half-wave dipole as is normally used in land mobile calculations. An antenna will
show an additional 2.15 dB gain when referenced to an isotropic radiator instead of a half-
wave dipole.

A license application for multiple address is submitted on FCC Form 402 and includes
either a frequency search exhibit or interference study exhibit. Although not required, a
map showing master and remote sites is extremely helpful.

Properly designed multiple address radio systems are described by the FCC as follows:

(1) Each individual multiple address master station must have a minimum of four active
remote stations that it controls, activates, interrogates or from which it receives
information. The system must be providing service consistent with the original application.

(2) Those systems using 928/952 MHz paired frequencies must be designated for two-
way interrogate-response communications between a master and its remotes where the
communications are interrelated.

(3) Transmissions from a master station and its remotes must be on the master
frequencies between 952.3625 and 952.8375 MHz for eligibles applying in the Power
Radio Service and between 952.0125 to 952.3375 MHz for other Part 94 eligibles.

(4) Transmissions from remote stations to their master stations must be on the remote
frequencies that correspond to assigned master frequencies.

(5) One-way or Two-way on the same frequency must utilize the unpaired frequencies
in the 956 or 959 MHz band.

(6) Two or more master stations using different multiple address transmit frequencies
may not employ the master or remote transmit frequencies to interconnect with one another
to establish a tiered system.

(7) Two or more master stations using the same master transmit frequency may not use
their assigned frequencies to tier systems in such a way as to extend their operations



beyond the area that would be served by any single master station. Where redundant
master stations are involved, intercommunications between system elements reusing the
assigned multiple address frequencies are permitted except for remote-to-remote traffic.

The FCC has stringent requirements ensuring that co-channel interference will not
occur. If the application is submitted without an engineering study, must be shown that a
70 mile distance separates service are boundaries. This means 70 miles between the
closest boundary of one system to the other not from master to master (see Figure 1).

For example, an existing system has a service area radius of 20 miles. The proposed
system has a master site located 126 miles from the master site of the existing system. A
path length of 10 miles has been specified. Therefore, the separation between the existing
system service area boundary and the proposed service boundary is:

126 miles - 20 miles - 10 miles = 96 miles

This would be enough to satisfy the 70 mile interference requirement.

Figures 2 and 3 show computation of radio service and interference areas.

USING 928/952 MHz FOR LAN DATA

After receiving a license for the MDS radio system one would want to immediately put
it to use. One practical application for this service is wireless data communications
utilizing radio modems. Several units are available for radio data communications with
data speeds up to 19.2 kbps.

Data communications is one of the fastest growing industries today. Many see data
communications as one key to increasing workforce productivity.

There are many unsolved data communications problems that could be handled by FM
radio links in the Multiple Address Radio Service, and the number is growing. The
problems exist, and the regulatory/technology environments have finally caught up.

Data transmissions are usually short, infrequent and randomly time. Also, in most
cases, speed, accuracy and reliability are important. Combined with inevitable cost
constraints, these conditions suggest sharing of communications resources.



For years, telephone lines were the sole medium for data Communications. Telephone
lines are becoming increasing expensive, prone to poor performance and often unavailable.
Radio, on the other hand, lends itself to communicating from virtually anywhere without
the expense and bandwidth limitations of twisted pair alternatives.

If radio is so superior to wirelines for communications, why is it just emerging as a
medium? First, until recently, regulatory agencies discouraged use of radio channels as
alternative to leased phone lines. That has changed with divestiture. Second, there has
been little suitable hardware and software available for turnkey use. This is also changing.

Sending data by radio is not new. Simple systems have been implemented by making
normal two-way radios look like duplex telephone lines and using wireline modems. The
fact that wireline modems were never designed for radio and that voice radios were never
designed for data was not an issue. There was no alternative. As a result, data rates were
limited to around 300 baud. To handle the high error rates that resulted, data formats were
restricted, and redundancy was used to realize some measure of data integrity, but
efficiency was further degraded.

Now hardware and software are available for handling data. The key is packet radio. It
borrows technology form wireline networks to cope with the same problem. Telcos, faced
with growing demand for data communications and a relatively fixed amount of cable,
devised a technique called packet switching to use what capacity they had more
effectively. Packet provided a means for sharing long copper runs among users, each of
whom needed service only a small fraction of the time.

Packet radio began in late 1974 with an experiment at the University of Hawaii called,
“The Aloha System.” It was designed to link a number of terminals and computers
together over terrain where leased lines were either too costly or unavailable. Since then,
the technique has been thoroughly studied and improved. Since 1979 radio amateurs have
been experimenting with the technique and have developed hardware well suited to their
environment. Radio amateurs have long-standing tradition of pioneering new techniques
such as single sideband and radioteletype. Packet radio is the latest in amateur radio
experimentation and development.

All packet systems send user data in an “electronic envelope” called a packet. Like an
envelope, a packet contains an address, a return address and contents. Packet is like
certified mail; the sender receives positive confirmation of accurate receipt by the
addressee.



Packet radio system users broadcast their messages to a channel. Only the station that
recognizes its unique address will respond to a message. After establishing that the
contents are intact, a short confirming message, or acknowledgment, is returned to the
sender. A sender who fails to receive an acknowledgment automatically retransmits a
duplicate message. This procedure takes care of transmission errors caused by noise,
fading or packet collisions.

To the user, this entire process is totally transparent. Well designed systems look like a
dedicated pair of wires, and best of all, there are no transmission errors.

Error detection on packet radio systems is based on a CRC16 (16 bit cyclic redundancy
check) that is extremely accurate. Properly implemented systems will miss no more than
one in a million errors (BER 10E-6). Modem/radio combinations are capable of error rates
of one in 10,000 to one in 100,000 bits transmitted. The total undetected error rate is thus
one in 100 billion (BER 10E-11) bits transmitted.

Since data is addressed, and only the designated receiving station will respond, the
sender can issue a command to some remote device, knowing that only it will receive the
command. In addition, the channel can be shared very effectively by other stations,
provided there is some way of scheduling transmissions. Scheduling can be done using
polling, or in more sophisticated systems, by using carrier sensed multiple access (CSMA)
techniques.

Polling can be likened to a room full of people. One person is designated as the polling
master. He points to each person in the room in turn and asks whether they have anything
to say. He waits for a response, and if it is “no,” he goes on to the next person. If “yes,” he
allows that person to speak before going on to the next person. This process is repeated
continuously.

Polling systems waste vital channel capacity with polls and responses. Since data
messages tend to be bursty anyway, most of the responses are, “no, I have nothing to say.”
Since bandwidth is limited, a more efficient system would provide better response time for
someone who does have something to say.

CSMA systems can be likened to a room full of polite people. If someone is talking, the
other don’t interrupt. When the speaker is finished, anyone having something to say says
it. Speakers are also constrained to keep their messages very short to ensure that no one
hogs the floor. Putting this into perspective, the best packet radio systems operate at the
highest speed possible. At that rate, 4800 bits per second, several lines of this paper can be
transmitted in 100 msec.



Packet radio systems achieve their benefits by using very short burst transmissions. The
higher the bit rate they use on channel, the shorter the transmissions are and the better the
response time.

Limitations of radio systems are:

(1) Radio systems are subject to propagation on line of site which limits the effective
path to approximately 30 miles.

(2) Higher radio frequencies used for clear channel and reserved for data radio suffer
from obstruction interference, especially trees and buildings.

(3) Fading and atmospheric conditions affect these frequencies which wireline is
immune.

System Objectives are for best point-to-multipoint data communications with packet
radio, certain design objectives should be observed they are:

(1)   Transparent RS-232C, ASCII, or binary operations.
(2)   Buffering and flow control of both local and network.
(3)   CSMA and fast polling protocols fully supported.
(4)   Minimum of 4800 bps channel rate on 25 kHz FM.
(5)   Net throughput of at least 75% of channel rate.
(6)   Local and remote diagnostics and statics.
(7)   Built-in data privacy (limited encryption).
(8)   Fully integrated package with built-in radio system.
(9)   Simplex, half duplex or full duplex operation.
(10) Network support with simplex and full duplex.

LAN RADIO SYSTEM DESIGN

The following Appendix information is available from althought not published in this
paper. If you desire anyone of these appendices please let me know by writing to me at: 

Bruce V. Ziemienski
Manager, Electronics & Communications Division

City of Fresno
2101 G Street

Fresno, CA 93706



Appendix 1, is a completed FCC application that the City of Fresno used to obtain
permission and a license from the FCC to operate one of its two point-to-multipoint radio
systems. If one follows this basic outline in applying for a license there should be no
problems in obtaining one.

Appendix 2, provides a Lotus 1-2-3 worksheet program for calculating the a point-to-
multipoint radio system. This program will calculate up to 60 remote sites to one master
and is useful in determining interference ratios with the FCC for licensing purposes.

Appendix 3, is an actual design that the City of Fresno is now using to link IBM
PC-AT’s and XT’s in a radio data link for transmission of information to remote City sites
where telephone wireline is very expensive or non-existent.

Appendix 4, is an FCC public notice for designing antennas to limit the coverage area
of MDS radio. Also I have put together a graph to better able one to plot system coverage
vs antenna height. This is extremely important, without this data computed accurately the
FCC will reject your application for MDS radio service.
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TABLE 1

PAIRED AND UNPAIRED FREQUENCIES
AVAILABLE FOR MDS RADIO SYSTEMS

REMOTE TRANSMIT MASTER TRANSMIT
PAIRED FREQUENCIES (Mrz)

928.0125 952.0125
928.0375 952.0375
928.0625 952.0625
928.0875 952.0875
928.1125 952.1125
928.1375 952.1375
928.1625 952.1625
928.1875 952.1875
928.2125 952.2125
928.2375 952.2375
928.2625 952.2625
928.2875 952.2875
928.3125 952.3125
928.3375 952.3375
928.3625 952.3625
928.3875 952.3875
928.4125 952.4125
928.4375 952.4375
928.4625 952.4625
928.4875 952.4875
928.5125 952.5125
928.5375 952.5375
928.5625 952.5625
928.5875 952.5875
928.6125 952.6125
928.6375 952.6375
928.6625 952.6625
928.6875 952.6875



928.7125 952.7125
928.7375 952.7375
928.7625 952.7625
928.7875 952.7875
928.8125 952.8125
928.8375 952.8375

UNPAIRED CHANNELS

928.8625 928.8875 928.9125 928.9375
928.9625 928.9875 956.2625 956.2875
956.3125 956.3375 956.3625 956.3875
956.4125 956.4375 959.8625 959.8875
959.9125 959.9375 959.9625 959.9875


