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1 Introduction

Presently, public safety communications infrastructure in the U.S. consists of a dis-
parate collection of radio technologies operating over a wide range of frequencies and
using a variety of incompatible protocols [1]. This situation impairs interoperability
between public safety agencies, which is particularly apparent during periods of crisis.
One possible approach to mitigating this difficulty is to employ mobile radios that
are capable of operating over multiple frequency bands and protocols (modes), as
opposed to being limited to one frequency range and one protocol [2].

However, this problem is not unique to the public safety community. A simi-
lar problem has arisen in military radio communications, which has led to the de-
velopment of military radios with multiband/multimode capabilities [3]. Also, for
somewhat different reasons, multiband /multimode mobile radios are prevalent in the
amateur radio community. Therefore, there may be something to be learned by com-
paring the characteristics of these existing multiband/multimode radios to eristing

public safety mobile radios. This report is a first attempt.

2 Methodology

The summary of this brief, informal study is reported in the form of a table in Ap-
pendix A. Ten radios were selected, including 6 from the public safety market, 3
from the military market, and 1 from the amateur radio market. The military radios
are relatively modern vintage, with two (the AN/PRC-148 and AN/PRC-152) be-
ing SCA-compliant JTRS models which should be representative of the state of the
art in military multiband/multimode radio. Additionally, the AN/USC-61 “DMR”
radio is included — even though it is far from being a handheld — as an example of
an extreme, ‘no holds barred” approach to multiband /multimode radio. The public
safety and amateur radio vendors and models were selected by no particular crite-
rion, but rather based on ease of locating suitable technical information. Sources of
information included brochures downloaded from the vendor’s web sites (in all cases)

and information published in a trade journal’s annual report of product specifications



[4] (for the public safety radios). For these reasons, the information provided in this
report is informal only, provided solely for the purpose of identifying trends, and is
not suitable for making purchasing decisions. In particular, price information is based
on information reported in [4] (for public safety radios) or private communications,
and thus could be significantly higher or lower than reported here.

From the available information, only a subset of characteristics, specifications,
and features are reported in Appendix A. “Multiplicity” (under “Modes”) refers to
the number of simultaneous communications links that can be maintained with the
stated characteristics. Most of the other specifications should be self-explanatory or
(in the case of FM receive/transmit specifications) based on definitions established in
TIA-603 [5]. It should be emphasized that many aspects of these radios that may be
of critical importance to practitioners — e.g., user interfaces, encryption, etc. — are not
considered here. Instead, the intent is to compare those specifications that have the
most bearing on the fundamental ability of the radio to perform multiband /multimode

communications.

3 Findings

Despite the constraints imposed by the caveats described above, it is nevertheless
possible to identify some trends. One is to note that the three military radios are in
fact the three worst performers in terms of sensitivity in FM mode (for the uninitiated,
it should be noted that just a few dB difference in sensitivity amounts to a potentially
dramatic difference in range). In fact, the most capable radio in terms of frequency
coverage, the AN/USC-61, is dramatically worse than the other two military radios.
This is most likely a reflection of the fundamental difficulty of designing radios with
simultaneously wide bandwidth and wide tuning range; in fact, existing technology
requires that this ability is achieved only by trading off performance. A similar
observation can be made for output spurious levels, and probably for the same reason.
It is interesting to compare other radios to the VX-7R (amateur market) radio in this
context — in this case we see that the VX-7R provides excellent FM sensitivity over

a very large tuning range at relatively low cost, but has performance similar to the
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military handhelds with respect to other specifications. This suggests that there is

not a simple tradeoff between cost and performance in this context.

4 Concluding Remarks

This brief, informal study suggests that there is some possibility to design radios which
are considerably more capable then existing public safety radios, without necessarily
sacrificing performance (e.g., sensitivity /range) and with relatively small impact on
cost. Of course, this does not take into account other non-technical factors (e.g.,
market forces, training costs, non-recurring engineering, etc.).

This document is intended only to be an initial foray into this topic, and is not
intended to be authoritative. The author is happy to receive corrections, additional

information, and comments to be taken into account in a future version of this report.
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A Summary of Radio Specifications

Provided as a table on the following page.



Vendor General Dynamics Harris M/A-COM M/A-COM Motorola Motorola Motorola Thales Thales Yaesu
Model DMR Falcon 11l P7100 (VHF/UHF) | P7100 (800 MHz) PR860 PR1500 XTS-5000 (VHF) Thales 25 MBITR VX-7R
Market Military Military Public Safety Public Safety Public Safety Public Safety Public Safety Public Safety Military Amateur
Nomenclature AN/USC-61 AN/PRC-152 AN/PRC-148
Cost $1,800 $2,000 $875 $1,250 $3,500 $2,500 $7,500 $466
Tuning Range

2 - 30 MHz X (1)
30-50 MHz X X X X (1)
50-54 MHz X X X X
54-136 MHz X X X (1)
136-144 MHz X X X X X X X X (1)
144-146 MHz X X X X X X X X X
146-174 MHz X X X X X X X X (1)
174-222 MHz X X X (1)
222-225 MHz X X X X
225-378 MHz X X X (1) above 300
378-430 MHz X X X 403-430 380-430 X (1)
430-450 MHz X X X X X X
450-512 MHz X X X X X X (1)
512-806 MHz X (1)
806-870 MHz X X (1)
870-2000 MHz X (1) below 999
Modes

Multiplicity 4 1 1 1 1 1 1 1 1 1+ 2nd Rx
FM Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
AM Yes Yes No No No No No No Yes Yes
P25 Dig. Voice 2 ()] Yes Yes No No No Yes 2 No
Trunking No No Option Option No No No No No No
SINCGARS Yes Yes No No No No No No Yes No
Tuning Resolution [ 10 Hz [ 12.5 kHz [ 12.5 kHz [ 12.5 kHz [ 12.5 kHz [ 12.5 kHz 12.5 kHz 5 kHz 5 kHz
Frequency Stability [ 2.5 ppm [ 1.5 ppm [ 1.5 ppm [ 2.5 ppm [ 2.5 ppm [ 2 ppm 1 ppm 5 ppm 5 ppm
FM Sensitivity (3) -108 dBm -116 dBm -118 dBm -118 dBm -117 dBm -119 dBm -121 dBm -119 dBm -116 dBm -122 dBm
AM Sensitivity (4) -106 dBm -—- -—- --- -—- -103 dBm -103 dBm
Selectivity 55 dB 65 dB 72 dB 60 dB 63 dB 63 dB 73 dB 60 dB
Spurious 60 dB 73 dB 70 dB 70 dB 75 dB 78 dB 80 dB

FM Hum & Noise 34 dB 40dB 40 dB 40 dB 48 dB 40dB 40 dB

Max Audio Distortion 3% 3% 3% 2% 1% 2% 5% 10%
FM Max Output Power 0.05W 5W 5w 3w 5W 5W 6 W 5w 5W 5W
AM Output Power 0.1W 5W 1w
Max Spurious -47 dBc -72 dBc -55 dBc -73 dBc -75 dBc -50 dBc -50 dBc
Size [cu.in] [ 7411 cu.in. 39 cu.in. [ 25 cu.in. [ 25 cu.in. [ 20 cu.in. [ 21 cu.in. [ 29 cu.in. 22 cu.in. 33 cu.in. 9 cu.in.
Weight [0z] [ 3360 oz. 38 0z. [ 13 oz. [ 13 oz. [ 13 oz. [ 20 oz. [ 13 oz. 17 oz. 31 0z. 9 oz.
Current, standby [mA] 85 mA 77 mA 70 mA 70 mA 34 mA
Current, receive [mA] 305 mA 290 mA 70 mA 220 mA 240 mA
Current, transmit [mA] 2100 mA 1700 mA 2200 mA 1900 mA 1900 mA

Notes:

(1) Receive-only in this band
(2) Possibly supported (or could be supported) via SCA
(3) FM sensitivity criterion is 12 dB SINAD with 20 dB quieting

(4) AM sensitivity criterion is 10 dB SINAD




B Brochures

Brochures for each of the radios considered follow.





