1 SYSTEM AND METHOD FOR REDUCI NG UPLI NK NO SE [ 0001] This application

rel ates generally to noise reduction and in particular, to a system and
nmet hod for reducing uplink noise on a communication 5 device in a noisy
environnment, such as in a vehicle. [0002] Mobile conmuni cati on devices are
in use throughout everyday life. One conmon aspect to the use of nobile
communi cation devices is that they are offten used in noisy environnents.
In particular, nobile comrmunication devices are often used in vehicle

cabins, such as car SY$TEMANDMETHOESF ORREDUCING &IPMINKCNAISEt end to
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ranged from very simple filtering to very complex digital signal processing

15 algorithms. The more complex algorithms often involve breaking a signal into
various frames and performing various computations on each of the frames to try
to remove noise from each frame, and thus, from the signal. Unfortunately, the
more simple methods typically do not remove encugh noise or cause the voice
signal to be less intelligible while the more complex methods are typically more

20 computationally intensive and require greater processing power and processing
time to produce the adjusted signal, often with unpredictable effects on the

removal of noise from the signal.

[0004] There remains a need for an efficient and relatively simple (i.e. less
computationally intensive) system and method for reducing uplink noise on a

25 communication signal.

General

[0005] According to one aspect, there may be provided a method for
reducing uplink noise in a communications device, the method including. receiving
30 an input signal at the communications device; estimating a noise level in the

vicinity of the communications device; filtering the input signhal based on the



estimated noi se level; and applying attenuation to the filtered signal
based on the estimated noise level. [0006] In a particular case, the
filtering based on the estinmated noise |level may include shelf filtering.
5 [0007] In another particular case, the filtering based on the estinmated
noi se |evel may include increasing the dg)th of the filtering for higher
estimated noise |levels. [0008] In yet anct her particul ar case, the
filtering based on the estimated noise |level may include filtering
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15 [0009] In yet another particular case, the applying attenuation based on the
estimated noise level may include increasing the attenuation for higher estimated
noise levels. More generally, the applying attenuation based on the estimated
noise tevel may include applying attenuation according to a predetermined
function. For example, the predetermined function may inciude applying

20  attenuation of 0dB prior fo a first threshold of estimated noise level, increasing
attenuation in a straight-line manner, and applying a predetermined attenuation
after a second threshold of estimated noise level. Further, the first threshold may
be approximately 70 dBA and the second threshold may be approximately 76
dBA.

25 [0010] According to another aspect, there may be provided a system for
reducing uplink noise in a mobile communications device, the system inciuding: a
noise estimator for estimating noise in proximity to the mobile communication
device, an adjustable filter for receiving a signal from a microphone of the mobile
communication device; an adjustable attenuation block for receiving a filtered

30 signal from the adjustable filter; a controller configured to: monitor the estimated



noi se; and adjust the adjustable filter and adjustabl e attenuation bl ock
based on the estimated noise. [0011] In a particular case, the adjustable
filter may include a shelf filter. [0012] In another particular case, the
controller may be configured to adjust 5 each of the adjustable filter and
t he adj ustabl e attenuation bl ock based on a predeterm ned function of the
estimated noise. [0013] In yet another pardicul ar case, the controller nmay
be configured to adjust the adjustable filter by increasing the depth of
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the first threshold may be approximately 62 dBA and the second threshold may
be approximately 71 dBA.

15 [0014] In yet another particular case, the controller may be configured to
adjust the attenuation by increasing the attenuation for higher estimated noise
levels. In this case, the predetermined function for the adjustable attenuation
biock may include adjusting the attenuation following a first threshold of estimated
noise, increasing attenuation in a straight-line manner, and applying a

20 predetermined attenuation after a second threshold of estimated noise. Further,
the first threshold may be approximately 70 dBA and the second threshold may
be approximately 76 dBA.

Brief Description of the Drawings
25 [0015] For a better understanding of the embodiments described herein

and to show more clearly how they may be carried into effect, reference will now
be made, by way of example only, to the accompanying drawings which show the

exemplary embodiments and in which:

[0016] FIG. 1 is a block diagram of an exemplary embodiment of a mobile

30 communication device;



comuni cati on subsystem conponent of the nobile comrunication device of
FIG 1; [0018] FIG 3 is a block diagramof an exenplary enbodi nent of a
node of 5 a wireless network that the nobil e comunication device of FIG
1 may conmmunicate with; [0019] FIG 4 is a functional block diagram of an
exenpl ary enbodi nent of a systemfor reducing uplink noise; [0020] FIG 5
is a graph illustrating an adjustable filtder; 10 [0021] FIG 6 is a graph
illustrating the adjustnent of the adjustable filter as a function of the
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[0022] FIG. 7 is a graph illustrating the adjustment of the adjustable

attenuation block as a function of the estimated noise level;

[0023] FIG. 8 is a table listing the parameters for one embodiment of the
15  system of FIG. 5;

[0024] FIG. 9 is a screen showing a voice/noise signal both before and

after use of embodiment of the system of Fig 4;

[0025] FIG. 10 is a graph showing the frequency response of a signal when

an embodiment of the system of FIG. 4 is operating; and

20 [0026] FIG. 11 is a flow chart of an exemplary embodiment of a method for

reducing uplink noise.

Description of Preferred Embodiments
[0027] It will be appreciated that for simplicity and clarity of illustration,

25 where considered appropriate, reference numerals may be repeated among the
figures to indicate corresponding or analogous elements or steps. in addition,
numerous specific details are set forth in order to provide a thorough
understanding of the exemplary embodiments described herein. However, it will
be understood by those of ordinary skill in the art that the embodiments described

30 herein may be practiced without these specific details. In other instances, well-



description is not to be considered as limting the scope of the

enbodi nents described herein in any way, but rather as nerely descri bing
the inplenentation 5 of the various enbodi nments descri bed herein. [0028]
Sone of the enbodi nents nmake use of a nobile comunication device,
sonetinmes referred to herein as a nobile device, that is a two-way
conmmuni cati on device with advanced data cdhmuni cation capabilities having
the capability to conmunicate in a wireless or wired fashion with other
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organizers, personal digital assistants, handheld wireless communication devices,
wirelessly enabled notebook computers and the like. Typically, the mobile device
communicates with other devices through a network of transceiver stations. The
mobile device may also include the capability to communicate wirelessly with

20 other mobile devices or with accessory devices using personal area networking

{(PAN) technologies such as infrared, Bluetooth, or the like.

[0029] Referring first fo FIG. 1, shown therein is a block diagram of a
mobile device 100 in one exemplary implementation. The mobile device 100
comprises a number of components, the controlling component being a main

25 processor 102 which controls the overall operation of mobile device 100,
Communication functions, including data and voice communications, are
performed through a communication subsystem 104. The communication
subsystem 104 receives messages from and sends messages to a wireless
network 200. In some implementations of the mobile device 100, the

30 communication subsystem 104 is configured in accordance with the Global
System for Mobile Communication (GSM) and General Packet Radio Services
(GPRS) standards. The GSM/GPRS wireless network is used worldwide. Other



standards that can be used include the Enhanced Data GSM Envi r onnent
(EDGE), Universal Mobile Tel econmuni cations Service (UMIS), Code Division
Mul tiple Access (CDMA), and Intelligent Digital Enhanced Network (i DENTM

standards. New standards are still being defined, but it is believed that
they will 5 have simlarities to the network behavior described herein, and
it will be understood by persons skilledGn the art that the enbodinents

descri bed herein can use any other suitable standards that are devel oped
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shor t - range conmu
wireless networks can also be associated with the mobile device 100 in other

implementations. The different types of wireless networks that can be employed
include, for example, data-centric wireless networks, voice-centric wireless
networks, and dual-mode networks that can support both voice and data

20 communications over the same physical base stations. Combined dual-mode
networks include, but are not limited to, Code Division Multiple Access (CDMA) or
CDMAZ2000 networks, iIDEN networks, GSM/GPRS networks (as mentioned
above), and future third-generation (3G) networks like EDGE and UMTS. Some
other examples of data-centric networks include WiFi 802.11, Mobitex™™ and

25 DataTAC™ network communication systems. Examples of other voice-centric
data networks include Personal Communication Systems (PCS) networks like
GSM and Time Division Multiple Access (TDMA) systems.

[0031] The main processor 102 also interacts with additional subsystems

such as a Random Access Memory (RAM) 106, a flash memory 108, a display
30 110, an auxiliary input/output (1/O) subsystem 112, a data port 114, a keyboard

116, a speaker 118, a microphone 120, short-range communications 122, and

other device subsystems 124,



ot her device subsystens 124. 7 [0032] Sone of the subsystens of the nobile
devi ce 100 perform communication-related functions, whereas ot her
subsystens can provide "resident" or on-device functions. By way of
exanpl e, the display 110 and the keyboard 116 can be used for both

communi cation-related functions, such as 5 entering a text nessage for
transm ssion over the network 200, and device- resident functions such as a
calculator or task list. Operating systemsoftware used by the main
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oper ati onal nicatron wtht el"éss  network 200. By inserting
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126 i nchgdes, gs@r OCREIRbLA e HELIDY. T8 ia&ARY ' SLiABEFRhE Mbbile device 100
may require a SIM/RUIM card 126 (i.e. Subscriber ldentity Module or a
Removable User Identity Module) to be inserted into a SIM/RUIM interface 128 in
order to communicate with a network. Accordingly, the SIM card/RUIM 126 and
the SIM/RUIM interface 128 are entirely optional.

20 [0034] The SIM card or RUIM 126 is one type of a conventional “smart
card” that can be used to identify a subscriber of the mobile device 100 and to
personalize the mobile device 100, among other things. Without the SIM card
126, the mobile device 100 is not fully operational for communication with the
wireless network 200. By inserting the SIM card/RUIM 126 into the SIM/RUIM

25 interface 128, a subscriber can access all subscribed services. Services can
include: web browsing and messaging such as e-mail, voice mail, Short Message
Service (SMS), and Multimedia Messaging Services (MMS). More advanced
services can include: point of sale, field service and sales force automation. The
SIM card/RUIM 1286 includes a processor and memory for storing information.

30  Once the SIM card/RUIM 126 is inserted into the SIM/RUIM interface 128, it is
coupled to the main processor 102. In order to identify the subscriber, the SIM

card/RUIM 126 contains some user parameters such as an International Mobile



30 Once the SIMcard/RUM 126 is inserted into the SSMRU M Iinterface 128,
it is coupled to the nmain processor 102. In order to identify the
subscriber, the SIM card/RU M 126 contains some user paraneters such as an
I nternational Mbile 8 Subscriber Identity (IMSI). An advantage of using
the SiIMcard/RU M 126 is that a subscriber is not necessarily bound by any
singl e physical nobile device. The SIMcad/ RUM 126 may store additi onal
subscri ber information for a nobile device as well, including datebook (or
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devi ce oper atenvmesas vellj includdmmga@bbakaodcalendar) é¢oforuaticmendmeegptl dadiat i ons,
will nor nst IIedo t he | e device 100 during its

manut act o e MBS AdrEaG Sy et dReTuie e MERARIoD Fa kM D% PRt B er
an attachrrenﬁtoWhgmgh r@émop epgi ke. [0036] The nobile device 100 further

i ncludes a device state nodul e 136, an address book 138, a Personal

I nf ormat i on ralgwyoer ( RiHg m%ﬁp%)ro%ggs@{'@i 1&%d@fﬂg)eltﬁs1tslo§feréagﬁgog§ﬁ\éh?e state

nodul e 136 can provi de persistence . Vi ce e 136
ensur es t hafungtipost enabldeeixeeutitan af SGﬁ\BﬁI@I‘@mblICBTIDM 4B4toanthe mebie geviseich as

the flash 108 h ta isn t.he, obil e device
100 15t ur ndfiPof pestosElelsHnare areltuorth 24 tidieniSiPesia dsvi ereralions,

i nf or mattigonifcdiidiag ldats anl v@)ﬂiét@&ﬁﬁwfn%at?oheaéﬂﬁl%tiofé)rw@HQL 8y Sgnﬁﬁﬁﬂed Bnthe
address 20 book he information can include the nane, phone nunber, work

adﬂr ess gn:}lf %mh”eé@dﬂ&@(bﬁutlm@lt@m@@’tactua@mﬁ@e ptc:mBmSnTMﬁantrmmdéraal I
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limted to, agdmiréss §@d>mgara PRYSEHA, lnfé%‘éﬁoﬂmér%n gpmnm&!@néﬁd oftfed task
itens. A Pl M agpl ication has the ability to sen receive data itens

via thel@ir@l shéfolhe dooce Rlaedaodule 136 can provide persistence, i.e. the
device state module 136 ensures that important device data is stored in persistent

memory, such as the flash memory 108, so that the data is not lost when the
mobile device 100 is turned off or loses power. The address book 138 can provide
information for a list of contacts for the user. For a given contact in the address

20 book, the information can include the name, phone number, work address and
email address of the contact, among other information. The other modules 142
can include a configuration module (not shown) as well as other modules that can
be used in conjunction with the SIM/RUIM interface 128.

[0037] The PIM 140 has functionality for organizing and managing data
25 items of interest to a subscriber, such as, but not limited to, e-mail, calendar

events, voice mails, appointments, and task items. A PIM application has the

ability to send and receive data items via the wireless network 200. PIM data

items may be seamlessly integrated, synchronized, and updated via the wireless

network 200 with the mobile device subscriber's corresponding data items stored
30 and/or associated with a host computer system. This functionality creates a

mirrored host computer on the mobile device 100 with respect to such items. This



itens may be seanl essly integrated, synchronized, and updated via the
wreless network 200 with the nobil e device subscriber's correspondi ng
data itens stored 30 and/or associated with a host conmputer system This
functionality creates a mrrored host conputer on the nobile device 100
with respect to such itens. This 9 can be particularly advantageous when

t he host conputer systemis the nobile ddVice subscriber's office conputer
system [0038] Additional applications can also be | oaded onto the nobile

devi ce 100 dahripsiphrtialidrgasivanngyetfustwitemtieeh @stscong er Kysien istthe naabilel i ary
| /O subsystem ' 5 112, the data port 114, the short-range conmunications

subsyst em 13&VIG S rigehe PTice ompeersysted. subsyst em 124. This flexibility

in application installation increases the functionality of the nobile
device 100 48@3&han pr Addiéonaispnbeationsncareaisodef loaded onty the mobile device

comuni cat i r d_f i r.hoth, For l.e secur
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ot her such fiilRatie @htatp@nsag! thenshorordp@eRim MURRGtIVAS BObsVRenDDid erdpyi ce
100. [0039] The data port 114 enables a subscriber to set preferences
through anO8@Tstiabledeyiee sebsydemniat Tappfievhiliboin anmlicalior isdaliation
capabilitie e } i {H i !
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Wi rel ess cowmaies functines vaomkmutifoatioal retated funaiows) ealdothat-br ergmpfeor
exanpl e, be used to | oad an enangtion ke ontq the nobile device.100

Lhrough a dPFERE SHBMERIRSTPEIARRI apRica 632EE o RGHINE COBIMEGopHBGTANS
secure devi endeanBRl A AAAALIdNe B oRBihed LAITPINROBIN syikabl e

port that enables data 20 comuni cati on between t no evice 100 and
anot her conplfi ng device. The data port nmay be a serial or a parallel

port. In sonme instances, the data port 114 may be a USB port that includes
data |ines [M3%ata tTaesfaa pantd! B soapley d sutsscribbato satrprpfeendes throbgin gi ng

current to charge t nmobi | e device 100..  [0041] Th hort-range
conmuni cat i 8ﬂ$xgﬁif8§{)§?\ﬂﬁ? po5opvalr HBE]'C_P%P[” ?@%ﬁﬁﬁﬁﬁ%&%w%ﬂb’g@?%@wet he
nobi | e devi gRbLEQRNE P@dﬂ%? bl f%f!ﬁfﬁﬁﬁatior?@ﬁ?éﬁﬁéresd’&kﬁl%dgrto fressory
devices, without the use of the wreless network
15 mobile device 100 other than through a wireless communication network. The
alternate download path may, for example, be used to load an encryption key
onto the mobile device 100 through a direct and thus reliable and trusted

connection o provide secure device communication.

[0040] The data port 114 may be any suitable port that enables data

20 communication between the mobile device 100 and another computing device.
The data port may be a serial or a paralle! port. In some instances, the data port
114 may be a USB port that includes data lines for data transfer and a supply line

that can provide a charging current to charge the mobile device 100.

[0041] The short-range communications subsystem 122 provides for

25 communication between the mobile device 100 and other mobile devices,
computer systems or accessory devices, without the use of the wireless network
200. For example, the subsystem 122 can include a wireless transmitter/receiver
and associated circuits and components for short-range communication.
Examples of short-range communication standards include those developed by

30 the Infrared Data Association (IrDA), Bluetooth, and the 802.11 family of
standards developed by IEEE. These short-range communication standards allow

the formation of wireless connections between or among mobile devices and



200. For example, the subsystem 122 can include a wreless
transmtter/receiver and associated circuits and conponents for
short-range conmuni cati on. Exanpl es of short-range conmmuni cation standards
i ncl ude those devel oped by 30 the Infrared Data Association (IrDA),
Bl uetooth, and the 802.11 famly of standards devel oped by | EEE. These
short-range comunication standards all ow!0the formation of wireless
connecti ons between or anong nobil e devices and 10 accessory devices and,
in sonme casesceatdrgwavivesfardyi someofagesr shmalthalfeanatioet ofgrdesorfdtAsa

The establishpent_of shart-

i nvol vi ng several devices. t-range_ co ni cations
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conmmuni cations, the overall operation O e nobile device 1007is
subst ant i al BybsysieMat12 exie diudendeviche spuelt ebvadowihysriesnameusat fhaek pall, t he

speaker 118, g f 1 S§LON 1. crophone
20 120, At RRE TOBRrEe uBlectbaRE S PRMEHLEEEy TN E IR QoA BB hceage
recordi ng suasyisitignThedeybbaal 1es inpleferablyesh alphahermak) ke/devd aedifO.

Al t hough voi cie or audi o signal output is acconplished primarily thr ou%\h t he
speaker 118CIeRRONA-YPEHEYPRY- ElgveyesPther tydeg af eyperidsLayaispitsnaged.

i nfor may Soncoﬁﬂ%ge@ﬁe@gﬁﬁ HEntddomifEd 2veRAtHd MRS NetwHH 286 Htobh Fha 0l ce

call, or other volce
communication subsystem 104.

[0043] For voice communications, the overall operation of the mobile
device 100 is substantially similar, except that the received signals are output to
the speaker 118, and signals for transmission are generated by the microphone
20 120. Alternative voice or audio /O subsystems, such as a voice message
recording subsystem, can also be implemented on the mobile device 100.
Although voice or audio signal output is accomplished primarily through the
speaker 118, the display 110 can also be used to provide additional information
such as the identity of a calling party, duration of a voice call, or other voice call

25 related information.

[0044] Referring now to FIG. 2, a block diagram of an exemplary
embodiment of the communication subsystem component 104 of FIG. 1 is shown.
The communication subsystem 104 comprises a receiver 150 and a transmitter
152, as well as associated components such as one or more embedded or

30 internal antenna elements 154, 156, Local Oscillators (1.Os) 158, and a
communications processor 160 for wireless communication. The communications
processor 160 can be a Digital Signal Processor (DSP). As will be apparent to



25 related information. [0044] Referring nowto FIG 2, a bl ock diagram of
an exenplary enbodi nent of the communicati on subsystem conponent 104 of

FIG 1 is shown. The conmunication subsystem 104 conprises a receiver 150
and a transmtter 152, as well as associ ated conponents such as one or

nore enbedded or 30 internal antenna el enents 154, 156, Local Gscillators
(LCs) 158, and a conmunications processof1160 for wirel ess communi cati on.
The conmuni cations processor 160 can be a Digital Signal Processor (DSP).

As will be dppse skitled i the f|etid3\@$eoﬁkhuﬂneaitldn”s thephiteluthrefes@pnaithbcat i ons,
the particul ar desi conmmuni cati on subsystem 104 can depend on the

conmuni cat i &RWB%‘W@%&OWF Sy%mclhodt faN ABBENG Oaébﬁ cemmpnicatiph eyl with
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2 serves only as an exanple i gnal recelve enna
t hr ough t he thatrtbeessigrellustrkied20F 1Gr 8 senpad omly ashan empiser 150, which can
perform such common receiver functions as signal anplification, frequency

down conger $0045] fi | t Sigmas reteinae by tﬁelaﬁt:énrﬁmStaﬂdoa@iahlﬁ?@mﬁr@ietsmétwbrl(A/ D)
conversion. _ALD conversion of a received signal allows nore conp] ex
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signals to be transmt are processe tion
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processor 160 not “only ‘processes communication S|gn but al so provi des
for recei veMmaam@risianalgte bertramsnitied. are@rocesssapine] utilh@ ng@duiamﬁ andiat i on

applied to the receiver 150 and transmtter 152
o b adap ETORHDL CBY RS igauleths Hieh et 167 TutiR sfbtstrat S b &le o)

al gorithms mmltmmsansmnttelﬂasqq‘aﬁu@;t@atd -8R&loB é@&lﬁ)ﬁé@ﬁvergﬁnlﬁ@quérﬁlﬂﬂ@ﬂ: The
wireless link between the nobile device 100 and the wireless network 200

can cont ai nCoMEBIONaitring fanep dipatien anddransnispionaey thip piwless nework 200
15 via the antenna 156. The communications processor 160 not only processes

communication signals, but also provides for receiver and transmitter control. For

example, the gain/attenuation applied to communication signals in the receiver

150 and transmitter 152 can be adaptively controlled through automatic

gain/attenuation control algorithms implemented in the communications processor
20 160.

[0046] The wireless link between the mobile device 100 and the wireless
network 200 can contain one or more different channels, typically different RF
channels, and associated protocols used between the mobile device 100 and the
wireless network 200. An RF channel is a limited resource that must be

25 conserved, typically due to limits in overall bandwidth and limited battery power of

the mobile device 100.

[0047] When the mobile device 100 is fully operational, the transmitter 152

is typically keyed or turned on only when it is sending to the wireless network 200

and is otherwise turned off to conserve resources. Similarly, the receiver 150 is
30 periodically turned off to conserve power until it is needed to receive signals or

information (if at all) during designated time periods.



channel s, and associ ated protocols used between the nobile device 100 and
the wreless network 200. An RF channel is alimted resource that nust be
25 conserved, typically due to limts in overall bandwidth and limted
battery power of the nobile device 100. [0047] Wen the nobile device 100
is fully operational, the transmtter 152 _,.is typically keyed or turned on
only when it is sending to the wirel ess ndfwork 200 and is ot herwise
turned off to conserve resources. Simlarly, the receiver 150 is 30
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[0049] In a GSM network, the MSC 210 is coupled to the BSC 204 and to a
landline network, such as a Public Switched Telephone Network (PSTN) 222 to
satisfy circuit switching requirements. The connection through PCU 208, SGSN
216 and GGSN 218 to the public or private network (Internet) 224 (also referred to

20 herein generally as a shared network infrastructure) represents the data path for
GPRS capable mobile devices. In a GSM network extended with GPRS
capabilities, the BSC 204 also contains a Packet Control Unit (PCU) 208 that
connects to the SGSN 216 to control segmentation, radio channel aflocation and
to satisfy packet switched requirements. To track mobile device location and

25 availability for both circuit switched and packet switched management, the HLR
212 is shared between the MSC 210 and the SGSN 216. Access to the VLR 214
is controlled by the MSC 210.

[0050] The station 206 is a fixed transceiver station. The station 206 and

BSC 204 together form the fixed transceiver equipment. The fixed transceiver
30 equipment provides wireless network coverage for a particular coverage area

commonly referred to as a “cell”. The fixed transceiver equipment transmits

communication signals to and receives communication signals from mobile



capabilities, the BSC 204 al so contains a Packet Control Unit (PCU 208
that connects to the SGSN 216 to control segnentation, radi o channel
allocation and to satisfy packet switched requirenments. To track nobile
device location and 25 availability for both circuit swi tched and packet
swi t ched managenent, the HLR 212 is shared between the MSC 210 and the
SGSN 216. Access to the VLR 214 is contr®Bled by the MSC 210. [0050] The
station 206 is a fixed transceiver station. The station 206 and BSC 204
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frequenci es t han ot her nodes. For all nobile devices 100 registered
with a é’@ecdfﬁe@emie‘f@mmmeqo’éranmtbat no@%ﬁl guration data such as a user
profile is stored in the HLR 212. The HLR 212 al so contains |ocation
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the VLR 214 also contains information on nobil ces that are visiting
ot her net wot#s beThueriedribalatatnion tha cuhrenVlcRagion aflacmubés dpuice. dhe MieC 210

per mRneRl MOk oK A Bup drROSHoh $al AT BB A8 ot fhd RRiLR 214
devices currently in its area of responsibility in the VLR 214, Further, the VLR 214
also contains information on mobile devices that are visiting other networks. The
information in the VLR 214 includes part of the permanent mobile device data
transmitted from the HLR 212 to the VLR 214 for faster access. By moving

20 additional information from a remote HLLR 212 node to the VLR 214, the amount
of traffic between these nodes can be reduced so that voice and data services
can be provided with faster response times and at the same time require less use

of computing resources.

[0052] The SGSN 216 and GGSN 218 are elements added for GPRS

25 support; namely packet switched data support, within GSM. The SGSN 216 and
MSC 210 have similar responsibilities within the wireless network 200 by keeping
track of the location of each mobile device 100. The SGSN 216 also performs
security functions and access control for data traffic on the wireless network 200.
The GGSN 218 provides internetworking connections with external packet

30 switched networks and connects to one or more SGSN's 216 via an Internet
Protocol (IP) backbone network operated within the network 200. During normal

operations, a given mobile device 100 must perform a "“GPRS Attach” to acquire



20 additional information froma renote HLR 212 node to the VLR 214, the
anmount of traffic between these nodes can be reduced so that voice and
data services can be provided with faster response tines and at the sane
time require |l ess use of conputing resources. [0052] The SGSN 216 and GGSN
218 are elements added for GPRS 25 support; namely packet sw tched data
support, within GSM The SGSN 216 and Mt4210 have sinmil ar
responsibilities within the wirel ess network 200 by keeping track of the

| ocati on of asdthadbss anddviaveeddbatalberviBESNTREGeglisomeet fsoigteresatuni ty

functions and access, control for ta traff| on the_wreless ne k 200.
The GGSN 21§'rBP@\§W88Ee$HPl§Pn<§i%P IntBarated SERICTE DIFTBLNSTHaIK @%@ t 30

swi t ched netWardsseantteQRRASSE folltM qgﬁo@fn\g@ﬁ@o@icgﬂsﬁﬁprg%%@ %‘M@jlﬂgt

Protocol (1P) backbone network op r hi n et wo
normal  operapibigsictwogks ese pobitceddesinsally@8signst IPaddresses, 'ti(EI?R@qAIrimg:h

to acqui r.e r nd to access, da r.Vi,C Thi s requirenment
i s not pPesbﬁ D%Lbﬂ) ef\gq% ﬁfkﬂ%%ﬁ%@%ﬁ?@i %ﬁ?%‘-ﬁ@é@ ﬁlﬁ?"eeg?rﬁ@@ ervi ces
D gi tal Net wasdhahisPhNor AHHNGE 3R s8I MERINCRIIAPUEINBS LOGBIAABnaAG
outgoing calls. Currently, all GPRS capabl e networks use private,

gynam cal | y Rgsagt Qr’@ﬁhﬁml%ﬁim@@é@ Uﬁﬁu§ef\é@1@(RA@¢US) Eh@eDHGQ REEPeserzen to
nsst gnment - orisd haLERENEh IS RASR B KB SRR S Rsl s PER AR

Dial-In Usemcﬁelewie%ce( RO tHB:)u@Eﬁh‘ea‘PcairEDB?ldﬂa HerS@BN 2 heeah ReceBRPofitt ach
i's corrpl shed fromthe nobile device
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can either access direct Internet co e se Vi Cés or net wor k
connect i onsﬂeTWWKABNnab’sms é’rhee@s@hltasarsmeaemsya Becmrapilnsenﬁmsmﬁer thei r el ess
e assjgned to

net wor k 200, sof ar._a h. mobi | e deyi
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per formng @r@BP@wws'iéhdttﬁe ﬁﬁbbﬁ@hﬁé\ﬁ'@és 160 Béﬁn&%h%nga%falté%hbet fiee. The
APN may be consi dered be simlar to an Internet donai n nanme such
"myconnéet i @@fwmlgg@sgii’&ﬁwi\ttach to an APN that it has been authorized to use. The

APN may be considered to be similar to an Internet domain name such as

“myconnection.wireless.com”.

[0053] Once the GPRS Attach is complete, a tunnel is created and all traffic
is exchanged within standard IP packets using any protocol that can be supported

20 in IP packets. This includes tunneling methods such as IP over IP as in the case
with some IPSecurity (IPsec) connections used with Virtual Private Networks
(VPN). These tunnels are also referred to as Packet Data Protocol (PDP) contexts
and there are a limited number of these available in the wireless network 200. To
maximize use of the PDP Contexts, the wireless network 200 will run an idle timer

25 for each PDP Context to determine if there is a lack of activity. When the mobile
device 100 is not using its PDP Context, the PDP Context can be de-allocated
and the IP address returned to the IP address pool managed by the DHCP server
220, L

[0054] Using the above described general mobile device environment as
30 anexemplary environment for communications, an exemplary embodiment of a

system and method for reducing uplink noise will be described. it will be



[ 0053] Once the GPRS Attach is conplete, a tunnel is created and all
traffic 1s exchanged wthin standard | P packets using any protocol that
can be supported 20 in |IP packets. This includes tunneling nethods such as
| P over IP as in the case with sone | PSecurity (IPsec) connections used
with Virtual Private Networks (VPN). These tunnels are also referred to as
Packet Data Protocol (PDP) contexts and flRere are a |inmted nunber of
these available in the wireless network 200. To nmaxim ze use of the PDP

Cont exts, t haderstebddsatntbewysten? @ddwhethoduor estiudit@uplinienoigd nay alsadie PDP
Context to determine if there is a lack of activit When the nobil e
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de-allocated and the |P address returned to the |IP address pool managed by
t he DHCP sed@8%5] 220. F{!6094p alipaly diagsanbeian @lmplabxe@ngm@nant@ffoa)sv%em
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adj ust abl e aeveesuHlld.on bl ock 315, and a controller 320. The system 300 is
provi ded between the m crophone 120 of the nobile device 100 and further

processi ng ¢0@saInt s (et stsdvanvin FIG R, G vdibe Wilidhoiskh@nipsiteasigrtbeVé esoeleiy
[ 0056] A@ mgown in FIG 4, a voice plus noise conposite signal is received
10 by t @ nP¥tBpRuREPIEgeaD andthe aaaﬁi sPasagd dal the aplivetafe fikensl @ wlet er

310 while %ls%%@ﬁ%%%n?Ff‘ﬁ\etﬁ’mé@%sﬁr%'aﬁ?r% TR @ Ps%oé:’stm:l-é‘tﬁr @?'\S?ﬁ?rﬂﬁr’s@ﬁéor

305 nonitors the ignal to create an estinate evel 1nth
envi r onnent swghat ttecrra'atbe apleshimat? 0f thnneiseilewdien tie eheroonset éfrtben t he noi se
esti mat or 305|s to.th

r de troIIer 320, which st
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the microphone and the filtered si gnal sent
15 predetermined function of the noise estimate prowded The adjustable filter 310
is applied to the signal from the microphone and the filtered signal is sent to the
adjustable attenuation block 315. The adjustable attenuation block 315 is also
adjusted based on a predetermined function of the estimated noise level. The
adjusted signal is then sent for further processing. 1t will be understood that the
20 system 300 described herein may be a part of, for example, the communication
subsystem 104 of the mobile device 100 and the further processing may include

the preparation of the signal for transmission or the like.

[0057] The noise estimator 305 may be any currently available or hereafter
developed noise estimator. For example, known noise estimators monitor a

235 signal, evaluate when there is a break in speech, and use an average of the
sound level during these breaks in speech as an estimate of the background
noise in the environment of the microphone and/or person speaking. In the
current embodiment, the noise estimator monitors the signal from the microphone
120, however, it is also possible for the noise estimator to monitor noise levels in

30 other ways, for example, through a separate microphone (not shown).

[0058] The adjustable filter 310 may also be a known or hereafter
developed adjustable filter. in a particular case, the adjustable filter 310 is a high



adj ust abl e attenuati on bl ock 315. The adjustable attenuation block 315 is
al so adjusted based on a predeterm ned function of the estimated noi se

| evel . The adjusted signal is then sent for further processing. It will be
understood that the 20 system 300 descri bed herein nmay be a part of, for
exanpl e, the communication subsystem 104 of the nobile device 100 and the
further processing may include the prepadétion of the signal for

transm ssion or the like. [0057] The noise estimator 305 may be any

currently ayaiskaitee whichéiteas szfre%lwaﬂyomdndéGfr@ﬁ tes tigmal. IG. Bashomreaamp! e,
known noi se estimators nonitor a signal, evaluate when there is a break
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m crophone and/ or person speakin noi se
esti mat or mbyithercentrioderst2habséd omet predesternt pad fienctibB@f thewstieiated hoise al so
possi bl e for the noise estimator to nonitor noise levels in 30 other ways,
for exa e“Ee’rllrough a separate m crophone (not shown). [0058] The

adj ust abl e f| lter 310 may al so be a known or hereafter devel oped

adj ustabl e 196%3%. 1 n FéGpﬁr&hcw apineplestraigid-lig uscton hat .caﬂé?re aaey by the
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FIG 5 shows an assocl aracterrstic an ex h' pass shel f
filter of anbisseetbbit loamo fileringedllibe adfmleﬁMsttamsBﬁQaI Astenosachiadaviest t he
adj ust abl e gjgltﬁ 3%8 S a usted by e con}rol | er 320 basedqﬂn a

pr edet er mi n&€Y=P Al fibering W’ﬂ %Orﬁgﬁnr?ﬁt ggdgally maoreqss untlgoseiong BreeAtowns
a Si Ml oSt iielithebl Aol WAEHI M lhagglwé‘r%ﬁﬁgavégﬂ?(&&feﬁrﬂﬁedq opgir ol er 320 to

adj ust the adj ust abl e ter ner a I’ ng, when t noi se | evel

is |owmno f) d(ffﬁg'r ng W'F'or eggn%%@élésegwévg’n rﬁ‘?dé ?Qﬂé iltef Em'ﬂfalfo%‘ﬁlllr{ég a first

t hreshol d, wi | nce Ty“increase un second

t hreshol d 1ﬁeqseneash@@asam eB ewtﬁru.hatrbnb bediatgnuatds loarmifleqatnaies at, for
predetermnedle shown in FIG 5, thefllter
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t he adj 418t aBbesuich| akloval Moisesiesietsn theofiléeringemaly be applied at a lower frequency
range and at a lower amplitude, while at higher noise levels, the filtering may
cover a larger range of frequencies and be at a higher amplitude. When the
controller 320 is controlling the adjustable filter 310 over a range, the simplest
function is generally a straight-line function such that the filter amplitude is

20 increased and low frequencies are gradually filtered out as the noise level

increases. However, various other functions are also possible and the type of
adjustable filter 320 used and the amplitude and frequencies filtered can be varied

based on the type of noise in the environment.

[06061] In a particular case with regard to vehicle noise, which tends to be
25 lower frequency noise, the use of an high pass adjustable filter to reduce the low
frequency noise is understood to be surprisingly effective at increasing voice

intefligibility on an uplink.

[0062] As with the adjustable filter 310, the adjustable attenuation block
315 may also be a conventional or hereafter developed component. The

30 adjustable attenuation block 315 is provided so that the controller 320 can adjust
the attenuation of the filtered signal based on a predetermined function of the

noise level. The predetermined function used to adjust the adjustable attenuation



15 As such, at |ower noise levels, the filtering my be applied at a | ower
frequency range and at a | ower anplitude, while at higher noise |evels,
the filtering may cover a |larger range of frequencies and be at a higher
anplitude. When the <controller 320 is controlling the adjustable filter
310 over a range, the sinplest function is generally a straight-Iine
function such that the filter anplitude i4720 increased and | ow frequencies
are gradually filtered out as the noise level increases. However, various

ot her functimgisk 318 nalysife BRSSaBbas2BMTdIe o tof RNt REMUBEaIEGefdriiryd 320
used and the anplitude and frequencies filtered can be varied based on the
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that the controller 320 can adjust the attenuation o I'l'tered signal
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often used to increase/anplify the signal, however, contrary to what m ght
ot herwi 4€ b#hresheldde reachashrioist.ifaskows anthemplegesimpderbdighttine dnalionat i on
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noi se i n thestimaled osigendvdincr eases, the controller 320 adjusts the
adj ust abl e attenuation block 315 to adjust the attenuation higher in

accordance paggs]a pr edghsligh ed &eRfdibgemBbdinihtIobeRd &Y flte@iSh cont i nues
to increase the attenuation until a predetermned 10 threshold is reached.
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and attenuation, one of skill in the art will understand that there are various other
functions or variations that can be used. For example, to provide a more complex
function without overly increasing computational complexity, it is possible to
consider a class of piece-wise linear functions. Continuous functions or piece-

20 wise continuous functions may also be implemented. Further, it will be understood
that the adjustable filter’s “transition” frequency and/or cut-off frequency may also
be adjusted as a function of ENL. Still further, other filter shapes may be used
and/or varied based on ENL, for example, a pre-emphasis may be added to the

adjustable filter 310 as a function of ENL.

25 [0064] The reason that the attenuation is increased as a function of
increasing noise relates to a phenomenon known as the Lombard effect. The
l.ombard effect is the name of the phenomenon that a human speaker will
typically raise the volume of his/her voice when in a noisy environment. An
interesting aspect of this Lombard effect that is used to advantage in the

30 exemplary embodiments herein is that the human speaker will often raise his/her
voice higher relative to their normal speaking voice than the level that the noise is

higher relative to a no-noise environment. As such, an increase in the attenuation



[ 0063] Al though this exenplary enbodi nent focuses on filter and

attenuation functions that include two thresholds and a linear (in |og/dB
dormain) 15 function for converting between estimated noise | evel (ENL) and
filtering depth and attenuation, one of skill in the art will understand
that there are various other functions or variations that can be used. For
exanple, to provide a nore conplex functil®n without overly increasing
conmput ational conplexity, it is possible to consider a class of piece-wse

|'i near f unctdf dms sigBahtomtadisg bothchdiod aindmaMe e délo Wnpeovediiel ity f the
functions may, al so be inplenented. Further, it will be understood that the

adj ust abl e PMPigeayhie lessaRegtthg pffect @ﬁh‘"@dws%nd/or cut-off frequency may
al so be adjusted as a function of ENL. Still further, other filter shapes
may be used[088%) or variesestingds@xparimnnts have ehawplteat ?@em@t@ﬁﬁ@@wéhmy be

added to th t 0] ticon af ENL. 25 064
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and increased 5 attenuati on envi r onfe surprising
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exenpl ary s em 300 having the paraneters shown i e tabl of FIG 8,

t he system ég@ Sﬂﬁg?%qge'f%‘%ﬁﬁ@@d@greaﬁ’edﬂl@gnl‘%ﬁ‘%ﬁHr#‘%‘ x1 fBtely 10dB
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band and end at Fc. Similarly, the adjustable attenuation block 315 was set to
provide a min attenuation of 0 dB and a max of 3 dB, with an offset of 70 dB. The
offset for the adjustable attenuation block 315 was higher than that for the
adjustable filter 310 because the attenuation was applied to the whole band. The
20 controller 320 controlled the adjustable attenuation block 315 such that there was
an increase of attenuation of 0.5 dB for each 1 dB increase in estimated noise
level. FIG. 10 shows a typical uplink frequency response with the system 300

enhabled as in the experiment above.

[0067] FIG. 11 is a flowchart of an exemplary method for reducing uplink
25 noise 1100 in a communication device. The method 1100 can generally be
understood from the description of the system 300 above. However, FIG. 11 is
provided for further clarity. The method 1100 begins when a signal is received
(1110), for example, at a microphone of the communication device. At 1120, an
ambient noise fevel in the environment of the communication device is detected.
30 At 1130, the signal is filtered based on the detected noise level. At 1140, the
signal is then attenuated based on the detected noise level. The signal is then
transmitted by the communication device at 1150. It will be understood that this



filter wth a cut-off frequency (Fc) of 1200 Hz, a m n attenuation of 0dB
and max of 9 dB, and an offset of 62 dBA. The controller 320 controlled
the adjustable filter 310 such that there was an increase in attenuation
of 1.5dB for each 1 dB increase in estimated noise |evel for all
frequencies below Fc. In terns of 15 frequency, the adjustable filter 310
was set to begin at the beginning of the ¥8ice band and end at Fc.
Simlarly, the adjustable attenuation block 315 was set to provide a mn
at t enuat i on no¢thoddBpaafdrablyrarrfofmad dBanwidabtiea nudrfreetsuch gt B filiEHeg aoftif set
for the ad] u?tabIF attenuation bl ock .315 was thi her than that for the
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band. The 2@h&apinaptd BE 134Qnfigdd rol | ed the adjustable attenuation bl ock 315
such that there was an increase of attenuation of 0.5 dB for each 1 dB

i ncrease in pimat ed i i |4
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received (1110), for exanple, at a m crophone o e comuni cati on devi ce.
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device at 1150. It will be understood that this 19 nethod is preferably
per formed i ACERTAREAY: i MEthainthe cyneanematof e systenesPRgnanbe aaglashuat i on

are perfor i ; i sl : i,on
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and net hod wa0ershayd by oné afrdkdidnete iant (9af thase evould yeasarlpl e &m aaalgnory or
on a conputer .readable nediu r hardware or so conbi pati on, t hereof.
Simlarly, fiqda W%%MOWH&? b@i""ﬁ%@ﬁcﬁé‘@?@%%W@%P“?r?é‘dn@?ﬁdétem@@ may be

perfornmed by the mcroprocessor 102 or the comunication subsystem 104 of
t he mobilPe é{gﬁQ&e [t should be understood that various modifications can be made to

the exemplary embodiments described and illustrated herein, without departing
from the general scope of the appended claims. In particular, it should be
understood that while the embodiments have been described for mobile
communication devices, the embodiments are generally applicable to

20 communications devices that are used in noisy environments.



100 or by conponents thereof (for exanple, the comrunication subsystem 104
10 may already include an adjustable attenuation bl ock that can be adapted
accordingly). Further, the conmponents of the system 300 nay be anal og
conponents or digital conponents. In the case of digital conponents, it
woul d be wunderstood by one of skill in the art that there would generally
be an analog to digital converter providéf between an anal og m crophone
and the system 300. 15 [0069] It shoul d be understood that various

nodi fi cati or®lapag: be nade to the exenplary enbodi ments described and
illustrated herein, without departing fromthe general scope of the
appended clains. In particular, it should be understood that while the
enbodi nents have been described for nobile conmunication devices, the
enbodi nent s Tar & rgethedddbr tedysing velinkeneise Macommuonicaticondedieei ihesmethard ar e
used in nOI%%Hﬁﬁ i nments. 20 Cains: 1. A nethod for reducing uplink
noise in a co iti ons device, the method conprising: 5 receiving an

input signal at tdecicipgmamingat biAs| demecmmshiciibhd deliceoi se I evel in the
vicinity of the conmunications device; filtering the input S|(?nal based on

the estimated noeSEMAEREIa Naise levad it fhenyickity & tae p@ﬂnnﬁwsﬁi@rfﬁ ¢Wessd si gnal

based on the es“fl[efgﬁﬁﬁtfﬁlﬁhﬁ)%ttslgﬁé% sdPoh- th%@%h%@@ﬂo%& &l g, wherein

the filtering bas norse Tevel rrses any of: shelf
filtering, increapphing btedepidn @fthetfitefed tighanpadad Ohlt@élel%tlme&id noised

noi se levels or filtering according to a predeterm ned function. 3. The

nmet hod of clai m £Y&wherein the predeterm ned function conprises 15 applying
a filtegpof 0dB prior to a first threshold of estimated noise |evel,
increasing filtering in a straight-1line manner, and applying a

pr edet er m néd Thesaietiodd DF blaémi1ngvhmémetheafilméogmdasetircnsml ebtiniated tniomet legel

noi se level . 4. The wherein the first threshold is
Robroxi rmt P9 BSeBA . Sheib Ml N rrSb che Cebth S d BRRGISr hEngea
estimated noise levels or filtering according to a predetermined function.
3. The method of claim 2, wherein the predetermined function comprises
15 applying a filter of 0dB prior to a first threshold of estimated noise level, increasing

filtering in a straight-line manner, and applying a predetermined level of filtering

after a second threshold of estimated noise level.

4. The method claim 3, wherein the first threshold is approximately 62 dBA and
the second threshold is approximately 71 dBA.

20 5. The method of claim 1, wherein the applying attenuation based on the
estimated noise level comprises increasing the attenuation for higher estimated

noise levels or applying attenuation according to a predetermined function.

6. The method of claim 5, wherein the predetermined function comprises
applying attenuation of 0dB prior to a first threshold of estimated noise level,
25 increasing attenuation in a straight-line manner, and applying a predetermined

attenuation after a second threshold of estimated noise ievei.

7. The method claim 6, wherein the first threshold is approximately 70 dBA and
the second threshold is approximately 76 dBA.



20 5. The nethod of claim1, wherein the applying attenuati on based on the
estimated noi se | evel conprises increasing the attenuation for higher
estimated noise |levels or applying attenuation according to a

predeterm ned function. 6. The nmethod of claimb5, wherein the predeterm ned
function conprises applying attenuation of 0dB prior to a first threshold
of estimated noise level, 25 increasing &fltenuation in a straight-1ine
manner, and applying a predeterm ned attenuation after a second threshol d
of estimat ed. ndisystdraviet redlcinfheplimit sk & aimoifile sdraneinicatibas fdevile, the
threshold is r oxi rratelg}/ 70 dBA and the second threshold is

appr oxi nntelsys%”ﬁgﬂ‘pr@i” 8. A system for reducing uplink noise in a nobile

communi oat i ons_dayhéie deifyarsiet B8l RAREIHINO IR BAE SR [ O"

estimating noise 1n proximt ion Ice; 5 an
adjustable fil terCOITTmmun@aaomdleglc& signal froma m crophone of the nobile

communi cati on device st.abl e attenuation bl ock.for receiyin ,

[T Tered si gnal  ATORILRROR HISPRIREN TS Pesandl Teshet bidraph e Pl Yo BabiS: 10
noni tor the esti hadulRLESH daPkead] ust the adjustable filter and

adj ust abl e attenuation bl ock based on the estinmated noise. 9. The system

of claim8, vxheréiﬂnadmétaéztﬁ akeruntiontbipeleforgenpivinges fillersiedignalifrarethe 15 10.

The system of cl g in the controller is configured to adjust each
of the adj ustabl%grqsg?? Gﬁrgﬁd t he adjustable attenuation bl ock based on a

pr edet er m ned fumcédraroliet Cbhﬁglﬁ%ﬂitﬁ’at ed noise. 20 11. The systemof claim
8, V\/nerel n the controller is configured to adjust the adjustable filter by

i ncreasi'®y the depth GRORIHR thq3|e§grﬂa|t@d PeeenPgier estinated noise |evels or
b d det T f
ased on a predeterm %g:ﬂ.tsgtt'ﬁéta tfsnsr g8y g@fs?%hl t%l Hgﬁab eotb‘ﬁ ReRLem O

claim1ll, wherein the eter unct I on
on the estimated nouse

9. The system of claim 8, wherein the adjustable filter comprises a shelf filter.
15

10. The system of claim 8, wherein the controller is configured to adjust each of

the adjustable filter and the adjustable attenuation block based on a

predetermined function of the estimated noise.

20 11.The system of claim 8, wherein the controller is configured to adjust the
adjustable filter by increasing the depth of the filtering for higher estimated noise

levels or based on a predetermined function of the estimated noise.

12.The system of claim 11, wherein the predetermined function for the adjustable
filter is configured fo adjust the adjustable filter following a first threshold of
25 estimated noise, to increase filtering in a straight-line manner, and to apply a

predetermined attenuation after a second threshold of estimated noise.

13. The system of claim 12, wherein the first threshold is approximately 62 dBA
and the second threshold is approximately 71 dBA.



filter is configured to adjust the adjustable filter followng a first
threshold of 25 estinated noise, to increase filtering in a straight-1line
manner, and to apply a predeterm ned attenuation after a second threshol d
of estimated noise. 13. The systemof claim 12, wherein the first threshold
is approximately 62 dBA and the second threshold is approximately 71 dBA
22 14. The systemof claim8, wherein thé2control ler is confi gured to
adjust the attenuation by increasing the attenuation for higher estinated
noi se levels or to adjust the attenuation according to a predeterm ned
function of 1ésihasysigrmef skeimiSevdiereid ths comtrellsyistammfigfirad tai adjust thaher ei n

the predeterm . tion for the,adjustable. attenuatiagn bl ock |s

cont Lgur ed coear et BiuaeRer Baube R bap i ioftd SR el RelsCyr to

esti mat ed neidpest the attesuLRSPasddraMeabl DPrddetémsiheaif@hdtion sTesipied nofed to
apply a predeterm ned attenuation after a second threshold of estinmated

noi se. 16. ﬁ?@'system of claim15, wherein the first threshold is
approximately 70 dBA 10 and the second threshold is approxinmately 76 dBA.

17. A conmput g5 82 ' t QL [ r ' - n a
o1 ocessor,  CBILEe RECh Draetnrit AncRAp!Re bR Hpoudt R (R BRkERIET
to 7. 18. Aattenuatibre btdolns denfigurebiawianijudt hiee siteth eati@f followirane fiedt thiesihokd 8
to 16. 15 of estimated noise, to increase attenuation in a straight-line manner, and to apply

a predetermined attenuation after a second threshold of estimated noise.

16. The system of claim 15, wherein the first threshold is approximately 70 dBA
10 and the second threshold is approximately 76 dBA.

17.A computer readable medium storing instructions that, when executed on a

processor, cause the processor to perform the method of any one of claims 1 to 7.

18. A communication device having the system of any one of claims 8 to 16.
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