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SUB-GROUP COMMUNICATION IN A DIRECT MODE OF OPERATION

BACKGROUND OF THE INVENTION

[0001] TETRA (Terrestrial Trunked Radio) (formerly known as Trans-European
Trunked Radio) communication networks and other communications networks
generally provide for a trunked mode of operation and a direct mode of operation for
communication between mobile stations. In current implementations of such
communication networks, every mobile station receives every communication
transmitted on its current channel which it is capable to detect, regardless of whether
the communication is intended for that particular mobile station. While receiving an
unwanted (or “alien”’) communication, a mobile station is inhibited from receiving
and/or transmitting other communications. Further, the mobile station radio

transmitting the unwanted communication is unaware that it is blocking the channel.

[0002] Accordingly, there is a need for methods and devices of sub-group

communication in a direct mode of operation.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0003] 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 invention, and
explain various principles and advantages of those embodiments.

[0004] FIG. 1 illustrates a prior-art configuration of sub-groups of mobile stations in a
mobile communication network.

[0005] FIG. 2 illustrates a block diagram of a mobile station in accordance with some
embodiments of the invention.

[0006] FIG. 3 illustrates a block diagram of a communication in accordance with
some embodiments of the invention.

[6007] FIG. 4 illustrates a functional block diagram of a mobile station in accordance

with some embodiments of the invention.
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[0008] FIG. 5 is a flowchart of a communication transmission method, which may be
carried out by a controller or similar device, for transmitting a communication within
a mobile communication network in a direct mode of operation in accordance with

some embodiments of the invention.

[0009] FIG. 6 is a flowchart of a communication reception method, which may be
carried out by a controller or similar device, for receiving a communication within a
mobile communication network in a direct mode of operation in accordance with

some embodiments of the invention.

[0010] FIG. 7 is a flowchart of a communication reception method, which may be
carried out by a controller or similar device, for receiving a communication within a
mobile communication network in a direct mode of operation in accordance with

some embodiments of the invention.

[0011] FIG. 8 illustrates an example mobile communication network in accordance

with some embodiments of the invention.

[0012] 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

mnvention.

[0013] The apparatus and method 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 invention 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 OF THE INVENTION

[0014] Embodiments of the invention include systems and methods for sub-group
communication in a direct mode of operation. In one embodiment, the invention is
directed to a mobile station that communicates with other mobile stations within a

mobile communication network. The mobile station includes, among other
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components, a radio unit, a push-to-talk key, and a controller. In some embodiments,
the mobile station may also include a non-transient computer-readable memory. The
radio unit receives and transmits communications. The push-to-talk key is selectively
positioned in either an activated state or in a deactivated state. The controller is
coupled to the radio unit and the push-to-talk key. The controller detects a request to
transmit an outgoing communication and determines whether the push-to-talk key is
in the activated state or in the deactivated state. The controller selects a first power
level when a determined state of the push-to-talk key is the activated state and selects
a second power level when the determined state of the push-to-talk key is the
deactivated state. ‘The controller transmits, via the radio unit, the outgoing
communication on a current operating channel to at least one other mobile station

within the mobile communication network at the selected power level.

[0015] In some embodiments, the controller of the mobile station performs as
described using instructions stored on the non-transient computer readable memory
that, when executed, cause the controller to perform all or a portion of the described

operations or functions.

[0016] In another embodiment, the invention is directed to a method of operating a
mobile station within a mobile communication network for sub-group communication
in a direct mode of operation. The method includes detecting, via a controller, a
request to transmit an outgoing communication and determining whether a push-to-
talk key is in an activated state or in a deactivated state. The method further includes
selecting, via the controller a first power level when a determined state of the push-to-
talk key is the activated state, and selecting, via the controller, a second power level
when the determined state of the push-to-talk key is the deactivated state. The
method also includes transmitting, via a radio unit coupled to the controller, the
outgoing communication on a current operating channel to at least one other mobile

station within the mobile communication network at the selected power level.

[0017] FIG. 1 illustrates a mobile communication network 100 (such as TETRA,
Project 25, Digital Mobile Radio, Public Safety Long Term Evolution, or other
communication networks based on radio-frequency transmission). The mobile

communication network 100 includes, for example, a first sub-group 105 of mobile
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stations, a second sub-group 110 of mobile stations, and a gateway 115. The first sub-
group 105 includes, for example, a first mobile station 120, a second mobile station
125, and a third mobile station 130. The second sub-group 110 includes, for example,
a fourth mobile station 135, a fifth mobile station 140, and a sixth mobile station 145.

Each mobile station may be, for example, a type of TETRA mobile station.

[0018] The mobile stations communicate with each other on a single channel using a
direct mode of operation. Generally speaking, a direction mode of operation refers to
a mode of operation where mobile stations communicate directly with one another,
independent of a larger communication network, and without sending
communications through the gateway 115. The mobile stations may also
communicate using a trunked mode of operation. Generally speaking, a trunked mode
of operation refers to a mode of operation where mobile stations communicate with
the larger communication network by sending communications through the gateway
115. The gateway 115 establishes communication between the direct mode of
operation and the trunked mode of operation since the protocols used in the direct
mode of operation and the trunked mode of operation are not compatible. The
gateway 115 acts as a translator between the direct mode of operation and the trunked
mode of operation, when a mobile station in the direct mode of operation wants to
communicate with a mobile station in the larger communication network using the
trunked mode of operation. The gateway 115 also acts as a translator between the
trunked mode of operation and the direct mode of operation, when a mobile station in
the larger communication network using the trunked mode of operation wants to
communicate with a mobile station using the direct mode of operation. Generally
speaking, a sub-group is a plurality of mobile stations that are located within a relative
proximity of each other. The plurality of mobile stations in the sub-group may share a

common operating channel.

[0019] In the example illustrated in FIG. 1, the first mobile station 120 transmits a
voice communication or data 150, intended for the first sub-group 105 (i.e., the
second mobile station 125 and the third mobile station 130). The fourth mobile
station 135 is positioned close enough to the first mobile station 120 such that it

receives the voice or data communication 150 from the first mobile station 120. The
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fourth mobile station 135 is only able to process one communication at a time,
Therefore, the fourth mobile station 135 is unable to transmit its own voice
communication 155 as long as it receives the voice communication 150 from the first
mobile station 120. The fourth mobile station 135 is also unable to receive
communications from the other mobile stations in the second sub-group 110 (i.e., the
fifth mobile station 140 and the sixth mobile station 145). Despite the fact that the
voice or data communication 150 transmitted by the first mobile station 120 is not
intended for the second sub-group 110, it still prevents the fourth mobile station 135

from communicating within the second sub-group 110.

[0020] In some instances, as discussed above, it is possible for the second sub-group
110 to experience interference, in the sense that when the first sub-group 105 and the
second sub-group 110 are communicating on the same channel, by default all mobile
stations in the second sub-group 110 may receive communications from the first sub-
group 105 despite the needs of the second sub-group 110. For example, when a user
of the fourth mobile station 135 desires to transmit a voice communication 155 in a
direct mode of operation for an immediate need (e.g., a fire-fighter requesting an axe
from the other users in the second sub-group 110), the voice communication 155 to
the second sub-group 110 may be blocked or otherwise interfered with by the voice

communication 150 transmitted from the first mobile station 120.

[0021] FIG. 2 illustrates a block diagram of a mobile station 200, in accordance with
one embodiment of the invention. In the embodiment illustrated in FIG. 2, the mobile
station 200 includes, among other components, a radio unit 205, a push-to-talk key
210, a controller 215, a microphone 220, a speaker 225, and a user interface 230.
Although only a single radio unit 205 and a single controller 2135 are illustrated in FIG.
2, in practice, the mobile station 200 may have more than one radio unit 205 and more

than one controller 215, and at ratios other than one-to-one.

[0022] In one exemplary embodiment, the controller 215 includes, among other
components, a processor 235, a memory 240, and an input/output unit 245. The
memory 240 includes operational data for use by the processor 235 and program
instructions for execution by the processor 235 enabling the controller 215 to control

the radio unit 205 to communicate with other mobile stations. In some embodiments,
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the memory 240 includes a non-transient computer readable memory. Although a
single processor 235 and a single memory 240 are illustrated, the controller 215 may
include two or more processors 235 and two or more memories 240 to implement the
functionality of the controller 215 described herein. The input/output unit 245
includes routines for transferring information and electric signals between

components within the controller 215 and other components of the mobile station 200.

[0023] The radio unit 205 includes, among other components, an antenna 250, a
receiver 255, and a transmitter 260. The receiver 255 and transmitter 260 may be
separate units or part of a transceiver that both receives and transmits data. The
antenna 250, receiver 255, and transmitter 260 enable the controller 215 to send and
receive communication to and from other mobile stations via a direct mode of
operation.

[0024] The push-to-talk key 210 is a switch, for example, a momentary switch, that
operates in one of at least two states (e.g., an activated state and a deactivated state).
When the push-to-talk key 210 is in the activated state, the mobile station 200
operates in a communication transmitting mode. When the push-to-talk key 210 is in
the deactivated state, the mobile station 200 operates in a communication receiving
mode.

[0025] The microphone 220 detects acoustic signals and outputs audio signals. The
controller 215 converts the audio signals into outgoing communications which are
transmitted via the radio unit 205. The controller 215 also converts incoming
communications received via the radio unit 205 into audio signals, which are

outputted from the speaker 225 as acoustic signals.

[0026] The user interface 230 is included to control the operation of the mobile
station 200, The user interface 230 is operably coupled to the controller 215 to
control, for example, the sub-group indicator 320 for the mobile station 200. The user
interface 230 can include a combination of digital and analog input devices required
to achieve a desired level of control for the mobile station 200. For example, the user
interface 230 can include one or more of: a display (e.g., liquid-crystal-display screen,
light-emitting diode screen, etc.), a touch-screen display, and a plurality of knobs,

dials, switches, buttons, faders, or the like. In some embodiments, the user interface
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230 is housed separately from other components of the mobile station 200. In some
embodiments, the controller 215 uses the user interface 230 and/or the speaker 225 to
indicate to a user whether an incoming communication is a network-wide
communication or a sub-group communication. For example, the speaker 225 outputs
a first type of beep for a network-wide communication and the second type of beep

for a sub-group communication.

[0027] FIG. 3 illustrates a communication 300 according to some embodiments of the
invention. In some embodiments, a communication 300 includes, among other
components, content 305 having voice information 310 and data 313. Data 315
includes, for example, text messages. A communication 300 may be categorized as
incoming or outgoing based on whether the communication 300 is being sent or
received by a mobile station 200. In some embodiments, a communication 300 further
includes a sub-group indicator 320. A sub-group indicator 320 is an indicator (e.g., a
word, number, letter, symbol, etc.) that identifies a communication 300 as being a
network-wide communication or a sub-group (e.g., local) communication. In some
embodiments, a communication 300 includes, for example, a bit or a plurality of bits in
a header section of a communication 300 which represent the sub-group indicator 320.
A network-wide communication is a communication 300 that is intended for every
mobile station 200 that is in transmission range of the sender. A sub-group
communication is a communication 300 that is intended only for mobile stations that

are within a determined transmission range of the sender.

[0028] FIG. 4 is a functional block diagram of the mobile station 200. The controller
215, radio unit 205, and other components shown in FIG. 2 may be configured to
implement the functions of the mobile station 200 described with respect to FIG. 4.
The mobile station 200 includes, among other components, a gatekeeper 400 in
communication with other mobile stations and a communication request detector 405.
The gatekeeper 400 may be implemented in software or instructions stored in memory
240 and executed by the controller 215, In the illustrated embodiment, the gatekeeper
400 receives a request to transmit an outgoing communication from the
communication request detector 405, processes transmission of the outgoing

communication, and processes reception of an incoming communication received
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from another mobile station 200. The gatekeeper 400 includes, among other
components, a gatekeeping unit 410, a sub-group handler 4135, a received signal

strength indicator (RSSI) calculator 420, and a transmission power handler 425.

[0029] The communication request detector 405 detects receipt of user input from a
user to send an outgoing communication. In one embodiment, the communication
request detector 405 detects user input from a user to send an outgoing
communication via audio detection. In an example embodiment, the communication
request detector 405 operates as a voice-operated switch. The communication request:
detector 405 sends a signal to the gatekeeping unit 410 indicating a request to transmit
an outgoing communication when an acoustic input detected by the microphone 220

is above a certain threshold volume or decibel level (e.g., 70 decibels).

[6030] In another embodiment, the communication request detector 405 detects user
input from a user to send an outgoing communication via motion detection. For
example, the communication request detector 405 sends a signal (o the gatekeeping
unit 410 indicating a request to transmit an outgoing communication when it detects
that the mobile station 200 is being shaken. In some embodiments, the
communication request detector 405 detects a motion of the mobile station 200 using
a type of motion sensor (e.g., accelerometer, gyroscope) included in the mobile station
200. The communication request detector 405 sends a signal to the gatekeeping unit
410 indicating a request to transmit an outgoing communication when the motion of
the mobile station 200, detected by the motion sensor, is above a certain motion
threshold value. In other embodiments, the communication request detector 405
sends a signal to the gatekeeping unit 410 indicating a request to transmit an outgoing

communication, based on a trigger from a near field communication sensor.

[0031] The gatekeeping unit 410 determines whether the current operating channel of
the mobile station 200 is busy. In some embodiments, the gatekeeper 400 only allows
transmission of an outgoing communication when the current operating channel of the
mobile station 200 is not busy (i.e., available). Therefore, upon receiving the signal
from the communication request detector 405, the gatekeeping unit 410 sends a signal
to the transmission power handler 425 indicating a request to transmit an outgoing

communication only when the current operating channel of the mobile station 200 is
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available. The gatekeeping unit 410 determines that the current operating channel of
the mobile station 200 is available when the mobile station 200 is not currently
receiving an incoming communication. In some embodiments, the gatekeeping unit
410 determines that the current operating channel of the mobile station 200 is busy
when the mobile station 200 is currently receiving an incoming communication. In
some embodiments, the gatekeeping unit 410 determines that the current operating
channel of the mobile station 200 is available when the mobile station 200 is currently

receiving, but not accepting, an incoming communication.

[0032] In some embodiments, upon receiving the signal from the communication
request detector 405, the gatekeeping unit 410 sends a signal to the transmission
power handler 425 indicating a request to transmit an outgoing communication when
the push-to-talk key 210 is in the deactivated state, regardless of whether the current

operation channel of the mobile station 200 is available.

[0033] The sub-group handler 415 selects a sub-group indicator 320 for the mobile
station 200 (e.g., a first sub-group indicator). In some embodiments, the sub-group
handler 415 selects the first sub-group indicator from a plurality of sub-group
indicators. In some embodiments, the sub-group handler 415 selects the first sub-
group indicator based on user input received via the user interface 230. The sub-
group handler 415 sends a petiodic or continuous signal to the gatekeeping unit 410

indicating the currently selected first sub-group indicator.

[0034] The sub-group handler 415 also receives an incoming communication from
another mobile station 200 and determines whether the incoming communication is a
network-wide communication or a sub-group communication. In some embodiments,
the incoming communication may include a sub-group indicator 320 (e.g., a second
sub-group indicator). In some embodiments, the sub-group handler 415 identifies the
incoming communication as a network-wide communication when the incoming
communication does not include the second sub-group indicator. In some
embodiments, the sub-group handler 415 determines whether to incoming
communication is a network-wide communication ot a sub-group communication
based at least in part on the second sub-group indicator. For example, when the

second sub-group indicator is equal to a first value (e.g., zero), the sub-group handler
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415 identifies the incoming communication as a network-wide communication,
Network-wide communications are intended for every mobile station 200 and are
always accepted. Therefore, the sub-group handler 415 sends a signal to the
gatekeeping unit 410 indicating that the incoming communication should be accepted
when the incoming communication is identified as a network-wide communication.
However, when the second sub-group indicator is not equal to the first value (e.g., the
second sub-group indicator equals 1, 2, 3, etc.), the sub-group handler 415 identifies
the incoming communication as a sub-group communication. Sub-group
communications are not always accepted. Therefore, the sub-group handler 415 sends
a signal to the received signal strength indicator (RSSI) calculator 420 indicating that
an RSSI of the incoming communication should be tested. In some embodiments, the
sub-group handler 415 also sends a periodic or continuous signal to the RSSI
calculator 420 indicating the second sub-group indicator included in the incoming

communication.

[0035] In some embodiments, the gatekeeper 400 does not include the sub-group
handler 415. In such embodiments, the RSSI calculator 420 receives the incoming

message and always tests the RSSI of the incoming message.

[0036] Upon receiving the signal(s) from the sub-group handler 415, the RSSI
calculator 420 determines an RSSI of the incoming communication. RSSTis a
measurement of the power present in a received signal (i.e., an incoming
communication). The RSSI calculator 420 compares the RSST of the incoming
communication with a signal threshold value. The RSSI of the incoming
communication is based at least in part on a distance that the incoming
communication travels from a mobile station 200 that receives it to a mobile station
200 that sent it. For example, the farther the distance that the incoming
communication needs to travel to reach the mobile station 200, the lower the RSSI of
the incoming communication will be. The RSSI calculator 420 determines whether
the incoming communication should be accepted or rejected based at least in part on
the comparison of the RSSI of the incoming communication and the signal threshold
value. For example, when the RSSI of the incoming communication is greater than or

equal to the signal threshold value, the RSSI calculator 420 determines that the

10
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incoming communication is accepted. On the other hand, when the RSSI of the
incoming communication is less than the signal threshold value, the RSSI calculator
420 determines that the incoming communication is rejected. The RSSI calculator
420 sends a signal to the gatekeeping unit 410 indicating whether the incoming

communication should be accepted or rejected.

[0037] In some embodiments, the signal threshold value is a predetermined value. In
some embodiments, RSSI calculator 420 determines the signal threshold value is
based on user input received via the user interface 230. In some embodiments, RSSI
calculator 420 determines the signal threshold value based on the second sub-group
indicator included in the incoming message. As explained above, the incoming
communication is identified as a sub-group communication when the second sub-
group indicator is not equal to a first value. For example, the incoming
communication is identified as a sub-group communication when the second sub-
group indicator is equal to 1, 2, or 3. The RSSI calculator 420 sets the signal
threshold value to a first level (e.g., -50 decibel-milliwatts (dBM)) when the second
sub-group indicator is equal to 1. The RSSI calculator 420 sets the signal threshold
value to a second level (e.g., -80 dBM) when the second sub-group indicator is equal
to 2. The RSSI calculator 420 sets the signal threshold value to a third level (e.g., -
110 dBM) when the second sub-group indicator is equal to 3. The first level is greater

than the second level and the second level is greater than the third level.

[0038] It is to be understood that any references to a sub-group indicator 320 being a
numerical value, included in this document, are only for purposes of explanation.
These references do not limit the sub-group indicator 320 to only include a numerical
value. As noted, the sub-group indicator 320 can include a variety of indicators, for

example, words, numbers, letters, symbols, and the like.

[0039] Based on the signals reccived from the sub-group handler 415 and the RSSI
calculator 420, the gatekeeping unit 410 determines whether the current operating
channel of the mobile station 200 is busy or available. The gatekeeping unit 410
sends a signal to the transmission power handler 425 indicating a request to transmit
an outgoing communication when the gatekeeping unit 410 receives a similar request

from the communication request detector 405 and determines that the current

i
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operating channel of the mobile station 200 is available. In some embodiments, the
gatekeeping unit 410 also sends a signal to the transmission power handler 425

indicating the first sub-group indicator.

[0040] The transmission power handler 425 determines whether the outgoing
communication is a network-wide communication or a sub-group communication
based on the current state of the push-to-talk key 210. In some embodiments, sub-
group communications are transmitted at a Jower power level than network-wide
communications. A power level represents an amount of energy used to transmit a
communication 300, The transmission power handler 425 selects a power level for
transmission of the outgoing communication based on the current state of the push-to-
talk key 210. As explained above, the push-to-talk key 210 exists in one of at least
two states including an activated state and a deactivated state. In some embodiments,
the transmission power handler 425 selects between a first power level and a second
power level based on the current state of the push-to-talk key 210. The first power
level is greater than the second power level. For example, the first power level may
be approximately 1.8 watts (i.e., 32.55 decibel-milliwatts) and the second power level
may be approximately 0.2 watts (i.e., 23.01 decibel-milliwatts). 1.8 watts is the
standard maximum power level for a typical portable radio. The transmission power
handler 425 identifies the outgoing communication as a network-wide communication
when the push-to-talk key 210 is in the activated state. Therefore, the transmission
power handler 425 selects the first power level when the push-to-talk key 210 is in the
activated state. The transmission power handler 425 identifies the outgoing
communication as a sub-group communication when the push-to-talk key 210 is in the
deactivated state. Therefore, the transmission power handler 425 selects the second
power level when the push-to-talk key 210 is in the deactivated state. In some
embodiments, the transmission power handler 425 selects between more than two
possible power levels. For example, the transmission power handler 425 can select a
power level for a sub-group communication from a plurality of power levels. In some
embodiments, the second power level is determined based on user input received via
the user interface 230. In some embodiments, the first power level and the second

power level are determined based on user input received via the user interface 230.

i2
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After selecting a power level, the transmission power handler 425 transmits the
outgoing communication at the selecting power level. In some embodiments, the
outgoing communication includes the first sub-group indicator. In some
embodiments, the outgoing communication includes the first sub-group indicator only
when the outgoing communication is a sub-group communication (i.e., the push-to-

talk key 210 is in the deactivated state).

[0041] FIG. 5 illustrates a communication transmission method 500 (or process) for
transmitting an outgoing communication within a mobile communication network in a
direct mode of operation. In step 510, the gatekeeper 400 detects an outgoing
communication transmission request from the communication request detector 405,
e.g., using the gatekeeping unit 410. For instance, the gatekeeping unit 410 receives a
signal from the communication request detector 405 indicating that an acoustic signal,
captured by the microphone 220, is greater than or equal to a predetermined audio

threshold.

[0042] In step 515, the gatekeeper 400 determines whether the current operating
channel of the mobile station 200 is busy or not busy. In one embodiment, the
gatekeeper 400 uses a first communication reception method 600 described below in
FIG. 6. In another embodiment, the gatekeeper 400 uses a second communication
reception method 700 described below in FIG. 7. The gatekeeper 400 waits for
another outgoing communication request from the communication request detector
405 (i.e., returns to step 510) when it determines that the current operating channel of
the mobile station 200 is busy. Alternatively, the gatekeeper 400 proceeds to step 520
when it determines that the current operating channel of the mobile station 200 is

available.

[0043] In step 520, the gatekeeper 400 determines a current state of the push-to-talk
key 210 (e.g., activated or deactivated), e.g., using the transmission power handler
425. When the push-to-talk key 210 is currently in the activated state, the
transmission power handler 425 selects a first power level (step 525). The first power
level indicates the power at which the outgoing communication will be transmitted by

the gatekeeper 400, e.g., using the transmission power handler 425. When the push-

13
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to-talk key 210 is currently in the deactivated state, the transmission power handler

425 selects a second power level (step 530).

[0044] In step 535, the gatekeeper 400 transmits the outgoing communication at the

selected power level, e.g., using the transmission power handler 425.

[0045] In some embodiments, the method 500 terminates after step 535 is complete.
In other embodiments, the method 500 proceeds to step 510 to detect a new outgoing

communication transmission request.

[0046] FIG. 6 illustrates a first communication reception method 600 (or process) for
receiving an incoming communication within a mobile communication network in a
direct mode of operation. In step 610, the gatekeeper 400 determines whether the
mobile station 200 is receiving an incoming communication, e.g., using the RSSI
calculator 420. When the gatekeeper 400 determines that the mobile station 200 is
not receiving an incoming communication, the gatekeeper 400 identifies that the
current operating channel of the mobile station 200 is available (step 615). On the
other hand, when the gatekeeper 400 determines that the mobile station 200 is

receiving an incoming communication, the gatekeeper 400 proceeds to step 620.

[0047] In step 620, the gatekeeper 400 determines an RSST of the incoming
communication, e.g., using the RSSI calculator 420. Next, the gatekeeper 400
compares the RSSI of the incoming communication to a signal threshold value, e.g.,

using the RSS1 calculator 420 (step 625).

[0048] When the RSSI of the incoming communication is less than the signal
threshold value, the gatekeeper 400 rejects the incoming communication (step 630)
and identifies that the current operating channel of the mobile station 200 is available
(step 615). On the other hand, when the RSSI of the incoming communication is
greater than or equal to the signal threshold value, the gatekeeper 400 accepts the
incoming communication (step 635) and identifies that the current operating channel
of the mobile station 200 is busy (step 640). In some embodiments, accepting the
incoming communication includes playing the incoming communication using the

speaker 225.
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[0049] In some embodiments, the method 600 terminates after step 615 or step 640 is
complete. In other embodiments, the method 600 proceeds to step 610 to determine

whether the mobile station 200 is receiving a new incoming communication.

[6050] FIG. 7 illustrates a second communication reception method 700 (or process)
for receiving an incoming communication within a mobile communication network in
a direct mode of operation. In step 710, the gatekeeper 400 determines whether the
mobile station 200 is receiving an incoming communication, e.g., using the sub-group
handler 415. When the gatekeeper 400 determines that the mobile station 200 is not
receiving an incoming communication, the gatekeeper 400 identifies that the current
operating channel of the mobile station 200 is available (step 715). On the other hand,
when the gatekeeper 400 determines that the mobile station 200 is receiving an

incoming communication, the gatekeeper 400 proceeds to step 720.

[0051] In step 720, the gatekeeper 400 determines whether the incoming
communication includes a sub-group indicator 320, e.g., using the sub-group handler
415. When the incoming communication does not include a sub-group indicator 320,
or alternatively the incoming communication includes a sub-group indicator 320 that
is equal to zero, the gatekeeper 400 accepts the incoming communication (step 725)
and identifies that the current operating channel of the mobile station 200 is busy (step
730), e.g., using the gatekeeping unit 410. On the other hand, when the incoming
communication includes a sub-group indicator 320 that is not equal to zero (e.g., 1, 2,

3, etc.), the gatekeeper 400 proceeds to step 735.

[0052] In step 735, the gatekeeper 400 determines an RSST of the incoming
communication, e.g., using the RSSI calculator 420. Next, the gatekeeper 400
determines a signal threshold value, e.g. using the RSSI calculator 420 (step 740).
The signal threshold value is used to determine if the RSSI of the incoming
communication is high enough to accept. In some embodiments, the signal threshold
value is determined based at least in part on a numerical value that is stored in the
memory 240. In other embodiments, the signal threshold value is determined based at
least in part on user input received via the user interface 230. In some embodiments,
the signal threshold value is determined based at least in part on the sub-group

indicator 320 that is included in the incoming communication.
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[0053] Next, the gatekeeper 400 compares the RSSI of the incoming communication
to a signal threshold value, e.g., using the RSSI calculator 420 (step 745). When the
RSST of the incoming communication is less than the signal threshold value, the
gatekeeper 400 rejects the incoming communication (step 750) and identifies that the
current operating channel of the mobile station 200 is available (step 715). On the
other hand, when the RSSI of the incoming communication is greater than or equal to
the signal threshold value, the gatekeeper 400 accepts the incoming communication
(step 725) and identifies that the current operating channel of the mobile station 200 is
busy (step 730). In some embodiments, accepting the incoming communication

includes playing the incoming communication using the speaker 225.

[0054] In some embodiments, the method 700 terminates after step 715 or step 730 is
complete. In other embodiments, the method 700 proceeds to step 710 to determine

whether the mobile station 200 is receiving a new incoming communication.

[0055] FIG. 8 illustrates an example mobile communication network 800, in
accordance with some embodiments of the invention. A first mobile station 815
transmits a first sub-group communication 845 at a lower power level, intended for
other members of a first sub-group 805 (i.e., a second mobile station 820 and a third
mobile station 825). A fourth mobile station 830, belonging to a second sub-group
810, is positioned close enough to the first mobile station 815 such that it receives the
first sub-group communication 845 from the first mobile station 815. However, the
RSSI of the first sub-group communication 845 received by the fourth mobile station
830 is relatively low because of the lower transmission power and greater distance
that the first sub-group communication 845 has fto travel. Therefore, the fourth
mobile station 830 rejects the first sub-group communication 845 from the first
mobile station 815. This allows the fourth mobile station 830 to transmit a second
sub-group communication 850 to the second sub-group 810 (i.e., the fifth mobile
station 835 and the sixth mobile station 840).

[0056] 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 invention as set forth in

the claims below. Accordingly, the specification and figures are to be regarded in an
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illustrative rather than a restrictive sense, and all such modifications are intended to be

included within the scope of present teachings.

[0057] 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 invention 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.

[0058] 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,”

N1 34

contains”, “containing” or

PRI L2 Y

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

[0059] It will be appreciated that some embodiments may be comprised of one or

more generic or specialized processors (or “processing devices”) such as
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microprocessors, digital signal processors, customized processors and field
programmable gate arrays (FPGAs) and unique stored program instructions (including
both software and firmware) that control the one or more processors to implement, in
conjunction with certain non-processor circuits, some, most, or all of the functions of
the method and/or apparatus described herein. Alternatively, some or all functions
could be implemented by a state machine that has no stored program instructions, or
in one or more application specific integrated circuits (ASICs), in which each function
or some combinations of certain of the functions are implemented as custom logic.

Of course, a combination of the two approaches could be used.

[0060] Moreover, an embodiment can be implemented as a computer-readable storage
medium having computer readable code stored thereon for programming a computer
(e.g., comprising a processor) to perform a method as described and claimed herein.
Examples of such computer-readable storage mediums include, but are not limited to,
a hard disk, a CD-ROM, an optical storage device, a magnetic storage device, a ROM
(Read Only Memory), a PROM (Programmable Read Only Memory), an EFROM
(Erasable Programmable Read Only Memory), an EEPROM (Electrically Erasable
Programmable Read Only Memory) and a Flash memory. Further, it is expected that
one of ordinary skill, notwithstanding possibly significant effort and many design
choices motivated by, for example, available time, current technology, and economic
considerations, when guided by the concepts and principles disclosed herein will be
readily capable of generating such software instructions and programs and ICs with

minimal experimentation.

[0061] 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
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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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Claims

We claim:
1. A mobile station that communicates with other mobile stations within a

mobile communication network, the mobile station comprising:

a radio unit that receives and transmits communications;

a push-to-talk key selectively positionable in one selected from a group

consisting of an activated state and a deactivated state; and

a controller coupled to the radio unit and the push-to-talk key, the

controller configured to

detect a request to transmit an outgoing communication,

determine whether the push-to-talk key is in the

activated state or in the deactivated state,

select a first power level when a determined state of the

push-to-talk key is the activated state,

select a second power level when the determined state

of the push-to-talk key is the deactivated state, and

transmit, via the radio unit, the outgoing communication

on a current operating channel to at least one other mobile
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station within the mobile communication network at the

selected power level.
2. The mobile station of claim 1, wherein the first power level is greater than the
second power level.
3. The mobile station of claim 2, wherein the controller is further configured to

receive, via the radio unit, an incoming communication on the current

operating channel within the mobile communication network,

determine a received signal strength indicator of the incoming

communication;

determine whether to accept or reject the incoming communication

based at least in part on the received signal strength indicator; and

determine whether the current operating channel is busy or available
based at least in part on whether the incoming communication is accepted or

rejected.

4. The mobile station of claim 3, wherein the incoming communication is
accepted when the received signal strength indicator is greater than or equal to a
signal threshold value, and wherein the incoming communication is rejected when the

received signal strength indicator is less than the signal threshold value.

5. The mobile station of claim 2, wherein the outgoing communication includes a
first sub-group indicator when the determined state of the push-to-talk key is the

deactivated state.
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0. The mobile station of claim 3, wherein the incoming communication includes
a second sub-group indicator, and wherein the controller is further configured to
determine whether to accept or reject the incoming communication based at least in

part on the second sub-group indicator.

7. The mobile station of claim 6, wherein the incoming communication is
accepted when the second sub-group indicator matches a first value,

wherein the incoming communication is accepted when the second sub-group
indicator does not match the first value and the received signal strength indicator is
greater than or equal to a signal threshold value, and

wherein the incoming communication is rejected when the second sub-group
indicator does not match the first value and the received signal strength indicator is

less than the signal threshold value.

3. The mobile station of claim 5, wherein the first sub-group indicator is selected

from a plurality of sub-group indicators.

9. The mobile station of claim 7, wherein the controller is further configured to
determine the signal threshold value based at least in part on the second sub-group

indicator.

10.  The mobile station of claim 8, further comprising a user interface coupled to
the controller, wherein the controller is further configured to select the first sub-group
indicator from the plurality of sub-group indicators based at least in part on a user

input received from the user interface.
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11.  The mobile station of claim 7, further comprising a user interface coupled to
the controller, wherein the controller is further configured to determine the signal

threshold value based at least in part on a user input received from the user interface.

12.  The mobile station of claim 2, further comprising a microphone that detects an
acoustic signal and outputs an audio signal, the microphone coupled to the controller,
wherein the controller is further configured to detect the request to transmit the

outgoing communication based at least in part on the audio signal.

13.  The mobile station of claim 2, further comprising a motion sensor that detects
a motion of the mobile station and coupled to the controller, wherein the controller is
further configured to detect the request to transmit the outgoing communication based

at least in part on the motion of the mobile station.

14. A method of operating a mobile station within a mobile communication

network, the method comprising:

detecting, via a controller, a request to transmit an outgoing

communication;

determining, via the controller, whether a push-to-talk key is in an

activated state or in a deactivated state;

selecting, via the controller, a first power level when a determined state

of the push-to-talk key is the activated state;

selecting, via the controller, a second power level when the determined

state of the push-to-talk key is the deactivated state; and
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15.

transmitting, via a radio unit coupled to the controller, the outgoing
communication on a current operating channel to at least one other mobile

station within the mobile communication network at the selected power level. -

The method of claim 14, wherein the first power level is greater than the

second power level.

16.

17.

The method of claim 15, further comprising

receiving, via the radio unit, an incoming communication on the

current operating channel;

determining, via the controller, a received signal strength indicator of

the incoming communication;

determining, via the controller, whether to accept or reject the
incoming communication based at least in part on the received signal strength

indicator; and

determining, via the controller, whether the current operating channel
is busy or available based at least in part on whether the incoming

communication is accepted or rejected.

The method of claim 16, wherein the incoming communication is accepted

when the received signal strength indicator is greater than or equal to a signal

threshold value, and wherein the incoming communication is rejected when the

received signal strength indicator is less than the signal threshold value.
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18.  The method of claim 15, wherein the outgoing communication includes a first
sub-group indicator when the determined state of the push-to-talk key is the

deactivated state,

19.  The method of claim 16, wherein the incoming communication includes a
second sub-group indicator, and wherein the method further comprises determining
whether to accept or reject the incoming communication based at least in part on the

received signal strength indicator and the second sub-group indicator.

20.  The method of claim 19, wherein the incoming communication is accepted
when the second-sub-group indicator matches a first value,

wherein the incoming communication is accepted when the second sub-group
indicator does not match the first value and the received signal strength indicator is
greater than or equal to a signal threshold value, and

wherein the incoming communication is rejected when the second sub-group
indicator does not match the first value and the received signal strength indicator is

less than the signal threshold value.

21. The method of claim 20, further comprising determining, via the controller,

the signal threshold value based at least in part on the second sub-group indicator.

25



WO 2016/167676 PCT/PL2015/050008
1/8
100
&
' FIRST SUB-GROUP
SECOND THIRD
125~ MOBILE 130~ MOBILE
STATION STATION
7D N
N4 105
150 150
N
FIRST
120~ MOBILE 150
STATION
150~ 2))
FOURTH
136~ MOBILE
STATION
15~ GATEWAY | 110~ @
155/
SIXTH
FIFTH 145~{ MOBILE
140~]  MORILE STATION
STATION
SECOND SUB-GROUP
____________ —_— e s e o . o e e e e e e e e e e ot ]

FIG. 1

-PRIOR ART-



WO 2016/167676 PCT/PL2015/050008

2/8
200
RADIO UNIT 250
\
ANTENNA
205~
255 260
\ \
RECEIVER TRANSMITTER
215
220 \ 4{0
\ CONTROLLER \
INPUT/
N PUSH-TO-
MICROPHONE |ee—>» 245 OBHEJT <> UK KEY
225 240 i 230
\ \ \
285~
USER
SPEAKER le—»| | MEMORY Je—s| PROCESSOR ) T o

FIG. 2



WO 2016/167676 ~ PCT/PL2015/050008

3/8

COMMUNICATION 300

A
4 M\
310 315 320
\ \ \
VOICE SUB-GROUP
INFORMATION DATA INDICATOR
\ S

v
CONTENT 30§

FIG. 3



WO 2016/167676

4/8

PCT/PL2015/050008

200
\
MOBILE STATION
COMMUNICATION
405~ REQUEST

DETECTOR

400
\
GATEKEEPER 420
Y \
410~
GATEKEEPING RSSI
UNIT CALCULATOR
425 415 T
\ \
TRANSMISSION
SUB-GROUP
POWER
OUTGOING INCOMING
COMMUNICATION COMMUNICATION
2({0
Y
F1G. 4 MOBILE

STATION




WO 2016/167676

500\

510~

5/8

PCT/PL2015/050008

l

DETECT OUTGOING
COMMUNICATION
TRANSMMISSION

REQUEST

525
\

SELECT FIRST | YES
POWER LEVEL

CHANNEL IS

YES

BUSY?

PUSH-
TO-TALK KEY
ACTIVATED?

NO

530
\

SELECT SECOND
POWER LEVEL

!

536~

TRANSMIT OUTGOING
COMMUNICATION

FIG. 5




WO 2016/167676

600\

610

6/8

INCOMING
COMMUNICATION
RECEIVED?

620~

DETERMINE
RSSI

625

PCT/PL2015/050008

RSSI >= YES
SIGNAL THRESHOLD
VALUE?
630~  REJECT INCOMING 635~]  ACCEPT INCOMING
COMMUNICATION COMMUNICATION
| l
] CHANNEL IS |
615 AVALLABLE 640 CHANNEL IS BUSY
FIG. 6




WO 2016/167676

710
NO

7/8

INCOMING
COMMUNICATION
RECEIVED?

SUB-GROUP

NO

PCT/PL2015/050008

/700

INDICATOR?

735~

DETERMINE
RSSI

Y

740~

DETERMINE SIGNAL

TRESHOLD VALUE

745

SIGNAL THRESHOLD

RSSI >=

YES

VALUE?

750~

REJECT INCOMING
COMMUNICATION

!

715~

CHANNEL IS
AVAILABLE

FIG.

Y

726~

ACCEPT INCOMING
COMMUNICATION

'

730~

CHANNEL IS BUSY

7



WO 2016/167676 PCT/PL2015/050008

8/8
800
»
- T T T T T T T T T T T T T T T T T T T T T T T T T T T T i snenm e A
FIRST SUB-GROUP
SECOND THIRD
820~ MOBILE 825~ MOBILE
STATION STATION
/ﬁ Q\ ~805
845 845
N
FIRST
815~ MOBILE 845
STATION
@*x%
FOURTH
830~ MOBILE 850
STATION 950
810~ 2/ y
85ox,.Q
SIXTH
SIFTH 840~ MOBILE
835~] MOBLLE STATION
STATION
SECOND SUB-GROUP

FIG. 8



INTERNATIONAL SEARCH REPORT

International application No

PCT/PL2015/050008

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W52/28 HO4W52/38
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HOAW

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, INSPEC

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

5 December 2013 (2013-12-05)
paragraphs [0003], [0008],
[0013], [0018],

[0057], [0058], [0069]

27 October 2005 (2005-10-27)
paragraphs [0056], [0057]

[0012],
[0031] - [0033],

X WO 2013/180942 Al (STEALTHWEAR INC [US]) 1-21

X US 2005/239404 Al (KARABINIS PETER D [US]) 1-21

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

20 August 2015

Date of mailing of the international search report

28/08/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Ntogari, Georgia

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/PL2015/050008
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2013180942 Al 05-12-2013  NONE

US 2005239404 Al 27-10-2005 AT 434298 T 15-07-2009
AT 470999 T 15-06-2010
AT 471000 T 15-06-2010
AT 501557 T 15-03-2011
AU 2005234435 Al 27-10-2005
CA 2554857 Al 27-10-2005
CN 1943136 A 04-04-2007
CN 101790255 A 28-07-2010
EP 1735922 Al 27-12-2006
EP 2031772 A2 04-03-2009
EP 2031773 A2 04-03-2009
EP 2034627 A2 11-03-2009
ES 2327547 T3 30-10-2009
ES 2346601 T3 18-10-2010
ES 2347103 T3 25-10-2010
IL 176728 A 28-04-2011
IL 208120 A 28-04-2011
JP 4842924 B2 21-12-2011
JP 2007533208 A 15-11-2007
KR 20070004820 A 09-01-2007
US 2005239404 Al 27-10-2005
US 2009088151 Al 02-04-2009
US 2011028188 Al 03-02-2011
WO 2005101692 Al 27-10-2005

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report

