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CELLULAR NETWORK COMMUNICATIONS
WIRELESS HEADSET AND MOBILE DEVICE

FIELD

[0001] An embodiment of the invention is related to digital
audio signal processing techniques in mobile devices and
headsets, and particularly to techniques for decoding/encod-
ing audio packets at mobile devices and headsets. Other
embodiments are also described.

BACKGROUND

[0002] A mobile phone (also known as a cellular phone,
and a cell phone) enables its user to make and receive tele-
phone calls over a cellular communication network while
moving around a wide geographic area. To allow hands-free
operation of a mobile phone, a headset is often used alongside
the mobile phone during a phone call. A headset has a pair of
left and right earphones or headphones combined with a
microphone, or one headphone with a microphone, in a way
that can be worn by the user in a hands-free manner (e.g., as
an over-the-head unit, a tethered and wired unit, a wireless ear
worn unit). Headsets provide the equivalent functionality of a
telephone handset but with hands-free operation.

[0003] FIG. 1 illustrates a detailed diagram of a cellular
phone 130 that works together with a Bluetooth headset 110
to enable hands-free operation during a telephone call. Spe-
cifically, this figure shows a Bluetooth headset 110 connected
to a cellular phone 130 through a Bluetooth link 160. The
Bluetooth headset 110 includes a Bluetooth audio decoder
112, a Bluetooth audio encoder 115, a Bluetooth flow/rate
control logic 118, a Bluetooth modem and radio module 120,
a speaker 122, and a microphone 125. The cellular phone 130
enables a near-end user to make and receive telephone calls to
or from a far-end user over a VOLTE link 165. The cellular
phone 130 includes a Bluetooth modem and radio module
132, a Bluetooth audio encoder 135, a Bluetooth audio
decoder 138, an audio processing unit 140, a Bluetooth flow/
rate control logic 142, an Adaptive Multi-Rate (AMR) audio
decoder 145, an AMR audio encoder 148, a cellular flow/rate
control logic 152, and a baseband radio and modem 150.

[0004] During a telephone call, the baseband radio and
modem 150 of the cellular phone 130 receives downlink
cellular packets from the far-end user through the VoLTE link
165. The downlink cellular packets contain a downlink audio
signal that is encoded with a speech coding standard such as
adaptive multi-rate wideband (AMR-WB) for transmission
over the VoLTE link 165. The baseband radio and modem 150
sends the cellular packets to the AMR audio decoder 145. The
AMR audio decoder 145 decodes the cellular packets into an
audio stream and sends the stream to the audio processing unit
140. The audio processing unit 140 processes the stream to
enhance audio quality and sends the processed stream to the
Bluetooth audio encoder 135. The Bluetooth audio encoder
135 encodes the processed stream into Bluetooth packets
based on an audio subband codec such as high-efficiency
advanced audio coding (HE-AAC) or low complexity sub-
band coding (SBC). The Bluetooth audio encoder 135 sends
the Bluetooth packets to the Bluetooth modem and radio
module 132, which then transmits the Bluetooth packets to
via the Bluetooth link 160. The Bluetooth flow/rate control
logic 142 manages the rate of data transmission from the
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mobile device 130 to the Bluetooth headset 110 by control-
ling the encoding of Bluetooth packets at the Bluetooth audio
encoder 135.

[0005] The Bluetooth modem and radio module 120 of the
Bluetooth headset 110 receives the Bluetooth packets from
the cellular phone 130 through the Bluetooth link 160. The
Bluetooth modem and radio module 120 then sends the Blue-
tooth packets to the Bluetooth audio decoder 112, which
decodes the Bluetooth packets into an audio signal stream.
The speaker 122 receives the audio signal stream and converts
it into sound for the user of the Bluetooth headset 110.
[0006] The microphone 125 of the Bluetooth headset 110
produces an uplink audio signal stream. The Bluetooth audio
encoder 115 encodes the uplink audio signal into Bluetooth
packets. The Bluetooth flow/rate control logic 118 manages
the rate of data transmission from the Bluetooth headset 110
to the cellular phone 130 by controlling the encoding of
Bluetooth packets at the Bluetooth audio encoder 115. The
Bluetooth modem and radio module 120 receives the Blue-
tooth packets from the Bluetooth audio encoder 115 and
transmits them via the Bluetooth link 160.

[0007] The local modem and radio module 132 of the cel-
Iular phone 130 receives the Bluetooth packets from the Blue-
tooth headset 110 through the Bluetooth link 160. The local
modem and radio module 132 then sends the Bluetooth pack-
ets to the Bluetooth audio decoder 138, which decodes the
Bluetooth packets into an audio signal stream. The audio
processing unit 140 may process the audio signal stream to
enhance audio quality and send the processed audio signal
stream to the AMR audio encoder 148. The AMR audio
encoder 148 encodes the processed audio signal stream into
uplink cellular packets and sends the uplink cellular packets
to the baseband radio and modem 150. The uplink cellular
packets contain the uplink audio signal that is encoded with a
speech coding standard such as adaptive multi-rate wideband
(AMR-WB) for transmission over the VoLTE link 165. The
cellular flow/rate control logic 152 manages the rate of data
transmission from the cellular phone 130 to the VoL'TE link
165 by controlling the encoding of cellular packets at the
AMR audio encoder 148. The baseband radio and modem
150 sends the uplink cellular packets to the device of the
far-end user through the VoLTE link 165.

[0008] As illustrated in FIG. 1, during a telephone call, the
incoming or downlink audio packets are decoded by the AMR
audio decoder 145 and then encoded by the Bluetooth audio
encoder 135 at the cellular phone 130, and then decoded by
the Bluetooth audio decoder 112 at the Bluetooth headset
110. During the same telephone call, the outgoing or uplink
audio packets are encoded by the Bluetooth audio encoder
115 at the Bluetooth headset 110, and then decoded by the
Bluetooth audio decoder 138 and encoded by the AMR audio
encoder 148 at the cellular phone 130. The flow control and
buffering is done at multiple places, e.g., by the Bluetooth
flow/rate control logic 118 at the Bluetooth headset 110, and
the Bluetooth flow/rate control logic 142 and cellular flow/
rate control logic 152 at the cellular phone 130.

SUMMARY

[0009] A headset that communicates with a mobile device
through a local radio frequency (RF) communication link to
conduct a telephone call is described. The headset includes a
local RF communication modem that receives downlink
packets from the mobile device through the local RF commu-
nication link. The downlink packets were received by the



US 2015/0237185 Al

mobile device through a wireless communication link (e.g.,
from a cellular network base station, a wireless network
access point, or a WiMAX gateway device). The headset
further includes an audio decoder that decodes the downlink
packets into a downlink audio signal to be converted into
sound by a speaker at the headset. The headset also includes
an audio encoder that encodes an uplink audio signal, pro-
duced using a microphone in the headset, into uplink packets.
The local RF communication modem sends the uplink pack-
ets to the mobile device via the local RF communication link.
The uplink packets will be transmitted by the mobile device
over the wireless communication link.

[0010] Inone embodiment, the downlink and uplink pack-
ets are encapsulated inside local RF packets when transmitted
over the local RF communication link. In one embodiment,
the headset includes a composite flow control logic that con-
trols a first data transmission rate for transmitting data from
the headset to the mobile device over the local RF communi-
cation link, a second data transmission rate for transmitting
data from the mobile device to the headset over the local RF
communication link, and a third data transmission rate for
transmitting data from the mobile device to a far-end user’s
device over the wireless communication link. In one embodi-
ment, the headset includes a call setup logic that performs
continuous voice activity detection. The call setup logic
includes a phrase identification logic that identifies phrases
uttered by a user.

[0011] A method for a headset to communicate with a
mobile device through a local RF communication link to
conduct a telephone call is described. The method receives
downlink packets from the mobile device through the local
RF communication link. The method decodes the downlink
packets into a downlink audio signal. The method processes
the downlink audio signal and converts the processed down-
link audio signal into sound through a speaker of the headset.
The method produces an uplink audio signal through a micro-
phone of the headset. The method encodes the uplink audio
signal into uplink packets. The method sends the uplink pack-
ets to the mobile device through the local RF communication
link.

[0012] An electronic device that communicates with a
headset through a local RF communication link to conduct a
telephone call is described. The electronic device includes a
cellular communication modem that receives downlink cel-
Iular packets from a far-end user through a cellular commu-
nication link. The electronic device includes a local RF com-
munication modem that sends the received downlink cellular
packets to the headset without performing audio decoding
upon them, and receives uplink cellular packets from the
headset through the local RF communication link. The cellu-
lar communication modem sends out the uplink cellular pack-
ets to the far-end user through the cellular communication
link without performing audio encoding upon them.

[0013] Inoneembodiment, the electronic device includes a
local flow control logic that controls a rate of sending the
downlink cellular packets by the local RF communication
modem. The electronic device also includes a baseband flow
control logic that controls a rate of sending the uplink cellular
packets by the cellular communication modem. The local
flow control logic and the baseband flow control logic are
controlled by a composite flow control logic at the headset.
[0014] A method for an electronic device to communicate
with a headset through a wireless connection to conduct a
telephone call is described. The method receives downlink
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cellular packets from a cellular communication network
through a cellular communication modem. A downlink audio
signal was audio encoded in the downlink cellular packets by
the cellular communication network. The method sends the
downlink cellular packets to the headset through the wireless
connection without audio decoding to extract the downlink
audio signal. The method also receives uplink cellular packets
from the headset through the wireless connection. An uplink
audio signal was audio encoded in the uplink cellular packets
by the headset, for transmission over the cellular communi-
cation network. The method sends the uplink cellular packets
to the cellular communication network through the cellular
communication modem without audio encoding of the uplink
audio signal.

[0015] The above summary does not include an exhaustive
list of all aspects of the invention. It is contemplated that the
invention includes all systems and methods that can be prac-
ticed from all suitable combinations of the various aspects
summarized above, as well as those disclosed in the Detailed
Description below and particularly pointed out in the claims
filed with the application. Such combinations have particular
advantages not specifically recited in the above summary.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present invention is illustrated by way of
example and not limitation in the figures of the accompanying
drawings in which like references indicate similar elements.
[0017] FIG. 1 illustrates a detailed diagram of a mobile
device that works together with a headset to enable hands-free
operation during a telephone call.

[0018] FIG. 2 illustrates a user using a headset system in
accordance with one embodiment of the invention.

[0019] FIG. 3 illustrates a detailed diagram of a headset
system that performs cellular packet audio encoding and
decoding at the headset during a telephone call in accordance
with one embodiment of the invention.

[0020] FIG. 4 illustrates a detailed diagram of a headset
system that that performs cellular packet audio encoding and
decoding at the headset with composite flow control in accor-
dance with one embodiment of the invention.

[0021] FIG. 5 illustrates a detailed diagram of a headset
system that enables different call setup approaches by per-
forming cellular packet audio encoding and decoding at the
headset in accordance with one embodiment of the invention.
[0022] FIG. 6 illustrates a flowchart of operations per-
formed in a mobile device in accordance with one embodi-
ment of the invention.

[0023] FIG. 7 illustrates a flowchart of one embodiment of
operations performed in a headset device in accordance with
one embodiment of the invention.

[0024] FIG. 8 shows an example of a data processing sys-
tem which may be used with one embodiment of the inven-
tion.

DETAILED DESCRIPTION

[0025] A headset system that enables cellular packets sent
or received at a mobile device to be encoded or decoded by a
headset working in concert with the mobile device, while
eliminating cellular audio decoding and cellular audio encod-
ing at the mobile device, is described. In the following
description, numerous specific details are set forth to provide
thorough explanation of embodiments of the invention. It will
be apparent, however, to one skilled in the art, that embodi-
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ments of the invention may be practiced without these spe-
cific details. In other instances, well-known components,
structures, and techniques have not been shown in detail in
order not to obscure the understanding of this description.
[0026] Reference in the specification to “one embodiment”
or “an embodiment” means that a particular feature, structure,
or characteristic described in connection with the embodi-
ment can be included in at least one embodiment of the
invention. The appearances of the phrase “in one embodi-
ment” in various places in the specification do not necessarily
all refer to the same embodiment.

[0027] In the following description and claims, the terms
“coupled” and “connected,” along with their derivatives, may
be used. It should be understood that these terms are not
intended as synonyms for each other. “Coupled” is used to
indicate that two or more elements, which may or may not be
in direct physical or electrical contact with each other, co-
operate or interact with each other. “Connected” is used to
indicate the establishment of communication between two or
more elements that are coupled with each other.

[0028] The processes depicted in the figures that follow are
performed by processing logic that comprises hardware (e.g.,
circuitry, dedicated logic, etc.), software (such as is runon a
general-purpose device or a dedicated machine), or a combi-
nation of both. Although the processes are described below in
terms of some sequential operations, it should be appreciated
that some of the operations described may be performed in
different order. Moreover, some operations may be per-
formed in parallel rather than sequentially.

[0029] Encoding and decoding of an audio signal is a non-
linear process, especially when using a parametric coding
algorithm. There is significant quality degradation each time
an audio signal is encoded and then decoded, especially when
tandem encoding and decoding are performed with different
codecs that have vastly different encoding schemes, as
described in FIG. 1 above.

[0030] There is also large audio latency in the system of
FIG. 1 above. For example, at the baseband modem 150,
delays are introduced in order to wait for the decoder/encoder
to be ready. After decoding, buffering has to be performed
before and after Inter-IC Sound (I*S) interface, and at the
audio processing unit 140. Delays are also introduced by
Bluetooth encoding and decoding. Furthermore, because
there are two or more flow/rate control logic modules work-
ing in isolation, these flow/rate control logic modules
increase latency as well as jitter. This degrades audio com-
munication quality.

[0031] Anembodiment of the invention is a headset system
in which cellular packets sent or received at a mobile device
are audio encoded and/or audio decoded by a headset, while
eliminating audio decoding and/or audio encoding of cellular
packets at the mobile device. This headset system may
improve uplink and/or downlink audio quality during a tele-
phone call by having only one audio signal encoding/decod-
ing stage. Encoding/decoding delays and packet level bufter-
ing are also reduced. Furthermore, by moving the audio
encoding and/or audio decoding of cellular packets to the
headset, an operating point of the voice encoder can be
changed based on the combined radio frequency (RF) chan-
nel conditions of the cellular communication link and the
short-range (or local RF) communication link, thus improv-
ing flow control with signal encoding/decoding. An encoder
operating point is used to control the encoding rate of encoder
that results in different average data rates.
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[0032] FIG. 2 illustrates a user using a headset system in
accordance with one embodiment of the invention. Specifi-
cally, the user in the figure is using a wireless headset 210 and
is holding a mobile device 220 to participate in a telephone
conversation. The headset 210 is a headphone combined with
a microphone, or it may be a pair of headphones with a
microphone, or any personal listening electronic device that
can provide the equivalent functionality of a telephone hand-
set but with hands-free operation. The mobile device 220 can
be a cellphone, a smartphone, a tablet computer, a personal
digital assistant (PDA), a laptop computer, a device equipped
on a vehicle, a boat, or a bicycle, and which is capable of
receiving and sending cellular network communications sig-
nals, e.g., from and to a cellular network base station, or any
personal electronic device that is capable of receiving and
sending cellular network communications signals. The head-
set 210 and the mobile device 220 work together to enable the
user to have both hands free during the telephone conversa-
tion with a far-end user over the cellular communication
network.

[0033] Inoneembodiment, the mobile device 220 receives
downlink cellular packets from the cellular communication
network and forwards the downlink cellular packets to the
headset 210 through a local short-range communication link.
The downlink cellular packets contain a downlink audio sig-
nal that is encoded in accordance with a speech coding algo-
rithm such as adaptive multi-rate wideband (AMR-WB) suit-
able for transmission over a cellular communication network.
The headset 210 receives the downlink cellular packets, and
decodes them into a downlink audio signal to be converted
into sound by a speaker in the headset 210. When the near-end
user speaks, one or more microphones of the headset 210 pick
up the near-user’s voice and produce an uplink audio signal
based on it. The uplink audio signal is then encoded into
uplink cellular packets at the headset 210, using a speech
coding algorithm such as adaptive multi-rate wideband
(AMR-WB) suitable for transmission over the cellular com-
munication network. The headset sends the uplink cellular
packets to the mobile device 220, which in turn sends the
uplink cellular packets to the far-end user of the telephone
conversation through the cellular communication network.
The mobile device 220 does not need to audio decode or audio
encode the cellular packets.

[0034] FIG. 3 illustrates a detailed diagram of a headset
system that performs cellular packet audio encoding and
decoding at the headset during a telephone call in accordance
with one embodiment of the invention. A wireless headset
310 is connected to a mobile device 330 through a local RF
communication link 360. In one embodiment, the local RF
communication link 360 is a short-range communication
channel, e.g., Wi-Fi or Bluetooth. The wireless headset 310
includes a cellular packet audio decoder 312, a cellular packet
audio encoder 315, a local modem and radio module 320, a
speaker 122, and a microphone 125. In one embodiment, the
wireless headset 310 is the headset 210 described in FIG. 2
above. The mobile device 330 enables a near-end user of the
wireless headset 310 to make and receive telephone calls with
a far-end user over a cellular communication link 365. The
cellular communication link 365 could be of 2G, 3G connec-
tion (GSM, UMTS, CDMA, CDMA2000), or LTE packet
connection. Encoded audio packets are packaged inside this
communications channel in the form of AMR, AMR-WB, or
Enhance Variable Rate Codec (EVRC). The mobile device
330 includes a local modem and radio module 332 and a
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baseband radio and modem 350. In one embodiment, the
mobile device is the mobile device 220 described in FIG. 2
above. The local modem and radio modules 320 and 332 use
a wireless communication protocol, e.g., Bluetooth and Wi-
Fi, to communication with each other.

[0035] Thelocal modem and radio module 320 of the wire-
less headset 310 sends and receives cellular packets to and
from the mobile device 330 over the local RF communication
link 360. In one embodiment, the cellular packets are encap-
sulated inside the data packets for the local RF communica-
tion protocol. The cellular packet audio decoder 312 receives
downlink cellular packets from the local modem and radio
module 320 and decodes the downlink cellular packets into a
downlink audio signal, in accordance with an audio decoding
algorithm that is the complement of the audio encoding algo-
rithm applied by the cellular network to the downlink signal.
The audio processing unit 318 receives the downlink audio
signal from the cellular packet audio decoder 312, processes
the downlink audio signal, and sends the processed downlink
audio signal to the speaker 122 to be converted into sound.
The audio processing unit 318 also receives an uplink audio
signal produced by microphone 125, processes the uplink
audio signal, and sends the processed uplink audio signal to
the cellular packet audio encoder 315. In one embodiment,
the audio processing unit 318 performs one or more opera-
tions (e.g., equalization, dynamic range control, noise reduc-
tion, and automatic gain control) to enhance intelligibility of
speech by the near end and far-end users. The cellular packet
audio encoder 315 encodes the uplink audio signal into uplink
cellular packets in accordance with an audio encoding algo-
rithm that is the complement of the audio decoding algorithm
which will be applied by the cellular network to the encoded
uplink packets. The uplink cellular packets are sent to the
local modem and radio module 320, which in turn sends the
uplink cellular packets to the mobile device 330 over the local
RF communication link 360.

[0036] The baseband radio and modem 350 of the mobile
device 330 sends and receives cellular packets to and from the
far-end user through the cellular communication link 365.
The baseband radio and modem 350 forwards the received
cellular packets to the local modem and radio module 332
without audio decoding them, which sends the cellular pack-
ets to the wireless headset 310 over the local RF communi-
cation link 360. The baseband radio and modem 350 also
receives cellular packets from the local modem and radio
module 332, which received the cellular packets from the
wireless headset 310 through the local RF communication
link 360 and sends them to the network without audio encod-
ing them for transmission over the cellular network.

[0037] During a telephone call, the baseband radio and
modem 350 of the mobile device 330 receives downlink
cellular packets from the far-end user through the cellular
communication link 365. The baseband radio and modem 350
sends the downlink cellular packets to the local modem and
radio module 332. The local modem and radio module 332
sends the downlink cellular packets to the wireless headset
310 through the local RF communication link 360.

[0038] Thelocal modem and radio module 320 of the wire-
less headset 310 receives the downlink cellular packets from
the mobile device 330 through the local RF communication
link 360. The local modem and radio module 320 then sends
the downlink cellular packets to the cellular packet audio
decoder 312, which decodes the downlink cellular packets
into a downlink audio signal. The audio processing unit 318
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receives the downlink audio signal, processes it, and sends the
processed audio signal to the speaker 122. The speaker 122
converts the downlink audio signal into sound for the user of
the wireless headset 310 to hear.

[0039] The microphone 125 of the wireless headset 310
produces an uplink audio signal and sends the uplink audio
signal to the audio processing unit 318. The audio processing
unit 318 receives the uplink audio signal, processes it, and
sends the processed uplink audio signal to the cellular packet
audio encoder 315. The cellular packet audio encoder 315
encodes the uplink audio signal into uplink cellular packets.
The local modem and radio module 320 receives the uplink
cellular packets from the cellular packet audio encoder 315
and sends the uplink cellular packets to the mobile device 330
over the local RF communication link 360.

[0040] The local modem and radio module 332 of the
mobile device 330 receives the uplink cellular packets from
the wireless headset 310 through the local RF communication
link 360. The local modem and radio module 332 then sends
the uplink cellular packets to the baseband radio and modem
350, which in turn sends the uplink cellular packets to the
device of the far-end user through the cellular communication
link 365.

[0041] As illustrated in FIG. 3, during a telephone call, the
incoming/downlink audio signal is decoded by the cellular
packet audio decoder 312 at the wireless headset 310. During
the same telephone call, the outgoing/uplink audio signal is
encoded by the cellular packet audio encoder 315 at the
wireless headset 310. No encoding or decoding of the audio
signals is performed at the mobile device 330. Therefore,
instead of having two stages of audio signal encoding and
decoding as described in FIG. 1 above, there is only a single
stage of audio signal encoding and decoding. As a result, the
audio quality of uplink and downlink audio signals may be
improved, encoding and decoding delays may be reduced,
and packet level buffering may also be reduced. In addition,
raw pulse-code modulation (PCM) transport buffering (used
fora decoded audio signal in the mobile device of FIG. 1) may
not be needed.

[0042] The embodiment described in FIG. 3 refers to the
use of cellular communication link by the mobile device 330
to receive and send from/to a cellular communication net-
work, e.g., 2G, 3G, GSM, UMTS, CDMA, CDMA2000, 1x
Advanced, VoLTE, In one embodiment, instead of receiving
downlink audio signal and sending uplink audio signal
through a cellular communication link, the mobile device 330
can receive downlink audio signal and send uplink audio
signal through a Wi-Fi link, e.g., based on the IEEE 802.11
standards. In yet another embodiment, the mobile device 330
can receive downlink audio signal and send uplink audio
signal through a WiMAX link, e.g., based on the IEEE 802.16
standards. In these alternative embodiments, the audio signal
may be speech encoded with audio codecs such as Speex,
SILK, Opus, G.711, internet Speech Audio Codec (iISAC),
and Internet Low Bitrate Codec (iLBC).

[0043] The wireless headset 310 and the mobile device 330
are described above for one embodiment of the invention.
One of ordinary skill in the art will realize that in other
embodiments, this system can be implemented differently.
For instance, in one embodiment described above, certain
modules are implemented as software modules for example to
be executed by an application processor or a system-on-chip
(SoC). However, in another embodiment, some or all of the
modules might be implemented by hardwired or program-
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mable logic gates, which can be dedicated application spe-
cific hardware (e.g., an application specific integrated circuit,
ASIC, chip or component) or a general purpose chip (e.g., a
microprocessor or field programmable gate array, FPGA).
[0044] FIG. 4 illustrates a detailed diagram of a headset
system that that performs cellular packet audio encoding and
decoding at the headset with composite flow control in accor-
dance with one embodiment of the invention. Specifically,
this figure shows a headset 410 connected to a mobile device
430 through a local RF communication link 360. The headset
410 is similar to the wireless headset 310 described in FIG. 3
above. In one embodiment, in addition to the components of
the wireless headset 310, the headset 410 includes a compos-
ite flow/rate control logic 420. The mobile device 430 is
similar to the mobile device 330 described in FIG. 3 above. In
one embodiment, in addition to the components of the mobile
device 330, the mobile device 430 includes a packet jitter
controller 435, a local flow control logic 440, and a baseband
flow/rate control logic 445.

[0045] The composite flow/rate control logic 420 of the
headset 410 manages packet flow for the local RF communi-
cation link 360 and the cellular communication link 365, as
well as encoder operating point of the cellular packet audio
encoder 315. Through a local flow control data interchange
450, the composite flow/rate control logic 420 exchanges
information with the local flow control logic 440 and base-
band flow/rate control logic 445. Therefore, the composite
flow/rate control logic 420 controls packet flow for both the
local RF communication link 360 and the cellular communi-
cation link 365. In one embodiment, the composite flow/rate
control logic 420 receives information about the cellular com-
munication link 365 from the baseband flow/rate control logic
445, and receives information about the local RF communi-
cation link 360 from the local flow control logic 440. The
local flow control logic 440 manages the rate of data trans-
mission from the mobile device 430 to the headset 410 based
on parameters received from the composite flow/rate control
logic 420. The baseband flow/rate control logic 445 manages
the rate of data transmission from the mobile device 430 to the
device of the far-end user over the cellular communication
link 365 based on parameters received from the composite
flow/rate control logic 420. In one embodiment, the baseband
flow/rate control logic 445 connects to the composite flow/
rate control logic 420 through the local flow control logic 440.
In another embodiment, the baseband flow/rate control logic
445 connects to the composite flow/rate control logic 420
directly.

[0046] The local flow control data interchange 450 is con-
ducted over the local RF communication link 360. In one
embodiment, the flow control data is transmitted as a section
in the regular data packet for the local RF communication link
360. In another embodiment, the flow control data is trans-
mitted through special flow control packets over the local RF
communication link 360. The packet jitter controller 435
handles local retransmissions of the packets. In one embodi-
ment, the packet jitter controller 435 can optionally openup a
cellular packet and fix errors in it.

[0047] During a telephone call, the baseband radio and
modem 350 of the mobile device 430 receives downlink
cellular packets from the far-end user through the cellular
communication link 365. The baseband radio and modem 350
sends the downlink cellular packets to the local modem and
radio module 332 by passing through the packet jitter con-
troller 435. The local modem and radio module 332 sends the
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downlink cellular packets to the headset 410 through the local
RF communication link 360. The transmission rate of the
downlink cellular packet over the local RF communication
link 360 is controlled by the composite flow/rate control logic
420 through the local flow control logic 440.

[0048] The local modem and radio module 320 of the head-
set 410 receives the downlink cellular packets from the
mobile device 330 through the local RF communication link
360. The local modem and radio module 320 then sends the
downlink cellular packets to the cellular packet audio decoder
312, which decodes the downlink cellular packets into a
downlink audio signal. The audio processing unit 318
receives the downlink audio signal, processes it, and sends the
processed audio signal to the speaker 122. The speaker 122
plays back the downlink audio signal to the user of the headset
410.

[0049] The microphone 125 of the headset 410 produces an
uplink audio signal and sends it to the audio processing unit
318. The audio processing unit 318 receives the uplink audio
signal, processes it, and sends the processed uplink audio
signal to the cellular packet audio encoder 315. The cellular
packetaudio encoder 315 encodes the uplink audio signal into
uplink cellular packets. The local modem and radio module
320 receives the uplink cellular packets from the cellular
packet audio encoder 315 and sends the uplink cellular pack-
ets to the mobile device 430 over the local RF communication
link 360. The transmission rate of the uplink cellular packets
over the local RF communication link 360 is controlled by the
composite flow/rate control logic 420.

[0050] The local modem and radio module 332 of the
mobile device 430 receives the uplink cellular packets from
the headset 410 through the local RF communication link
360. The local modem and radio module 332 then sends the
uplink cellular packets to the baseband radio and modem 350
by passing through the packet jitter controller 435. The base-
band radio and modem 350 in turn sends the uplink cellular
packets to the device of the far-end user through the cellular
communication link 365. The transmission rate of the uplink
cellular packets over the cellular communication link 365 is
controlled by the composite flow/rate control logic 420
through the baseband flow/rate control logic 445.

[0051] As illustrated in FIG. 4, during a telephone call, the
incoming/downlink audio signal is decoded by the cellular
packet audio decoder 312 at the headset 410. During the same
telephone call, the outgoing/uplink audio signal is encoded by
the cellular packet audio encoder 315 at the headset 410. No
encoding or decoding of the audio signals is performed at the
mobile device 430. Therefore, instead of having two stages of
audio signal encoding and decoding as described in FIG. 1
above, there is only a single stage of audio signal encoding
and decoding. As a result, the audio quality of uplink and
downlink audio signals is improved. Encoding and decoding
delays are reduced. Packet level buffering is also reduced. In
addition, raw pulse-code modulation (PCM) transport buft-
ering is not needed.

[0052] Because the composite flow/rate control logic 420 is
used to manage packet flow for the local RF communication
link 360 and the cellular communication link 365, there is
robust flow control with signal encoding and decoding. The
encoder operating point of the cellular packet audio encoder
315 can be changed based on the conditions of both the
cellular communication link 365 and the local RF communi-
cation link 360. For example, if one of the cellular commu-
nication link 365 and the local RF communication link 360
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has poor connection quality, the cellular packet audio encoder
315 can use a lower bit rate in encoding the uplink audio
signal. If both the cellular communication link 365 and the
local RF communication link 360 have excellent connection
quality, the cellular packet audio encoder 315 can use a higher
bit rate in encoding the uplink audio signal.

[0053] The headset 410 and the mobile device 430 are
described above for one embodiment of the invention. One of
ordinary skill in the art will realize that in other embodiments,
this system can be implemented differently. For instance, in
one embodiment described above, certain modules are imple-
mented as software modules. However, in another embodi-
ment, some or all of the modules might be implemented by
hardware, which can be dedicated application specific hard-
ware (e.g., an application specific integrated circuit, ASIC,
chip or component) or a general purpose chip (e.g., a micro-
processor or field programmable gate array, FPGA).

[0054] FIG. 5 illustrates a detailed diagram of a headset
system that enables different call setup approaches by per-
forming cellular packet audio encoding and decoding at the
headset in accordance with one embodiment of the invention.
Specifically, this figure shows a headset 510 connected to a
mobile device 530 through a local RF communication link
360. In one embodiment, the headset system also includes an
additional device 550. The device 550 includes a call setup/
pick logic 555.

[0055] Inoneembodiment, the headset 510 is similar to the
wireless headset 310 described in FIG. 3 above. In another
embodiment, the headset 510 is similar to the headset 410
described in FIG. 4 above. In one embodiment, in addition to
the components of the wireless headset 310 or headset 410,
the headset 510 includes a call setup/pick logic 515. In one
embodiment, the mobile device 530 is similar to the mobile
device 330 described in FIG. 3 above. In another embodi-
ment, the mobile device 530 is similar to the mobile device
430 described in FIG. 4 above. In one embodiment, in addi-
tion to the components of the mobile device 330 or mobile
device 430, the mobile device 430 includes a call setup/pick
logic 535.

[0056] Because the encoding and decoding of the cellular
packets is at the headset 510, packets from any cellular
modem can be used in this headset system. Therefore, the
mobile device 530 can be a cellphone, a smartphone, a tablet
computer, a PDA, a laptop computer, a device equipped on a
vehicle, a boat, or a bicycle and capable of receiving and
sending cellular packets, or any personal electronic device
that is capable of receiving and sending cellular packets.
[0057] Inone embodiment, the call setup/pick logic 515 of
the headset 510 can perform continuous voice activity detec-
tion with a phrase identification logic (not shown) to enable
hands-free operations, e.g., initiating or ending a telephone
call. The phrase identification logic runs continuously and
can identify short phrases such as “call home” and “pickup”.
Once the call setup/pick logic 515 detects a voice command
related to setting up or picking up a telephone call, the call
setup/pick logic 515 can communicate to the mobile device
530 to enable/establish the call and route cellular packets to
the headset 510.

[0058] The call setup/pick logic 535 of the mobile device
530 enables a user to set up or pick up a telephone call, e.g.,
by pressing a button or key at the mobile device 530. As
discussed above, the mobile device 530 can be a full-function
cellphone/smartphone, a device equipped on a vehicle, a boat,
or a bicycle and capable of receiving and sending cellular

Aug. 20, 2015

packets, or just a personal electronic device capable of routing
cellular packets to the headset 510.

[0059] In one embodiment, the device 550 is a separate
electronic device, e.g., eye glasses, that is capable of perform-
ing certain functions that may or may not relate to telephone
calls. The call setup/pick logic 555 of the device 550 can
detect user commands of setting up or picking up a telephone
call through, e.g., eye tracking or camera based technology.
Once the call setup/pick logic 555 detects a user command
related to setting up or picking up a telephone call, the call
setup/pick logic 555 can communicate to the mobile device
530 to enable/establish the call and route cellular packets to
the headset 510.

[0060] Eventhough the call setup/pick logics 515, 535, and
555 are all described in the embodiment in FIG. 5, one of
ordinary skill in the art will recognize that in other embodi-
ments, this system can be implemented differently, e.g., by
having one or two of the call setup/pick logics 515, 535, and
555 in the system. The device 550 is optional. In one embodi-
ment, the functionality of the device 550 can be incorporated
into either the headset 510 or the mobile device 530. In one
embodiment, the functionality of the mobile device 530 can
be incorporated into the headset 510. As a result, the headset
510 can be used by a near-end user to conduct a telephone call
with a far-end user without the assistance of any other device.

[0061] The headset 510, the mobile device 530, and the
device 550 are described above for one embodiment of the
invention. One of ordinary skill in the art will realize that in
other embodiments, this system can be implemented differ-
ently. For instance, in one embodiment described above, cer-
tain modules are implemented as software modules. How-
ever, in another embodiment, some or all of the modules
might be implemented by hardware, which can be dedicated
application specific hardware (e.g., an application specific
integrated circuit, ASIC, chip or component) or a general
purpose chip (e.g., a microprocessor or field programmable
gate array, FPGA).

[0062] FIG. 6 illustrates a flowchart of operations per-
formed in a mobile device, referred to as process 600. In one
embodiment, the mobile device (e.g., the mobile device 220
of FIG. 2, the mobile device 330 of FIG. 3, the mobile device
430 of FIG. 4, or the mobile device 530 of FIG. 5) executes
process 600 when a telephone call is initiated. As illustrated in
FIG. 6, process 600 begins by receiving (at block 605) down-
link cellular packets from a cellular communication network
through a cellular communication modem. A downlink audio
signal is encoded in the downlink cellular packets. The cel-
lular communication network could be of 2G, 3G network
(GSM, UMTS, CDMA, CDMA2000), or LTE network.
Encoded audio packets are packaged inside this communica-
tions channel in the form of AMR, AMR-WB, or Enhance
Variable Rate Codec (EVRC).

[0063] At block 610, process 600 sends the downlink cel-
Iular packets to a headset device (e.g., the headset 210 of FIG.
2, the wireless headset 310 of FIG. 3, the headset 410 of FIG.
4, or the headset 510 of FIG. 5) through a wireless connection
without decoding the downlink audio signal. In one embodi-
ment, the wireless connection is established over a short-
range radio communication channel, e.g., Wi-Fi or Bluetooth.

[0064] At block 615, process 600 receives uplink cellular
packets from the headset device through the wireless connec-
tion. An uplink audio signal is encoded in the uplink cellular
packets. At block 620, process 600 sends the uplink cellular
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packets to the cellular communication network through the
cellular communication modem without encoding the uplink
audio signal.

[0065] Inoneembodiment,the transmission rate of sending
the downlink cellular packets to the headset device over the
wireless connection is controlled by a local flow control logic
of the mobile device. The transmission rate of sending the
uplink cellular packets to the cellular communication net-
work through the cellular communication modem is con-
trolled by a baseband flow/rate control logic of the mobile
device. In one embodiment, the local flow control logic sends
information about the wireless connection to a composite
flow/rate control logic of the headset device and receives
parameters from the composite flow/rate control logic. The
local flow control logic uses the parameters received from the
composite flow/rate control logic to control the transmission
rate of sending the downlink cellular packets to the headset
device over the wireless connection. In one embodiment, the
baseband flow/rate control logic sends information about the
cellular communication network to the composite flow/rate
control logic of the headset device and receives parameters
from the composite flow/rate control logic. The baseband
flow/rate control logic uses the parameters received from the
composite flow/rate control logic to control the transmission
rate of sending the uplink cellular packets to the cellular
communication network through the cellular communication
modem.

[0066] One of ordinary skill in the art will recognize that
process 600 is a conceptual representation of the operations
executed by the mobile device to route cellular packets to and
from the headset device without decoding or encoding the
cellular packets. The specific operations of process 600 may
not be performed in the exact order shown and described. The
specific operations may not be performed in one continuous
series of operations, and different specific operations may be
performed in different embodiments. For example, the opera-
tions in blocks 615 and 620 may be performed prior to, or in
parallel with the operations in blocks 605 and 610. Further-
more, process 600 could be implemented using several sub-
processes, or as part of a larger macro process.

[0067] The embodiment described in FIG. 6 refers to the
use of cellular communication modem of the mobile device to
receive and send from/to a cellular communication network,
e.g., 2G, 3G, GSM, UMTS, CDMA, CDMA2000, 1x
Advanced, VoLTE, In one embodiment, instead of receiving
downlink audio signal and sending uplink audio signal from/
to a cellular communication network through a cellular com-
munication modem, the mobile device can receive downlink
audio signal and send uplink audio signal through a Wi-Fi
link, e.g., based on the IEEE 802.11 standards. In yet another
embodiment, the mobile device can receive downlink audio
signal and send uplink audio signal through a WiMAX link,
e.g., based on the IEEE 802.16 standards. In these alternative
embodiments, the audio signal may be speech encoded with
audio codecs such as Speex, SILK, Opus, G.711, internet
Speech Audio Codec (iSAC), and Internet Low Bitrate Codec
>iLBO).

[0068] FIG. 7 illustrates a flowchart of one embodiment of
operations performed in a headset device, referred to as pro-
cess 700. In one embodiment, the headset device (e.g., the
headset 210 of FIG. 2, the wireless headset 310 of FIG. 3, the
headset 410 of FIG. 4, or the headset 510 of FIG. 5) executes
process 700 when a telephone call is initiated. In one embodi-
ment, the operations of process 700 are performed in concert
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with the operations of process 600 described in FIG. 6 above.
As illustrated in FIG. 7, process 700 begins by receiving (at
block 705) downlink cellular packets from a mobile device
through a wireless connection. In one embodiment, the
mobile device executes the operations of process 600
described in FIG. 6 above, and the downlink cellular packets
are the downlink cellular packets described in blocks 605 and
610 of process 600.

[0069] At block 710, process 700 decodes the downlink
cellular packets into a downlink audio signal. At block 715,
process 700 converts the downlink audio signal into sound
through a speaker of the headset device.

[0070] Atblock 720, process 700 produces an uplink audio
signal through one or more microphones of the headset
device. At block 725, process 700 encodes the uplink audio
signal into uplink cellular packets. At block 730, process 700
sends the uplink cellular packets to the mobile device through
the wireless connection. In one embodiment, the mobile
device executes the operations of process 600 described in
FIG. 6 above, and the uplink cellular packets are the uplink
cellular packets described in blocks 615 and 620 of process
600.

[0071] Inoneembodiment, the transmission rate of sending
the uplink cellular packets to the mobile device over the
wireless connection by the headset device is controlled by a
composite flow/rate control logic of the headset device. Inone
embodiment, the composite flow/rate control logic of the
headset device receives information about the wireless con-
nection and the cellular communication network from local
flow control logics of the mobile device. In one embodiment,
the composite flow/rate control logic of the headset device
sends parameters to the local flow control logics of the mobile
device to control the transmission rate of sending the down-
link cellular packets to the headset device by the mobile
device. In one embodiment, the composite flow/rate control
logic sends parameters to the local flow control logics of the
mobile device to control the transmission rate of sending the
uplink cellular packets to the cellular communication net-
work by the mobile device.

[0072] One of ordinary skill in the art will recognize that
process 700 is a conceptual representation of the operations
executed by the headset device. The specific operations of
process 700 may not be performed in the exact order shown
and described. The specific operations may not be performed
in one continuous series of operations, and different specific
operations may be performed in different embodiments. For
example, the operations in blocks 720, 725, and 730 may be
performed prior to, or in parallel with the operations in blocks
705,710, and 715. Furthermore, process 700 could be imple-
mented using several sub-processes, or as part of a larger
Mmacro process.

[0073] FIG. 8 shows an example of a data processing sys-
tem 800 which may be used with one embodiment of the
invention. Specifically, this figure shows a data processing
system 800. The data processing system 800 shown in FIG. 8
includes a processing system 811, which may be one or more
microprocessors or a system on a chip integrated circuit. The
data processing system 800 also includes memory 801 for
storing data and programs for execution by the processing
system 811. The data processing system 800 also includes an
audio input/output subsystem 805, which may include a pri-
mary microphone 865, a secondary microphone 860, and a
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speaker 855, for example, for playing back music or provid-
ing telephone functionality through the speaker and micro-
phones.
[0074] A display controller and display device 809 provide
a digital visual user interface for the user; this digital interface
may include a graphical user interface similar to that shown
on a Macintosh computer when running the OS X operating
system software, or an Apple iPhone when running the iOS
operating system, etc. The system 800 also includes one or
more wireless communications interfaces 803 to communi-
cate with another data processing system, such as the system
800 of FIG. 8. A wireless communications interface may be a
WLAN transceiver, an infrared transceiver, a Bluetooth trans-
ceiver, and/or a cellular telephony transceiver. It will be
appreciated that additional components, not shown, may also
be part of the system 800 in certain embodiments, and in
certain embodiments fewer components than shown in FIG. 8
may also be used in a data processing system. The system 800
further includes one or more wired power and communica-
tions interfaces 817 to communicate with another data pro-
cessing system. The wired power and communications inter-
face may be a USB port, etc. and may connect to a battery 818.
[0075] The data processing system 800 also includes one or
more user input devices 813, which allow a user to provide
input to the system. These input devices may be a keypad or
keyboard, or a touch panel or multi touch panel. The data
processing system 800 also includes an optional input/output
device 815 which may be a connector for a dock. It will be
appreciated that one or more buses, not shown, may be used
to interconnect the various components as is well known in
the art. The data processing system shown in FIG. 8 may be a
handheld device or a personal digital assistant (PDA), or a
cellular telephone with PDA-like functionality, or a handheld
device which includes a cellular telephone, or a media player
such as an iPod, or a device which combines aspects or
functions of these devices such as a media player combined
with a PDA and a cellular telephone in one device or an
embedded device or other consumer electronic devices. In
other embodiments, the data processing system 800 may be a
network computer or an embedded processing device within
another device or other type of data processing systems,
which have fewer components or perhaps more components
than that shown in FIG. 8.
[0076] The digital signal processing operations described
above, such as encoding and decoding of cellular packets,
flow/rate control, packet jitter control, setup or pickup of
telephone call, and the audio signal processing including for
example filtering, noise estimation, and noise suppression,
can all be done either entirely by a programmed processor, or
portions of them can be separated out and be performed by
dedicated hardwired logic circuits.
[0077] The foregoing discussion merely describes some
exemplary embodiments of the invention. One skilled in the
art will readily recognize from such discussion, from the
accompanying drawings, and from the claims that various
modifications can be made without departing from the spirit
and scope of the invention.

What is claimed is:

1. A headset to communicate with a mobile device through
a local radio frequency (RF) communication link to conduct
a telephone call, the headset comprising:

a local RF communication modem that is to receive a

plurality of downlink packets for the telephone call from
the mobile device through the local RF communication
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link, wherein the plurality of downlink packets were
received by the mobile device through a wireless com-
munication link;

an audio decoder that is to decode the plurality of downlink

packets into a downlink audio signal to be converted into
sound at the headset; and

an audio encoder that is to encode an uplink audio signal

produced by the headset for the telephone call into a
plurality of uplink packets, wherein the local RF com-
munication modem is to send the plurality of uplink
packets to the mobile device through the local RF com-
munication link.

2. The headset of claim 1, wherein the plurality of uplink
and downlink packets are encapsulated inside local RF pack-
ets when transmitted over the local RF communication link,
wherein the wireless communication link is a cellular com-
munication link.

3. The headset of claim 1 further comprising audio pro-
cessing circuitry to perform one or more of the following
operations to enhance intelligibility of speech by far-end
users: equalization; dynamic range control; noise reduction;
and automatic gain control.

4. The headset of claim 3 further comprising a composite
flow control logic that is to control a first data transmission
rate for transmitting data from the headset to the mobile
device over the local RF communication link, a second data
transmission rate for transmitting data from the mobile device
to the headset over the local RF communication link, and a
third data transmission rate for transmitting data from the
mobile device to a far-end user’s device over the wireless
communication link.

5. The headset of claim 4, wherein the composite flow
control logic is to control the second data transmission rate
through a local flow control logic at the mobile device,
wherein the composite flow control logic is to control the
third data transmission rate through a baseband flow control
logic at the mobile device.

6. The headset of claim 5, wherein the composite flow
control logic is to exchange flow control data with the local
flow control logic and the baseband flow control logic
through a local flow control data interchange.

7. The headset of claim 5, wherein the composite flow
control logic is to exchange flow control data with the local
flow control logic and the baseband flow control logic by
encapsulating the flow control data as a section inside regular
local RF data packets that are transmitted over the local RF
communication link.

8. The headset of claim 5, wherein the composite flow
control logic is to exchange flow control data with the local
flow control logic and the baseband flow control logic by
transmitting the flow control data as flow control packets.

9. The headset of claim 1 further comprising a call setup
logic that is to perform continuous voice activity detection.

10. The headset of claim 9, wherein the call setup logic
comprises a phrase identification logic that is to identify
phrases uttered by a user of the headset.

11. A method for a headset to communicate with a mobile
device through a local radio frequency (RF) communication
link to conduct a telephone call, the method comprising:

receiving a first plurality of packets for the telephone call

from the mobile device through the local RF communi-
cation link;

decoding the first plurality of packets into a first audio

signal;
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encoding a second audio signal for the telephone call into
a second plurality of packets for the telephone call; and

sending the second plurality of packets to the mobile
device through the local RF communication link.

12. The method of claim 11 further comprising:

processing the first audio signal; and

playing back the processed first audio signal through a

speaker of the headset.

13. The method of claim 11 further comprising producing
the second audio signal through a microphone of the headset.

14. The method of claim 11 further comprising determin-
ing a first data transmission rate for transmitting data from the
headset to the mobile device over the local RF communica-
tion link, a second data transmission rate for transmitting data
from the mobile device to the headset over the local RF
communication link, and a third data transmission rate for
transmitting data from the mobile device to a far-end user’s
device over a wireless communication link.

15. The method of claim 14 further comprising sending the
second and third data transmission rates to the mobile device
through the local RF communication link.

16. An electronic device to communicate with a headset
through a local radio frequency (RF) communication link to
conduct a telephone call, the electronic device comprising:

a cellular communication modem that is to receive a plu-

rality of downlink cellular packets from a far-end user of
the telephone call through a cellular communication
link; and

a local RF communication modem that is to send the plu-

rality of received downlink cellular packets to the head-
set and receive a plurality of uplink cellular packets for
the telephone call from the headset through the local RF
communication link, wherein the cellular communica-
tion modem is to send out the plurality of uplink cellular
packets to the far-end user through the cellular commu-
nication link.

17. The electronic device of claim 16, wherein audio sig-
nals in the plurality of downlink and uplink cellular packets
are not encoded or decoded at the electronic device.
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18. The electronic device of claim 16, wherein the plurality
of downlink and uplink cellular packets are encapsulated
inside local RF packets for transmission over the local RF
communication link.

19. The electronic device of claim 16 further comprising:

a local flow control logic that is to control a rate of sending

the plurality of downlink cellular packets by the local RF
communication modem; and

a baseband flow control logic that is to control a rate of

sending the plurality of uplink cellular packets by the
cellular communication modem.

20. The electronic device of claim 19, wherein the local
flow control logic and the baseband flow control logic are to
be controlled by a composite flow control logic at the headset.

21. The electronic device of claim 20, wherein the local
flow control logic and the baseband flow control logic send
information about the cellular communication link and the
local RF communication link to the composite flow control
logic at the headset through the local RF communication link.

22. A method for an electronic device to communicate with
a headset through a local radio frequency (RF) communica-
tion link to conduct a telephone call, the method comprising:

receiving a first plurality of cellular packets from a far-end

user of the telephone call through a cellular communi-
cation link, wherein a first audio signal is encoded in the
first plurality of cellular packets;

sending the first plurality of cellular packets to the headset

through the local RF communication link;
receiving a second plurality of cellular packets for the
telephone call from the headset through the local RF
communication link, wherein a second audio signal is
encoded in the second plurality of cellular packets; and

sending the second plurality of cellular packets to the far-
end user through the cellular communication link.

23. The method of claim 22, wherein the first audio signal
is not decoded at the electronic device, wherein the second
audio signal is not encoded at the electronic device.
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