wo 2015/080916 A1 [N I P00 0O R O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/080916 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

4 June 2015 (04.06.2015) WIPOIPCT
International Patent Classification:
H04B 1/44 (2006.01)
International Application Number:
PCT/US2014/066332

International Filing Date:
19 November 2014 (19.11.2014)

Filing Language: English
Publication Language: English
Priority Data:

14/091,012 26 November 2013 (26.11.2013) US

Applicant: MOTOROLA SOLUTIONS, INC. [US/US];
1303 East Algonquin Road, Schaumburg, Illinois 60196
(US).

Inventors: GALAN, Ariel L.,; 600 West Las Olas
Boulevard, Apt. 1307, Fort Lauderdale, Florida 33312
(US). AZCUY, Francisco A.,; 17074 SW 192nd Street,
Miami, Florida 33187 (US). GANIO, Chris,; 5030 NW
112th Drive, Coral Springs, Florida 33076 (US).

Agents: BESTOR, Daniel R., et al.; 1301 East Algonquin
Road, IL02/SHS, Schaumburg, Illinois 60196 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: SYSTEM FOR ENABLING DUPLEX COMMUNICATION ON PORTABLE RADIOS

10

nccedsory Y 1E,
ANTENNA AUDIQ FROM RADIO
MICROPHONE
04 15
‘ O AUDIOPATH | b | REPEATER |
165 B |
!
& | ; m e
Hos | ’5£ RxFrou gosﬂ
ANTENNA T, :
i e 22 pi <—Txssr ] ANTENRS) |
: AUXILIARY [ %D 155 DIGITAL 170 ‘
; SWITCH | 9a TRANSCEIVER SIGNAL
: RX PROCESSOR
! TRANSMIT- PATH
: RECEIVE SWITCH [ owRX|
: sl
:

140

DUPLEX
PATH

i DUPLEX
boswimc ) % 160

OPEN
CONNECTION

125

SPEAKER 100

FIG. 1

(57) Abstract: A portable radio communication system for enabling duplex communication on pottable radios is provided. The port-
able radio communication system comprises a host radio having a host radio antenna and an accessory having an accessory antenna.
The host radio antenna is operated to receive signals simultaneously on at least two channels during a dual watch mode of operation
or receive signals on a single channel during a single watch mode of operation. The portable radio communication system further
comprises at least one switch coupled to the host radio antenna and the accessory antenna. The switch enables duplex communica -
tion during the dual watch mode of operation or single watch mode of operation by routing transmit signals from the host radio to
the accessory antenna for transmission while the host radio antenna receives signals during the dual watch mode of operation or
single watch mode of operation.
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SYSTEM FOR ENABLING DUPLEX COMMUNICATION ON PORTABLE RADIOS

FIELD OF THE DISCLOSURE
[0001] The present disclosure relates generally to portable radios and more

particularly to a system for enabling duplex communication on portable radios.

BACKGROUND
[0002] Radios such as hand-held two-way radios are utilized within a variety of
public safety environments, such as law enforcement, fire rescue, and emergency
medical environments to name a few. Currently, public safety personnel working in
the field use portable radios for monitoring communications from one or more
channels. In such portable radios, when the user presses a push to talk (PTT) switch to
respond to any of the channels, all incoming communications are lost. This is also true
for radios that are operated to monitor communications on one particular channel at a
time. Specifically, this limits the interoperability of portable radios where users are
not able to listen to the monitored channels while the radio is operating in
transmission mode. In public safety environments, it is possible that an incident
commander may miss critical information being transmitted on one or more of the
monitored channels when the radio has switched to transmission mode.
[0003] Accordingly, there is a need for improving the interoperability of portable

radios used in public safety environments.

BRIEF DESCRIPTION OF THE FIGURES
[0004] The accompanying figures, where like reference numerals refer to identical or
functionally similar elements throughout the separate views, together with the detailed
description below, are incorporated in and form part of the specification, and serve to
further illustrate embodiments of concepts that include the claimed disclosure, and
explain various principles and advantages of those embodiments.
[0005] FIG. 1 is a block diagram of a portable radio communication system in

accordance with the various embodiments.
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[0006] FIG. 2 is a block diagram of a portable radio communication system of FIG.1
with a host radio antenna operating in dual watch mode and an accessory antenna
operating in transmission mode in accordance with the various embodiments.

[0007] FIG. 3 is a block diagram of a portable radio communication system of FIG.1
functioning as a cross-band repeater with a host radio antenna operating in dual watch
mode and an accessory antenna operating in transmission mode in accordance with
the various embodiments.

[0008] FIG. 4 is a block diagram of a portable radio communication system of FIG.1
with an accessory antenna operating in dual watch mode and a host radio antenna
operating in transmission mode in accordance with the various embodiments.

[0009] FIG. 5 is a block diagram of a portable radio communication system of FIG.1
functioning as a cross-band repeater with a host radio antenna operating in
transmission mode and an accessory antenna operating in dual watch mode in
accordance with various embodiments.

[0010] FIG. 6 is a block diagram of a portable radio communication system of FIG. 1
with a host radio antenna operating in single watch mode while the accessory antenna
1s inactive in accordance with various embodiments.

[0011] FIG. 7 is a block diagram of a portable radio communication system of FIG. 1
with a host radio antenna operating in transmission mode while the accessory antenna
1s inactive in accordance with the various embodiments.

[0012] FIG. 8 is a block diagram of a portable radio communication system of FIG. 1
with an accessory antenna operating in single watch mode while a host radio antenna
1s inactive in accordance with the various embodiments.

[0013] FIG. 9 is a block diagram of a portable radio communication system of FIG. 1
with an accessory antenna operating in transmission mode while a host radio antenna
1s inactive in accordance with the various embodiments.

[0014] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative to
other elements to help to improve understanding of embodiments of the present

disclosure.
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[0015] The apparatus components have been represented where appropriate by
conventional symbols in the drawings, showing only those specific details that are
pertinent to understanding the embodiments of the present disclosure so as not to
obscure the disclosure with details that will be readily apparent to those of ordinary

skill in the art having the benefit of the description herein.

DETAILED DESCRIPTION
[0016] Briefly, in accordance with the various embodiments, there is described
herein, a portable radio communication system for enabling duplex communication on
portable radios. The portable radio communication system comprises a host radio
having a host radio antenna and an accessory having an accessory antenna. The
accessory is removably coupled to the host radio. The host radio antenna is operated
to receive signals simultancously on at least two channels, which may be referred to
as a dual watch mode of operation, or receive signals on a single channel, which may
be referred to as a single watch mode of operation. The portable radio communication
system further comprises at least one switch coupled to the host radio antenna and the
accessory antenna. The switch enables duplex communication during the dual watch
mode of operation or single watch mode of operation by routing transmit signals from
the host radio to the accessory antenna for transmission while the host radio antenna
receives signals during the dual watch mode of operation or single watch mode of
operation.
[0017] FIG. 1 is a block diagram of a portable radio communication system 100. The
portable radio communication system 100 comprises a host radio 102 having a host
radio antenna 105 and an accessory 104 having an accessory antenna 110. In
embodiments of the present disclosure, the accessory 104 is removably coupled to the
host radio 102. In accordance with various embodiments, the host radio 102 is a
portable two-way communication radio. In one embodiment, the accessory 104 is a
public safety microphone (PSM) that when in use is operatively coupled by a cable to
the host radio 102, the host radio 102 typically being mounted on a belt of a user. The
host radio antenna 105 and accessory antenna 110 include any known or developed

structure for receiving electromagnetic energy in the radio frequency (RF) spectrum.
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In accordance with some embodiments of the present disclosure, the host radio 102 is
configured to operate in dual watch mode. As used herein, the term “dual watch mode”
signifies a receiver mode of the host radio 102 that allows the user of the radio to
listen to audio signals from multiple channels simultaneously. For example, in public
safety environments involving an emergency situation, incident commanders will be
able to listen to communications from multiple emergency responder groups (for
example, firefighters and police groups) simultaneously, either on private or group
calls when the host radio 102 operates in dual watch mode.

[0018] When the host radio 102 is operated in dual watch mode, the host radio
antenna 105 or accessory antenna 110, depending on the configuration, receives
(multiple) independent RF signals (also referred to as dual watch signals)
simultaneously on at least two frequency channels (also referred to as dual watch
channels). Each independent RF signal corresponds to signals received on one
particular frequency channel. During dual watch mode of operation, two independent
RF signals are received simultaneously to allow the user to monitor communications
from two dual watch channels simultancously.

[0019] In one embodiment, the two different dual watch channels that are being
monitored may originate from a single communication system, such as a public
safety-long term evolution (PS-LTE) communication system or a land mobile radio
communication (LMR) system. In another embodiment, each of these two different
dual watch channels that are being monitored may originate from a different
communication system, for example, a primary channel can originate from a first
communication system such as the LMR system, and a non-primary channel can
originate from a second communication system such as the PS-LTE system. In some
embodiments, the host radio antenna 105 may be a single receiving antenna that
simultaneously monitors wireless communications on both the dual watch channels.
In another embodiment, the host radio antenna may be a single receiving antenna that
periodically toggles to monitor communications on both the dual watch channels.
Other antenna arrangements are also feasible.

[0020] The host radio 102 further comprises a transceiver 115, a digital signal
processor (DSP) 120, speaker 125, and a plurality of switches 130, 135, 140, 145. The
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transceiver 115 is configured to process RF signals, independently and simultancously
received on at least two frequency channels which may be on different bands during
dual watch mode of operation. The transmit/receive duplex channel pair may also be
on different bands during dual watch mode of operation. The host radio 102 can
operate over a plurality of bands, such as UHF, VHF, and 700/800MHz, also referred
to as multi-band operation. Thus, the two simultaneously received frequency
channels may be on different bands. The transceiver 115 further processes transmit
signals for transmission to other radios via the host radio antenna 105 or the accessory
antenna 110. In this regard, the transceiver 115 includes appropriate circuitry to
enable digital or analog communications over a wireless communication channel. The
DSP 120 is coupled to the transceiver 115. The DSP 120 demodulates the signals
received from the host radio antenna 105 or the accessory antenna 110 through the
transceiver 115, and modulates signals for transmission to other radios. The speaker
125, or multiple speakers in dual watch mode, plays audio sounds corresponding to
the received RF signals, tones, or alerts within an audible frequency range that can be
heard by the user. The host radio 102 further comprises a processor (not shown) that
is coupled to the various components shown in FIG. 1. The processor includes one or
more microprocessors, microcontrollers, DSPs (digital signal processors), state
machines, logic circuitry, or any other device or devices that process information
based on operational or programming instructions stored in a memory (not shown).
The processor controls the different modes of operation described with reference to
FIGs. 2-8 based on user input and/or pre-configured setup.

[0021] In accordance with the embodiments of the present disclosure, the portable
radio communication system 100 as shown in FIG.1 enables duplex communication
on portable two-way communication radios (host radio 102) during dual watch mode
of operation. As used herein, the term “duplex communication” indicates
simultaneous reception and transmission of RF signals. In particular, implementation
of the embodiments of the present disclosure allows a host radio 102 to receive
independent RF signals simultaneously on at least two frequency channels while
transmit signals are routed for transmission to other radios on a talk-back frequency

channel. In trunking systems, this allows a user to monitor a private and group call
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simultaneously and continuously without interruption from the transmission operation.
In accordance with embodiments of the present disclosure, the duplex communication
is made possible in portable two-way communication radios without the use of any
physical duplexer filter. In particular, the physical duplexer filter used in conventional
systems for facilitating cross-band duplexer mode is eliminated by isolating a
frequency band on which RF signals (received in dual watch mode) are received, from
the frequency band used for transmitting transmit signals to avoid interference
between the receive and transmit signals. In one embodiment, the portable radio
communication system 100 allows simultaneous transmission (Tx) at VHF (Very
High Frequency) band and reception (Rx) at UHF (Ultra High Frequency) band
without interference from Tx. In this embodiment, this is achieved by the combined
isolation from the VHF harmonic filter in the transmitter circuitry and RF preselector
filtering in the receiver circuitry across the bands thereby eliminating the interference
at the co-located antennas (host radio antenna 105 and accessory antenna 110).
Embodiments of the present disclosures can also be implemented to enable duplex
communication on host radios that are operating in single watch mode. When the host
radio 102 is operated in single watch mode, the host radio antenna 105 receives RF
signals on a single frequency channel at a particular time.

[0022] In accordance with the embodiments of the present disclosure, the plurality of
switches 130, 135, 140, 145 are provided within the host radio 102 to isolate the paths
in which transmit and receive signals are routed between the antenna (host radio
antenna 105 or accessory antenna 110) and the transceiver 115. This isolation of paths
between transmit signals and receive signals by the switches enables duplex
communication in the host radio 102. In one embodiment, “transmit signals”
correspond to audio signals received from a radio microphone (not shown) that are
required to be transmitted to other radios via the antenna (host radio antenna 105 or
accessory antenna) when PTT switch is switched on. In one embodiment, when cross-
band repeater feature is enabled in the host radio 102, “transmit signals” may also
correspond to signals received from one antenna (for example, host radio antenna 105)
that are demodulated and routed for transmission via other antenna (for example,

accessory antenna 110). As used herein, the term “cross-band repeater” refers to a
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functionality of the portable radio communication system 100 that enables the host
radio 102 to repeat communications received in one frequency band on one antenna
via the other antenna in another different frequency band.

[0023] The plurality of switches comprise an auxiliary switch 130, a transmit-receive
switch 135, a duplex switch 140, and a repeater switch 145. In one embodiment, the
switches 130, 135, 140, 145 are implemented using a single pole, double throw
(SPDT) mechanism. The auxiliary switch 130 is coupled to the host radio antenna 105
at one end and accessory antenna 110 at the other end. The auxiliary switch 130 is
operated to switch selectively to couple either the host radio antenna 105 (through
contact ‘a’) or the accessory antenna 110 (through contact ‘b’) to the transceiver 115.
The transmit-receive switch 135 is coupled to the auxiliary switch 130 at one end and
transceiver 115 at the other end. The transmit-receive switch 135 is operated to switch
selectively to enable either a transmit (Tx) path 150 (through contact b’) or a receive
(Rx) path 155 (through contact ‘a’) to be established between the auxiliary switch 130
and the transceiver 115. The duplex switch 140 is coupled to the host radio antenna
105 at one end and transceiver 115 at the other end. The duplex switch 140 is
operated to switch selectively to maintain an open connection (through contact ‘a’) or
couple the host radio antenna 105 to the transceiver 115 via a duplex path 160
(through contact ‘b”) established between the duplex switch 140 and the transceiver
115. In accordance with the embodiments of the present disclosure, the duplex path
160 established between the duplex switch 140 and the transceiver 115 creates an
additional path that is required to isolate transmit and receive signals for enabling
duplex communication in the host radio 102. In embodiments of the present
disclosure, the duplex switch 140 switches to maintain an open connection whenever
duplex communication is not initiated in the portable radio communication system
100. In other words, when the duplex switch 140 switches to maintain an open
connection, only simplex communication is enabled in the portable radio
communication system 100, such that either the host radio antenna 105 or the
accessory antenna 110 is coupled to the transceiver 115 to either transmit or receive

signals at any particular time.
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[0024] The repeater switch 145 is coupled to the radio microphone at one end and the
DSP 120 at the other end. The repeater switch 145 is operated to switch selectively to
couple either an audio path 165 (through contact ‘b’) or a repeat path 170 (through
contact ‘a’) to the transceiver 115 via the DSP 120. When audio signals from the radio
microphone are required to be routed for transmission to other radios via the host
radio 102, the audio path 165 is established between the transceiver 115 and the
repeater switch 145 to route transmit signals corresponding to the audio signals
received from the radio microphone to the transceiver 115 via the DSP 120. In cross-
band repeater mode, when the signals received by the host radio 102 are required to
be repeated to other radios, the repeat path 170 is established between the transceiver
115 and the repeater switch 145 to route demodulated signals back to the transceiver
115 for transmission to other radios. In one embodiment, when the host radio antenna
105 receives independent RF signals simultaneously on multiple channels (also
referred to as dual watch channels) during dual watch mode of operation, some or all
of the independent RF signals received from a particular antenna (for example, host
radio antenna 105) that are required to be repeated are demodulated using the DSP
120 and further routed via the repeat path 170 back to the transceiver 115 for
transmission to other radios via the other antenna (for example, accessory antenna
110).

[0025] Referring to FIG. 2, a block diagram of the portable radio communication
system 100 of FIG. 1 is shown with a host radio antenna 105 operating in dual watch
mode and an accessory antenna 110 operating in transmission mode in accordance
with the various embodiments. In this embodiment, “transmission mode” is initiated
when a user of the host radio 102 presses a PTT switch (either disposed within the
accessory 104 or the host radio 102) to respond to communications received on the
dual watch channels from the host radio antenna 105. As used herein, the term
“transmission mode” refers to the operation of the accessory antenna 110 during
which transmit signals processed by the transceiver 115 in the host radio 102 are
ready for transmission (or being transmitted from the transceiver 115) to other radios
via the accessory antenna 110. In accordance with embodiments of the present

disclosure, duplex communication is enabled in the portable radio communication
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system 100 whenever the transmission mode is initiated during dual watch mode of
operation, such that, the host radio 102 is able to receive dual watch signals via the
host radio antenna 105 while simultaneously transmitting transmit signals to other
radios via the accessory antenna 110. In accordance with various embodiments of the
present disclosure, duplex communication during dual watch mode of operation is
enabled by selectively switching the switches 130, 135, 140, 145. In one embodiment
as shown in FIG. 2, when duplex communication is initiated during dual watch mode
of operation, the duplex switch 140 couples the host radio antenna 105 to the
transceiver 115 via the duplex path 160 to route the dual watch signals (Rx) received
from the host radio antenna 105 to the transceiver 115. Further, the auxiliary switch
130 couples the accessory antenna 110 to the transceiver to route the transmit signals
(Tx) processed by the transceiver 115 to the accessory antenna 110 via the transmit-
path 150 enabled by the transmit-receive switch 135 for transmission to other radios.
In this embodiment, the paths (transmit path 150 for transmit signals and duplex path
160 for dual watch signals) used for transmission and reception are isolated by
selectively switching the duplex switch 140 and auxiliary switch 130 to perform
duplex communication. As shown in FIG. 2, the repeater switch 145 is coupled to the
DSP 120 via the audio path 165 to enable routing of audio signals from the radio
microphone to the transceiver 115 for transmission to other radios via the accessory
antenna 110.

[0026] The embodiment shown in FIG. 2 can be similarly applied to enable duplex
communication in host radios that are operating in simplex communication mode
when RF signals are being received on one particular channel at a time during single
watch mode of operation. In operation, the duplex path 160 is enabled by the duplex
switch 140 to route signals received in single watch mode from the host radio antenna
105 to the transceiver 115 while the transmit-receive switch 135 enables the transmit
path 150 to simultaneously allow for transmission of signals to other radios via the
accessory antenna 110.

[0027] Referring to FIG. 3, a block diagram of the portable radio communication
system 100 of FIG.1 is shown functioning as a cross-band repeater with a host radio

antenna 105 operating in dual watch mode and an accessory antenna 110 operating in
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transmission mode in accordance with the various embodiments. In this embodiment,
“transmission mode” is initiated when one or more independent RF signals
corresponding to the dual watch signals are required to be repeated to other radios
using the cross-band repeater function of the portable radio communication system
100. In this embodiment, the term “transmission mode” refers to the operation of the
accessory antenna 110 during which transmit signals (i.e. demodulated signals
corresponding to the dual watch signals received from the host radio antenna 105)
processed by the transceiver 115 in the host radio 102 are ready for transmission (or
being transmitted from the transceiver 115) to other radios via the accessory antenna
110. In accordance with embodiments of the present disclosure, duplex
communication is enabled in the portable radio communication system 100 whenever
the transmission mode is initiated during dual watch mode of operation, such that, the
host radio antenna 105 is able to receive dual watch signals via the host radio antenna
105 while simultaneously functioning as a cross-band repeater for repeating received
communications to other radios via the accessory antenna 110. In accordance with
various embodiments of the present disclosure, duplex communication during dual
watch mode of operation is enabled by selectively switching the switches 130, 135,
140, 145.

[0028] In one embodiment as shown in FIG. 3, when duplex communication is
initiated during dual watch mode of operation, the duplex switch 140 couples the host
radio antenna 105 to the transceiver 115 via the duplex path 160 to route the dual
watch signals received from the host radio antenna 105 to the transceiver 115. In this
embodiment, the repeater switch 145 couples the repeat path 170 to the transceiver
through the DSP 120 to allow the portable radio communication system 100 to
function as a cross-band repeater. In particular, the DSP 120 demodulates the received
dual watch signals, and further the repeater switch 145, by coupling the repeat path
170 to the transceiver 115, allows routing of the demodulated dual watch signals to
the transceiver 115 for transmission to other radios via the accessory antenna 110. In
one embodiment, the repeater switch 145 is pre-configured or instructed to selectively
repeat dual watch signals received on only one particular frequency channel among

the multiple dual watch channels when the host radio 102 is functioning as a cross-
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band repeater. In another embodiment, the repeater switch 145 is pre-configured or
instructed to repeat all dual watch signals (i.e. repeat all RF signals independently and
simultaneously received on different channels during the dual watch mode of
operation) when the portable radio communication system 100 is functioning as a
cross-band repeater.

[0029] The embodiment shown in FIG. 3 can be similarly applied to enable duplex
communication in host radios that are operating in simplex communication mode
when RF signals are being received on one particular channel at a time during single
watch mode of operation. In operation, the duplex path 160 is enabled by the duplex
switch 140 to route signals received in single watch mode from the host radio antenna
105 to the transceiver 115 while the transmit-receive switch 135 enables the transmit
path 150 to simultaneously allow for transmission of signals (demodulated signals
corresponding to the signals received in single watch mode via the host radio antenna
105) to other radios via the accessory antenna 110.

[0030] Referring to FIG. 4, a block diagram of the portable radio communication
system 100 of FIG. 1 is shown with an accessory antenna 110 operating in dual watch
mode and a host radio antenna 105 operating in transmission mode in accordance with
the various embodiments. In accordance with some embodiments, the portable radio
communication system 100 is configured to use the accessory antenna 110 for
receiving dual-watch signals from other radios while the host radio antenna 105 is
used to transmit signals to other radios. In these embodiments, “transmission mode” is
initiated when user of the host radio 102 presses a PTT switch (either disposed within
the accessory 104 or the host radio 102) to respond to communications received on
the dual watch channels via the accessory antenna 110. As used herein, the term
“transmission mode” refers to the operation of the host radio antenna during which
transmit signals processed by the transceiver 115 in the host radio 102 are ready for
transmission (or being transmitted from the transceiver 115) to other radios via the
host radio antenna 105. In accordance with embodiments of the present disclosure,
duplex communication is enabled in the portable radio communication system 100
whenever the transmission mode is initiated during dual watch mode of operation,

such that, the host radio 102 is able to receive dual watch signals via the accessory
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antenna 110 while simultancously transmitting transmit signals to other radios via the
host radio antenna 105. In accordance with various embodiments of the present
disclosure, duplex communication during dual watch mode of operation is enabled by
selectively switching the switches 130, 135, 140, 145.

[0031] In one embodiment as shown in FIG. 4, when duplex communication is
initiated during dual watch mode of operation, the duplex switch 140 couples the host
radio antenna 105 to the transceiver 115 via the duplex path 160 to route the transmit
signals received from the transceiver to other radios via the host radio antenna 105.
Further, the auxiliary switch 130 couples the accessory antenna 110 to the transceiver
115 to route the transmit signals processed by the transceiver 115 to the accessory
antenna 110 via the receive path 155 enabled by the transmit-receive switch 135 for
routing the dual watch signals received from the accessory antenna 110 to the
transceiver 115. In this embodiment, the paths (duplex path 160 for transmit signals
and receive path 155 for dual watch signals) used for transmission (Tx) and reception
(Rx) are isolated by selectively switching the duplex switch 140 and auxiliary switch
130 to enable duplex communication in the host radio 102. As shown in FIG. 4, the
repeater switch 145 is coupled to the DSP 120 via the audio path 165 to enable
routing of audio signals from the radio microphone to the transceiver 115 for
transmission to other radios via the host radio antenna 105.

[0032] The embodiment shown in FIG. 4 can be similarly applied to enable duplex
communication in host radios that are operating in simplex communication when RF
signals are being received on one particular channel at a time during single watch
mode of operation. In operation, the receive path 155 is enabled by the transmit-
receive switch 135 to route signals received in single watch mode via the accessory
antenna 110 to the transceiver 115 while the duplex switch 140 enables the duplex
path 160 to simultancously allow for transmission of signals to other radios via the
host radio antenna 105.

[0033] Referring to FIG. 5, a block diagram of the portable radio communication
system 100 of FIG.1 is shown functioning as a cross-band repeater with an accessory
antenna 110 operating in dual watch mode and a host radio antenna 105 operating in

transmission mode in accordance with the various embodiments. In this embodiment,
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“transmission mode” is initiated when one or more independent RF signals
corresponding to the dual watch signals are required to be repeated to other radios
using the cross-band repeater function of the portable radio communication system
100. In this embodiment, the term “transmission mode” refers to the operation of the
host radio antenna 105 during which transmit signals (i.e. demodulated signals
corresponding to the dual watch signals received from the accessory antenna 110)
processed by the transceiver 115 in the host radio 102 are ready for transmission (or
being transmitted from the transceiver 115) to other radios via the host radio antenna
105. In accordance with embodiments of the present disclosure, duplex
communication is enabled in the portable radio communication system 100 whenever
the transmission mode is initiated during dual watch mode of operation, such that, the
host radio antenna 105 is able to receive dual watch signals via the accessory antenna
110 while simultaneously functioning as a cross-band repeater for repeating received
communications to other radios via the host radio antenna 105. In accordance with
various embodiments of the present disclosure, duplex communication during dual
watch mode of operation is enabled by selectively switching the switches 130, 135,
140, 145.

[0034] In one embodiment as shown in FIG. 5, the auxiliary switch 130 couples the
accessory antenna 110 to the transceiver 115 via the receive path 155 enabled by the
transmit-receive switch 135 to route the dual watch signals received from the
accessory antenna 110 to the transceiver 115 during the dual watch mode of operation.
When duplex communication is initiated during the dual watch mode of operation, the
duplex switch 140 couples the host radio antenna 105 to the transceiver 115 via the
duplex path 160 to route the transmit signals received from the transceiver 115 for
transmission via the host radio antenna 105. In this embodiment, the repeater switch
145 couples the repeat path 170 to the transceiver through the DSP 120 to allow the
portable radio communication system 100 to function as a cross-band repeater. In
particular, the DSP 120 demodulates the dual watch signals received from the
accessory antenna 110, and further the repeater switch 145, by coupling the repeat
path 170 to the transceiver 115, allows routing of the demodulated dual watch signals

to the transceiver 115 for transmission to other radios via the host radio antenna 105.
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In one embodiment, the repeater switch 145 is pre-configured or instructed to
selectively repeat dual watch signals received on only one particular frequency
channel among the multiple dual watch channels when cross-band repeater function is
enabled. In another embodiment, the repeater switch 145 is pre-configured or
instructed to repeat all dual watch signals (i.e. repeat all RF signals independently and
simultaneously received on different channels during the dual watch mode of
operation) when the portable radio communication system 100 is functioning as a
cross-band repeater.

[0035] The embodiment shown in FIG. 5 can be similarly applied to enable duplex
communication in host radios that are operating in simplex communication when RF
signals are being received on one particular channel at a time during single watch
mode of operation. In operation, the receive path 155 is enabled by the transmit-
receive switch 135 to route signals received in single watch mode from the accessory
antenna 110 to the transceiver 115 while the duplex switch 140 enables the duplex
path 160 to simultaneously allow for transmission of signals (demodulated signals
corresponding to the signals received in single watch mode via the accessory antenna
110) to other radios via the host radio antenna 105.

[0036] Referring to FIG. 6, a block diagram of the portable radio communication
system 100 of FIG. 1 is shown with a host radio antenna 105 operating in single
watch mode while the accessory antenna 110 is inactive in accordance with various
embodiments. In one embodiment, the portable radio communication system 100 can
also be used to support simplex communication to receive signals on one particular
frequency channel at a time during single watch mode of operation when the
accessory antenna 110 is inactive. The accessory antenna 110 may be inactive either
when it is disengaged from a port of the host radio 102 or when it is powered off. In
this embodiment, the auxiliary switch 130 couples the host radio antenna 105 to the
transceiver 115 via the receive path 155 enabled by the transmit-receive switch 135 to
route the signals received from the host radio antenna 105 to the transceiver 115. In
this case, the duplex switch 140 maintains the open connection. In the example shown
in FIG. 6, when the user presses the PTT switch to respond to communications

received on the host radio antenna 105, the repeater switch 145 couples the audio path
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165 to the transceiver 115 to allow audio signals from the radio microphone to be
transmitted via the host radio antenna 105.

[0037] Referring to FIG. 7, a block diagram of the portable radio communication
system 100 of FIG. 1 is shown with a host radio antenna 105 operating in
transmission mode while the accessory antenna 110 is inactive in accordance with
various embodiments. In one embodiment, the portable radio communication system
100 can also be used to support simplex communication to transmit signals via the
host radio antenna 105 when the accessory antenna 110 is inactive. The accessory
antenna 110 may be inactive either when it is disengaged from a port of the host radio
102 or when it is powered off. In one embodiment, when the user presses the PTT
switch to respond to communications received during dual watch mode or single
watch mode of operation, the auxiliary switch 130 switches to couple the host radio
antenna 105 to the transceiver 115 via the transmit path 155 enabled by the transmit-
receive switch 135 to route the transmit signals from the transceiver 115 for
transmission to other radios via the host radio antenna 105. Further, in this case, the
duplex switch 140 maintains the open connection. In the example shown in FIG. 7,
when the user presses the PTT switch to respond to communications, the repeater
switch 145 couples the audio path 165 to the transceiver 115 to allow audio signals
from the radio microphone to be transmitted to other radios via the host radio antenna
105.

[0038] Referring to FIG. 8, a block diagram of the portable radio communication
system 100 of FIG. 1 is shown with an accessory antenna 110 operating in single
watch mode while a host radio antenna 105 is inactive. In one embodiment, the
portable radio communication system 100 can also be used to support simplex
communication by engaging an accessory antenna 110 to the host radio 102. In this
embodiment, the accessory antenna 110 is used to receive signals on one particular
frequency channel at a time during single watch mode of operation when the host
radio antenna 105 is inactive. In one embodiment, when the user engages the
accessory antenna 110 to the host radio 102 to listen to communications received on a
frequency channel, the host radio antenna 105 may be temporarily inactivated to

allow all communications to be routed through the accessory antenna 110. In this case,
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the auxiliary switch 130 switches to couple the accessory antenna 110 to a receive
path 155 enabled by the transmit-receive switch 135 to route the signals received from
the accessory antenna 110 to the transceiver 115. Further, the duplex switch 140
switches to maintain the open connection. In the example shown in FIG. 8, when the
user presses the PTT switch to respond to communications received on the accessory
antenna 110, the repeater switch 145 couples the audio path 165 to the transceiver 115
to allow audio signals from the radio microphone to be transmitted via the accessory
antenna 110. In this case, as further described below with reference to FIG. 9, the
auxiliary switch 130 switches to couple the accessory antenna 110 to the transmit path
150 to enable transmission of signals from the host radio 102 to other radios via the
accessory antenna 110.

[0039] Referring to FIG. 9, a block diagram of the portable radio communication
system 100 of FIG. 1 is shown with an accessory antenna 110 operating in
transmission mode while a host radio antenna 105 is inactive in accordance with the
various embodiments. In one embodiment, the portable radio communication system
100 can also be used to support simplex communication to transmit signals to other
radios by engaging an accessory antenna 110 to the host radio 102. In this
embodiment, when the accessory antenna 110 is engaged to the host radio 102 to
respond to communications received during the single watch mode or dual watch
mode of operation, the host radio antenna 105 may be temporarily inactivated to allow
all communications to be routed through the accessory antenna 110. When the user
presses the PTT switch to respond to communications received during dual watch
mode or single watch mode of operation, the auxiliary switch 130 switches to couple
the accessory antenna 110 to the transceiver 115 via the transmit path 155 enabled by
the transmit-receive switch 135 to route the transmit signals from the transceiver 115
for transmission to other radios via the accessory antenna 110. Further, the duplex
switch 140 switches to maintain the open connection. In the example shown in FIG. 9,
when the user presses the PTT switch to respond to communications, the repeater
switch 145 couples the audio path 165 to the transceiver 115 to allow audio signals
from the radio microphone to be transmitted to other radios via the host radio antenna

105.
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[0040] A summary of the various modes of operation described with reference to

FIGs. 2-8 is provided in the following table:-

PCT/US2014/066332

Operational Mode

Switch Connections (a/b)

Host radio

antenna

Accessory

antenna

Auxiliary

Switch

Transmit-
Receive

Switch

Duplex
Switch

Repeater
Switch

Mode

Description

Dual Watch
Rx

Tx

b

Duplex
communicati
on in dual

watch mode

Dual Watch
Rx

Tx

Duplex
communicati
on in dual
watch and
cross-band
repeater

modes

Tx

Dual Watch
Rx

Duplex
communicati
on in dual

watch mode

Tx

Dual Watch
Rx

Duplex
communicati
on in dual
watch and
cross-band
repeater

modes

Inactive

Simplex
receive

operation
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without
accessory

antenna

Tx

Inactive

Simplex
transmit
operation
without
accessory

antenna

Inactive

Rx

Simplex
receive
operation
with
accessory

antenna

Inactive

Tx

Simplex
transmit
operation
with
accessory

antenna

[0041] Accordingly, the implementation of the various embodiments of the present

disclosure allows a user to perform duplex communication on portable radios. While

mobile phones typically have separate antenna for receiving and transmitting signals

and can theoretically operate in duplex mode by physically isolating antennas, dual

antenna ports implemented on a mobile are not feasible on portable radios. Portable

radios have a much more compromised design where both transmitter and receiver

share the same main antenna (host radio antenna 105) or PSM antenna (accessory

antenna 110). Embodiments of the present disclosure described with reference to FIGs.

1-9 enable portable radios to perform duplex communication while operating over a

plurality of bands, such as UHF, VHF, and 700/800MHz. In particular, the dual
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watch operation of portable radios is enhanced so that the communications on the dual
watch channels are not lost when the user presses a PTT switch to respond to either of
the dual watch channels. Embodiments of the present disclosure enable this cross-
band duplexer feature by combining the functionality of dual watch, PSM antenna,
and switching mechanisms to eliminate the loss of audio so as to not only allow
monitoring of both dual watch channels while transmitting simultaneously but also an
additional cross-band duplex, repeater, and trunking features which were not feasible
in conventional portable radios. Embodiments of the present disclosure also enable a
“virtual duplexer” functionality on portable radios based on the isolation inherent in
all band capable radio allowing transmission on one band and reception on a different
band. This virtual duplexer functionality also eliminates the need for a hardware
duplexer used in conventional radios.

[0042] In the foregoing specification, specific embodiments have been described.
However, one of ordinary skill in the art appreciates that various modifications and
changes can be made without departing from the scope of the disclosure as set forth in
the claims below. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications are intended to be
included within the scope of present teachings.

[0043] The benefits, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become more pronounced are not
to be construed as a, critical, required, or essential features or elements of any or all
the claims. The disclosure is defined solely by the appended claims including any
amendments made during the pendency of this application and all equivalents of those
claims as issued.

[0044] Moreover in this document, relational terms such as first and second, top and
bottom, and the like may be used solely to distinguish one entity or action from
another entity or action without necessarily requiring or implying any actual such
relationship or order between such entities or actions. The terms “comprises,”

99 ¢cs EE TS

“comprising,” “has”, “having,” “includes”, “including,

2% ¢ EE N

contains”, “containing” or
any other variation thereof, are intended to cover a non-exclusive inclusion, such that

a process, method, article, or apparatus that comprises, has, includes, contains a list of
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elements does not include only those elements but may include other elements not
expressly listed or inherent to such process, method, article, or apparatus. An element
proceeded by “comprises ...a”, “has ...a”, “includes ...a”, “contains ...a” does not,
without more constraints, preclude the existence of additional identical elements in
the process, method, article, or apparatus that comprises, has, includes, contains the
element. The terms “a” and “an” are defined as one or more unless explicitly stated
otherwise herein. The terms “substantially”, “essentially”, “approximately”, “about”
or any other version thereof, are defined as being close to as understood by one of
ordinary skill in the art, and in one non-limiting embodiment the term is defined to be
within 10%, in another embodiment within 5%, in another embodiment within 1%
and in another embodiment within 0.5%. The term “coupled” as used herein is
defined as connected, although not necessarily directly and not necessarily
mechanically. A device or structure that is “configured” in a certain way is
configured in at least that way, but may also be configured in ways that are not listed.
[0045] The Abstract of the Disclosure is provided to allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the understanding
that it will not be used to interpret or limit the scope or meaning of the claims. In
addition, in the foregoing Detailed Description, it can be seen that various features are
grouped together in various embodiments for the purpose of streamlining the
disclosure. This method of disclosure is not to be interpreted as reflecting an
intention that the claimed embodiments require more features than are expressly
recited in each claim. Rather, as the following claims reflect, inventive subject matter
lies in less than all features of a single disclosed embodiment. Thus the following

claims are hereby incorporated into the Detailed Description, with each claim

standing on its own as a separately claimed subject matter.
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We claim:

1. A portable radio communication system, comprising:

a host radio having a host radio antenna, the host radio antenna operated to
receive signals (Rx) simultaneously on at least two channels during a dual watch
mode of operation or receive signals on a single channel during a single watch mode
of operation;

an accessory removably coupled to the host radio, the accessory having an
accessory antenna; and

at least one switch coupled to the host radio antenna and the accessory antenna,
the at least one switch enabling duplex communication during the dual watch mode of
operation or single watch mode of operation by routing transmit signals (Tx) from the
host radio to the accessory antenna for transmission while the host radio antenna
receives signals (Rx) during the dual watch mode of operation or single watch mode

of operation.

2. The portable radio communication system of claim 1, wherein the host
radio further comprises a transceiver operated to process the signals (Rx) received
during the dual watch mode of operation or single watch mode of operation, and
further transmit signals (Tx) to be routed from the host radio antenna to the accessory

antenna for transmission.

3. The portable radio communication system of claim 2, wherein the at
least one switch comprises:

an auxiliary switch coupled to the host radio antenna at one end and accessory
antenna at the other end, the auxiliary switch operated to switch selectively to couple
cither the host radio antenna or the accessory antenna to the transceiver; and

a transmit-receive switch coupled to the auxiliary switch at one end and
transceiver at the other end, the transmit-receive switch operated to switch selectively
to enable either a transmit path or a receive path to be established between the

auxiliary switch and the transceiver; and
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a duplex switch coupled to the host radio antenna at one end and transceiver at
the other end, the duplex switch operated to switch selectively to maintain an open
connection or couple the host radio antenna to the transceiver via a duplex path
established between the duplex switch and the transceiver.

4. The portable radio communication system of claim 3, wherein when
duplex communication is initiated during the dual watch mode of operation or single
watch mode of operation, the duplex switch couples the host radio antenna to the
transceiver via the duplex path to route the signals (Rx) received from the host radio
antenna to the transceiver and the auxiliary switch couples the accessory antenna to
the transceiver to route the transmit signals (Tx) processed by the transceiver to the
accessory antenna via the transmit path enabled by the transmit-receive switch for

transmission.

5. The portable radio communication system of claim 3, wherein when
duplex communication is not initiated during the dual watch mode of operation or
single watch mode of operation, the duplex switch maintains the open connection and
the auxiliary switch couples the host radio antenna to the transceiver to route the
signals (Rx) received from the host radio antenna to the transceiver via the receive

path enabled by the transmit-receive switch.

6. The portable radio communication system of claim 3, wherein the host
radio comprises a digital signal processor coupled to the transceiver, the digital signal
processor for demodulating the signals (Rx) received from the host radio antenna

through the transceiver.

7. The portable radio communication system of claim 6, wherein the at
least one switch further comprises a repeater switch coupled to a radio microphone at
one end and a digital signal processor at the other end, the repeater switch operated to
switch selectively to couple either:

an audio path to the transceiver, the audio path established between the

transceiver and the repeater switch to route transmit signals (Tx) corresponding to an
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audio signal received from the radio microphone to the transceiver via the digital
signal processor, or

a repeat path to the transceiver, the repeat path established between the
transceiver and the repeater switch to route demodulated signals corresponding to the
signals (Rx) received from the host radio antenna to the transceiver via the digital

signal processor for transmission to other radio devices via the accessory antenna.

8. The portable radio communication system of claim 3, wherein when
the accessory antenna is inactive and further when transmission of signals (Tx) is
initiated, the auxiliary switch couples the host radio antenna to the transceiver via the
transmit path enabled by the transmit-receive switch for transmission of transmit

signals (Tx) via the host radio antenna.

9. The portable radio communication system of claim 3, wherein when
the host radio antenna is inactive and further when transmission of transmit signals
(Tx) is initiated, the duplex switch maintains the open connection and the auxiliary
switch couples the accessory antenna to the transceiver via the transmit path enabled
by the transmit-receive switch for transmission of transmit signals (Tx) via the

accessory antenna.

10.  The portable radio communication system of claim 1, wherein the at
least one switch enables duplex communication during the dual watch mode of
operation or single watch of operation without the use of a physical duplexer filter by
isolating a frequency band used for receiving signals (Rx) during the dual watch mode
of operation or single watch mode of operation from a frequency band used for

transmitting transmit signals (Tx) to avoid interference.
11. A portable radio communication system, comprising:

a host radio having a host radio antenna, the host radio antenna operated to

transmit signals when transmission of transmit signals (Tx) is initiated;
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an accessory removably coupled to the host radio, the accessory having an
accessory antenna, the accessory antenna operated to receive signals (Rx)
simultaneously on at least two channel during a dual watch mode of operation or
receive signals (Rx) on a single channel during a single watch mode of operation; and

at least one switch coupled to the host radio antenna and the accessory antenna,
the at least one switch enabling duplex communication during the dual watch mode of
operation or single watch mode of operation by routing transmit signals (Tx) from the
host radio for transmission via the host radio antenna while the accessory antenna
receives signals during the dual watch mode of operation or single watch mode of

operation.

12.  The portable radio communication system of claim 11, wherein the
host radio further comprises a transceiver operated to process the signals (Rx)
received during the dual watch mode of operation or single watch mode of operation,
and further transmit signals (Tx) to be routed from the host radio for transmission via

the host radio antenna.

13.  The portable radio communication system of claim 12, wherein the at
least one switch comprises:

an auxiliary switch coupled to the host radio antenna at one end and accessory
antenna at the other end, the auxiliary switch operated to switch selectively to couple
cither the host radio antenna or the accessory antenna to the transceiver; and

a transmit-receive switch coupled to the auxiliary switch at one end and
transceiver at the other end, the transmit-receive switch operated to switch selectively
to enable either a transmit path or a receive path to be established between the
auxiliary switch and the transceiver; and

a duplex switch coupled to the host radio antenna at one end and transceiver at
the other end, the duplex switch operated to switch selectively to maintain an open
connection or couple the host radio antenna to the transceiver via a duplex path

established between the duplex switch and the transceiver.
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14.  The portable radio communication system of claim 13, wherein when
duplex communication is initiated during the dual watch mode of operation or single
watch mode of operation, the duplex switch couples the host radio antenna to the
transceiver via the duplex path to route the transmit signals (Tx) processed by the
transceiver to the host radio antenna via the duplex path for transmission and the
auxiliary switch maintains the coupling of the accessory antenna to the transceiver to
continue routing the signals (Rx) received from the accessory antenna to the

transceiver via the receive path enabled by the transmit-receive switch.

15.  The portable radio communication system of claim 13, wherein when
duplex communication is not initiated during the dual watch mode of operation or
single watch mode of operation, the duplex switch maintains the open connection and
the auxiliary switch couples the accessory antenna to the transceiver to route the
signals (Rx) received from the accessory antenna to the transceiver via the receive
path enabled by the transmit-receive switch.

16.  The portable radio communication system of claim 13, wherein the
host radio comprises a digital signal processor coupled to the transceiver, the digital
signal processor for demodulating the signals (Rx) received from the accessory

antenna through the transceiver.

17.  The portable radio communication system of claim 16, wherein the at
least one switch further comprises a repeater switch coupled to a radio microphone at
one end and a digital signal processor at the other end, the repeater switch operated to
switch selectively to couple either:

an audio path to the transceiver, the audio path established between the
transceiver and the repeater switch to route an audio signal received from the radio
microphone to the transceiver via the digital signal processor, or

a repeat path to the transceiver, the repeat path established between the
transceiver and the repeater switch to route demodulated signals corresponding to the
signals (Rx) received from accessory antenna to the transceiver via the digital signal

processor for transmission to other radio devices via the host radio antenna.
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18.  The portable radio communication system of claim 13, wherein when
the host radio antenna is inactive and further when transmission of signals is initiated,
the auxiliary switch couples the accessory antenna to the transceiver via the transmit
path enabled by the transmit-receive switch for transmission of transmit signals (Tx)

via the accessory antenna.

19.  The portable radio communication system of claim 13, wherein when
the accessory antenna is inactive and further when dual watch mode of operation or
single watch mode of operation is initiated, the duplex switch maintains the open
connection, and the auxiliary switch couples the host radio antenna to the transceiver
via the receive path enabled by the transmit-receive switch to route the signals (Rx)

received from the host radio antenna to the transceiver.
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20.  The portable radio communication system of claim 11, wherein the at
least one switch enables duplex communication during the dual watch mode of
operation or single watch of operation without the use of a physical duplexer filter by
isolating a frequency band used for receiving signals (Rx) during the dual watch mode
of operation or single watch mode of operation from a frequency band used for

transmitting transmit signals (Tx) to avoid interference.
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