Title: Method and Apparatus for Inproving Power Anplifier Efficiency in
Wreless Communication Systens Having H gh Peak to Average Power Ratios
Field of the Invention [0001] This invention relates to wirel ess

comuni cation devices. Mdre particularly, it relates to a nethod and
apparatus for inproving power anplifier efficiency in wireless

communi qafle OMetysd ane Apyanguy foF Abpving Powdr Amplifier Efficienayje Wialpss
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transmtters are typically powered by one or nore internal batteries. A
maj or performance criterion for such devices is their battery life, which
is typically defined as the tine period for which the battery will power
t he deHield afithe Isvenfien charge. A large portion of battery power is
consuned in a power anmplifier section of the wreless device's
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pover ¢easuERgeandadhighcpesst hattageypdidreratip8003] Accordingly, there is a
need for a systemthat provides inproved power anplifier efficiency, or
nor e generallé, ir}pho ed transmtter efficiency. Summary of the Invention

[ 0004] Baskagravedafdhe WRIUR a power managenent system that supplies a

vari abl e power supply signal to a power anplification stage of an out put
pover [000R) 11 catlErNAIdcKIBRSE GIMELSSATOBNACYPEs ATSh ST IRBES SHETGLETS ed

power of : | Lfi : sl SSi ' arl [ u st
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of t he dewigetd gassoiteruiiheapowas adpiifieeseainrbampdifias the poyasml a BN tiPrke ed
desl reglransmitted from a comparatively low internal power level to a substantially higher
power level required for wireless communication with remote base stations and other
devices. Improving the power amplifier efficiency, or more generally the transmitter
efficiency, would reduce power consumption and increase battery life.

[0003] Accordingly, there is a need for a system that provides improved power

amplifier efficiency, or more generally, improved transmitter efficiency.

Summary of the Invention

[0004] The invention provides a power management system that supplies a
variable power supply signal to a power amplification stage of an output power
amplification biock of a wireless communications device. The desired power of an
amplified transmission signal, that is produced by the power amplification stage, is
estimated and used to vary the power supply voltage that is provided to the output

power amplifier, to reduce power loss in the power amplification stage.
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power |evel to provide nore accurate control of the power supply signal.
[0005] In a first aspect, the invention provides a power nanagenent system
for providing a variable power supply signal to an output power anplifier
block in a wreless communication device. The power nanagenent system
conprises an average power and gain control block for providing a gain
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transmt power signal, gai n control bl'ock connected to the average
power ketled abeoge t)owegameir@amm;prttmé jack for providing the variable power supply
signal to the output power amplifier block in response to a combination of the average
desired transmit power signal and the power supply level adjustment signal or a
combination of the gain control signal and an altered version of the power supply level
adjustment signal.
[0006] The environmental sensor unit comprises at least one of a temperature
sensor for providing a temperature information signal as part of the at least one
environmental information signal, the temperature information signai being related to
the temperature of the hardware of the wireless communications device; and, a
battery condition sensor for providing a battery condition information signal as part of
the at least one environmental information signal, the battery condition information
signal being related to a battery used to power the wireless communication device. A

frequency information signal related to the frequency at which the baseband outgoing



control signal. Further, the power supply nmeans includes a power supply
control block for providing a power control signal and a switch converter
connected to the power supply control block for providing the variable
power supply signal in response to the power control signal, and wherein
t he power supply neans is connected to the power supply |evel adjustnent
gener atdata fssream owilldpe dransmittedi aislyealsovke iBolygled as gcrfsrf/ of dhe RnviigpeRtal
power anplifi.e I in response to a conbi nation of the average desired
transnfnﬁﬁgﬁﬁphsgaﬁér and the power supply |evel adjustnent signal. [0008]
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t he power supply |evel adjustnment signal to generate a first power control
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clipper "adj ustnent signal, the reverse mapper also being connected to the
cl i ppettrdrmemippowiedisigndl md tHeppeweadjipplyniene! adigisithetbsighel. cl i pper for

dj ust i h f ce of the cli . [0p09] Preferabl h
Suppl y IRABE 1 5" ARTgLYRw. \he Rraweh PBSWHEvED 2Rluses iSraisory S Bfupe
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generator may be i1 npl enment urality of |ook-up tables, wherein one
| ook- ugohabl signai providdd by tie eeetagenpdwenandt ghini aeolrelbiosh, and ¥iegpaweind

Combi nEdPRY GEREFBI SRS buer STBBFY cPBTER Ty sl o Lrgndyover it Yein
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evel generate a first power control signal; a clipper connected to the summer for receiving
the first power control signal and generating a second power control signal, a switch
converter connected to the clipper for receiving the power control signal and
generating the variable power supply signal;, and, a reverse mapper connected to the
power supply level adjustment generator and the average power and gain control
block for receiving an environmental signal and an altered version of the gain control
signal respectively and generating a clipper adjustment signal, the reverse mapper
also being connected to the clipper for providing the clipper adjustment signal to the
clipper for adjusting the performance of the clipper.
{0009] Preferably, the power supply means is configured to maintain the
variable power supply signal above a minimum voitage level. Further, the power
supply level adjustment generator may be implemented by a plurality of look-up

tables, wherein one look-up table is provided for each environmental information
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fromthe wrel ess communi cati on device while nonitoring an Adj acent
Channel Power Ratio (ACPR); (ii) reducing the nagnitude of the variable
power supply signal while naintaining constant output power in the

wi rel ess device radio signals; (iii) recording the magnitude of the

vari abl e power supply signal when the ACPR has increased to a
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[ 0011] The power supply block may turther be calibrated by: (vi) repeating
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amplifier block tohapeeldtevet Ratip dWedtR)t ransmi ssi on power point; (ix)
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for controlling the switch converter.
[0011] The power supply block may further be calibrated by:

(viy repeating steps (i) to (v) for several different wireless communication
devices to obtain an average transfer function; and,

(vii) performing curve fitting on the average transfer function.

[0012] Further, the power supply level adjustment generator is calibrated by:

(viii) loading the power supply level adjustment generator with a value which
causes the output power amplifier block to operate at a jowest
transmission power point;

(ix)  calibrating the transmission power until the output power of the output
power amplifier block slightly exceeds a target power determined for a
power supply voltage level;

(x) interpolating the output value of the average power level block and
loading this interpolated output value, after adjustment by a reverse
mapper, into the power supply level adjustment generator,

(xj  adjusting the transmission power level to a value slightly below the

target power; and,



communi cati ons device that receives an incomng data streamfrom a base

station radio signal and transmts an outgoing data streamin a wreless
device radio signal, the nmethod conprising: (a) detecting at |east one of
a signal strength of the base station radio signal to produce a received
signal strength indicator signal, and a power control instruction signal
in the base(stat inerenattio the gredue  ¢fbiheydranrsmmissiprarpawer dgeeldasd  epeating
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bl ock. [0014] Step (c) of the nmethod preferably incl udeg, att | east Onergff:
(i) generating asi#idecapieduenroraetiven pgahistiescth dadicatehs'dalpdnd i e
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(c) generating at least one environmental information signal for obtaining
information about the environment of the wireless communications
device;

(d)  generating a power supply level adjustment signal based on a data
parameter indication of a baseband outgoing data stream and the at
least one environmental information signal; and,

(€) combining one of the average desired transmit power signal and the
power supply level adjustment signal or a gain control signal and an
altered version of the power supply level adjustment signal to generate
the variable power supply signal, the gain control signal being derived
pbased on at least one of the received signal strength indicator signal
and the power control instruction signal, and providing the variable
power supply signal to the output power amplifier block.

[0014] Step (c) of the method preferably includes at least one of:
(i) generating a temperature information signal related to the temperature

of the hardware of the wireless communications device and providing



(iii1) generating a frequency information signal related to the frequency at
whi ch the outgoing data streamis transmtted and providing the frequency
information signal as part of the at | east one environnmental information
signal. [0015] Step (e) of the nmethod may include: (iv) conbining the
average desired transmt power signal and the power supply |evel

adj ust ment  si gnathé otegeperauee dnfowaticorigorl signaart afdthe (89 leastePiiPng
t he power control sjgnal aﬂto t he vari abI power supply signal. [0016]

Alternatively, sBBYIreayest ’HB’WP&“F?B&HE? ‘i ncl ude: (iv) adding an altered

version of ! afbiMRNRiTbrihgeR| sigaad rélatedyabna coattery!
signal to pf@w d@éﬁé{ ﬁg%g&ggwcgntrol signal, the gaI tered versjon of the

power supply Ievetsedd;oupbwentthe|»gimallesbecvcrfgmtgw&fmsedeb@@eﬁnérprﬂ#@‘“9
derivation of the gain contr.ol naI v in he f i st po C roI
signal to provi d8aHeEsCH 'BB\rR/efn '8?‘ %éq a?’s gﬁh E(lj(f e Lab e -8R
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Step (v) includes nay rther preferabl'y include providing clip
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above a m ni mum voltage evel. -6 Brief Description of the Drawi ngs [0018]

For a better unde‘ﬁstmaﬂongsl@rﬂalt he invention and to show nore clearly how
it may arrie effect, . .refere Il now be nmade, by way of
exanpl @%ﬁ‘rﬁi gtt t(%a%ctg'ﬁp'gﬁmoﬁdnaygﬁna%% whi ch show exenpl ary

enbodi nent s |9)f t Bemibivigt tr@a@@ﬁhg@deﬂhedhtra&@w podveir ssignh! @rid ﬂn@gmamerbf
an exenpl ary enbodi nent ‘of a power nmanagenent @&%/stemfor

communi cati ons deuppy:; Ieveba@ésme@ siopal @e@%”‘q} B RRWeHrY ‘\éYln?’grf'alt % ower
management f\)SSt e@ogvertlﬁbgt't’:reep&mer control signal into the variable power supply signal.

[0016] Alternatively, step (e) of the method may include:

(v) adding an altered version of the power supply level adjustment signal
and the gain control signal to provide a first power control signal, the
altered version of the power supply level adjustment signal being
generated based on the derivation of the gain control signal,

V) clipping the first power control signal to provide a second power control

signal; and,
(vi)  converting the second power control signal into the variable power
supply signal.
[0017] Step (v) includes may further preferably include providing a clipper

adjustment signal to adjust clipping parameters, the clipper adjustment signal being
generated in response to a combination of an environmental signal and an altered
version of the gain control signal. In addition, the method may further comprise

maintaining the variable power supply signal above a minimum voltage level.



Figure 3 is a graph illustrating the relationship between the instantaneous
maxi mum power required by a power anplifier of a wirel ess conmuni cati on
device and the power supply provided to the power anplifier; Figure 4 is a
bl ock di agram of anot her enbodi nent of a power nmanagenent systemfor a

Wi rel ess comuni cations device;, Figure 5 is a block diagram of another
enbodi Briaf Rescripfinrof the Byawings system for a wirel ess communi cati ons
device, Figure 6 is a graph illustrating the relationship between a desired
pover [@¥8] and Forpobettecomierstarsiingaf thecioyettion ang tolshosnbwae rigarohow

et hod t JBe Rrar g 1P At HETaB0Es MnaYirmede, 87 oty Brcarmblt b D
flow Cgéﬁégﬁe&%‘g’i@dﬂé@ﬁngé RfcRishdws8cangiialdrhbadingentieshe’ inveatlon and in

calibrate ower nanagenent system tail ed Description of Exenplary
Enbodi manicls: [ 0019] In the foll owing detail ed description, numerous specific

details are set forth ip order to provide a thaor i e
i nventi on. %R?e_rl '?tamﬁq(’kbé"aqﬁ&gr t;/_Cf)i(g'd W%gggg%?ﬁggﬁﬁﬁhfgﬁs%?lg\f%P
the arindhaferhBst SVMtERt iAa WRKIESs RbARLISIEHtioNd LRYIde; t hese speci fic
details. In other 1nstances, well-known nethods, procedures and conponents

have not bedigures2ris aora dethiledi blosls disgies of SheHzweeMaNEgeM@M: $isHem of
[ 0020] gAs is, well understood, a wreless conmuni cati ons devi ce generates an
i nternhf9W&t Y signal that is transmitted using a radio transmtter. The

data signal FAigure 8 foYBl Q?éplh’ilmeﬁmm? ahé welatidrawip restweray tisé gnstantdmseous
generally referred to as a baseban S|qnal. The baseband signal. .is xed
Wi th amaximuen powgTaieakirednRy & pewss eamlifigr | of %ing@?Sﬁ%Q{UEHng%fdebrcgwﬁ% a

transm_ssi.on si h [ 1 $SU i s anplified in one or nore
anpl i f?ﬁattﬁgrf)oﬁ%gée@pl\( %@"'@%@E@’%@@‘é@? agmlfﬁe'ﬁ cation block to produce an
anplified t e 496 enbiicindibgtdrat ofi ansthet isphieodiment pofve rpevero ntadrEigémens
received with little or no data |l oss at a renote base station or another
commnﬁtaﬂﬁ%lﬁord@wléféﬁsf Q@ﬂl’]"uﬂﬁﬁﬁ'@aﬁl%V*Q%e anplification stages of the
out put  POWE AR ik GALIGR BFim Snahofie 2EGaRTEN df &3t Hidasyddent
produci ng a e-anplifred trafsm sSi on signa and a power anplification
stage Epstept dolugiviigelebe camphuhications atesmdessi on signal . The
Figure 6 is a graph iliustrating the relationship between a desired power level
and a power control signal according to the embodiment of Figure 5;
Figure 7a is flow chart showing the steps of a first calibration method used to
calibrate the power management system; and,
Figure 7b is a fiow chart showing the steps of a second calibration method

used to calibrate the power management system.

Detailed Description of Exemplary Embodiments

[0019] In the following detailed description, numerous specific details are set
forth in order fo provide a thorough understanding of the invention. However, it will be
understood by those of ordinary skill in the art that the invention may be practiced
without these specific details. In other instances, well-known methods, procedures
and components have not been described in detail so as not to obscure the invention.
[0020] As is well understood, a wireless communications device generates an

internal data signal that is transmitted using a radio transmitter. The data signal is
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anplification | evel of the pre-anplification stage is controlled using a
gain control block which is typically inplenented via a gain controller.
The anmplification level is generally set using various open and/or cl osed
| oop nmethods for determining the desired power |[evel of the anplified
transm ssion signal. The lified transm ssion signal is then
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[0022] The above power supply scheme for the power amplification stage may
be acceptable in a wireless device in which the amplified transmission signal does
not have a large dynamic range of power levels, or in which the amplified
transmission signal has a very low peak-to-average power ratio (PAPR). However, in
many cases, the amplified transmission signai has a large dynamic range of power
levels, in order to accommodate a signal that has a high PAPR, or to accommodate
different types of signals that may have different desired power levels and different
PAPRs. The power amplification stage must be capable of generating an amplified
transmission signal such that the highest instantaneous power level desired for any
data type or data rate of the baseband data that is present in the amplified
transmission signal is always accommodated. Accordingly, in conventional power

management schemes, the power amplification stage is always provided with a
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estimted and used to vary the power supply level to the power anplifier to
reduce power loss in the power anplification stage. Advantageously, to

i ncrease accuracy, the estimated desired power is also based on at | east
one environnental information signal as is further discussed bel ow. [0024]
Reference is first made to Figure 1, which shows a bl ock diagramof a

wi 1 el essaxiowmorgroatinbied plewec supplyhaeltage dhabis suffigient & arcHNBdatng £

antenna 14, a receiver 16, and a power n : .1
commnﬁ@ﬁ?’?'ﬁﬁsmaéwlé@ 'Tﬁtle\%?/n%%sa%}wgg/bee%éjﬁq%g%@éaé@mﬁ? éht%owg %lé@i%‘ﬁe,
such  asstaftRedRis! pRhablete) BEtfoBRIplitlal araaghistivnt sigaatridylbawegihosiew the
portable conputer, etc. Figure 1 shows a first exenpl arytienbo,dl ment of the

power speafiedenaxiyemenstarganeeus HPWET teveal Kbeiabyeleriddn) 1 IMRINCIERHBRLHBIRTR

are sho in_later Figures. 2 The d r .85k c ' S
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anpl i f isﬁ?biié’d‘ tOItRE b ovfer AMBlifi-is aNysipsieenas eat lor 2Zhémvbeadest. a

digital -to-anal og converter (DAC) 26 and a m xer 28. The out put pOV\FI’
anpl i f [@823bn bl odke IvaniionupEyides BePAWST iMMRBROBHEN, $YSteRy that BURRes ]

optional). .,and r,amlifier_ 34 I datihgytf ¢

351 mprehehic PReyt USRI FBnal 1) 2 Paydf@rbTidRr, sl AR oLy pober

i npl et SiificatioRowRIck adPhi WireRiss ddomatiadeatidine deetesl. VENe Hesined pdesr ofpaner
control data detector, as is comonly known to, those s e art

Killed j.nt
for previplifieg Fanemisen signalnthatrig PRlucer PN RS 6&%5‘03 %|$}?98aﬂ$on
bl ock 24,. - i .
pover Shirifed SECke R BRLEISHEAR Eain P YELgT B Bpsismmptien s seauce
38, a %@M&arﬂ@é@ﬂﬁtm@ po@tecinplifd@itionhsizigel shaitagadysly atedinerpave racsupaty
means 42. The average power andﬁgai n contr

cont r otthg iegtigatad desiredePpre- s P aseden gﬁ@eé’%ﬁgﬁ@%@ égéteg]?éieﬁ‘.feﬁgﬁgﬂpt
e o oot 8 R R e rol the gai n of the prec -
anpl i fi[e024D. TheRefeesnye idésitrredde tarisgite ﬁomicbi@gws acblpek ghagrain cof @
recel vatiaryn SO TDHBRGHANS st B 483 FHETTSgh Bt 42,3 qrfenna
recei verg 16, bagediven Si@ngha Lepeiad Pardiment ekgsternomBIni T | eriseless
devi ce 1‘b’. ﬁ'he power supp?y means 42 al so receives a power_ suppl z | evel
adj ust genimsnigadbns 2eviaan 0 teayp basmnystyppl of wlg@i@ssazgmmumﬁtlons device, such
as an e-mail enabled personal data assistant, a cellular phone, a portable computer,
etc. Figure 1 shows a first exemplary embodiment of the power management system
18 according to the invention; other embodiments are shown in later Figures.
[0025] The data transmission block 12 includes a baseband device 20, an up-
conversion block 22, and an output power amplification block 24. The up-conversion
block 22 includes a digital-to-analog converter (DAC) 26 and a mixer 28. The output
power amplification block 24 includes a pre-amplifier 30, a filter 32 (which is optional),
and a power amplifier 34. The pre-amplifier 30 and the filter 32 implement the pre-
amplification stage and the power amplifier 34 implements the power amplification
stage. The receiver 16 includes a power control data detector, as is commonly known

to those skilled in the art, for providing power control information for the output power

amplification block 24.



generator 38 and conbi nes the average desired transmt power signal 46 and
the power supply level adjustnent signal 52 to provide a variable power
supply signal 54 to the power anplifier 34. Preferably, this operation is
in response to input changes including the power control instruction
signal 48 which i_s updated every 1.25 ns
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al so transmffs Wi rg&ess devi ce nals 62 to the base stations 58
from t helieatbesimal 40 thaeistarbaidest by thfatedm‘mrn’kﬁ hased loa signalsgeseived by the

connunlcatlons device 10 an ends he base st at,i red
to 8s W@ e%s«a%mwaat'onfo phbat 0] T ooRer, S HiRane 42 LIS red e L&
det ect lgﬁﬁy("ig%loa& ftmbh? d58& 52 AbhPnhEashwes isupplys t@iblaamjuptm\andes

a rece v e receiver 16. The receiver 16 wll t |ca4 %%‘i
i ncl udgesenzﬁoal38f asrntzttoomlahebl wuekaverageu degisperdiRsRNMVED Sigriatsds
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the 1S9 Donai n pl e Access standard agd sub S&lent
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ower control nstructi on si gna
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of the transmtted wirel ess device radio si %Is 62. In gne tandawi Té
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power supply level adjustment signal 52 can also preferably varied according to other
parameters such as environmental parameters and the like that are described in
further detail below.

[0027] The wireless communication device 10 communicates with remote
base stations 58 and other devices through radio signals transmitted and received by
the antenna 14. The base stations 58 transmit base station radio signals 60 that are
received by the antenna 14 and processed by the receiver 16 to extract data from
them, as is further described below. This data path may be referred to as the forward
link. The wireless communications device 10 also transmits wireless device radio
signals 62 to the base stations 58 from the antenna 14. The data path that begins at

the wireless communications device 10 and ends at the base stations 58 may he

referred to as the reverse link.
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may be received at a rate of 800 power control bits per second. One of the
base stations 58 will send the power control instruction signal 48 based
on the quality of the wireless device radio signals 62 received by the
base station 58 fromthe wireless comunications device 10. If the

wi rel ess device radio signal 62 is received with sufficient Bowerhtﬁg)al | ow
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a usa orm IS open p power control is based on the assunptions
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62 in the reverse link he enbodi ments of the invention described
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provide the received signal strength indicator signal Accor di ngl y, the

recei vEBtBIGHEE Wirelesstsommuinieatisnssrigwise 10 t@dmﬁéﬁaﬁh@é reguchethei gawer of
the wireless device radio signal 62. If the wireless device radio signal 62 is marginal

or is too weak to be used, the base station 58 may instruct the wireless
communications device 10 to increase the power of the wireless device radio signal
62. This type of power control is typically referred to as reverse link closed loop power
control. - ,

[0029] Some wireless communication systems, including systems which
operate under the 1S-95 CDMA standard and subsequent standards, may also use
reverse link open loop power control. Open loop power control is performed by
measuring the signal strength of the base station radio signal 60 received by the
wireless communications device 10. If the signal strength of the base station radio
signal 60 is high, then it is assumed that the wireless communications device 10 may
transmit the wireless device radio signal 62 with lower strength and conversely, if the

signal strength of the base station radio signal 62 is low, then it is assumed that the
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strength of the base station radio signal 60. In this case, the power
control instructions can be a conbination of the open | oop power

i nstructions (derived from the received signal strength indicator signal
50) and cl osed | oop power control bits that are encoded in the control
channel in the received base station radio signals 60. In the absenc
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i ncl udedrelegveviceUrpiy signat 62lin b!h@trkvér&eanﬂk a svm tch converter 72. [0032]
The receiver 16 extracts t he power control instru tlon8 naI 48
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signal strength indicato 50 tq cal gul ate an
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Typi cal Ly |VEHesfg*°1frﬂve dtosgﬂilﬁ&iesﬁwree%&&vbﬂds%ta@rsﬁeﬁgfﬂ :ﬁ@lc'a%:u%‘?ghélo soset

an |n|t ower n radi o conmuni cation i s es | i shed between the
wi r el e@&con:m‘rglm dlact rmveteslgml t0eagth owicatbr signabS8ectenpangs Bathessignge

| d 10 L t
o EarG s oh Rl PRBReniA AL aodia sianer d Ll 8IS dmen, e bt Bhtrol
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when the W rel ess comuni cations device 10 ini P begi ns conmuni cati ng
with atmevetesisedssignalostraggthtindicater a@@abtﬁﬂérancemsecbﬁ%k rEBvereLpRiEobRIte he

recei ved .,si gnal stren h I n or_si 1
desi re&qtr%{%se?ﬂct dﬁg\/\/@ glcaﬁg[pfﬁ%an%i ﬁ@' 0595 Veé]a @%%ﬁ?@%’?l%ﬁﬁb @I\% Sa%
Wi r el egs 150 PR heat dfOdIEs S Vb6S cb@re&ﬂ@ntsh&ebpﬁﬁmﬁcﬁintmws 5t8aséd1€sowi9rcagehe
desired transmt power signal 46 is refined as instructions in the power

cont r okecgived signal siresigh dndig@opsignadddl.ved from the base stations 58. The
power f&%‘ﬁm bi t\?arlous detailed embodiments of the power management system 18

that operate according to an open and closed loop power control scheme will now be
discussed. Components that are identified with similar numbers in each of the
embodiments work in a similar fashion uniess otherwise specified. Referring now to
Figure 2,-the average power and gain control block 36 includes an average power
level block 66 and a gain controf block 68. Further, the power supply means 42
includes a power supply control block 70 and a switch converter 72.

[0032] The receiver 16 extracts the power control instruction signal 48 and
passes the signal 48 to the average power level block 66. The receiver 16 also
generates the received signal strength indicator signal 50 and passes the signal 50
to the average power level block 66. The average power level block 66 combines the
power control instruction signal 48 and the received signal strength indicator signal

50 to calculate an average desired transmit power signal 46 for the wireless device
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are "up" and "down" instructions which are tine integrated and added to the
open | oop power. Over tine, the average desired transmt power signal 46
may be refined quite precisely to provide a bal ance between sufficient
power so that the wireless device radio signal 62 may be received by one

of the base stations 58 in a usable form(i.e | s not, corrypted or
undecotadibesignel 83 Tvwisalsribadecenes Yonal sEeps @d&atofdﬁ'éf‘@i #’;{ﬁ Haeﬁ ow
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interf €r devi ces conmuni cat he base station 58 or

ot her M@l@%b@@&mmﬂcﬂ%ﬂs:&éwcéméhdm cbmeblamb dtaticres 58. dertbeaviesiass
baseband outgoing data _stream 76 to be transmt‘tégg to one of the base
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may ha¥ ypes 0 ent tines. For exanple, sone
wi r el egésigateu Mockicilitatedidid tesndp bV vdhemthmvpireleisencmmlsnlcatlbushdmylee il |

comuni cation, text messaging, Voice corgmnl catjon g gm%t her extendedl |
ser vi cantiallpbpodsesRMERINCRUNT Wil Astew 1ioth 88y AP0 RV 'GY©

ot hodpd ke DK ok SLEI AR AN ARAHakiSr BREI SOEPAGRrOimeBMbe

even | a ra ter data nodul ati on.
dat a rayerdgecesisesd tratrfwm%lamerrmgaases meghengomgecamu:maaaﬂﬁt l@fatween

7. -eCt?%fﬁr&%gC%@mﬁ@#éﬁgn%@gﬁﬁ "Bttt oRRg: s o TR R
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pover agpi%éi Lrﬁﬁgllmlagb ara 'i‘lagetf@rétr@ﬁnég af\hh@trrﬂéﬁcbt’{@'lh tl'?é\(deérecontrol

prefera dat ter I ndi cat1 on can be provided directly to the
power Bmwcynohwghal dﬂjaletmeetv@eﬂren‘atfm bBSetgtatimxs 15ds eldun oMy e@itpy Wﬁ

bower - 8" Rodkidatiy s SiskiistiBn SR B SrRainieBraticdRladiy & o o
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par anete Ication includes information on the type of data, the data
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conver SPUReFEY B §udmche TPee i h s, YU RET o R TSl R sable o
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?Egl %gdzlegtzgwa\ongnegm%glgongalSslt?e%%th)l an so that the wireless device radio signa q 312 y
does not interfere with other devices communicating with the base station 58 or other
communication devices.
[0033] The baseband device 20 generates a baseband outgoing data stream
76 to be transmitted to one of the base stations 58. Depending on the type of service
that the baseband device 20 supports, the outgoing data stream 76 may include only
one type of data or may have different types of data at different times. For example,
some wireless communication devices provide multiple functions including e-mail
communication, text messaging, voice communication and other extended services.
Different services may use different encoding and modulation methods that have
different PAPR characteristics. For example, in CDMA, even low data rate traffic has a
high PAPR after data modulation. As the data rate increases, the PAPR increases
further. The data parameter detector 40 detects the type of data in the baseband

outgoing data stream 76 in real-time and provides the data parameter indication to
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t he anal og out put signal 78 which is nowin the radio frequency range

rat her than the baseband. The m xing nmay be acconplished in a single step
or in multiple steps, depending on the inplenentation, as is comonly
known by those skilled in the art. Filtering may al so be used. The carrier
frequency is determ ned by the communications standard ynder which
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gi ven g00i343d pov@hesh@mlyamakvedngfomg tdﬁapmmaranﬁm f§ epragessede byhthiruom

b d. A I l. t t th d
educe GaBHERBNIEN 23 B SRl InGvl corraboning: abdiet, a1l S8t ficrb” The
ent er ehApt 2 fir firdddcédMiertsOfte Hﬂsé@é}lm@ AGoing PRtk 76 ikfte apashaley! @1@ n@dt a

rate test va During operation, the data paraneter indication (i.
dat a t yPee aﬂatcw signe! inthedataxerbtilhaaicamlier fiequenen bysibe auxefnaﬂé@spfcwftt?e

he | bl . | ue f
e oy 65 BRGS0 S5 PR A RS acdBR b B A ar R
hi gher gdwbananiTil nvindenidy b8eadtdrplistal e wisimyeasteipgbr datrautipte\wtdps,

for transm ssion. The power |evel adjustnent signal 52 can al so be varied
based afepessing enrtbat Implemwéatsowma% s sasnmestr kpewni by theseekillgd: iy ihe art.

and | ol eeligednay Hio + PEGIBHED " it dORtrsh o fRRCY L Bl LGP

si gnal %&ﬁnﬁfr@céﬂ@fgﬁ@téh@drcﬂu&]d@ Wdch cihar adidesst comnotinichd¢ionsadsride 10

chai n. For exempl ar ur poses, the power |evel adjustnent signal 52
range fORSFAES; gvpfgcia}é g/@éigtmeﬁgt%ﬁl byidherg ak'di%énathjfaaﬁ%l'@v@d‘iag : 6@@@?5 be

dB/ Sec%‘ied that many wireless devices, including the exemplary wireless communications
device 10, are capable of transmitting a wireless device radio signal 62 in more than
one frequency band, and within more than one channel within each frequency band.
[0035] The power supply level adjustment generator 38 uses the data
parameter..indication of the baseband outgoing data stream 76 to determine the
power supply level adjustment signal 52. In the present embodiment, the power
supply level adjustment generator includes a PAPR mapper which may be
implemented by a look-up table. The look-up table is a discrete look-up table that is
pre-computed by conducting tests on a prototype wireless communication device.
Specifically, a value for a data parameter is selected, such as a particular data rate
test value, and given a fixed power supply level for the power amplifier 34, the
headroom is observed. A power supply level adjustment value is then selected to

reduce the headroom to a minimal level. The adjustment value is then entered into
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[ 0036] Typically, the manufacturer or vendor of the w reless comunications
device 10 will configure a PAPR mapper in the power supply |evel adjustnent
generator 38 to provide suitable values for the power |evel adjustnent
signal 52 for different data types, data nodul ation and data rate as well

as other paraneters that are further described bel ow. The PAPR mapper.is
di scusel Ipakip talle ard argsasiated, withnthe iﬁ@ra%@ahpﬁatehaiebgﬁ# oYa'Y&i ﬁ@"ﬁ'g

ST AP oA U 4 W e S g, S o

al ternatve enbodi nmen pper may be
i npl emeng eiteruased a& ihdices|iatdtecldoknuy table & idkoms hi yalbetforte pbwer stippls

I nputs to the power supply.level adjustnment generator, 38 an e.

cor r es fiRlANHSIHIAN SiENal 2. THGWRPWEBoRPPdPUeE %Hﬁﬁe?@%awﬁ%% Beicaly o,
usi ng - a IO Ih [ t ' i lfoA6
S sup%l b%g‘létro tt”engﬁi"%é' g%ﬁ%er -'cl)fl ﬁbeﬁggﬁéggpéﬁh%pgﬁ@goajggﬁ sblta Eé;\%nﬂggﬁ foft
desi r etransatissionh. pivee posvanidvel Gdjusionent gainal Gghcaol also dreaivadad aredyaim

control bl ock 68 be i npl enmented a 1 ook-u t.abl.e .t hat.-has been
cal i br §¥HoRBIeRtRl BiFtors wbish are %P&g@gt'f‘aﬁme?t%‘?faﬁ&%?wr Ui Pwer |gyel

ant enng 41 i $hd Bistd irrathdd aNEHE freQABRE

si gnal gdﬁ%tﬁ%ﬁg SII%OO%EEB u%%fg%ﬁg&@ﬁsﬁo;%ég@f u?)éﬁ{ ?glg Iglw?é k QorrpensrzeitQ es f%r
bot h nbandl imedrichithe wirdlass coenicel ractiarsignals B2 @aref tranenpited atpe i 1oi &e 30
and the gain variation of the, power lifier 34 that is._cC e t
change?h%rqqﬁr'ﬁtﬁ%@fs r]@pltS/‘“Vtﬂ“f‘a‘tjf;ff-l-"“'I”e\a/"fa?’)r Qxfé“‘?‘ﬁ&f HYPBPEYI 3§§ g8%e%§’§\5\er
ampl i f b@[us%ﬂep?@ﬁgr@@,'Stzefﬂ%y%nbg%drﬁ@(tdl@ d[@@le%.ehﬁiﬁig oht e dﬂﬁrﬂyﬁg dtact v
calibration of the wirel ess comruni cati ons device 10 based on the received
si gnal raterefifithdBrsticoatlor signal 50 and the observed transmitter power at

the deyice' s antenna port. Gain values in the |.00k- { e ; ed
based E@%ﬁe rebeip\*ﬂ?&l sit%éﬁ‘a%&?gﬁﬂ?h of r’i’c‘j’ln(ggf ocf'f @ﬁﬁgﬁgﬁetggé v%%ﬁ“gﬁég#%@%
of f set qRyideha ocHUm 'nfiire ANPAPRE RAaPBEr GRNHOlpowat supplyoresiigadjuséBent
During operation, linear interpolation can be perforned for values w.thin

the t ageserdton38]toTeviste suitpblef valuesdor the power i Ikrehadiusgment fignal ghaler 7s

and ampljfie ngder the.contral ..of t | 0 | d a
ot e- anpiareaacal Bites S Areddaiph st ofRl bt R, & Wher BprdfeRiach
gener apedl fg@héhaks @ibddeerAEETHEPARR! Bapelr Nis idiscimsedaigef udtheirr delat riagiowm. t
power signal 46 produces a |og-linear increase or decrease in

anpl i f iTéé iomcepmptishedt byfol@nsg gn%qllitﬂagpnt{pggppcﬂbat IS descnbetecri]%n further
detail below.
[0037] in an alternative embodiment of the invention, the PAPR mapper may be
implemented using a formula based on the relationship between the various inputs 1o
the power supply level adjustment generator 38 and the corresponding value of the
power leve! adjustment signal 52 rather than using a look-up table.
[0038] The average desired transmit power signal 46 is supplied to the gain
control block 68, which converts the average desired transmit power signal 46 into a
gain control signal 44. The gain control block 68 may be implemented as a look-up
table that has been calibrated to achieve a desired average transmitted power level at
the antenna 14 that is in accordance with the average desired transmit power signal
46. The look-up table in the gain controf block 68 compensates for both non-
linearities in the control characteristic of the pre-amplifier 30 and the gain variation of

the power amplifier 34 that is caused by the change in the power supply voltage level
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t hrough adjusting the gain of the pre-anplifier 30. [0040] The
pre-anplified transm ssion signal 82 is filtered by the filter 32 to
produce a filtered transm ssion signal 84. The filter 32 renoves noi se that
is introduced into the pre-anplified transm ssion signal 82 by the

|i f 30 f ' d
o Thahabis proidende 4be el ASndie Thel e ORI PIATEIOR WnARIadS DAHGE"
f requer}ﬁ)’nﬁgj"w&op} G ibidtioRr oPEHFQvu%“@sé r&%nlnr'nl&?\lch'o'n's. dé@i&%nqio%'aééw on the

specific pre-a I firer 30 and the prior stages that are used in the
wirel es&cemmﬂmgnat $t0&BTgﬁUGKZdII:Gt(ﬂ?(BIgM|SSO Bhddhpattsenvad tiahsmilter power & the

bl f, | f he fil 3 | ho
e not QTR ARENRA Foar Gah gl Bifosknte ighlehare A ¢ dateth bastd O fHbPe
the pr er_?@}ﬁ%e'dféx Hat §@&%Th3ﬁﬂi%@to?'é?g§'ﬁéf £ wHich ard ftﬂlérh %'Ff%éb’b\“/ "d‘i‘@ cehtrBPb&S-in

[0041] |It red transmssion stgnal 84 Is anplified byt power
anpl i f itee pcMelt oop'trok/lr‘dt:ruahoarwgna‘httﬁj Dudng mmamn,sil@ﬁ'@ﬂ Imﬁrpd?moramw beed

transm ssi S ans tted by the antenna 14 as the wirel ess
devi ce 934 &{a“l “6525 “”Itﬁg’ Hef i ed transmission signal 86 has

suf fici OBSPOWH Phe hdlarhp laﬂ@ﬁobt%cbﬁfé%' N@daﬁé{loga@mp@lﬂ%xgﬂaltmahasﬁnpllﬂes
stations 58 in a formt hat I's recei vabl e and decodable to re-create the

basebanthdrrn doengootoh ef tbamgad oM siteakvid dge ripdupeak pgukedrMpdifieds

of the anplified tran nal 6. vary, over ti Y

Ges! 1 od RRISHIAN SIS &7 ohfF du? Rpirel Siaf a4 calPRen 48 HpE it FicteEce
pre- anp,i cﬁé&@a&éﬂﬂ%ﬁbsﬁwé?ﬁ?é'cﬁ%%dsﬁa%Mat paler siifalp@eesraatekst hdog-lafkar
wi Il typically have a constant gain factor and accordingly, the anplified

t r ansmiBsieases ogrrEcreaseini thel gmm@@ét@nt@fmﬂwwpu@ PRWET ag@PhEgRe Pleeh 4.

The po i f 0 _ha factor that varies with the
power %b%qﬁ‘ngg’lutsgﬁété‘?%daﬁﬁp "?é‘r:n qlgrgﬁgtﬂl on may be conpensated using
cal i br gppap] t abl eshaspresamplifie neaMsmigsidmesignal sRhigNiltdredamaltbe fiterp82 to
signal 78 has a high PAPR, the instant aneous power | evel of the arrpllfled

t r ansniRyePvRes gfileresh tiansmigsien &lgyal &4 .ahbeiialt 3Rnremeyes NRSHHRE 1S
lif t t

ana 1 dTipdeEE LB RIS Ay FR ARSI PR TIBALY (R or R AEr P B

trans mpﬁ'ﬁjrcslagés, @Iﬂaihe SGrdiess commmxications detizet Bihebs spewénc d:rmxalcte(nstle:s of

O T A e s e s Bl oo 507 gl 878 S e e, i

transm o QO onSHH8be bl pAdISmMBF ABhiTthe" pddr Bksdes that are used in the
wireless communications device 10. A skilled person in the art will be capable of
selecting appropriate parameters for the filter 32. it should be noted that the filter 32 is
optional and may be omitted in cases where the pre-amplified transmission signal 82
-is-sufficiently free of noise.
[0041] The filtered transmission signal 84 is amplified by the power amplifier
34 to provide an amplified transmission signal 86. The amplified transmission signal
86 is transmitted by the antenna 14 as the wireless device radio signal 62. The
amplified transmission signal 86 has sufficient power so that it may be received hy
any one of the base stations 58 in a form that is receivable and decodable to re-create
the baseband outgoing data stream 76.
[0042] The average and peak power levels of the amplified transmission signal

86 vary over time. As the average desired transmit power signal 46 varies, the
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still have at |east sonme headroomto ensure that the anplified transm ssion
signal 86 is not clipped at its peaks. One reason for the significant
power |oss that occurs in the output power anplifier block 24 of the
wi rel ess conmuni cation device 10 is that the anplified transm ssion signal

86 is rarely at this maximum |l evel and is usually at a nuch | ower OW?_I‘

| evel . amplifeeest tm%mem!ﬁménsm@!pavﬁégnaluﬁéWN|%|Th§)mweaeaglpd Mehe
i P |

o s atBslhika Rl Hahs s oBRAp " sBln (PRPL P FOpoleESY, S hmBlies, |

| evel aghnshigein s@mlsaiaml ard hhee avmmagfarylmgiam:age posvert lepeladihes pgwalr
46 are conbi ned by the power supply control block 70 to generate, a

cont r olangptifien 34onayrglen have Bdaingarky Rmaatwa”eﬁowﬁin dbeP %&PQE*Ydé{E@%%
modul atlg\g%l &gpﬁhs vyf'igt:Bf?VPﬁé Bg?orrﬁ\j\#]eﬁ%aqgalus Illbr%l%ﬁ %!5!%@ %@Fsonfeh%nown

vari abl supply si gn 'S an

conver tigrthé2art Thehyathebdealpgvautpat g nal 7§ ihaks é'o41|gt$ RAdéde)lme c&esta‘ntanweus
supply for the power anplifier 34. The vari abI e Eower sw) |y 54 has
a magriiawRieleyatat thiemmiied trapsaigaian) sigpat S8 ik s el Q‘mnm{t rr1 KeHEb0om

above 4hg pdifey SNIOSSATLAIRAUSRERS LR Sho BPOMEMANGCRTBHICK! 8l

transm ssi‘on for the power anplifier
34 to Stuf;jrbdueetthp apetife@ transnissiar rsagnall 86t wmmhe ma&fw@ltwrysmaﬁeuen
for the requjred headroomis, on the order manuf actur‘(ncﬁt

e

consi st ﬁ%Bfﬂ‘éd@é@aﬁwurﬁ‘dﬁﬁ%@%‘EﬁQ%PPW@f\V%Y‘?’éhg duriPrg @OW&&HBH% Ga
Wi r el e, COmMALG LA ls%%%ﬁ?ri'%e?@e%%ﬁ POVES p SRAAGRIE The ﬁﬁgﬁb@mpb?s,sﬂmae

headroom can be reduce rring nowto Figure 3, shown therein is
a gr aplvahie &or tb&emelragg desiebdttiamssiit pobetrveignak BE), |thstm@hemwﬂﬁa>a4rmﬂst

ower Ir i fier 34 to roduc a
Pransm%@%ﬁi’ b%ﬁs" §8R'é?\n,\ﬁe?ﬂ (\/"&rt?i?&sé'r%é%tr S?J'lﬂj)’ﬁm %?@%ﬁ:gﬁ@%ﬂgnal 86
rel ati qushk BipByd YRl d&%ﬁl@n@n%gre%@om@r kHER t ipdWeRfiodd ehatPoyirs in the
managenent system 18 and the conponents used in the wireless

conmuniadpitopewee anplifies. bigtie 2daef tis wtr@dﬁ@r cemppligicaiigngleviee 19 gethatadhey

li ghtl h | d
2ot 1 i EE G s oR Flanal B Tt el e el Yy 8 A B o
si gnal BGeu lb{wea prwdefénad THeakkees l%bﬁirbbm bEMRewar trablpowemaiupplpdeyel

signal 54 wll vary in time, corresponding to changes in the average
desi recprowdaslnﬁqth@omwemamwuﬁea@tlamd ¢harrgesnitude 196 tharamplified transmission

signal 86 is dissipated as heat.

[0043] To avoid this power loss, the power supply level adjustment signal 52
and the average desired transmit power signal 46 are combined by the power supply
control block 70 to generate a power control signal 90, which may be a pulse width
modutated or pulse density modulated signal. The power control signal 90 is
converted into the variable power supply signal 84, which is an analog signal, by the
switch converter 72. The variable power supply signal 54 is the source of power
supply for the power amplifier 34. The variable power supply signal 54 has a
magnitude such that there is a small, yet sufficient, amount of headroom above the
maximum instantaneous power required to produce the amplified transmission
signal 86 with a desired quality and for the power amplifier 34 to sufficiently operate
its internal electronics. An exemplary value for the required headroom is on the order

of 1 to 3 dB. As manufacturing consistency increases for manufacturing the various
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paraneter indication of the baseband outgoing data stream 76 bei ng
transmtted by the wireless comunications device 10. In another

enbodi mrent of the power nanagenent system 18, the variabl e power supply
signal 54 will also preferably vary due to changes in the environnment of
the wireless comuni cations device 10 (such as tenperature), changes in
condi t compohetteobdite aviselesmicopunenicatineswiewre d9 ard ihe RovE' HRagameat

and changes. i he, freqguency r.ange, i.n which the wireless device radio

si gnal ® G%ngg%h??gﬁ?ﬁ” F%Bc?.e %%JE’%F As previously mentioned, the
vari abt(ﬁ)mwer Stk aod tdFidiae 3, sAbWNMEBrEEI isageglaphelof 3ih enenablans
selected t0 ensure that even when the instantaneous nmaxi mum power required

by t herglatienshippbietween3the ingjantanacsist RRaXiEHHN PPWAT t/ESHERCs SYo S i RMUET 86

St abt oamieh oy RdScs, i RHPeEC Sy T NEnal Ahahd 1R viiathe fRRet !
vol t agguh@ly ig ¥ S@YTHE rEptiIrdihiedndy valed@eseding uppkhe tapleneéntaltiook of the

70(whi ch 'can nai ntain the power control signal 90 above the, m ni num v?l t age
| evel pO®Eromanagement hsyssaver 1&r angd heckarapoaehtectysedaitt Hig WHeless

vari abl e _power | ... sl grak-.54 ) ; t ;
exerpl SGRTURGRTERE e &L PSR AR At TR A SR PR, oBMEtaIy sidfuy
Vol ts gepgadimg anmititndasigadgy ldvee a2ovequirainblyi theepoBdr amBlif[c0034] atTary
power managenent system 18 reduces the headroom between_fhe. |level of_ th
vari abpeingonetimsupl prosiugaathes amplified drangspissian s8NH8H oWk anﬁr¢$?fé¢e§4
and th I we L.red r A

! 1 1 1os e Y S Ind RAtabREpOREr SBBRREARAAFIIE Wil Sapif (Ao DBORERbB Y
headr ognetigtsed tHreavasguieshiedpoarsmiti sovpasemhal Mé hed pdwenrgesnpl Hie datas

heat. Overall. the reduced | tantially. i th
r 11 o BRGyeled ibdcedpy ¢ e batchand oSana e uirAT i PO deneoatsl By
since gne OfelLRg Eeﬁﬂﬁﬁﬁic?ﬁgﬁgo%v&%v‘ﬁ{o.' W%Ho@heﬂ%bﬁﬁﬁﬁéﬁﬁ%fd%’{é CEEWES

excess power headroomin ranplifier. [0047] The power nmanagenent
syst enmbHageyndrd syatérhi t8] the weaiabteipoway ssupply signal Hi4 wdlbgswprefesably vary

anal ogOBB R AU ToiTh STV VRBE Shea MESas app carorg i€yl Ehbledth,

D o BLegSREn ot 1 RIJGRnb! Qhobbatlry har ot unectrcless

| n addesinemynicatiomy deyice and changes in the frequency range in which the wireless
device radio signal 62 is being transmitted.
[0045] As previously mentioned, the variable power supply signal 54 has a
minimum voltage level 92, which is selected to ensure that even when the
instantaneous maximum power required by the power amplifier 34 to generate the
amplified transmission signal 86 is low, sufficient power is supplied to the power
amplifier 34 to keep it stable and to keep its internal electronics functioning. The
minimum voltage level 92 may be maintained by the power supply conirol block
70(which can maintain the power control signal 90 above the minimum voitage level
92) or the switch converter 72 which can directly maintain the variable power supply
signal 54 above the minimum voltage level 92. An exemplary range of values for the

minimum voltage level is 0.9 to 1.4 Volts depending on the design of the power

amplifier 34.
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desirable to filter high frequency noise fromthe variabl e power supply
signal 54; particularly if a DACis used to produce an anal og power supply
signal. This may particularly be required if a delta-sigma converter is
used to make the D/ A conversion, rather than a linear DAC. The filter in
this case nmay be jnserted at the input of t

e swt onverter, 72. [0048
In anotlBOABL t er ndNE\ROVSIHBANASHNESE SYBleM ﬂ@éﬁﬁueﬁ? ?5% Wf%@ﬂa@@ﬁﬁ% gh?l,
i nsert f t ] i VR §
Lonr] BYELBIiRE iRl BONEY stifhll SRARSA ¥ oKLY R IRODEWEP WRfpifiepPd 4
34 (i.eand tee supplypuwkt agguitesl fartheppomer amplifiareB4 39 gengratd dhasinplified

dated at the. t A h dat i f the .qgai. t,rol si | 44) .,
Tt he taRamiSR ceohae 88 AU SHPoE Rt istHl HeDrsrom” iefitiar the
| nput O%Hbﬂﬁtl%‘? Swak RN sip&ent TrP'thé)U:RﬁlfeJQnﬂ:ﬁiﬁ%Ysaé hRayanebhe BRSEIGHEE! Y
al of t f the

si gnal I'n conparison to the arri e data at the input o

power grgwef ieys 84n suitstastiplhs fnprave hiae Eowen efficiendye apdweattanplife ifer taa
may not have sufficient, headroom roduce the lified transm ssion .
o ynal eIees CYREBHIATS Hevicar 1 GopBioRoses of & Higest aisns A PRlietigeS in

filter erﬁaﬁg%mﬁérm dRWice g8 alxcBds pRwitatifedUtbhaT in(ihe!l pshemainpimey. be inserted
bet ween t baseband device 20 and the DAC 26, after the point at which

the badeP4dll devi the Apower omnasrpent systean ptiwerayrhaagedifiad ¥y yespusgways19

The buffer. b fi d.to pnt i at |

The SenviinTRY scopean the MheRtbg, FBLRErEfe an SBRe RS, L eyt diTahioo

systemglfly bﬂ%’%loﬁ?fo?»férisp%pﬂpyi/ghﬁl {0 G Swifich sbVeH&NEZ eTH doss@na DAC may
of  a

al ternative enbodi nen power managenent system 18" which includes_an
envi r orireenouplesebeireamthe pawer isapplysceotialelivell il and ethsoswicl gnUeries Vi

adj ust nent .generataor 38 for .nprovidi t .0 I ronaeatal

I nf or ma '8ﬁ9£°d}?a}‘”%eﬂag“ee§\9’i"g nHeht r;%eor{g'i?ﬁa#nﬁ %g@%a/'nlgl %Qg@bghg rgarayn%Fae
envi r onyEiadle IGMFIRIShigr re0ENAE noide FtdraNthd RapabRTpbakes suply signaafiict
the characteristics of the power anplifier 34 and hence the lev%l f the
var i ablpariewerlysifigpBAGignsedsto prefugen enafcalogt PRWeESEPPHF signdly dritadihnay
power su Lanal . 54 .i.a_r 0 t i r i
el ottt et e i RB g Rt IR BB (OTRRE B B Coplrsion.

pover s rhftesrvihasl £3ineapMAD] ThEifies indew caséOmaydb@rinsdrted ratcireniypudtofvihiech
the wirel ess device radio signal 62 is transmtted. [0050] The
envi r orfivdiahatorMERt&s 7 2uni t 93 can include a tenperature sensor 94

[0048] In another alternative embodiment of the invention, it may be desirable to
insert a buffer (not shown) to temporally align the variable power supply signal 54 and
the filtered transmission signal 84 at the power amplifier 34 (i.e. the supply voltage to
the power amplifier 34 is preferably updated at the same rate as the updating of the
~gain control signal 44). If the data path between the output of the baseband device 20
and the input of the power supply control block 70 delays the variable power supply
signal 54 in comparison to the arrival of the data at the input of the power amplifier 34,
it is possible that at times, the power amplifier 34 may not have sufficient headroom to
produce the amplified transmission signal 86. To synchronize the variable power
supply signal 54 and the filtered transmission signal 84, a data buffer (not shown)
may be inserted between the baseband device 20 and the DAC 26, after the point at

which the baseband device 20 is connected to the power management system 18.
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for sensing the anbient tenperate of the hardware of the wrel ess

comuni cations device 10 and provide a tenperature information signal 96
to the power supply level adjustnment generator 38. The tenperature
information signal 96 will preferably be in a digital form If the

t 94 id | t t i nf i
anal og it BIBET B2 BR VBTG QST AL 06 cA GRBY GRr et dah PRY i anadfiay
Sensor ;944 @k b@%@%bu§%@awniseaﬁdh_eaﬁ¢| &t FHageflisH alyRle8ig.0 convert

the analog tenperature information signal 96 info a digital tenperature
i nf or n§0049) si gnaRefeTiivg roenpe Figureet i stiovmdherin 6 gmabitopating eabgdéveatt o

th 'y level adjust tor, 38 USi har ed
ot her  GheaPPNER FEIaGRRS TS TCURURIoh RROIHFS B CHBCe oRT T Fbaol oy wat 84
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sensor for sensing the charge level of 'the battery that is used to
pover téastnionel eswironommital dafdrovedicdesigrall0lhe envioreeatdasessyr duibi® 3 on
informati.on signal 100 to the 0 supply .l evel .adjust e .
hs i n (HIIISSEE AHAOre M BPIIRN G LAeBRor o Kneie ayPe s dE A BT BT ¢
an anakpg b bfeY HRNHdrh@BrisidObMHd pOwer HMADIIfd 34 aRdCRERES MG (Vg of the
digital battery condition information signal. Further, the digital battery
condi t ivaniable powerisowppdy gigaial 580 Foaynstanpastheadlavel ohthg yaeRbELPRIME! | TURATY

adj ustment ., =20 gener at or usi t.echni qu kn hose ' j: he
art - TRal $E0 YESRERS dn MecToBib cEtBb i<l AL iEES b BPatips e
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signal 78 that is passi ng t hrough the out put power anplifier block 24 has

a hi ghdeaire Ithandics thes Fequanog tatewhichiteenyireless (dryigRviddio sigpel 828
adj ust rrentsgﬁi'g% al 52 to conpensate for the anticipated conpression due to
t he IO\’\W ge of the battery. [0052] The environnental sensor unit 93

can al §oos0pPVi de Bhd eadiemerntd! ePsoRrNISinainclie taepiperatiael sésaraddon

on the operating (i.e. transm ssion) frequency of the w reless devi c$
radi o $egaansingZhecamhient daresatsppl the hardware ot ﬁ%tw'f%ﬁ%r%%m%@?a REs

oper at i ng.: e | ; |

ap- congEp e 1B reiie REtb AR iBhalitn WIRIM IR PR s@ipl 1o

bat t er mdpesidlidrit gereeaor3@ 8T heaterdPeratase rforseation csignalv B6evillnpreferatle heyin

information signal 104 as a correspon%ng dlﬁgl t al fretguenc i nfornati,o
jAhey! fAer

si gnal 2 §igdakiernl heemraigiirg sesRer Aratgd PReTSRIrE RN
data g analog-to-digital converter (ADC) may be coupled between the temperature sensor
94 and the power supply level adjustment generator 38 to convert the analog
temperature information signal 96 into a digital temperature information signal. The
temperature information signal 96 may be passed to the power supply level
_.adjustment generator 38 using shared memory or any other data transfer mechanism
commonly known to those skilled in the art.
[0051] The environmental sensor unit 93 can include a battery condition sensor
98 for sensing the charge leve! of the battery that is used to power the wireless
communications device 10 to provide a battery condition information signal 100 to the
power supply level adjustment generator 38. As in the case of the temperature sensor
94, an ADC may be used to convert an analog battery condition information signal into
a corresponding digital battery condition information signal. Further, the digital battery

condition information signal 100 may be passed to the power supply level adjustment
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paraneter indication of the baseband outgoing data stream 76 wth at | east
one of the tenperature information signal 96, the battery condition

i nformati on signal 100 and the frequency information signal 104 to
determ ne the power supply level adjustnment signal 52. In this case, the
power supply | evel adjustnent generat or 38 can utilize a | ti-di rreg j onal

| ook- ugenamter 38gisirgl teehniangs Erowy ta thase dkilledsinothg artobie hattenappa be
d. Th t ' ' ' t ' { I v
e SRS T R R s e A
si gnal {Hdévanethdithe aaﬁncbgrduw digha T8ehhoik papsingbtieoughl thekoutpud poavere
for the power supply level adjustment signal 52. Alternatively, éhe
cont enamiifensIaoRd HEs bl RARRb N s 4eee. AANSIMERE 876 Ba0h 4hJhS RAMEhe
operating fr : n e ; f PRERGY
tgrrpergyﬁ‘?'é( |§9§F§§ﬁeﬁaﬁ{?§ﬁs§;ép§f ?%ng:&?hﬁa%{sgt%g&mg %{\f'/\t/:t;(%%tle(rafi\:,\crlcf)srlth nal II oc())Ej-yltjp
t abl e fythedlohaw HBrgd of tiedbdtesryal ternative, there can be a plurality of
PARR mappers, with one PARR mapper bei ng proyjded fqr t he t, nperiture
i nf or nGSA] si gndine G ITMEREHPEENBRN rgtibr $YiGhy 98P PFRVIBR: Feripauency
condi ti ; ' : h . . ]
oper at [T PRIGTCHBYSP 0¥ 8 troRle MIBLEALEH THPARE SRR pL R e s

aae I nfragubacpbf lcl& m@l‘esl%dadﬂedadib&@gﬁﬁeszm thiet powet seppipievelsagjpsimeatel
adj ust ment signal_52. Logarithmc -21 conbjnati may, be used if .t he

2l | 1 GEBSEHOT AB: Tt PRESAIBI FRGUEIPRCAR HFoPPRIEdom ihe fEsepang; tRdFe ALe,
factory, gal 'L}Ig)r—ﬁ]ﬁ\%?si'oﬁ K18ee 2{2’. /Qsefr?FHE gﬁsé I t19d ft@lﬁ?oeﬂitu?é‘%e.n%ﬂvl g HTRN R
paranmeters o e power supply level adjustnent value. For instance, the
devi cebaflepacoriitipnsenstodd e AIC araebe aised hapevidartbetirrquangydniaroation
adj usted t certain value.to determne the effect on fhe power supply

| evel Smaﬁé‘ﬁﬁiﬂﬁ a\ LA RSPeSHIng ééq'{aiiffﬁ%‘&{‘&waﬁéWﬁSP ?)g\gﬁg. Wth regards to
batter di tiom; f tofehdr@tée\gsceondines the data
adj ustg(%i(%tkgI di ffgrhgnPB@aelrﬁée/@%Ig Igg?g%‘ﬁﬁeﬁ{?ﬁhg@%ffect on, t%e rl)ovver su?pl y
| evel pdjameterindicatior of dhe haseband muigoing siataratteam ABayvita atypast engyf §a€t o

i ng f \ . Lssion, f .can i ed. i
Che of lettpetatlieitmafice signg! b pafl fRidiiGa nRSmiRior Siand, 168 5du"e
par aﬁefrﬁé fréglidBey IHSBMAtidheiPRINeroS W Bkierhaive | thadiowemenpplyi lgual adiistismient

typically larger than a nomnal value if (a) the data paranmeter indicates
a hi ghsigimeh S2ardvihist taserthet pemensyppnievebpdiusémehgensf #0e 48,crR44182E 3y

(c) thanu(m?Jir%eenls?ovneall I%khppe tQB‘fet. ®fd reduce complexity a two-dimensional look-up
table may be used. The data parameter indication, temperature information signal 96,
battery condition information signal 100 and the frequency information signal 104 are
used as indices into the look-up table to look up a value for the power supply level
adjustment signal 52. Alternatively, the content of the look-up table can be updated
when there are changes in the operating frequency channel or temperature. The
effects of frequency and temperature are used to scale the contents of the two-
dimensional look-up table by +/- a few dB. In another alternative, there can be a
plurality of PAPR mappers, with one PAPR mapper being provided for the temperature
information signal, one PAPR mapper being provided for the battery condition
information signal and one PAPR mapper being provided for the operating frequency.
In this case, the outputs of the PAPR mappers, which are in units of dB, can be added

together to obtain the power supply level adjustment signal 52. Logarithmic
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decreases. Collectively, the adjustnent due to tenperature, battery

condition and operating frequency can have a substantial effect on the
val ue of the power supply Ievel adjustnent signal 52. [0055] The power
supply | evel adjustnment generator 38 is configured to provide suitable
val ues for the power supply |evel adjustpent signal 52 for_different dat

types, cOminaton maY Ba used ifiaampiitidgsolite odbpUis af tae RARRIMEPREY: AER NG
Lovei BT IR e BReBBEON (o dIbFAGY dSHENERLERImIRRTURP Wifect WiDlie

t enper &invirenwasrital parametersBrf the pbatt eupplyeleskl gdjiusanient vahek. For3nsanice; a
transm ssion freguency variation. [0056] Sone enbodi nents Cgf the i nver;(t I on
may be thepfievieat 28 £aN D¢ dudr INntaadd RMEIANEeatal $RAMbeR ANGJEE HRITPSIFIHGE
access ' 1.1 I ~§l | QAL €

I 11 ust A a eéstggn?da/tﬁ g%ﬁﬁﬁyeéiggbg%%%{rﬁ%ngf qpﬁeegg%?m ﬁrg%agg%rrltsgby%iy eiﬁvleé"

i n whi chijudtment eadgefop @aesrtaindiayaiparaoptarotalbe ovkth3@gasds i topiattesn teddd®na

ot av 4% ieb RIS RESHLAT P ek Moaeh Lepig cHIaEarer VAESdoL FOATTIRG
aver agend Qiect th@?@m@@d@ Y, l?%\?@ kacﬁﬁsf?iﬁ’@r’h?@@lﬁeaﬁ)raa eI it drankdter

table and an interpolator. r'1 ower ‘control instruction signal 48 and the
r ecei vedisd. yiih reg@@sstorepayating fiequeroy, Hegtransbissindi fatgeacylesi tedvaried

gai 1 cIERETInBaRe st s Pover gupRy BYAl FAI S GRAVALE i f SRt ads
t he deﬁia?%e?é/re&é}gé supply power level. [0057] In this case, the power

supply neans 42 conprises a summer 110, a reverse mapper 112, a cli pper
114 an@0054] swi t chhe povart suppip . leTeleadiustroent signaleB iy évpichlly daniger doatral

signal 44 and an altered version of th awer Ly.l evel, . adj.us

s: gnal n@f“'n?g ‘ﬁgB@i He(é fﬁ:{? siétﬁo\%ragﬁﬁ?gdﬁﬁéqasﬁgfagaig%vﬂ%t%ﬂag}%nﬁ\%rfsolron
of th?ra%%ési%%?ﬂb{ theempdhuFeRitie ssaabr $8) the dipyededebyf tthe Instuay
supply level adjustment generator 38 so that the Fovver supply | evel

adj ust fiesteasesaloliectiveln the adjustoeny diuaniedemnaiatuie, qattery ofrndifion; gRd

44. Typical,l h | si | .4 ' f Vi

suppl y Opaoeit, i GeREk bl ks St RSN A oS B valuenBt i Bty

si gnal fevearpistRferisigedlls2. sumred together. Accordingly, the power supply

| evel adj ustment generator 38' scales the power suppql))% | evel agj& ust ment
\;]Iilf:é

si gnal [@25%]o pro pewer aupelvdavel agiaptraent genergden 38 is sonfigHEed EaPraydes
done b%ﬁﬁgb%nvatues for the power supply level adjustment signal 52 for different data

types, data modulation and data rate as well as environmental information (i.e.
temperature and battery), frequency information. The power supply level adjustment
signal 52 is typically on the order of +/- 1-3 dB for a temperature variation, +/- 1 dB for
battery level variation and +/- 1-3 dB for a transmission frequency variation.

[0056] Some embodiments of the invention may be implemented in a power
management system 18" that does not allow access to the average desired transmit
power signal 46. Figure 5 illustrates an alternative embodiment for the power
management system 18" in which the average power and gain control block 36 is
implemented as a single biock. As a result, the average desired transmit power
signal 46 is not available as an input for the power supply means 42. In addition, the
average power and gain control block 36 operates as a hybrid of a lookup table and

an interpolator. The power control instruction signal 48 and the received signal
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t he generation of the gain control signal 44 in the average power and gain

control block 36 which depends on paraneters that define the |ook-up table
in the average power and gain control block 36. These paraneters are known
prior to the conmercial use of the w rel ess comunications device 10 and

hence are available for use in the power supply |evel adjustnent %engrator
38' . [ GumsptiThiadicater signal S8omdieatespgagsired’ averagfe SYRRY i RrRYe JEVRE as

clipper i It Lye r V, pe
hat " conetee Prélolay, ndSRelade piik; DM SGORIIIREHE B6 R h Ao Bl
pover gentroPkigsiafAalin 985péseptoiticdgesired avenagdepsply pomiar déveali gnal 90" to
the switch converter 72. The switch converter 72 then_%enerat es th

vari abf{@0ptlner sdpphip Srgmalinesmower ﬁﬁ@ﬁiwdﬁgﬁystfé’s@lamiﬁ SAaDﬁ@“nPr%’Slﬁélosc? be
used ai%ﬂ&r%g h%ﬁ)g)r?g[%%?rn%pe{ Q92%nd 'Iﬁe%vﬁi&ﬁ‘?&oﬁ%@rfté@vz?*ﬂh% Shfinhér 10

power attenuat e/ conpress t Irst power contro

si gnal r@8&ives abe djang dontroheigradprl ahasedalteredt hersioryoif tthdepambert Bapplyr kvel
power control signal 90'. The positive and negflt_i ve é,a%r atjon val ues a?d
the sl @giussmenhsianal §leto piovidas st paveegontiol eigpahll - fhe alteredode$iab R of

t he po t . rg4rGul : - IS
used i T RO SIRIY 1ove Lot R A i R S e
-23 iﬂhd]lmm'e@mgkhélratbaﬁm so fhatvthegebvibyr suppie evel adjestientssigeet 52hicendse
via the power supply.level adjustnent rat or 38' ,can _be used, to var

the poSitBRUE SsHUTRAMER J06 el GPRKPLAOR dds 1XREANe S GB" 6PRERL SGnef
112. 1 'ﬁa@%‘iiﬁ%‘ﬂ Fhits bRG tﬁ@‘ﬁd\ﬁé’f’@{ﬁpﬁ;‘/ leVel bRl UBkNeRR slhHal F20na8 @itseorEB so
ver si on of e gain control” signal 44" are provided to the reverse nmapper
112 whitiedt these wosigeds aarinopher daditys swermedi tggathari Aaasrdingly.clhieppewer

| ook- uBUPPBLISY 2 daRE 6 S RRER h A R Re | ITre N SHERN d8velaaiiSimeny

l'i nes %Lg{tifa‘? 52N® pdidesiheeatteell dihRalCs2'PREbafticelad thd@caliggab sddt daded16n
occurs a slower rate conpared to the rate of change of the power supply

| ﬁvel s genesatiosiofrthe G@n. controlpsignal dhain, then@vatRIE PEMAroan® G SAMEN
t ] in_the, | ook- bl i | : '
subst amlack SEAARER fepatits 8R FaBmARISIN Het s Rk ld @b e Wefabg

drasti ¢oehangfdi BalerestrbIUbR N 36 handsel paramietansnresikewovin egrenciy) .the
For instance, the maxi mum saturation value is related to operating

f r equesomatuial 4$e whdhe Miselessnermpusicationshigviceshf gind Beppe i arezavailpple
vari ablfc?r Bé’é”Fnr thseuBQngr %'US;S‘@' Ie\‘r/’éll adjustment generator 38,
[0058] The first power control signal 80" is then provided to the clipper 114
which has a positive and negative saturation value and a slope that connects these
two values. The clipper 114 operates on the first power controf signal 90" to provide a
-second powetr control signal 90" to the switch converter 72. The switch converter 72
then generates the variable power supply signal 54 as previously described. A DAC
may also be used as described previously.
[0059] The clipper 112 may clip the first power control signal 90" or
attenuate/compress the first power control signal 90" according to the slope, based
on the magnitude of the first power control signal 90'. The positive and negative
saturation values and the slope of the clipper 112 can be varied in response to the
operation of the power management system 118", In particular, the look-up table that

is used in the average power and gain control block 36 and the environmental
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and hence the power savings in the power anplifier 34. The sumer 110,
clipper 114 and the switch converter 72 are preferably inplenented via
hardware and the reverse napper 112 is preferably inplenmented via

sof tware, although other inplenentations for these blocks is possible.

[0060] Figure 6 illustrates the operation of the average power and gain
bl ock™ irdermagionht1Gikataigepivided by gbaendigiingntabwensel eyt 8davigdhespowes

aver ag I 6,.el My

val e eoBBAT le TRt BRlfanct P Gl B el 1ol 8 o e GEKE REbRE R
val ues sheuretibaWwllies aniitie sicye adithe aippel112i lgnp:hrtlé:marPrtbé ezrabitonméehtal
average power and gal n control bl ock selects the closest ‘&re deterrréﬁ’;

val ue WiermMgEaBr 16 mid Ae allered versipaIofhE BIR LG RHIRRl 41 ATBoPRY
errors ér}s%% t@%ﬁ%e h@lf APsG ARIOBEAGSs W &Iﬁ)d:érgéﬁ; fndst @t%‘ﬁ'é‘i 1116 QhéG

dBm  TH val ués ar e"progr anme Re aver ge power and

gai n blcipeft 18y The caitshactuther signahder are dgérert fronofthé heatad inethesook-up
comuni cations device_10. [0061] The power nmanagenent ﬁtem 18" provi ﬁs a
pract i éable phplaskedB atlifencemnediion HO®h (16 V4R affagb-dtied Jinas since

COﬂTmrg'd \dphefabd Al Eu.p;%sa éf}g ﬁf&sgmaﬁs' @4aar¢<fvw@ddauv@'aqh a 416wy erage

desire ransmt power Si g avai l e as an 1 nput to the power
suppl y corgrged 2o th%#at@%:b]hahgeeafctheobome mmnwlllemitad;ustmeat isigreait $2h In

h h t he PAPR d | f t |y,
Level @g}féﬂ%ﬁhee@%*apa@@ Sours wivk Shereas i chate in Ine, by poREEsd p,
supply llc?dkeﬁs rf‘ﬂ?ére | gé'%bg?%bﬁ B¢ ch@hgé' Helﬂeeé(ﬁ\m’orﬁngﬁtal 'footn"h%‘hon' 116

some cases, eeraletou atet supply voltage of the power
anmpl i f i(ies. t&éraaweawrasmSChange)lrgtwnmmaﬁetcmm haing - AHCRR tlaadinaiseitn  frelgaenel).

| | d. | ddj i h 1
BZ?’?& F3u inbtans. shaanalmin st tapid 1o felalatdp HucrTR0r ueHeY T
the gﬂ;}eﬁém?&' i$ heGRifed thg\f%méHRe'dﬁtm&éaﬁa@ \Ié?lafblé”pﬁﬁvé?%pl Wighal 54

vol t ag or the power anplifier 34 is a consistent and snooth functlon of
t he desmdeimbrmeetlngeoweweawngeueltm@ommphfmf-ﬂ nElag isuneset A20, glipper 114

[ 0063] 2RE BRAMIHCaniSIrE £ atmerotany duplrye RSt Fa T REEE R sty Fliode
li near magsaisq o2 r@br@r’éré&y @m%%fﬁéﬁ@d QM obftivhe:, aMeHAgh dasdmiethlenanstations

power signal 46 and the power supply |evel adjustnent signal 52. The
t r ansf femtteisenbloska ppipiogdible.a a | ook-

[0060] Figure 6 illustrates the operation of the average power and gain block
36. As the average desired power supply level rises and falls, the average power and
gain control block 36 either selects a pre-determined value (identified by solid dots) or
interpolates between pre-determined values to calculate a value for gain control
signal 44. Preferably, the average power and gain control block selects the ciosest
pre-determined value when generating the gain control value 44 to avoid interpolation
errors. In practice, the range associated with Figure 6 is about -52 to 26 dBm. The
pre-determined values are programmed into the average power and gain block 36 by
a manufacturer, vendor or operator of the wireless communications device 10.

[0061] The power management system 18" provides a practical
implementation of the invention that may be used with commercially available
baseband chipsets in a device in which the average desired transmit power signal 46

is not available as an input to the power supply means 42.
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up table or via an equation. The equation can be inplenented in software or
har dware. The exact shape of the transformation is adjusted to tune
performance and production yield. Accordingly, the power supply control
block 70 is preferably calibrated before use. [0064] Referring nowto
Figure 7a, shown therein is a flowhart show ng the steps of a power

suppl y[0068Rik cal ilbreadhoof e rodbddimertheofctiii invantion shovabherein, dhe gPoER

f t ture, and a gi f bat t ery..condi i h
L bit 1 SARRET TBABGuRviden S lde Ha e ones SHaE Teuadiie St Sl B 20 4,
ar bi t rg{dﬁ.' % &M%eea?ééfér\%w £be ﬁ’f@gb%r%ﬁdl?%@élcddjughﬂeﬂﬁvfﬂnélumﬂlw be

| evel ust ment” value generator 38 is then configured such at the
cont ri prdvides dveryn 4 ines.r Ebehends sampetasas: dt is praferaiie doperdateyther s4PPhon

d ref f i s _set t The, fi .
oal i br NolaP RERHONE: PERFEnatErebnd 2 M ke GURtAEE rdfihs AcE Fadigent
const aE{'xﬁg%ﬁg)gW@FatY@} ligitshgrhA RV elr svibRiteongdadditiennene slappidg@atiat (o

reduce ude the variable power supply signal 54 to the power
anpl i f perfodrevhidye therspower riupply davebmd]esinpent peneratph 3§dsviye] &at the

device radio signals, 62. This is do i nc Si hg ' he
power - ABEItRIelrOah Slov it sirpty SRNEgE” e B DRR® bk "Sup vaufddg) For e
decr eaﬁ%@befr%rﬁaliiﬁ&raw i€ AN RiteRUA MU EnsMR! funEhen e the slesired- 26erbdé psweo
note the nagnitude of the variabl e power sgéofg)ly | evel . signal 54 mgp&.g‘g‘ﬂ
as

ACPR hievel neredsed nas-tngarsiesplbet rire dnideduesrd Oirijervargus ambrdigeg
the ratio of the paner te{%.“%Sl\/Hz offset wwthin a 30kHz bandwi dth to the
power PRWMERENARAITIEN! SKR' e % i nearity of the power anplifier 34 is

r educegodns]st ar viAgshdéwn MWejure BIARE Yo spmly esaironblacki Theappliesca dasaer
The next st'ep 128 in the callbration nethod 120 is to.ncrease thF gut&gt
pover tiansfesmatios] losa cambinaiignel Biespypraoe @%lr%&%mit@@wrsﬁ'%é #9419 54
and 126. The st | ' e ' : i&\elook-
dopenadioRons ThpRbigsl dRhsish® FRoap sE e MAIbARalaHls aPPHEN Vi look.
i n t he yar tapiiel br undessteqeatiow Theseteatiohheastlsp iniplemedteg in2goftware or

FOPGREMIIIG NI C s T S P e
R e L N L AR
of t hecaWbiatdd hgfoenvester 72 and the m ni num voltage | evel 92 to conpute
an | de?(l)OéJ, anst erRéflépr?rgé %Qms rt]c(.tiltFi‘igLSms; 7a, shown therein is a flowchart showing the
steps of a power supply block calibration method 120. The calibration is done at a
given reference temperature, and a given reference battery condition that are arbitrarily
chosen. The baseband device 20 is configured to transmit at an arbitrarily chosen
reference transmission frequency. The power supply level adjustment value generator
38 is then configured such that the contributions from the reference temperature,
reference battery condition and reference frequency is set to zero. The first step 122 of
the calibration method is to transmit the wireless device radio signals 62 at a
constant power level while the ACPR is monitored. The next step 124 is to reduce the
magnitude of the variable power supply signal 54 to the power amplifier 34 while
maintaining constant output power in the wireless device radio signals 62. This is
done by increasing the input drive to the power amplifier 34 as the supply voltage to

the power amplifier 34 is decreased to maintain constant output power. The next step
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required to derive the digital power signal 90 for controlling the switch
converter 72. The ideal transfer function is related to the | ook-up table
used in the average power and gain control block 36 or the gain control

bl ock 68. The construction of the |ook-up table was previously described.

The next step 132 is to repeat steps 122 to 130 for several different
wi r el ed@6cisrivuneteatheomagaiiide of the ostriable REWRrcsurRlY eveissighal Sf whegnthe

[ 0066] ext . [ rfor e fltli

{ranst ACP RO 15188ed Yoo P8 RECIRETHERIGT eobL [fe PIOARRS USRI 25 fhe .
to therayeidgdpet pWsF af 1.43MBLI Ssdlywitishus 30 bandviajte tanthet bewient ier thept
of the straight line to fit the average _transfer function with mninal
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the breskeden2@oves idrebbe tioe toptsutappiéel béthdlwinkedd ddiich radia hignads né2 at
whi ch further reduction in the variable power éégpl ?:I Si gnﬁl 54 to bhe
pover argl torieseagstepentl2, dadsaedidR61 J gatap szauthed is Heedle detsrmupgdhe next
the ou Li fi.er 0 : frugh A Wely r the
toral BoNE “EReL s 5 (R Ao SRS R AingRAE (34 s7id these

i ncr eagRled Thaherdrewiiephdesitaed desy o sbldchehaistepnsine. -A6pviRE yeepested 02,
The paraneters determ ned bl)é curve fittinfg t hen used to q%\r(laate a
S 7

| ook usevamleowBtt prwesJRuelss Ihs HuBTasEIC7aulsosMeRIew s (gt Rk Haed ir e
7b, sh AW - : | i I
2 ust et R g B e, O e T 14 s
pr ef er adllyspparddoailit power peveld @anclee biasidsfod waiip@tibact ory calibration to

tf i ations | tion tol d deviati :
ver agi008Ehst or THeBeroHeRadDI S thata,daS SaUPhaN Eor o ie Bonel el prer
cont r0'72%98kthe791inir}§|ﬁn‘;\}dcjﬁt%tgesfe%@4 B2t bohliutadn M@kl eanski forclién ihattie

| oad t he power supp ustnent | evel generator 38 with a val ue that
causes rédpairsitt cterivg thendigitaepower tsignal (29 forecantrolisgnihei switcduggmerter 72,

| Thi s, all he. cali brati d. 140 ,
! P aneohe o SRoRTSoueues s relled dp 28BS 88Tiniele T5RL! in e, 806 Pibay,
The nexhs§&R cittrdl BIdcR $Bbi iea§8int Bentrélamatk B8. OThePovRstrustiarg of tiee isalalup

procedure according to the transm ssion Power poi nt defined in ségqg 2#)2
The ustable wasquavicwslyndesaried. ndreaskhgtamd 32us dadereal $tept oit T {9le

devi Ces%(\)le(r)gleaif?erent wireless communication devices to obtain an average transfer

function.

[0066] The next step 134 is to perform curve fitting on the average transfer
function. One way to accomplish this is by fiting a linear line to the average transfer
function by adjusting the slope and the intercept of the straight line to fit the average
transfer function with minimal error. The slope that is determined is used by the
power supply control block 70 as one of the parameters for varying the power supply
bias voltage, the ramp slope or the idle bias current. The intercept is set by the
breakeven power of the output amplifier block 24 which is the point at which further
reduction in the variable power supply signal 54 to the power amplifier 34 (and
consequently gain) causes the earlier stages in the output amplifier block 24 to use
so much additional power that the total power consumption of the wireless

communications device 10 is increased. The intercept coincides with the minimum
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predefined "safe" range and recording the transmtter output power.
Preferably, half of the range is calibrated first. This is done until the
out put power of the wireless conmmunications device slightly exceeds a
target power as determ ned for the set supply voltage. The target power is

obt ai ned during characterization of the wireless ,c‘orm_un'hcat I on, device 10
as is ooHasallevehSanThe nanemeteki detatmined by carve fithng isdhgpdisad 19 5f6als @

will d%&ggpggweg@rq@go%trghﬁb O\Aigyggoconponents of the output power

anmplifier targe i'S'the breakeven point that is
det er ni{pe@7] by r eRufErngg trivav povEIguse My, ysHoawe thérein e spiomchanpshdwing de

and determning the point at which the pre-drive circuitry cqgns

muich p&ieps tafag POMEE SUPRYS |EP\ﬁ31p%@lé?tmﬁﬁglgieﬂieé?tobcﬁﬁéﬁbr%ﬁ’%’éirﬁﬁﬁ?%ﬁqe(ﬁlls?he
reduci - ' I b t 146 hSict Gyt te
the- outBBFKE B nbE [ Ephagratiy Betortion B o8 BevE basy' Suhhgersid
this i atibpaticat &d acubputt foralatiatioabtier paygiuctipni leranadj arst meviatmnst from the

N T TSN Wy AL A e
that i sel1@lithy Q%'g]?“l’tél?h&f frad QSlinPARRT mé@BACh 48R BSbadtthR éé‘@:elrSsdlrﬁazlyt )

i ncrease ‘the val ue e transm ssion power |evel and repeat steps
148 of ddhestrmdritieeti generatdrods With aTheue ahabratsemthe SWitnbingotonvigters?2 to

ti [ 1 eat ed. til i ified t Sm i i nt i
PUTTRRE AN W s P AR S A PR
only. \é%rth@wameggﬁéﬁwgsw ng@{ ool PRSWIRRksBedmeRiniatidheseeaue Y. ar y

enbodi ments w thout depart e spirit and scope of the invention,
whi ch i[8068)i t ed B peklystepel 4djspienciaiibrateathestranggisaiore pawer :using Ahg dieral

managenent stem (18"), for providing a variabl. wer, suppl [ I )
to an @E?ﬁff fﬁo@@rﬂ(’éw'gl) for ﬁ%grf?gp%@kss(@q) pq%e&pwrﬁgoegig dc'i‘rr%%ﬁiy 33?1 gﬁg X et\?/aﬁce
(10), ??Sc@?m‘”er iTRINASES IRcte aS RS BFR (SkROInatRMBRInS EBatroRBf aner 8g¢iceoter ownda
gain control block (36) for providing a gain_control signal_ (44) in

r espongeedefingd |'safet range ond acpoiding Huntraosmitiert pulbut Gowargieferablyy hafefa

recel V%'qe Sria%ré%zl iss%gﬁglgétgd if?rgl.c?h%r i id%rr]a%l uﬁaP%hgn&tBLP\ﬂo%&g IR iPeress
communications device slightly exceeds a target power as determined for the set
supply voltage. The target power is obtained during characterization of the wireless
communication device 10 as is commonly known to those skilled in the art. The
characterization will depend on the manufacturer of the components of the output
power amplifier block 24. The target power is the breakeven point that is determined
by reducing the power supply level to the power amplifier 34 and determining the point
_at which the pre-drive circuitry consumes so much power that the savings in power
amplifier power dissipation (by reducing headroom) is mitigated.
[0069] The next step 146 is to interpolate the output value of the average power
and gain control block 36 and load this interpolated output vaiue, after appropriate
adjustment by the reverse mapper 112, into the power supply level adjustment
generator 38. The next step 148 is to adjust the transmission power level to a value
that is slightly below the target power.
[0070] The next step 150 is to increase the value of the transmission power
level and repeat steps 142 to 148 of the calibration method 140. The calibration
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control signal (44) to the output power anplifier block (24); an

envi ronnental sensor unit (93) for providing at | east one environnental

i nformation signal (96, 100, 104); a power supply |evel adjustnent
generator (38') connected to the environmental sensor unit (93) for
provi di ng_an, al.tered version of powe sup evel stnent .signa

(55" Cimeirash hbasepntiualiy Toapaleel Pl AdTERTen SpeafedAtBhaRFLah CBPHg"
dat a Shﬁﬁﬁﬂ? %E Lg be transmtted by the wirel ess comunication device
(10) a e at Peast one environnental information signal (96, 100, 104);
and, a [pO\MI suppThe meamdioa42)s lmmndesaubecbhermbamyagfeepmmle anly. gdarious
control 3 nd .t he power suppl evel ad ustnent rato

the | pOTBRTSAHMANEAALYORS Tidobs dBSIENS Yiraea ke oA aRaIr) e leg fthdbay
to the 4 {; ﬂf@@?’fh@ irifl hRE QUK of AL Weﬂft@ﬁ' diHIeh s flirhkéd by the
control I gna based on the gain control signal (44') and the

al t er ecappmrsicshclHimshe power supply |evel adjustnent signal (52'),
clipping the first power control signal (90) to provide a second power
control signal (90") and generating the variable power supply signal (54)
based on the second power control signal (90"), wherein, the gain control
signal (44) is adapted for applying sufficient gain to a transm ssion
signal version (78) of the baseband outgoing data stream (76) and the
altered version of the power supply |evel-adjustnent signal (52) is adapted
for providing a small sufficient anount of headroomto efficiently provide
power to transmt the transm ssion signal (78). 2. The power managenent
system (18") of claim1, wherein positive and negative saturation val ues
and sl ope used in clipping are adjusted based on the at |east one

envi ronment signal (96, 100, 104) and the altered version of the gain
control signal. 3. The power managenent system (18") of any one of clains 1
to 2, wherein the average power and gain control block (36) provides an
altered version of the gain control signal (44') and the power supply
means (42) conprises: a summer (110) connected to the average power and
gain control block (36) and the power supply |evel adjustnent generator
(38") for summing the gain control signal (44) and the altered version of
t he power supply |evel
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adj ustment signal (52) to generate the first power control signal (90'); a
clipper (114) connected to the sumrer (110) for receiving the first power
control signal (90'") and generating the second power control signal (90");
a switch converter (72) connected to the clipper (114) for receiving the -
29 secowmd paoaem control signal (90") and generating the variabl e power
supply signal (54); and, a reverse mapper (112) connected to the power

supply | veI adj ust mrent gener at ) .and the average power and gain
contr ol 1oc g{%‘% ' fsnage tvs’ryﬁge’ﬁn“%ni/fqro%@éfﬂ‘%g asyyiate (ROVGT EweP g1l@’he

altered ¥8F8 P FhOUGtrPowInamBlifiar Biesk ((24)4") ar\yispless iopanyuairation

gener at i Agvige 1 Pppg DQWFHQMBM@MISWMI@" conhEisieyer se mapper (112)

al so bei ng conne@t éaverage hovedri ppergdit lehntfadrblpclo(Ba) oy ptdwdiali ap@m

adj ust meeentsdigrgrial (448 reepohse &l apipast 644 4F afppwadjoisiol Mgtiursiopyridlve
and negaf48)arshbueatived sighsiestrérigthshaiatdt sighe o) pRRS kom&#hg tﬂe § power
managenessnteyl sigral (48t ok o%@ﬁut%é’rfarﬁbﬁ*ﬁé%fécﬁ @ ; Wﬂere' n

environnent al sefsoEnHbAmé ?airelagp 8|f1e

t enper at gh\BrorensakL i(“]%" e{t%rn H5RN| (@B %r at ure | ot mati on - si gnal
(96) as part of tb% %ng )’dstﬁ{?—: {2) {3 tlon S|t%8ak) (t% 100,
104), tt’@“;! %P&% i ?r &P? 368 ﬁ SPR0CY

t enper at r}ﬁ (ﬁ\ﬂiﬂ’ cgl.%ro '%9 fsd%'i’io AP WS PRI 0) ;
and, a 4? %I%g éﬁg %POPB‘? Br% q}?d@aré‘”lfé?f é@oaicéml%%n

i nf or mati R naolu %@ daéa %tl“?afﬁf ((k &t heakengnitesn iy ofigerwisless

i nf or rrath(STr‘fnUEI Han qegﬁte ) anﬂdhl)e attlpastyene enyireunantal gformatiomsignen

si gnal (@@07 Belldy: petlated to a battery used to power the wirel ess
communi cati on dévpewe( $0pplySnedine (4weonmented ot asyisigend¢is’ andfgaany one
of cl ai mentrol dlack @@ end thehgower sapply Bvel edjlistoRieRfeleratat QBEY! Hgn

si gnal (@fverldippiy CdoareomR)i Gregides theedareily pole?’ STIPIPRIF I 511 01%

rel at ed dugpditheodeeanilgsr dodhih gy %ro@&%@b@rf@stob'éxg 1‘ @8 ﬁl@F é‘ (76)
W 'l be tasaggh tHeeghin@onlides ﬁ‘é’? 44 el er@ﬂ
ﬁ;?'n[“;l :ga\ié?aﬁ uéff*?\%h?a%awag@ nﬁL{HB ﬁ¥st (r g s n%?( (5 Har :?
r
| evel . glgn ?SB%sre seconos ;Xower cfntro! zzgna%gg-!)gﬁélagg gpgfeﬁs yo 6

wher ei n
wherein, the gain control signal (44) is adapted for applying sufficient gain to a

transmission signal version (78) of the baseband outgoing data stream (76) and
the altered version of the power supply level-adjustment signal (52') is adapted
for providing a small sufficient amount of headroom to efficiently provide power to
transmit the transmission signal (78).

2. The power management system (18") of claim 1, wherein positive and
negative saturation values and slope used in clipping are adjusted based on the
at least one environment signal (96, 100, 104) and the altered version of the gain
control signal.

3. The power management system (18") of any one of claims 1 to 2, wherein
the average power and gain control block (36) provides an altered version of the
gain control signal (44') and the power supply means (42) comprises:

a summer (110) connected to the average power and gain control
block (36) and the power supply level adjustment generator (38') for summing the
gain control signal (44) and the altered version of the power supply level
adjustment signal (52') to generate the first power control signal (90)

a clipper (114) connected to the summer (110) for receiving the first
power control signal (90') and generating the second power control signal (90");

a switch converter (72) connected to the clipper (114) for receiving the
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the power supply |evel adjustnment generator (38') is inplemented by a
plurality of |ook-up tables, wherein one | ook-up table is provided for
each environnental information signal (96, 100, 104) and the data
paramet er indication, and the outputs of each | ook-up table are conbi ned

to generate the aItered ver si o t ower supply lev adj ust ment

si gnal Qg; ?900‘#?{ Coteh Sﬁ&ﬁﬂé@ﬁa eﬂeﬁew fing" tﬁ ofard rﬁowermﬁezpelvn at

| east oné ($hea Pgok up tables is inplenented by a correspondi n? f or mul a.
9  The power nmndgéR¥erees g‘ﬁ@ﬁf (1813) otormegteshetoofthel gower 1supp®, lawsdrei n
the syst afiystmgent Q@fﬂ@ﬂﬂé@f Siiprridsibe avafaga powes mpdegaio epatrobblochp6ctnnect ed
to the powEvingupplsniiewelerdd] signagnt! 1§ererdaties H38ed ardioa batebagwindevi ce
(20) of coheomsigeble@d’)cespestivedt hotgcteritie 4 tipperdgisinerithegstat@lg),

par anet ethdi&!\%té@tnadp%@)ﬂPzpéillsdﬁtﬁetﬁ?%oﬁﬁé&e@&b%ﬁ@t&bperﬂ ﬂ%tfbpﬁrowdlﬁg 10.
The powethd Bimes EIJustEET &kt 1) 8Pto Mabmder MH Q ?‘drna& g?éfaogﬁl)@ge”e”t
system (éﬁd)nég%tl(?é"shmréﬁ&g mesla)ndltgeav S B irld Bpholdh 3}”& esess evi ce radio

Si gnal S 6 at a const ant power rom S comuni cati on

device (10) anne P t (A i)
o139 g{,ﬂg n.v%tg%w%? FERL BRI P (h{OFERe
mai nt ai ninsg- Y 'E?{ MPHECHAFY | 08E 0 d?eW naI s
(62); il C 6ff0f HoYiginga R éefﬁﬁﬁﬁ#t“%
%
(54) whed ?L& X@ﬁzpwa it ée,eedweﬂ ffannagrtal nfermatiod) gignaaf t10 hv)
i ncr easi heh ee dempetatwiewsforptatisin eipesks(de vty redatied toi thaadempesalure of oduced
by the oinephardpaieof thepwirtless dohwoknicatipnaddviceféay;iamg, steps (i) to (iii)
for several out patbattawr corditbs; sanshr V98) dopyirovidirgn a dedlery r amsdigsn
f unct i onnfamatiani signg! { TE0)pavgrart oftthel at Bhenahe(&Wirdrpfies@ntdflhiten t he
switch csiguar (e 10@11Oﬂ’ﬁ&h@%\éﬁenﬂﬁﬂﬂﬂlﬂaﬁf\ﬁfoﬁﬁéh&ﬁns(glf%i Y160) Kdip Peltifed
wher ei n tbhe bRAYES us émw@ua%ew%fe&%gt hiSafidH HEGE g% brat €d by:
repeati ng steps (|) to (v) for several dif erent W re? SS’ conmuni cati on
(e ros S10)The poReRfe (LEASELEE LHPSHL0F gtk 1RE"S A AL cur ve
fitting 8 & ?ea rd98nt fi% ?ﬁ?ﬂ%ruag?on signal (96, 100, 104) comprises a
frequency information szgnat (104) related to the frequency at which the
baseband outgoing data stream (76) will be transmitted.

6.  The power management system (18") of any one of claims 1 to 5, wherein
the power supply means (42) is configured to maintain the variable power supply
signal (64) above a minimum voltage level.

7. The power management system (18") of any one of claims 1 to 6, wherein
the power supply level adjustment generator (38 is implemented by a plurality of
look-up tables, wherein one look-up table is provided for each environmental
information signat (96, 100, 104) and the data parameter indication, and the
outputs of each look-up table are combined to generate the altered version of the
power supply level adjustment signal { 52).

8. The power management system (18") of claim 7, wherein at least one of
the look-up tables is implemented by a corresponding formula.

9.  The power management system (18") of any one of claims 1 to 8, wherein
the system (18") further comprises a data parameter detector (40) connected to
the power supply level adjustment generator (38') and a baseband device (20) of
the wireless communications device (10), wherein the data parameter detector
(40) provides the data parameter indication.
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12. The power managenent system (18") of claim 10, wherein the power

supply level adjustnent generator (38') is calibrated by: viii) |oading the
power supply | evel adjustnent generator (38') with a value which causes
the out put power arrplifier bl ock (24) to operate at a |owest transmi ssion

ower poipAt; b ns unt t.he, out put power
gf thep g}% bé) 88&)& &]% E ?@Ien Zﬁfasil? ﬁf A éxc‘gba%e[% the, gow gwer
det erm ne r% et %(' Y'evel ; x) interpolating the out put
val ue of the aveba é’f"" Pé%kd%-f‘&ﬁ fﬁ@@dﬁlﬂgai%l(§2h A/ et sonatasd

out put vBPWET layel O@dé Wﬂf@lﬁssb Amunjedtion dapiger(10) while nrenitssingr aguppl y
| evel adﬁgﬁqﬁ?éﬁpf‘@éﬁ@ ower Ragy (AQF)R)adJ usting the transmission power |evel
to a val ue slighif)l fedaslingthdenagribugtet opdvervarmbis power suppieasimg (G val ue
of the twafismaistaamngeoestdneveatpudmpdweepedie nirelasapsiide/iddio signa{e)until a
maxi mum speci f i eid) recordings tieomagpntic s thie V&idmagwreer sddbly Aidgmil d of
suppl yi nghan\the ikGPR m@mtrea@@ﬁﬂtcya%rgr@decﬁ@@déé? @fargdtput — pover affp"f'ef
o oo (24) 11 2 th yakeas AL poe U1,e 0o %,. &Iga?acgssaggiaﬁ (@29
transm ?%r S@%%&p%@%ﬁfg %r 6\%%% é)%li HQZA a?.'el esoseage é él ‘g ’%' gnal

(62), the .. ST NQ.. . d t.one of a signal

st rengt h %@ﬁ adg” E ‘Pﬁéi ang e%ri‘é'%:t%’o%or t‘f?rlyl“?ﬂjd?:% PRWEE Canfrol

si gnal ) [ fonkelingshg iyt 586 a power control instruction

si gnal ,FO) ILn the base station rad| o signal (60); b) generating as an

out put al bai he dpweyl mg merd45ystany 460ne claimat!0, -wharein dhet power of t he

recei ve@@ﬂ@ﬁ@ﬂne@f pestgrh(tienbisduttber salgmated®8) and t he power control
i nstruction si giepea®) staps Geteldt fongeatrd| atiférennhevieswss comemisitation

i nf or matdeices gifalto eBRiIn B0 verd@d frahefer dbtction; aadi nf or mati on about the
envi ronment of tdeefonmid esve MONGURItRaEVeRTgdRNhSBr futtiond) generating an
altered version of a power supply |evel adjustnent signal (52') based on a
data pargrete igtciahidtagldht PERRDANE &Y JOLRIMIGH2 wherein the power
supply level adjustment generator (38" is calibrated by:
viiiy loading the power supply level adjustment generator (38') with a
value which causes the output power amplifier block (24) to operate at a lowest
transmission power point;
ix) calibrating the transmission power until the output power of the
output power amplifier block (24) slightly exceeds a target power determined for
a power supply voltage level;
x) interpolating the output value of the average power level block and
loading this interpolated output value, after adjustment by a reverse mapper, into
the power supply leve! adjustment generator (38);
xi) adjusting the transmission power level to a value slightly below the
target power; and,
xii) increasing the value of the transmission power level and repeating
steps (vili) to (xi) until a maximum specified transmission power point is reached.

13. A method of supplying a variable power supply signal (54) to an output
power amplifier block (24) in a wireless communications device (10) that receives
an incoming data stream (64) from a base station radio signal (60) and transmits
an out_gping data stream (76) in a wireless device radio signal (62), the method
comprising:

a) detecting at least one of a signal strength of the base station radio
signal (60) to produce a received signal strength indicator signal (48), and a
power control instruction signal (50) in the base station radio signal (60);

b) generating as an output a gain control signal (44) in response to at
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stream (76) and the at |east one environnmental information signal (96, 100,

104); e) providing a first power control signal (90') based on the gain

control signal (44) and the altered version of the power supply |evel

adj ust nrent si gnal (52 ), clipping the first power control signal (90') to
and, generating the variable

provi de cond control sjgnal
power sui)l‘?ﬁ gc% eW&Qeﬂgnahgﬁrﬁﬁgé‘bE@WtﬁbW%dﬁ@? @“%F@]&PV‘(@SO )
and, f) fP8 PHP 6“@!%‘ Waf‘?a(@pé power supply signal (54) and the gain
control  si gnal fugene@tingeatolgaplonpemiroamsintli isformasion $igapl (Khet@®l.n, the
gai n conflfé) &rgrefitainny infomuainredabout ahel yemgrasuhéntci eint thgai wirelesa
t ransm ssoomgiigatainsvdrseo(Mq)78) of the baseband outgoing data stream (76)
and the altereddygeseaingf ah tepoiversioprifya lpevwelr ﬁiﬁjplgsﬂ@ﬁltacﬁuﬁﬁfdnth )
i s adapt egnaf (82 pbavédlionga aldtagldrasistdri zﬁu%'éhoﬁrﬂ?%bagébﬂﬁ@ _&7Qjata
ef fi ci enkirgamr@e) dad MOWaE IRt ohé%%rfbh %altn'if% a’aéﬁ 's éfsl

iéﬂdco o?' on

The method of cl g 011?& | Bol8) BRﬂ?@lré
fmpé m @fvgf tgf? eg [ é ls?ﬂe %ered

of the th
si gnal g\?j |rst R c} na
ver si on P WFE rfﬁﬁ%‘? o r‘?g Vi Wj‘)qr &GEr at ed
based on ? ngég Epan qr}ﬁ_ga Hﬁf'f”‘lﬁlp %c? a?UR 23”“15( ﬁg ‘?r&t hod
of cl ai n?'i O\E) C%@)‘ﬁ?ﬁﬁ'%’@ g€nedadi ng an al tered version of the
gain control s. @FO i m!g)thgn\cﬁr pemeg seipelyi pgeal @d) @stchiher 9gingeeditrol (118)
to adj us$iIpasidty wmtﬁegaoweéam:ﬁeablmh (%4).ues and sl ope used in

cl i ppi ngwhargig, the gpisy confrelssigealt (42 gh akdaptetiSior bgiphgng ensficieeidgain toesponse
to a confishmsrhiseion sifjnalheesraton Edytofahe baseband meiItydhg Idﬁ‘tarsrmln@?‘?@) gngl (96,
100, 104theaaitbrelesersibhasfetle vieaweosumbly tdes| Grljisth i radnali @28 is (Ahpted 16.
The et hed pedvidiny @Qﬂa@%uﬁ’lc@éﬁfﬁarﬁéurﬁt%f%ad%&h%%fﬁ&én@?ﬁ'ﬂﬂr&@ offer 't@aSt

one of: tﬁ@fﬁ‘ﬁﬁﬂﬂc—ﬁﬁaﬁs&%ﬂﬁf&g?é? 7|8|yformat|on si gnal related to the
tenperature of the hardware %e wirel ess comuni cati ons deV| ce (10) and

provi di ngy t e GERRGA wc?amg ;@ﬁ( @8@ L fbrdd e Aligy) £aSt
o 0{ o) et i
wirel ess W’F{? 9o o Vielialgre

é/ersmn of the power
DPY eve ad1ustment S|gnal being generated based on the derivation of
the gain control signal (44").

15. The method of claim 14, wherein (e) comprises generating an altered
version of the gain control signal (44') and providing a clipper adjustment signal
(118) to adjust positive and negative saturation values and slope used in clipping,
the clipper adjustment signal (118) being generated in response to a combination
of the at least one environmental information signal (96, 100, 104) and the
altered version of the gain control signal (44").

16. 1f"he method of any one of claims 13 to 15, wherein (c) comprises at least
one of;

generating a temperature information signal (96) related to the
temperature of the hardware of the wireless communications device (10) and
providing the temperature information signal (96) as part of the at least one
environmental information signal (96, 100, 104);

generating a battery condition information signal, (100) related to a
battery used to power the wireless communications device (10) and providing the
battery condition information signal (100) as part of the at least one
environmental information signal (96, 100, 104); and,

generating a frequency information signal (104) related to the
frequency at which the outgoing data stream is transmitted and providing the
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battery condition information signal (100) as part of the at |east one
environnental information signal (96, 100, 104); and, generating a
frequency information signal (104) related to the frequency at which the

outgoing data streamis transntted and providing the frequency

i nfor mat on Si ri. of the at st o nwronrrent al

| nf or mat | HU§P é“fogs:gé“gfi 35}0@1)04) 2 PrfeohdhR ol E‘a@sgrﬂﬁ@oﬁ@vgfm@ﬁar% 13
to 16, PRI iRt (964 gri conpri ses mai ntaining the variabl e power

supply si ?nal (54) above a mni rrum voltage level. 18. A wireless

communi cafi onBedeethas pli@nycomprdfstlaigns HS towér wiheraie tiemtmethpstt kmhers' ) of
any of ctaingsisés troaibining.thd \coigilt eowee admpiphe sigedi (54 cabpvé s minicnte neans
execut ablreitdge mvepr ocessor of the device (10) of claim 18 for inplenenting
the nethod of any of clains 13 to 17. 33

18. A wireless communications device (10) comprising the power management

system (18') of any of claims 1 to 12.

19. A computer readable medium comprising code means executable by a

processor of the device (10) of claim 18 for implementing the method of any of
claims 13 to 17.
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