; @ABCe3e) v&xxy4{$| ~6" TvOTTitl e: Method and Apparatus for |nproving Power
Anplifier Efficiency in Wrel ess Conmuni cati on Systens Having H gh Peak to
Average Power Ratios Field of the Invention 5 [8001] This invention rel ates
to wirel ess comuni cation devices. Mre particularly, it relates to a
met’hod and apparatus for inproving power anplifier efficiency in wreless
communi cation systens having variable Transmt power in a | arge range

and/ or high peak to average power ratios. Background of the Invention 10

[ 0002] Handhel d wirel ess comruni cati on devi ces and other types of mﬁreless

transmtters are typically powered by one or nore i n r| es.
maj or perTﬂerMﬂﬁmdcandtMP%#“ﬁ(ﬁW ISR Rving \Foves A'%Pltﬂl‘?éﬁ "‘tyéps'& fqigee V\/m ch

is typically t&fn@‘?-l A h EakWh AVBrddagdvadrireitiosw | | power

t he device oneg Si ng rLéfs dge@portal on of etlgjaéttery power is consuned
in a power anmplifier sectlon of the w reless 15 device's transmtter. The
power anplifier section anplifies the power of a signal to be transmtted

froma CR ﬁhélﬂ%ﬁ JPIQW internal power level to a substantially higher
power Iev eqU| re or wireless conmunication with renote base stations
and of CeSThIsm?ﬁ\%HnBE Fé’lﬁtel@.o‘t@rwﬁélﬂbsfd:cﬁﬁmﬁﬁfdaﬂbﬂndwlcﬂ More
general I transmtter efficiency, wuld re ower consuatﬁgéltfop and
|ncreasepmlt3tl|@rly iti ﬁéafe?dﬂ[&)@t%!t%@@éra?%wﬁ ﬁé'r“@ quing, PRYEG M8 system

that proyisdese) rﬁpmﬁé?ééspﬁfﬁhuﬁﬁﬁtdnf kpiterfé fHanngn@ahab(H tremsmit pemer ahl
i nproved transmtter efficiency the Invention [D004] The

i nvent i olargs mﬁ@@d@fb&mﬁWﬁaﬁ@'ﬁéﬁP%é%%’H?t hat supplies a variable power
supply signal to a power anplification stage of an output power 25

anmplifi c%bpé}nhhggnmmaewdnel ess communi cations device. The desired power
of an anplified transm ssion signal, that is produced by the power

ampl khi cpg UDQ!‘ st a%ndhéld&ﬁ'té}é@t @ﬂnmudlcumddé\ﬂcesaaud tiver pypeer ofswipelegs vol t age

pover  anbRTSISIES citeshRlaNY ROveredhya PR Roery inBrdicbofsited. i8R o

power ! is E@ﬁb,ﬁg,ﬁg cﬁﬁgﬁgﬁ %rr&cﬁ Qedited RARGIr DatRenE e wma:l'fastttﬁiucallylfdeﬁmmt asn
si gna

or 1 nstance, | east one of a tenperature in ? t] on/_\ﬂr Qal a
battory EBrime PEHO (oG HAYChAE PEHEY SHLPBPR I FRUGE Y 60 Raorar ATrES
communi CahhRRSofdsicr poRBr REcoifithddoinaa poel ahip fl@SEemhedf theswireléss power
| evel to provide nore accurate control of the u lQr%0005]
In albi rglﬁwaepé@ttsmtﬂ% ThevraVs! GNRIFies seplign é"wB &%Eﬁﬁﬂ %g?@t% for
provi di “era\ RsMleatPdh. apeaﬁgaégoétwo@hme%i bewap lévét RVl SebMEintalplhigheer bl ock
in a wireless conmuni cati evi ce power nanag enrent@ggstem C ri ses

an aver agewppisye! mquirehfat wmmsﬁdlﬂmw&q?@t%rw'ﬁbrr@m%ﬁ hase sighirrs ABAOMST si gnal
and an 1 BRmork RRnaiy aBe temsmitedt
transmt%8%$alg'fpr%ﬁﬁé%§éljﬁgﬁggﬁ fg{eg he gponsoe '?%nat Feast one of a
pover corfficiEncy nstuldcedusa mnabnmwﬂ&"rﬁ@denﬁfﬁﬁ%bﬁjw &t r engt h i ndi cat or
sign viro g f pRvide@afipra28 power

envi %b rriﬁ?@ﬁ i nf %Eﬂ&?%é'% ?lén'l'ée'd 1‘aFa%’Qﬁéh\d{hagevei adjﬁ{ﬁst menit‘ gener at or
connect egnfplifiehefficienty; onmers @nﬂﬁl’yswnpmmdtmwmé?rcﬁﬁ igieny- a power supply 15
| evel adjustnent signal in response to a data paraneter indication of a

baseband | amto be transmitted by the wirel ess
nd ARG 12 beRlibh . .

conmuni ¢ e an e at | east one environnental information signal;

and, suppl fm &ad seppiescant r ol

Bl ockc f okoipei ar i FRERGTBRFERE S powds hemiBLAant Bpem e Lgu?"ut over

anpl i fi ervashblekpower esgon s@ned ta acpmernamptiﬁcatmnt ﬁ'@gﬁv‘éfr g B“tdB%‘t' fed

tran a af ar a
sjrgat Iggw"t@lFaﬁdrrgﬂggrad?da W}EI Q%hlﬁl?m ganéettéﬁlce dthesctémti (soven

conbi N CORtFo sl gha an altered verS|on of the power
supply | eatmiallfadjttthNMOrsslgnall that G0 pejdurad byrihe ROVRE AMRITSANY, Fagh; {©

conpri se f r dbd @ the edpeat at ure
i nf or mat ﬁ?ﬁ'”@i di@&ég{) tv%% @ﬁr%@ggﬁv@tﬁgeggﬁeﬁv‘?tﬂnment al | (r]t?or mat i on
si gnal , tﬁmérerﬁa@}&taw etoi méduomtpmrsﬂgmalmbﬁtmglqwfat@'ﬂplﬂ fieatige f@8Berat ure
of the hardware of the wireless commnications device; and, a battery
condition sensor for providing a battery condition information signal as
part of the at |east one environmentat limformation signal, the battery
condition information signal being related to a battery used to power the
Wi rel ess conmuni cati on device. A




30 frequency information signal related to the frequency at which the
baseband outgoing 2 data streamw ||l be transmtted may al so be

i ncluded as part of the environnental information signal. [0007] The
average power and gain control block nmay conprise an average power |evel
bl ock for generating the average desired transmt power signal, and a 5
gain control block connected to the average power |evel block for
generating the gain control signal. Further, the power supply neans

i ncl udes a power supply control block for providing a power control signal
and a switch converter connected to the power su pI\H/ cont{ol |b|%\(,:\§?é or
provi di ngdeantagenuisybthe exfinated dppired BowRlalS 2diusied RSHRIENG1G #i'eh control
signal, and wherejn: : i gasteehe tbft 8 grotves 10
supply | 80N 'ﬁé?ﬁ@%&%@ﬁﬁ%lgﬁg?p‘#%ﬂ r}%ﬁ)@ﬁdf&rﬁg t he vari abl iedmo r, supply
si gnal t mfgrveationt sgnal pavieattegmebnditien siinat kandn thee SRSHLBES thF"é‘eBg\f’r‘\gfr’i%‘?i on of
t he average, desir Lransi shgn |Idﬂ|‘ib aQneresiviéy deeired

adj ust maWﬂeL%San%qn?'q[’éﬁ%ﬁr{%ﬁj?@?%g{apvﬂé ;/'@ E(ti ﬁgd%omrrﬁsup_pl | evel adj ust nment
gener gt opowaniepsidd poevidenmatet actite cerirad i BIE ROWET SRR S'Ql]épl y | evel

adj ust ne | gnal r,di tQ.t ' : | sHeplenp cQ¥tedefbr by t he
aver age B‘iﬂ@j‘ and @gﬁﬁst%gﬁ?crtbtﬁeglfl%g%?ﬂ @.ﬁgld?ﬁgq{)%vﬁrmsu%pl fnmgn%ancz conpri ses:
a sunmer prafidies tedatiable pevwey aupply Povairtoant ogtiuh RO rsNPIEED n@ fhe
power supply |l evel adju Qe ﬁéﬂ"@?ﬁ' bdmpsidlst @h si gnal
and t he g‘ﬁ@éﬁd“%%“@?ﬁég‘?ﬁv &pgﬁﬁeétpg&gtﬁﬁ@al evelé}gdﬁ%&rﬁgﬁﬁnsi nal to
gener at e aRefdgSpowaneaid gaim cottradibgekl for sprovitinged gai Aol E9ral W a0 nmer

far receiving 20 the first power .cont | I tddgkr Bigesond
power Ocof¥f es‘%gsl‘{gﬁ;"aé‘sgw 6% erc%'ﬁ'\?ge‘r gﬁeélr aﬁ%ﬁﬁ%é’? g@gdt g%{i ﬁ@ﬁ_cﬂl i pr;er@f or

r ecei Vi ngelngeganeried Tomspotsesiogn abash e g mepaner mgntreldnstaatian | R R suppl y

signal; and, a reverse nmapper. conne t i
] ot e Aregeed SUBR SroiBUssar 5885 Bn v ind Rt tersiPRK Rriielidng
recei Vi Nt 3@ &N¥he UMROHMENIRI Gifatmativh aignal; t@mesier cxupplyn leyel @esyReH

trol 25 t ti | d t ' 4 ' | |,
Che T overaoaeripRngFEY BelnGhuERTRanaL asof ot Bt RRRindd atnleF ool 07
clippgr agje E%ggeﬁti §igA4l ihqezggél ioppeiatd paramstersindivation &f gebasshansce of

h i . f bl i | . af
i ntal h ataRmARaIstEApURAE Ep e Poite wEHBTLC e ERtdh Ak 8 S, 0

Further, fhe. pOKEendfbrslinforistonagignestament mewersapply megnsheonngstashent ed
ohch Bnvitodheswerane pener 8aE caR dniol Blopk Tof Poyidh aveBBle pborbpphyied Tor
signal to the output power amplifier block in response to a combination of the average
20 desired transmit power signal and the power supply leve! 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
25  environmental information signal, the temperature information signal 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 baitery condition information
signal being related to a battery used to power the wireless communication device. A
30 frequency information signal related to the frequency at which the baseband putgoing




30 signal and the data paraneter indication, and the outputs of each

| ook-up table are conbined to generate the power supply |evel adjustnent
signal. Alternatively, at |east one of the | ook-up tables nay be

i npl enented by a corresponding fornula. [0010] Further, the power supply
block is calibrated by: (i) transmtting the wirel ess device radio signals
at a constant power |level fromthe wireless conmunication device while
nonitoring an Adjacent Channel Power Ratio (ACPR); (ii) reducing the

magni tude of the variable power supply signal while naintaining const ant

out put power in the wreless device radio sign reco
mggltugéaﬁfﬁfw ydb badranspiied mayAisq bg; igpiyfe %@&%8‘4?&6@ 8"‘fgﬂ¥?ﬁeased
to a pre,mt,ﬁ,h%mm gn target; (iv) increasing the output power of the
wi rel ess device radi o signals and repeat S éi) to .gi :.ﬁl‘\% for several
Ut put - pEWRRT] | cvelle iREEY DpWEloRORGERC] BoSK TTARTEHe? AL ARG o
deriving Bﬁ@ri&?’\é@bloﬂe‘ew géne?bw thef werﬁwuéaréd ﬂQnérﬁiﬁ p&Wet eRynapranar aer .

[ 0011 Thg power supply

further be cal, brated %ﬁt %ﬂrﬂ%}@ﬁe eating
st eps5( i patncconirpl loek ewnertsr i |ﬂ1lEf avesage ppwen level Rigsknianesngara Bs to
obt ai n agagt}/@ SRR FR éF e Ing&rt%@? s thMdes #PoWEF Sty sattice bfdekt i ng on

t he aver uncti 9 urther, the power su | evel
adj ust mefar ;yewdmata)powsr mtmbmn@kjab%f a Wltqfl SONVEHEN G@Wf‘-ﬁ@ @v@\é RAY1 y
| evel | adhERhy S BRELM 5o e Vahathe POIENsGRAP SEnan @ubante pomer

arrpllfle 0 operate at west transm ssion power 0| nt:; (Ix
cal i br at ipowet hentral amsmi. S gheprindie Dewen SUPRYY reeATSUS CBBWE fo thep put

pover OcusPyY Fiver it BohdoP K Al ?’ﬁ‘gﬁ{aﬁe@"oﬁut%ﬁ?"@%{ﬁuﬁﬁg The

aver age [oonpmst ploemelantq:lvllﬁek blooll in segtiange tthi s combiaation &f doe GUeRE g8 after
adj ust me?}anfgﬁ o(n%.\‘%@ﬁhgi?c{)ﬁ%tqm&é?ts élg?e\%?‘é@bsmlsbgnhﬂe' adj ust ment

generato rans i on l evel to a val ue slightly
bel ow t he[ooaa]ger pummataraiy) the poger |s)1pwlmd¢\@gdn@tmm gereietopcan pEoduce

Speci 11 ot MRS eSO bRt By oL aRSmieft slobal Socafdihg e gainfRy! mum
the i1Bvenjonpol $igmliplesded hptﬁmwmg'snmwndggain&mi Blocle ol BaR v
devi ce t RUPPCEERIBSRRTRE R HUMESE 3000 e P Bl £v3% PR kPGS
control block and the power supply level adjustment generator for summing the gain
control signal and the altered version of the power supply level adjustment signal to
generate a first power control signal; a clipper connected to the summer for receiving
20  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 o 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
25  signal respectively and generafing 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

30 supply level adjustment generator may be implemented by a plurality of look-up
tables, wheroin one lock-up table is provided for each environmental information
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radio signal and transmits an outgoing data streamin a wreless device
radi o signal, the nethod conprising: (a) detecting at |east one of a signal
strength of the base station radio 10 signal to produce a received signal
strength indicator signal, and a power control instruction signal in the
base station radio signal; (b) generating an average desired transmt power
signal in response to at | east one of the received signal strength

i ndi cator signal and the power control instruction signal; 15 (c)
generating at |east one environnmental information signal for obtaining

i nformati on about the environnent of the wrel ess compg&ogat [ %@‘} devi ce;
(d) genesignal rapdahe clats psnamﬂt@r indigationa @nd Jbenoitruly ghese dPo 8% a

araneter_1in t e at Rlasf0 | east
gne enw?%ﬁ‘r&%‘f% é%{%%rtm on sgﬁa}p&&%g& Héﬁﬁ!éﬁ{rlnf\%mgﬁlgw;ftthg aver age
desi red trenaistive togkeupetabissgnay bamdplemnwd\Wra §Qr£ﬁﬂp9“qh@9é¢m%ﬁ ust ment si gnal
or a gai &(ﬁ trol FP@ﬁé}a{he %e?gﬂﬁlliﬁfoﬁﬁi VEHiblafy |E the povver supply level

adj ust e gnal generate t | abl e power “supply naI i? gain
cont r®l si gngl) beiragsridirigvibe ViERlerssdryicenragio sigpae 26 Ao QBTAN BOHEE JFVeh g

signal strength | gheRk i SbarShmidaln ARNRE WK FRhits R eHAdBRaei onal

and providing the ower su signal to the output power
anplifier block. [Rbadd F&nmuﬂam» (A‘BF‘Rhe nmet hod preferably includes at |east

Cemper at ur & 3 of MBS Bitbry e LRIC hodl ol AR WRETS

providing -5 5 HhirkinkQ aﬁswneoumnpmmmnéhe wfraiem_ﬂ?wﬁe sadip gignals; part of

batt 80y condi @on FerURAdET Biraaltiier s fehlerBiker, forely SRRSLAMGRME

Wi rel ess communi Cwﬂmaaﬁmrmeamamrmpemﬁ@ ‘ﬂml‘b'arg@,ry condi tion

;P;ﬁ;{mt ;ﬁg, S(iiv nalinc?ga EheOfouttpﬂ ower | SPRe ANGIE8VdRRTRRIA signalsOaRBtL | On
repeating steps (i) to (iii) for several output power levels; and,

(v)  compuiing an ideal transfer function for deriving the power control signal

.5 for controlling the switch converter.
[0011]) The power supply block may further be calibrated by:

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

(viiy performing curve fitting on the average transfer function.

20 [0012] Further, the power supply level adjustment generator is calibrated by:

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

(x) calibrating the transmission power until the output power of the output

25 power amplifier block slightly exceeds a target power determined for a
nower supply voltage level;

() 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,

30 (xi) adjusting the transmission power ievel to a vaiue slightly below the

target power; and,




(iii1) generating a frequency information signal related to the frequency at
which the outgoing data streamis transmtted and providing the frequency
informati on signal as part of the at |east one environmental information
signal. [0015] Step (e) of the method may include: (iv) conbining the
average desired transmt power signal and the power supply |evel adjustnent
signal to generate a power control signal; and, (v) converting the power
control signal into the variable power supply signal. [0016] Alternatively,
step (e) of the nethod may include: (iv) adding an altered version of the
power supply |evel ad ust nent gn and the gain contral gnal t.o provide
a first powerXBonffes§ %”%H%ﬁ Vaﬁ'ﬁe‘:‘fameelfr@ﬁs‘vﬁﬁg’f‘oHOW'F” ﬁ‘ﬁ@l F%\%FEP&@ Wy Ievel
adj ust ment  si gnal gl MginAe RS aitkd MasRdmospddirddpdnanaission miweripdigas n
control signal; (v) C|Ipplng the first power control signal to provide a
second pomer contﬁ%ﬁ°h§ﬁgnal and, (vi) converting the second power contr ol

si gnal Et? he V?ﬁ'a%'a Har PAVMRLL, flﬁ@ﬁwetﬁlcﬂnﬁllowdegoéﬂetﬁbﬂpoi( ¥ippl ﬁbusles may

further rably include providing a clipper adjustnent si t 0 adj ust

clippp ngvpraalﬂmw SuRPly Gidnghde AU PURURIWeS | YReifies hiRgk dﬁngr‘éﬂr@'&sﬁ n
response Bﬁwﬁ:n&%ﬂ@ﬁé‘&é&;@é‘ﬂ% redead mﬁﬁmgaha@ ﬁf@dm Fftfin Abadd efadinver si on

of the gain control gnal . t1on, the nethod y further conprise

mai nt ai nlraﬁbo ﬁiﬂeak@nd ﬁmwmwtsawpl%at%ﬁw '%BW@'%W%Y'%FFI%PW&@ | evel .
-~6 ., Br mltgﬂ% %rhgof the Draw ngs [0018] For a better understanding
of the |nven Ion an to Show nore clearly how it may be carried into
effect, refer@ce dﬁtedtlngcﬂh Isastnerie of By sipag! ﬁfe"@i'ar?ﬁltbed}ﬂs? station fedio

accogganyi ng_dr avighgs, Wi £ho ShoW RXEUDA AfdhaF EREAINERERaR]: Gibfal kenki on and

inb5 ich: Fi gure agram an ex ary errbodl ment of a
power nmanagement m@emmwl instinctien signaldo thabascastpbionsragia sigeal Figure 2 is

mor e det ai | ed (o] ?;r?srﬁzﬂ tiaPe@borEetiarst 1; 10
Fi gure 3 is a 3 6# gﬂ%gét ra ‘?eﬁégﬁﬁgg}rﬁ{tr Ion Eﬁﬁgi)gég@eﬁ th'gol nst ant aneous
nexi mum power r equéast dneyofdhe oesnivesingigndl istrength indigatorbigsal ahEPAWRT on

devi ce and the power d to the power anplifier; Figure 4 is a
bl ock di agram of aCifl’B rﬁHBgté%@h%rY%n%? of a power nmanagenent systemfor a

Wi relgss conmigi thaneraianea'cl least drie Emgtmme!ﬁtalsnfarrbﬂmslgﬁab rﬁ'-‘liﬁinii\ﬁot her
enbodi ment of a

device; Figure 6 |‘§ émgﬁ F&P& %ﬁy m aﬁ'geﬁg% W\A@ggr‘\ﬁ a desired
power |evel and a qQwel control si gnal accordl ng to the enbodl ment of
s Gaes ESo Brobae S R Rl =
parameter indication of a baseband outgoing data stream and the at
20 least one environmental information signal; and,
(e) combining one of tt:e 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 adju_stment signal to generate
the variable power supply signal, the gain control signal beinyg derived
25 based 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 black,
[0014] Step () of the method preferably includes at least one of:
‘(i) generating a temperature information signal related to the temperature
30 of the hardware of the wireless communications device and providing




Figure 7b is a flow chart showi ng the steps of a second calibration nethod
used to calibrate the power nanagenent system Detail ed Description of
Exenpl ary Enbodi ments [0019] In the foll ow ng detail ed description,
nunmerous specific details are set 25 forth in order to provide a thorough
under standi ng of the invention. However, it will be understood by those of
ordinary skill in the art that the invention may be practiced w thout these
specific details. In other instances, well-known nethods, procedures and
conponent s have not been described in detail so as not to obscure the

invention. [0D20] As is well understood, .a wireless ¢ ni,cati.on evi ce

generates an 30 | fterigalremives é'i‘fQHHP“‘i’mét'Q’i%m 7% aﬂ%‘%n’ ?fgﬂeyu%’(i ﬁ%ésg §5gi 0

transmtter. The %ﬁbﬁ?ﬁ&ﬂﬂl infoRmatiort ¥@hg@! | y a conparatively low frequency

signal that is generally referred to as a _baseband si %nfl. he %ﬁ?ﬁband
eialgd §o m GATYY

signal is mx@H wigeneeativara ibattery; epnditioRaipforgagon anal

frequency 1o prodygeqdolidiiks ihe wikflest! eituniEaoris’ devaed ani providingdhei s

anplified in one or mare anplification stages of an oi,Jt ﬁut ﬁwer 5

anpl i §i cati on bl odkattesy mosdiiien wormasions ple@at @anpaitsef 4 esﬁg ES REE i s

sufficiently povergd; sa.Lha ‘"h&’mhﬁ°'ﬂ,§§ﬁ‘i‘"ygﬁdw th little or no data |l oss at
ther co

a renote base station or ano mmini cation device, | 0211]3 T i(r:élly,
the anplifi caiijon genegdingod frelquerey ermssina sighab reletechiq Bie B %‘é‘%cﬁ | ude a
pre-anplification st. o] UGLNO B2 MR sii®sh tdran pidvigingnthel gnal
10 and a power a Iﬁ'?‘??’é‘%i é%tgéﬁggg%%o:rﬁagr odhci ngst ﬁe anplified tfgar%sm' ssion
signal . The anpl i fireraienoy infenrationfsignas asrrarhabiher alcleaplonne eayEenmaental
contralled using a 1D | block which is typically inplenmented via a
gai n€ntroll er. fﬂ@ﬂgﬁ%ﬁg%@%ﬂ on level is generally set using various
open and/[oa18]! osedSiepde) ofehdro@dhodonayietigded ni ng the desired power |evel of
the anplified,transni ssi i , s Infslyaf al lzMaStReSshwedr si gnal
is then anpli f¥ed %‘?'ﬂmgﬁhé@g’gﬁd&%%g%ﬁgl ﬁ?ﬁ:@% ip%lr'lﬁstsilgg]e to ,gene?at e the
anpl i fied transni ssipply lsvgrajustiién sigriahtcogenenaispoprwerAeptol§ignali B st age i s

typically fixed but . ith d . T.
apl i cati on Wt ageorvenipbihd plivareqnll) SGH i WP Laink B Bower sipo Bl
transy ss[bg-m]si gnahitdridivelyasteblie) ofmis¢ methadeaoasinalagdenum power that may be

required for “transm ssion. 20 [0022] T. boy r - hengnkpr the
power anplifi &¥ti oPAHRGEE W‘{)éeré e %ﬁﬁﬁp@%eﬁ SQBWr‘g?éleg'{s&j é@lﬁ.cegﬁg whi ch
t he arrFI i fi ed t rap§m;/\hg§§ ﬁﬂinﬁécﬁmﬁi ?ig?gis%;nmvhe\@ﬂmt Ipmge cdpinelnsignala titfe o:‘
power |evels, or in ich the a ied transniss . y | ow
peak-t o- aver age poﬂl&ﬁ"’eﬁa‘fqré‘cﬂpﬂg%ﬁ pPW%\Fé‘P?R'I VﬁL%@%&@%@ S[ﬁ%l an'r%ﬁfi ed
Er ansm ssi gnt Si gnabeﬁ@igte?#a?éﬂgndy@ﬁ@ﬁ@tigﬁggmecgahfomml 2@gnbkvel s, rhn or dter

0 accommpdate a signa at has a hi - e OF ren
t ypes2f si gnd¥)s tﬁ@'%@eﬁﬁ@é’cﬂ‘ﬁf@fﬂﬂ&m%it?é’ﬁo"bcg%\g%gﬁ@%ﬂe)ﬂ@h%ngs Alofferent
PAPRs. The power apghkfigpgtion stage nust be capable of generating an
anplified transm sSron’sighal such that the hjghest .instantan r
| evel desired (fipr soyverting the Fecend &&M@fr%“gol) ’gc“ﬁje "E)tas%'ﬁa%%'aggj}og%gf is
present in the anpghéﬁlfggﬁgft ransm ssi on signal is always acconmodat ed.

i oha

Accordi ngly, in conveEn power managenent schenes, the. power .

anpl i fi cappoam] st ag&ters (@)l inslusieproay dedhed PWf%TaE'g_'“gﬁ‘ﬁ’ﬁxPWﬂﬁ"%uﬁ?ppc‘)'}fr power
suppl y_vol tage that is. sSUffi.Cl f EiRE it adjgaeehf sadanbaingum
insta%@ anédH W@"Fgweg&nﬁoﬁggég,%%@%%f’ t he ??k?r'e jt he act.ual

i nst ant angentsrataviarespyree tofa chambimation faf &g enviresmests! signgl g%'i'mafhﬁiferﬁg wel |
bel ow the specifjed naxi ' ntan OMR' meftYd midienebyr lceadirizg to

i neffici eH?'}%Eﬂ.‘)"ePéi HE g&"%drlle%%%%\llve& gﬁ%ﬁ?@i cat gr_] sta dgfeduii ng signal
transni sspfintaifitg R catablp power supply siguatabovi @ PEWBEMNRIRPT 1P s

di ssipated as heat or otherwi se |lost. [D023] The invention provides a power
managenment systemthat supplies a variable power supply signal to a power
anplification stage of an output power anplification block of a wireless
comuni cati ons device. The desired power of an

B -



10 anplified transm ssion signal, that is produced by the power
anplification stage, is estinmated and used to vary the power supply |evel
to the power anplifier to reduce power loss in the power anplification
stage. Advantageously, to increase accuracy, the estinmated desired power is
al so based on at |east one environnental information signal as is further
di scussed below. 15 [Q)24] Reference is first nade to Figure 1, which shows
a bl ack diagram of a wirel ess conmunications device 10 having a data
transm ssion block 12, an antenna 14, a receiver 16 and a power nanagemnent
system 18. The w rel ess comuni cati ons device 10 may be any type of
wi r el ess BrisfiRaneriptioneithg &FaWiassuch as an e-mail enabl ed personal data
assistant, a cellular phone, a portab (of0) ter 0 .etc. Fi hows a
first exdMPBry erfioh@inadge Uﬁqe@tﬁﬁd'ﬂ%&%ed‘é‘fggmm ?%?)?[“émci agé@oei 'ng to
t he i nvertd ap: rﬁ,{,rg@ég Nl ABR MR natd BY ey bf gurssle ohpPRGheThe
dat a traﬁqs%%lg? g%]rﬁg{i (')c 12t1r?§grﬁ1§smgﬁba\ggba d _dgvi ge %O%Ir.ﬂlgn upconver si on
bl ock 22 aceerdpanyingudiawingsovkieh shew iexﬁ'Ba'@DbﬁmBPﬁ'EW%Pf R -"(‘?Brﬂf'r i on
bl ock522 iHi‘ .udes a digital -to-anal og converter (DAC) 26 and a m xer 28.
The out ptﬂ power anplification block 24 includes a pre- an'?l ifier 30, a
filter 32 (whFigore sl dpta dieak) diaghemaoh@Reexempiary jedpbosiment, oF 7 POWR| i f er
30 and t e, flbhht 3fibARbe ERitelddicedfidibhiont Gticen stage and the power
I'npl enent's t

anplifie e power anplification stage, The r'ff-cei ver 16
i ncl udes a pofigure 8ris muire dtetailed dileak Pagrags of heRAWRSHNINAGIRIN S¥StEHLEe
skilled in thel,art, for providing power control information for the output
power 30 é%?ifi cation black 24. -9 (0026] The power nmnagenent system 18
i ncl udes an aFigusys poregraphdilydiating dhe relatiBpgir bRivesn ﬁ%é’?st@ﬁﬁﬂ? 9 evel
adj ust ment r i i inhlirfidation @fideonal ),
and a poﬁ?’g'ggﬁpﬁé‘ﬁﬁe%gg'r%Sgﬁ%&gévﬁg@%gﬁtg?ﬁgﬂgsﬁgpn control bl ock 36
provi des ghdgbé powensupgly pioyidet! e thet powai@mliBeranpl i fier 30 and 5 an aver age

desired transmt wer_ si.gn t ?ﬁ’é}ﬁl aNSr hanad@fedai n
control si gnalr'p'gé‘ﬁglas'sﬁ@b?ﬁ@kg?%"tqgghgﬁleef)gﬁﬁop ier c)SfOEITFo control the gain
of the prgamph fdriewirdRss Ehmmuneatioss dedéaied transnit power signal 46 is

gener at ed based on . at | east one. of r ' ' i } 48
Ina it ccei ves ik & BREh sfiFef ar duBBiET ErfBimell 4 powet nahagemRal <
recei ver dfArhaserch aiteRigratmnuniatibnedetige;t he 10 wirel ess communi cations

devi ce 10." The_power, supply neans. 42 a . i ONEF: el

adj ust ment  si gigHre $Hiscg Q%F%('h'g&tﬁﬁgg %Q%t%ﬁ@‘;ﬁ%@@e‘?{qu’ﬁ?‘?@tHnﬁﬂea eng)rf é%\%?l 38

and forr})iékﬁfatpgﬁea&@{tameigﬁemclmeggﬁgmamemugdmmntsafgigare 46 and the power |

supply level adjustnent signa to provide.a var . si gna

54 to the powdtgwApIa isiflow %2?“ BhQwing th Hters of @ %&@@#@ﬁﬂﬁﬁ@{hﬁaﬁggﬁse to

i nputzghaggﬁgdté%é' E%édﬂnﬁﬁaééiﬁerﬂ%\}%nﬁ@ﬁﬁf ol instruction signal 48 which is
.2

updat'ed every ms. The power supply |evel adjust . 8

det er ni nes t heFigwigi th na) floyy phart ﬁﬁﬂwﬁ‘ﬂr%% Bf/\atﬁ?gw‘g\%te"%'%ﬂ%%ﬁ@%g@el

adj ust rrenPS&jQ, “P,F%e Q@ﬁﬁﬂmg%%@sygﬁgﬁ and data rate of. the data that
oy ; .

is to be transm e communi cati ons device 10. The power supply

| evel adjustment signal 52 _can al sg ghaf err%bly vari ed according to other 20
par anet er Detailed Descupton hRExePRRNLEMBRARIMSNS oy the i ke that are descri bed

in further detail below, [0027] The w relgss i I {C
comuni caf®d9%hi t h s ©lgYEY iﬁlt%f[éido %scggﬁ%d&grﬁ%pj& %&F@gsﬁﬂ%ﬁrﬁtwi 0
fi gnabgt t rib&.@ﬁmoﬁ%?% am;}idg_eé: mqv@jbtfun%dgﬁ?ﬁmhgmﬁme;?vem. evigver dowilh rii’§t 58
rans ase station radio signals ¢ at .ar v .anRt enna
14 and pr codersEedpyy thﬁ’éer@c@ﬁ‘\rf‘gw sl frbtr@x‘i"% éﬁﬁagt'@;@ﬁg%rﬁ%e%}é %@%‘%ﬂ
furt her deafbLDRHsB YR8 Wt ah iRt instanedh analskrowre hetitadss pronechtisuar d
i nk. e W reless comuni cations device al so n I evi ce
radi o si grmat cosponents Hi'é%ﬂ@bb%qrh@?%ﬁge‘g@" ‘i}e?tﬁ'h'?‘f A2 ngﬁfé’e%?gh%4%@§ﬂg§?'a pat h
t hat begi E@% t he /gg {s%@s%wj@aﬁ@mg devhosicatibrendevicelgenaratehdrbase

stations y be referred to as the reverse lin - t he
f or ward® | ilmkinel Hateosigesithetia FRASEEERS HAYS 2 LY 'Bgéa”c%ﬁ‘zﬁ%’f J'Fﬁeda%%géﬁﬂ Lﬁ", on

radio signals 60 and provides a received signal 64 to the receiver 16. The
receiver 1B wll typically include several functional blocks, as is
Conmonly known to those skilled in the art, to convert the received signal
B4 into a digital signal and to 5 process the received signal 64 to renpve
noi se, to perform down-conversion or denodul ation, and the like. In many
communi cations systens, including the 15-95 Code Domain Multiple Access
(CMA) standard and subsequent comruni cations standards, the base stations
58 may transmit a series of power control instructions in the power control
instruction signal 48 as part of the received signal 64. The power 1 D

. e o e o . " o o o o o, A~ 2




20 or is too weak to be used, the base station 58 may instruct the wrel ess
conmuni cations device 1D to increase the power of the wreless device radio
signal 62. This type of power control is typically referred to as reverse
link closed | oop power control. [p029] Some wi rel ess conmunication systens,
i ncl udi ng systens which 25 operate under the | S-95 CDVA standard and
subsequent standards, may al so use reverse |ink open | oop power control.
Qpen | oop power control is performed by neasuring the signal strength of
the base station radio signal 60 received by the w reless comuni cations

device 10. If the signal strength of the e station radio sian 6D is
hi gh, t Hipically ias camparatively Haw wmﬂve‘?'@??a*ﬁ%trﬂ%ﬂ%%?\%ﬁ%e%@ *g’egléog may 3D
transm ttfééé apa rﬁg RS THE VibduebhAdl <g il gBaMGRA With ha Iuawwr ﬁgnﬂnbahn@rai
conver se signal strength of the base stati o aasé\?s&i%q 62 is

| ow, t hesuhstantlgilmmdreﬁhamm tecprogyce a tipRsppizsian &aﬂa
mist be()%b%%\,\gse fleﬁaﬁ'r' o'i'lgeopgﬁ@rer afhdlineaddn @ade® oh #n uﬁﬁ tepﬁwern Thl s

open |l o IS based on the assunptions tf] thé éfn F& ase
r adi cﬁstahphfmaﬁanlmowrtﬂrwnﬂwﬁ ag amidified sikargmeiesion §iaeR!othet &h3HimgsnllY «
appr oxi I Bk 1okd it  REn@biakeadtatsh of the
base stg&%"gﬂ%g%%q %@mssi '%Icgiloééé‘% I ti';éilﬂ'l]"mé)rvvar(ltlj link will be about the sane
as the aamtﬂherad:ommumbaﬂldnedwmel ess device radio signal 6Z in the reverse

o T PSATYY S A Ao st

confi gur ope 0 an open and cl osed | oop, power contr ol

schene. {Feridendpri-amplification tslt@a Wmdt@mgcarpfﬁémmq SRS SN o

accordin 0 an o I ¥Rei ver 16

roast e SR B ERBr g BBy e AERERE MOSRESER P! TR

recei vedampgrﬁttoatlemmfhhe pré-aaplification reinad s cprtealiedi wing 2 @8l FRRIAved

si gnal r th in |c:at S| S th of
@Fgg\{w is ypical Hwé%n%geé%&?éﬁﬁF&BH@@IIE‘%"T%"S@I:@MM {LyaNg

the baseP S case he po cont rol
i nstruct b@ﬁ@an@@e’pesmgmemibummpemmndfcrtMmeﬂommpl methaslswtar detRTHRies; HRs

(derived from15 t%g,l?[\fegmf\éﬁfle Sé{'ﬂ’gﬁ‘ qSHah 09 %lddpdgi&?ﬂor-r@ yelarpfiieand

cl osed | §6PHHVRA are - enco e control channel in
the gBCeisagmash Sighl wtmaﬂlm;mﬂgdadtg;alﬁm the poweraprplitieation $idgedol oop

Corrections the power.control is base o

strength QPH@F@&E"@@@?IS‘F?&qra@ﬁm‘sf"‘@ﬁﬁﬁnﬁ\/a %ngghal '};}Rﬂdé nblﬁ?rgrtéoﬁ{t gﬁgb t he

Ipovver nan,aa%mpg, f"ﬁyéi HaMm&$ Valﬂlf vmmthsgpmgat eum:ﬂy:ddﬂvei nkhet powar epwiifieattPnc| osed
oop power “control scheme w e disc

{ dent | 11 eteas s IPoserd 80 that Hisan PToacE-Rh 2BPIRR aél?{?g%g? P‘é' &‘Qfﬁasa{h%

simlar fashigRedi! ssmehh mﬁﬂaﬁmglbfel redulr@fceltmnaglsam to Figure 2, the

aver age power an aln contr bl ack 36 | des_an p, ﬁﬁénll veI

bl aclk066 [09RR]a gal'ﬁlﬁﬂhﬂV?cﬂo“’GréﬂRP%@G @U?t eqql{ugrm&'g%ﬁ)% y“means 42 25

i ncludes @ g&%@{ AbR Ph Ywire ik ddvical |ﬁCvlﬂ1|€lDthphfmm ﬁr@drsmlesmarmgmalmoes[ 0032]

The receive extracts the power control iy truction fﬁ%}?”‘ﬁs passes

er

the si gna10t4l&\moat lregendyingic Janee Plepawep IB¥kS6ST Hned! 4l so
gener at eEr ﬁl‘%si&?%@gl ALY 2AlenPloheetio Ld@gyag@t;wwglrgthM)am{dwamse's t he

si gnal power” | evel bl ock

6, Th
bl ock 66 rnampases, meaamnwanwwpmmgn%ﬂ%@t 'iaEQeF éver 3 ﬂg&\gﬁfj P?ﬁgF
gggfp‘ggd t@' gﬁ{H tor@%r\jsg%*&oﬁn%dﬁ? 8'si Oﬁhﬁﬂﬁk h&d at Rgl§ @WFtR &traomcammmee

r signa w rel ess device --

si gnal fidiferépiypes bf/slglnhls ti'mtmayehﬂ\@l djﬁ%!’ﬁn%@@%‘i?@t ﬁ“‘l"ﬁ"dlef‘,’ﬁltso?ndsp'ggﬁgﬁn!t 50 is

used to set_an jnhitia rgdli tAtpR A fiedl i shed
bet ween t'ﬁ’éP&P JE“%EEWE ﬁw‘ﬁﬁi’cggﬁ Sie e\g?tce f%pgﬁ%n@e&g t%e l(:fggg‘;statl ons

58. AS t h@aminiistien Sigransuct that ithen bighest iDetan@neausBOWET 1VShPRH 8™ ace,

it may conmuni cate with differ t 4 M SRABNgSSed
hand- of f* dajat Wee Pt ﬂ%tab?fg@ ({ﬂ §%§ @%ﬁeﬁgshgg ?ETO facilitate this
" handg@f f {randi@Biohhsigialr &l emyemmmnMatMSAmdlﬂﬁlM@ F‘Pﬁ‘{ﬁnﬁ?"‘ﬁ "ns

communi cating wth a new base stati raogwa rodi@u® hwithl ack 66
reli es onMPRAIPRAERS %*bg"é?sga"z'fg %“t’“‘r’%’ng'{*ﬁﬁﬁ%ﬁé. ca?tagssl?gn\g to approxi mate
t he average desired transmt power si gnal 46. During ongoi ng conmuni cati on

bet ween




10 the wirel ess comuni cations device 10 and the base stations 58, the
average desired transmt power signal 46 is refined as instructions in the
power control instruction S|gnal 48 are received fromthe base stations 58.
The power control bits are "up” and "down" instructions which are tine
integrated and added to the open |oop power. Over tinme, the average desired
transmt power signal 46 may be refined 15 quite precisely to provide a

bal ance between sufficient power so that the wirel ess device radi o signal
62 may be received by one of the base stations 58 in a usable fornl(i. , it

is not corru ted or ecodabl e due i rfer | s or
due to h'é‘@?‘ M el Ogrf%ﬂwegﬁ@ﬁgy ¥s! a&ﬁotﬂé ﬁ%‘ﬁagﬁefo\%m%ﬁ@g? d gcr}:g radi o
si gnal 6gnd@Re Makimupi RekatRedis bo\oéhevelduuwem mumﬁtreaimmghwamuai he base

station 58 or other 2p conmunjcati vice 20
gener at eKISENANEEHS RAWBTIRYB: HdNe 2R E?‘ijgﬁ?ﬁn?‘ﬁs'?%sﬁgzqm g%wle@a&{’lg t@%e of
the base &ﬂéd%ﬁxuﬁr%m [AeRARtends gawéh@vélytn@rebﬁ lmfng U:Emtefﬁalent bperatiseband
devi ce 28 supports, the outgoing data tre # nﬁﬂ ﬁggg %ﬁg&? type
of dafa &f thﬁa?‘?WﬁK/@"m"f F@F’é‘n?taﬂgp@%r"lﬂ‘ S@&f“ SEW‘"T At ent® t9%

exanpl e, <G5 SRS i pAbGSmpErY Uisabaen ad ke osotemuialiostul tipl e functi ons
i ncl udi ng communi cat 1 on,. text I'TESS&gI ng ice.co ni cat.ion_and

ot her ex[@?éiad seﬂ?‘i‘ﬁdé&ent‘ﬁ"fﬁr@\“é‘?ﬁ agRAWAT BEN SYEGTR PR EUIRRIEE P ng and

modul at i & NRAvertidbiyhaiRaldid & adwdr ﬁﬁﬁ’ﬁd&ﬂ&zﬁ@é@‘ Icﬁtamwutdimrpmml e,
in CDVA, 9%(1/&563; ["ow éagt@brygte ?r affle‘f: has gh PAPR after é]lata rm{iul ation.

As the damplification; Heekgkaswirelpgs P%(PF@LW@F'@% gvigp Thi CREred PRWey ST 2
par aggt et gﬁ)}ﬂ@%ﬂrﬁﬁsrﬁ@»ﬁﬂﬁtﬁm thaeist f{rléﬁuégd BptiRe pBwkhampisedtiandstage, dei ng
|

data stré In rea provi des the data par amst}gr i ndic tlonto

-13 thesmmmd andpysied th oy tmdpwrm!Vg@r\@lrtaﬂbﬁ power ARG {9 [RAUFe and
more prefg pEha ﬁés W}ﬁ r%ﬁxﬁ@éﬁn htﬁﬂéC.&&wa@ﬁh%@nslgetoﬁh@wad@(hcdumeﬁtIy to

t he povve jUSt ment generator 38 ase@g q device 20 in
real -ti nmhe elstinoated tdlaelrar.bwwﬂrasmm Qﬂ?ﬁﬂé@tﬁtd@ﬂ%ﬂ%‘ebﬂ'ﬁ’gﬁﬁ’ﬁ&” NeaEN o ¢ he
power: supply, leve generator 38 and the use of dotted |lines
for the & 'ﬁ%u’s h’g@% H%E{P%’c%%jobre‘g and the correspondi ng connections. The
dat aqpar qnmﬂr i ndRafatenoe is first odele torffipurast, ivdicibahawreat HAORR & & ne
data nodul.ation_and th t t Bang Rglzd%hahrﬁéﬁlﬁam 76.
[0034] THEEERSPINRUYER {i‘g?n‘g&"é’g ﬁ”‘ rﬁeJa] Q?%Sﬁs prgéggiggg b;{_ the upl0

conver si ory bl clec@Ret 01 6orwndr & pMWentmaaagﬁmﬁeEmmg 1Fhailbg é‘ﬂ'ﬁedﬁﬁs si gnal

78. The DAC 2B first nverts the r 7 to an
anal og sFQHHP“"'%'@"%HﬁY'%%W&Wa‘PE P&ﬁ’ﬁg%?%'rgeég%ﬁﬁmgﬁ%&g‘ro rﬁi&e@%eﬁﬁﬂgcy by
the m xerae28 b9ndlr OsHIal péreomalalate assistput, astednkar phenehd partalle COWRYIET he

radio fre uency ran r th n the b

accord® i ‘écF iged %H‘@ %'? ?qa%gﬁ @SEE%ET“EA%@;?%F %g“gﬁ“ the
my ol 50 BrandFt hednr '.“gir‘y?“r‘ﬁe'q“'"bwmfgmfe e ned by £ e Gantmint cat | ons
St andar d 10A3%r whi The data tnsapiesian 5%}% 'E'ﬁ'f’ é‘%@ﬁam’fg{}gﬁer S?Esb whi ch
s vell h%&ﬁ’ﬁééﬁ&%ﬁom 2bhase af kuke hoiver bhplifistion Iotockdé. tThenyp-tonvsidon d be
not e a

w rel ess devices, includin I ar r
comruni catblogna2 m!w@.%élgﬂel-toar@‘qgaﬁ%rwﬁﬁ%&'{“%%@ w\?\n ﬂﬁ P evi ce
r adi ﬁ?eél \?\#‘?]ker%eﬁl ﬁgﬁyneb]g,gkam Hefudes ROprenapliianso, aimtér\mZt(mhmhnsmetwmfdh one
a

h band. (Q035
2l Ut menanderpeet GrABBerHbeT e BrasmAlT mimiﬁq‘)ﬁ@ oo e Bitscpane
out 001 N9 bS5 Mol SH3ER B SPWAIIoRIGER o puetr amplicaton

si gnal 528M sent enb power ply |ev eIl g@b\% ment
gener at or stage! ﬂmcmvﬁrAmmppéﬁ mmeé ﬁo'h"ﬁ%} dBE" ﬁ%ﬂ@hﬁ%t & Fymanly ﬁp
table. The | ook- S hfaRh&idnhidk thesoutpet powgyut ed
by conducid 185§ Q@Fesé ﬁﬁ“%% fé’?g?%/pe i ‘ra\glbggémtaoi)r'muni cation devi (F:)e.

Speci §p cabmylificativableekf2dc a data paraneter is selected, such as a

particul ar data rate test value, and given a fixed power supply level for
the power amplifier 34, the 30 headroomis observed. A power supply |evel
adjustnment value is then selected to reéig_ce the headroomto a m ni mal

| evel . "the adjustnent value is then entered into -14. the | ook-up table
and associated with the particular data rate test value. During operation,
the data paraneter indication (i.e. data type, data rate and data

nodul ation) are then used as indices into the | ook-up table to | ook up a
val ue for the power supply |level adjustnent signal 52. The power supply

| evel adjustnent signal 52 typically has




5 a higher than nomnal value if the data type requires a high data

bandwi dth for transm ssion. The power |evel adjustnent signal 52 can al so
be varied based on environmental factors which are described in further
detail below. The power |evel adjustnent signal 52 is also adjusted at the
upper and | ower edges of the frequency band in which the wirel ess device
radio signals 62 are transmtted due to the 70 characteristics of the
transmt chain. For exenplary purposes, the power |evel adjustnent signal
52 may range fromO to 9 dB dependi ng on the data type at a slew rate of
800 dB/ second. [0036 Typicall t he manuf r or_vendar 0 ey rel ess
comuni cE0R6hs deﬂ'h@epwrvﬁnﬁﬂg goneTtginsen By Lﬁjﬁﬁp@ %%lgﬁeg B&)év}/ermsuppl y

| evel ad%l‘.gﬁggﬁlra% [ plobkRN & R aﬁa\mv@{wumeﬁﬂgmmt@r 3&;lm51 paraméter power

| evel adfustrnent si gnal ferent data t nmodul and
dat a r at eetastondB| (waishos W@tlﬂ'i!ﬁi} @ﬂﬁt%ﬁ’@wﬁhﬁk‘PFﬁYé‘“ Ft%dﬁﬁeg‘é‘?r?%eégbggf]ow The

PAPR ToPES 53 o PfEHAEACE Brolided Bairf|Edrilicl siBRaI to the pre-ampitinrg asded by

follow n rati on rre descri bed furt e[szd%” .bel ow.
20 [0937hn Ianer@gealesmema’anwt poersignah 6 de th%ﬂW%ﬁé‘HP ¥ dpeans MWppet

may be 'gﬁ éiq.gaqtﬁis”&o%dﬁa”ta‘fﬁé‘ f@ gnﬁé? J0@ EsHu i ghinpobtienpen t he

vari ous pOVET Supp adj ust nent ner%;%r 341? and the
corres pogfh nﬁ}er\m J@e&fvetage qesined trﬁé%llt PQ‘GFU%B‘F‘\@rﬂG '§|%'i‘§fat PRThEP E{ han

using a bl T efd Rd 4 recved sipanestrenghal 46
I's suppl ’e@& tqt’i} ggﬁﬁ%n &rnfé(%f\ %%8 \?hl chrconvertg th age
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desi red t.{mngig:m\sanhaillggpuwldAQDVNIDQ)T@EUQT 16 basad-@)) Sighalh Spceie Wh@ gai n

trol block 68 t heseibee
cali Bar atressacamBya BBt BURE 0L T ol tE’%@Bﬁﬂa‘F‘évgﬁft the

ant enna gﬁmhau biy ieve!am.ﬁwmantelgmt i’iﬁh@ﬂa’ﬁh@rweerd*éﬂﬁﬁ%@vﬁé PeWoner
si gnal bI a gpeftpithes for
both non %Heﬁﬁtﬁ’fegé)ﬁ“i?é@""i Werg’h@gconf % aé%%;ag{é%rgrn?lgip ?@E[)]‘@% tnﬁg pre-anplifier
30 and t hpwerkippipidval adjustnfent signglcBlcto prayitle Bivevialde RoWEr ﬁUEP‘MaiEE@ Yy the
change in the power s a dhisndshe
povve? anpp ithe gpwglaam?ﬁ%?'@én}ééﬁ?f%ﬁ ' thﬁ%%b] rﬁjggn s Eﬁ‘%fspbﬁss@\fl\cf ﬁpg gnh dlfﬁl ng
f act qrsydqﬁélu&;ﬁ?\mé)gowér %dn&olémstejcmsa s@mm&mm isrpdaied; everv H2B 8% d M t he
recei ved signal strength. indicator s t spitter
power at REMErEapPeley a?ﬂl\éﬁﬁ’&" 8?9”3 ggﬁ%ﬂ@{s}glsnmtg hémﬁﬁdrﬁ%dwﬁé@l e are
cal cul at 35; ﬁ 9,]( mr@wp Lyelew(&dmsgnaﬂ signa iR baﬁﬁddmtﬁﬁ)ﬁiatél%?“ 0
whi ch are then fset thec nt rol t S ction
i gnal 4$iatmtﬁmj tap e g 1 ocnsa b s PP EHfeiaRruedee 105t
val ues WI qul %g,gt,@m 8di UEQM]SIQHaesmn alwpl préfeeablBariascatopeding teolREl og
ST

out put si gn fies under the contr i~ si gnal
44 t e(pr ophremeterprabichrgs PT\Y*&!I‘”!!?(.’)“Q rRAEMELL? cf’rpdohﬁnglfe g% tgﬁhera e%ﬁ%%é’ht rol
signal 44_i so that an increase or decrease in the average :
desired tﬁ”gﬁgﬁﬁlﬁ gév\gg signal 46 produces, a ? | i Prlﬂ? n'%r e%ftﬁ Rmdlgcrease
in the anmmzﬂ]catlﬁheoﬁlr@lﬁ@s APIPTENpRNRY d&?ﬂ?Pl f Unigass ro g

adj usti ngbésréestg%r{% & ahd BiHEr Se@ERd tHrbh BRio signals transmitted and received by

the antenna 14. The base stations 58 transmit base station radio signals 60 that are
25 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 be

30 referred to as the reverse link.
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[ 0040] The pre-anplified transm ssion signal 82 is filtered by the filter
32to 15 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 pre-amplifier 3D and prior stages of the wi reless comunicati ons device
10."” The specific characteristics of the filter 32 such as the passband
frequency range, the filter order and the like, will depend on the specific
pre-anplifier 30 and the prior stages that are used in the 20 wrel ess
conmuni cati ons devi ce 10. A Skl |l ed person in the art will be capable of
selectin opri rs..f e, ed t hat
the fil tg[ruag@ri S oﬂ{tﬁgﬁ (R ﬁﬁe aﬁﬁeﬁn@ H H%t%l R Ths rgééw\%&?}fé %ﬁﬂ% Bfle

pr e- anpl i gtatbsh taedmﬂgm éa mdgnahdséz ai eceivéd isignah BBytofthe eecdivetol & eThd 004 1]

The filtered tr SIO a 84 appl i tied by th owe lifier 25
34 to pr et Sl FpleBly MeRaR snverel Sl aloBke Serlse Sl &un to

t ransm ssthoge skngm:aln 6 dars tci comani the edcdiyed bignalné4 ime alégas[ sxbﬁalwametcess
device radi o si ified transm st5|on signal 86 has. sufficient

Cover B0 Whgesy #edfied EnATRA 5. Rincl/b TREE, 13, Rl Bowp oot sl 1k
f or m t hatddreodigatidny alvidethentiked dc adayl mmmunueatdxfrﬁag;etédm ;baaeingnu:hedssml ng

dat t 7 421 Th f

ot £ LR P MG AR CUSORS BB Bl PSR o BB o
transmt ﬂ@ﬁﬂrd@tﬂléaigsé@;a?f?m 68 meiythmns&rﬁt a s@il dliftpmf ragzwensimtumnmh} }‘ i ed
transm ssjon signa i .vary. e _power ifie ca

have a c Et%’ﬂe Of'gm%%@'oﬁrﬁﬁ/%égﬂépﬁ?&e?f tﬁ%@"%lh%ﬂ ?'ﬁﬂ%mﬁy}‘%ﬁf’%r o%

si gnajg 88copiol .n@irﬁ&udﬁaangnaa 49 RBriE YhenBoveteinassy e sysee 18 hecrpayer
anplifier 34 al so have a gain fa,ctgr that yaries Wth tG egower supply

vol t age 500 @wﬁa%me Pﬁwgrv sawfb‘?rmiﬁﬁ vielessnirmiceatade 69nA 841 NP8 i on

tabl es asgthgdamd! fhekMen coRrdl h%tl%&ﬁen M{&@éls uh%r@eérhm@ ttfélﬁoﬂﬂtof gagneits 4% has a
hi gh PAPR, the I nstantaneous

| evel I ie tran SI on
si gnal gemay [be rmesyed Aty raig 0515 OFPGiVWf GPHU‘PHH@ P%’h ﬁ'ﬁ 5?5%4
requires étﬂf.é.ﬁscsﬁ %u B@H\@Ehé RoRdeécH@l Hsﬁ'ubtl’ﬁneé:g\h | #8' Eé‘éefdoah Cﬂ?e J0Ety &f

produce the anplified transm ssion si

t r anshi ssihenwingessi davige mdioranals 82 raceived byithe PQ?FE aﬁa&%éB ﬁ'@We’Fhel \@\/%lﬁsi i .
during a g@mwpﬁgﬁﬁ% d8lick . 3k bfféiésé p@ﬂémm Q! BB hs FEcaiidCRith

corresponds ghest possi e tar aver age desired
transmt guffisientspayvexl tozmlpw t e bp dlesedednsindfused, QIEWﬂh"@t bage statign A8 RAY | east

sanme headrs gﬁ{ﬁstt %w%é%]&gmuﬁi%'@gpé é[\;iéee‘ilo tg, Iqlrf;%q ﬁf P ’f'ecﬁlcgntﬁb pgeRver f NOt

clipped at’ e reason he sign power | oss that occurs
inthe 15tmmumjesmme radjol $ignal 62bIf dsk wiraless devisevipdiol sianal Enimmaiingl on

devic inPgbi‘I" ttgﬁ dw?egﬁugogg) fulsgt{ij ttr'ié'i S ShAHBNS 58" ey fhdttict dh&! WirdleskNi S

maxi | ower  power eve% The excess
headr oom b@hmamatlm devies 1§upphgream/me mmnmfdhemrejm qﬁvmrradmlgmaler 34

and the e Q r ed as
heat. 20 0 g’ﬁ’% 0&9‘%’)‘?’% Prgh?)b&gcrail EHS?S, eg%{)eﬁv\'/lee%ég{ijnppﬁmé@eveﬁsd ust ment
si gnal 52c@ﬂpb;the average desired transmt power signal 46 are corrbl ned by
t he power supply troI block 70 to en erate ower ntr 90,
whi ch oy (G2 pul SOME oVIFFIRER AORBEN BRGNS saRe GGG 1 "3‘53‘?8‘*&& The
powe mﬁﬁonbb%téuma'th@%ﬂs m@térﬁﬁrd rzind édbSeqaemtaabadmdmmemm yisei gnal
Ich is an anal o nal % o% tch converh [ o §ﬂﬁ e(eBryl abl e
povver SUPPIYErs §Ra1onsH Ipg Smwes G SoRronpl i) Seridlife
anplifier n%%surTﬁgeth@éi 1 Qtré}%rof&h@Ma}ie sltgra raao isﬁgswaa efagseivedebystheh t hat
there is a sma yet suff|C| ent nt of headrgo e th
i nst ant anw&?%cﬁﬁ?&mw&ﬁﬂm&ﬂ@ﬂ&ed@{]ﬁﬁ\? FigRal$HRN g’hﬂ? gﬂ%%sgag{gﬁﬁjagﬁgnal
86 wi th a.dasi sl lﬂg@'théa( ita8 dsdMied fwét mrrelmbbmmhuoaﬂomwdmef nmneayt | y
oper at e 38|ts Intefnal electronics. An_ ex Iargilr value for the re

headr 86m ftranemit theewiselgss deyica radic sigapl 62WihaNen tfh@ﬂé&ﬁgv%fﬁs'xc@
i ncreases .f L QRN RGE tEIHAEe (SBRioHakliBUSanal B2 is low, then it is assumed that the
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conponents of the wireless comuni cations device 10 and the power
managenent system 18, the headroom can be reduced. [0044 Referring nowto
figure 3, shown therein is a graph of an exenplary relationship between the
i nst ant aneous maxi mum power required by the power 5 anplifier 34 to produce
the anplified transmi ssion signal $6 and the variable power supply signal
54. This relationship may vary dependi ng on the inplenentation of the power
managenent system 18 and the Conponents used in the w reless comuni cations
device 10. The variabl e power supply signal 54 is generally slightly

reater than a mni mum volt level 92 require . ifier 34
ot Cany 1 s dB R o ons 82 st B iR R e G BIpBS ) 5
vmltlh a preegefiaforimt Thivioped I@ppa;bd_ dwar.caﬁﬁd iyaambdnetmoamnﬁ:ﬂppg Vst GGﬂnb 54
Wi vary in tipe, carrespanding tg.c s in the aver.age ired.transmt
power si é’r’i‘&? Wé{gnﬁagﬂ%n@gs'si h"“ﬁf‘f@%ﬂ}ﬁ ZH%Q?%IS& 'q"nﬁ"i“%ﬁtg ?'gﬂgf)feut I‘i"é:&'I
baseband a(tpphgmhg@lpaér&t%ﬁtrae@ml lfé&felﬁgthnena,r(gpm& ?ﬁ@:}la{ﬁﬁn tdﬂ&hd\:ibﬁﬁés astation t
comuni cati ons ce . In enbodj pent o r agenen
cyst o 1gacipranal e tee uward Dk i b B5Rc) Pereartt deoheRBruRG B Doy ar
((Jlue Lo cry{ﬂm@@@ datwdehadi@rwgmlamtheoﬁevgﬂsta_w.r e:c esrs] cgrrmml cat |hotns devi cet ﬁo

such as tenperature), nges in conditjon . o atter rs e
wirel ess [@B{’Tﬁuni ca—{li“%)ﬁg‘%gg\??%ﬂ &E@‘% HyREEN pﬁsc’cr{?@gfneéﬁ'ﬂe?%yc?ﬁﬁﬁ'%%i whi ch
the wirelgasadewceadimdite $n W GRdi slobsd ﬂ@oﬂbrmﬁi cbeflol 26héMB4SIheAs
previ ously mentioned

g t he variabl e po%r §£p¥ 5|gnal .54 has a ni_mum
vol t age |&gkadirgents ghtheinyantion|capiheconiawRe i BP¢ RIS Acomding,io-7n pREN loop
| NSt o AN cORKFOINBLERLRRVIEY havikl theS@chiver TBmautie iEDsighalestrengtit of grnerat e
the anplified transm ssion signal $6 is low, sufficient d{&gz\’ﬁr IS sngl i ed

to the pdeesivadptighaleP4da nravidedpei ecevas) donaldsiendaep i $eRFnat
el ectroni Loy, di&@%'tﬂ@ 'rélﬁive-ﬁlrﬁ%rl?az gﬁé%mmdé%rtﬁ@ﬁl 56 \¢BireSondB o ke SRhAL ai ned

by the power s l'y control T 70(which can maintain the power copntrol
si gnal 9Cstestngite thé\&ﬂbﬁﬁmﬁfﬁm tragie siangl &d2)ln dhis gaswiltec ROWSHVEHEE 72
whi ch Ca%ﬂd&ﬁﬁh{, }éaﬁ%'ef%ﬁb@bfneﬁomf t@béﬁerpraﬂﬁgmwépmaruﬁti&r@tdeﬁée@%ﬁﬁ the
m ni mum voltage Ievel 92. An exenpl ary range of values for the m ninum
vol t aie |theekcdivaddsignalostiangthiidicatad sxignadiSAY andh dlasreddesp Jover aoRbobbiter 30
anplifier,34, - : ﬁrﬁ.[gelaﬁ : ; isligfts l60e
headr’oomtggtt%éabg?%eed'ﬂgégkoﬁgw tcﬁgw\%r’!tr' ia e%%?ﬁ%’%%ﬁ%ﬂ?ﬁ&lﬁal 54S ISEat IS
suppl i ed inche absemecof clogdd fooproaBrections thvepwpcpqmrpg\‘wegawg gplebgon &he t he

power anplifier e ified transm ssion signal 86 w thout
C i ppi ng. 'SFRIvEd P%ﬁacﬁ{%ﬁﬂ] {ﬁlaf?gg’hg%?h%duces the 5 amount of power
di ssi pat eqdos] t he Veneus defailed icenbogimérdatof tho raavdr, manegereeniceysteowt | oss
can substantially inprove the power. effigci i he
wirel s @3%?%&%@%@\ﬁ%%&)%ndﬁﬁ%egﬁé§fg%éwg?ﬁ%&ﬁtrsgééé{rpgavplge@ 9\{) épower
| 0ss in nE@Byusklcl elORMpahenisc it i dre eidentifadpaiter simiad rmumbera inheagowérthe
anplifier. [0047J The power, man ment system 18 bL L i arious
tays. 10°vEThRITEHS SoBIE SotimiIAG SRR LTIGH oRBTWR-ieslEd Rl fEnoR e ! O}
may be deFi'?g%b_tr,etthoa@P@éé’p%ﬂX%ﬁaﬁdi @Eirpmn’oll aéq@pglge 'micgmciaf1 Aro avérage Vo
converter . To do so, a [ e caup et ween the r p
control bieyelkbleek &ﬁoa"_iché Wt@%&bﬁ\?@‘? %&' F%[.h_e'i’ﬁ Pgwﬂoﬁgﬁpaﬁeﬁé#ﬁehgw tch
convess erineRbks 9lpodér bSprh 8briebl blodk FOHNI PEWitdht comBgrtere7 2.

[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 86, The average power level block 66 combines the

30 power control instruction signal 48 and the received signal strength indicator signal
B0 to caloulate an average desired transmit power signal 46 for the wireless device
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desirable to filter high frequency noise fromthe variabl e power supply
signal 54, 15 particularly if a DACis used to produce an anal og power
supply signal. This may particularly be required if a delta-sigm converter
is used to make the D/ A conversion, rather than a linear DAC. The filter in
this case may be inserted at the input of the switch converter 72. [0048J

I n anot her alternative enbodi nent of the invention, it may be desirable to
20 insert a buffer (not shown) to tenporally align the variabl e power
supply signal 54 and the filtered transm.ssion signal 84 at the power

lif h i fi .34 |
P of er ab 30 SERE B2 AT Lk Pey 87 Sigh el rep e BE PlonalL 83 47 b3 9 o
signal 44pt ahfinitiae pdaicn [padl hmﬂmivmmdohenmaiimh 1efe3thlausihadethawdedemece 20
and the input of the. ovver dﬁVIBgﬂﬁ cont r ol ck 7 e var abl e

povier  supplelessFosiBiniFatoRs AR 4 4 Rise Sion 37 A% i WEIRE: ©, e
I np:Jt . of cb@@uﬁﬁﬂﬁi‘bn?rﬂﬁlvlcfe' ] us?rﬁavéd frb@ ;ﬂg@@ lth bacé hintmapt ccimmmcatmw]gthoger
anplifier may no ave su ICI a 0 e ie

t r ansHi s§iffﬁﬁe'§|ttj‘ﬁﬁl'5t%@“$f3 %ﬁ?ﬁ%ﬁ\aﬁ %%Qqﬁ%&@?e §§‘6BH§ 5? Ynal 54
and the fyebianedrd Fe%ﬂﬁé’tbf’eﬁi‘aOﬁhtﬁi-ﬁﬂ'aWhgﬁ,th@Mi@te%sli)cw‘nﬁrﬂﬂm(:ﬁmmssHGWEE) 100y be
i nserted between the basepand device 2U and the D C 26, after the ﬁ?l nt at

30 whi ch 'Q'W‘Yﬂ%@é’ﬁaﬁ@“ﬂ‘é’ﬂlcéﬁn@@”th@ M Rase cHiaked PRethBANEIA9RPYERINERT! syst em

18. -19_y, cIfBE #éﬁéé 8h tﬁ@kc@ﬁe&@@fnhgwr%tﬁ Ghdidddrosigi S0 tospreMnaRS thedel ay,
based on t% d h

I ntroduced by the variqus el enents of the
nanagerrerwe@s%tdﬂﬁ@@ trangmitopowssteignal 4§- RYing B“W'Q&r@“lf““@ﬁ?}mp B\A@e&nn is an
al t enBat e yARBecy EBAimfHicdlioh@ Ve HBUSHE te 53486 CLlbfitis 0B, dhe iavelagdes an

envi ronrren sensor unit 93 I's connected to the power sch X | evel
adj ust rrerdesgecmdrsmsmlt QBWﬁbrS'%ﬁb\ﬁBdlﬁnf@ﬁBFd |asastrasionsny thish pRYE, Control

| nf or mat i) l.\%’h nal ?a?é‘Yécfe%Wn@'théBQé@étaH&hé 583The ploWee Tolin@ Wifs nmor e

envi ronrren sen ors or sensi ng varl atrons I n araneters that can affect
t he Char are &np'sand ddawn't instrucsinns venigh pre bmesntesrﬁieqi\éﬁéeﬂemé LRI ORSN t he

var | abl e \Ba0Eh SURRLY (ALORR 2, Soc UbASIARAR pA iR digheelasoial b rumscd e

power sua Si gna onse to the anbient” tenperature of the
Wi religss quitstpraciselyitormodde |acmla_lm-";e belween rriificiasy ROWEl 1F@ a9 Witeless power s

the wrel gss conu he

W rel ess c@g{ﬁecrg %é'iaqm g'ﬁ§¥ gggéri?egvr%o?b gﬂéﬁfédé]s %%%géwﬂggsgnnv%“osgﬁgt al
sensor urfoim 82, tds nohcoraged ot emﬂnmdahieeiuﬁettwoterfemnﬁs frqm ofeh signgls: Ak

anbi ent t erate of ,the. ha ce 10
e proviGE G avise st Sigtpl Setely A S L R icee EURL Galbiandi®a F
adj ust Merjocdaide irdértire Ith cther dmvrqeercammmmauﬁgmﬂhttherbase gat@tlongﬂ 1] p%er

preferably be in a digi.ital form If the tenperature sensor 94 provides
anal &P t HRFEPURIGRICT HECSTat i on, an anal og-to-digital converter (ADC) may be

coupl ed hpbugen t hehd ﬁﬂ”ﬁﬁi@'&itﬂ@uﬁ%géné?@te@% sadetdrel putgeingsdalpl sirgasy el

adj ust ment generat or,_ 3 co t he ana i,

si gnal 9676 fx by Hangnyiieg o ?@r‘ﬁ)@%ﬁ%ﬁ?%sﬁaﬁ?ﬁ 't |&8§n8$5§ #Hﬁl?h@{é%la?ur e

i nf or mat 'tﬂ%@b%@éb% dBiceED m}ﬁ:ﬁ)ﬁd the dingoipgwata smmhym g incietleuenivent

gener at or usi ng shared marmr ot.her dat r

comonl y mmap@%gwdyénggkhweea n{%@é&rqf e WL PRDERRD

25 some wireless communication devices provide multiple functions including £-mail

communication, text messaging, volce communication and other exiended services.
Different services may use different encoding and moduiation 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

30 further. The data parameter detector 40 detects the type of data in the baseband
outgoing data etream 76 in roal_time and provides the data parameter indication o
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25 [0051] The environnmental sensor unit 93 can include a battery condition
sensor 98 for sensing the charge level of the battery that is used to power
the wirel ess communications device 90 to provide a battery condition
information signal 10D to the power supply |evel adjustment generator 38.
As in the Case of the tenperature sensor 94, an ADC nmay be used to convert
an anal og battery condition information signal into 3~ a correspondi ng
digital battery condition information signal. Further, the digital battery
condition information signal 100 nay bB passed to the power supply |EVel

dj ust d i

The art Ve goiier o SHEN RN Hoyuint PHelie b, ARGiRa R An Sock BEGR B 10l o

t he povverdaaamarhmtersmdmobecamcbreepmmﬂam dtrlaﬁlyekerthethaﬂelt lsapplyalewgl out put
| 78 that h_t f bl,ock .24 h

ni on- papredient gBRRISI g By T beb et Satice A0 B fodk Wi oo LI cver

aﬂ j uISt rrerﬁrrcﬁm @nahe?mtgt mecbatmttne:asdt:tev(l)agarz 20 hﬁ taatpcmqmaslf;xpthcmm mimshned?egg 0

t he wer_ cnar.ge a e nvironnent.a. e |

ban oo SBTHE IR b e SRt Pitedt MRS or M oA PoHEED UBles P a2 fnd Blear s on

on thf Ogcﬁfrﬁsp?ﬁl:ll(\g oennéct@nsmrseldata péraawternmm{aaﬁom hm:tudarstein&x?sademme radio

Sl gnal s 0 (S] u eve St e rat,or

oper at  nae b el Ui a8 Popsp R ane A St da B I e paDs g, Fon e

up- converse@m ’pcock 22 As in the case of the tenperature sensor 94 and t he

bat t d 8, ADC b de

hf or mat | GRS gnal 10 baseband GeREe RS IART (24 19 HRGUERRSS BN BEndT on

si gnajg Qlﬁwﬂsmwoﬂ@m&o SorRRIYit Irfy @l c@fbspaﬁmﬁ@tarﬂwbamr sighalCoglTmes t he

data 15 paraneter indicatjion of the b gnd Qut going data stream 76 with

at |east Bhe Qﬁfffﬁh@ﬁvéﬁﬁé'ﬂ%ba?@ﬁﬂﬁfwgﬂ'ﬂ LES T 796""°t% aparpergnal-
condi ti Orfrﬁééﬁﬁl@@%lgﬁal @lt%}ﬂnnaézpwmﬁ danteriffeRaEfAChY tH@‘ ﬁaﬁmtzm roged 104

to determ ne the power Suﬁgﬁ | evel adj ustnment In this case, the
ud

power sup’fbﬁﬁ“ﬁ@ﬂé?'-'t%j%‘tﬂ hidiria mawoln the radipy fr@gaqeqcyé'aggwt{xgr WAREER | onal
cook-up t esgnJ Orﬁeeﬁﬁbﬂﬁ% Wb@’é’c&é{mﬁhéﬂéﬁ A A2yl Redp bpwnmmp@si@al e may

be used. ata paraneter ‘i ndication, tenperature information si gna 96,

bat t et cﬂ!ﬂmﬂﬂlﬂgmﬁ the dmptemestiationg el is mmr@mﬂw knewn by dorsscskiijask Bring
si gnal 10#‘"1@&}?% Afsd rl.f(H C%%d' “ﬁ‘ﬁetEé‘rri‘e‘POﬁ @E’eﬁc}lbh@ &é’te'nﬂ%d%ya tN@' ue
u I eve

for the power ust ment —si ternatively;, the content
of the | oc;rknmpnlcablbms standeed u-pmi&rewlahéhetﬁwlésﬁr@wﬁawg@@ﬁﬁw demMiseobRr at i ng
frequency ne| fdaBhRt CYt <hatid b

t enper at u?@%ﬁgg ‘ﬁgigﬁi @gis)géﬁ%rg oﬁd b} @ egh t %% vvo I mensi onal | oo?< up
tabl e by rdted theft evainglevirelessadetides; !rwlltttha‘lm‘éi'ta %mﬂlmwf&t% pemmupliaatians ty of

PAPR t th t
[t or st 51 Thare SRR TR Gn Yl olsRt KRS S cidrdf S2HRSE e
condi ti onomenfrethy band,i ayrakitram chooe thaRAPR chappetwithini eachpirenuaney bﬁm t he
operating uenc

30 In this u h

whi ch ar e[qoﬁ%ﬂnl ts¥8? B‘E?‘,"e‘&a%’*’ﬁlé’ g%‘gééd‘%&ﬁa@ﬁ{g b%%&{% ra?r? (f?{éé g@glep@lsuppl y
| evel adj ?&ﬁaﬁ@ﬂér Bidgagibn 5%, theolgswabahdi autgdifg date asisiama?Bdn dedgrriioe Ubed i f
the anmplitude of the ouytpuyts of, the R ST her
case. acbOVs" SRR IaYd fidmahatngl 26 & i dresnt srsadielthe bober
envi r@@m?a&;ﬁdxy glé(rélnﬁtiﬁarsﬁn@ﬁt igefe RAYE Tncluds \a IPBVRR mdpnert n:ﬁhnt:h veﬂauebeFﬁr
i nstance, the device 10 can p nto an .envi r mant cha t he
t enper at uineplemapied hvedi laok-up t?@!e[ ?hﬁ ioai-ue t@@e 6%? alf’ﬂ'@ “Bm&‘ﬁ@ﬁst he
power supplacdiMRed by conducting tests on a prototype wnreless commumcatlon 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

30 headroom is observed. A power supply level adjustment value is then selected to
radusa the haadroom to a minimal level. The adiustment value is then entered into
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adj ustment value for a certain data paranmeter value. Wth regards to
battery condition, the level of the battery of the device 10 can be
adjusted to different values to determne the effect on the power supply

| evel adjustnent value for a certain data paraneter value. Wth regards to
operating frequency, the transm ssion frequency can be varied 10 to
determ ne the effect on the power supply |evel adjustnent value for a
cértain data paraneter value. [0054] The power supply |evel adjustnent
signal 52 is typically larger than a noninal value if (a) the data

ar anet er,,. L ndi

Perper at (16 100ERb 808, el $Ragitey VHRE M vans B (AT P dale DUE, o

Col | ecti chieyatlohhmeaﬂgtmp&namﬁterdmn&catmnt(mrmateaw;m alatdoeste ang detandibduletiond

operati n uenc t ffe t on t (o] e power
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551 “CAA Lo Bl i RS Ry o BherChusgrny bare,
t he gain mmeﬂ\tedll.gh@a fotmula based on the relationship between the various inputs 1o
the power supply level adjustment generator 38 and the corresponding value of the
power level adjustment signal 52 rather than using a look-up table.
[0038] The average desired transmit power signal 46 is supplied to the gain
55  control block 68, which converts the average desired transmit power signal 46 into a
gain contro! 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 conirol block 88 compensates for both non-
3G linearities in the control characteristic of the pre-amplifier 30 and the gain variation of
tha powar amplifier 34 that is caused by the change in the power supply voltage level
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has units of Volts and the power supply |evel adjustnent signal 52 has
untts of dB so that these two signals cannot be directly sumred together.
Accordi ngly, the power supply |evel adjustnent generator 38 scales the
power supply | evel adjustnent signal 52 to provide the altered signal 52'.
In particular, the scaling is done based an 15 the generation of the gain
control signal 44 in the average power and gain control blank 36 which
depends on paraneters that define the | ook-up table in the average power
and gain control black 36. These parameters are known prior to the
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al t hough (gtgwﬂimenﬂplf@wmt%ons for these bl acks is possible.
| [0041] The filtered transmission signal 84 is amplified by the power amplifier
25 34 to provide an amplified transmission signal 86, The amplified transmission signal
86 is transmitted by the antenna 14 as the wircless device radio signal 62. The
amplified transmission signal 86 has sufficient power so that it may be received by
any one of the base stations §8 in a form that is receivable and decodable to re-create
the baseband outgoing data stream 76.
30 [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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[0060] Figure 6 illustrates the operation of the average power and gain

bl ock 20 3B. As the average desired power supply level rises and falls, the
average power and gain control block 36 either selects a pre-determ ned
value (identified by solid dots) or interpol ates between pre-determ ned
values to calculate a value for gain control signal 44. Preferably, the
average power and gain control block selects the Cl osest pre-determ ned

val ue when generating the gain control value 44 to avoid interpolation ?5
errors. In practice t he range associated with Figure 6 is about -52 to 26
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battery cgpfiltaeon dissidatéd asaeat.trarily chosen: The baseband device 20 is
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first stepontmp bisickiietoganeratad eawerstanyal signal Ehmay ke a1es M gevi ce

radio sig Nednd e¥ighal &€ voler Adaifol S i oorigd. The
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In thegew L6l aSa,dRWer 927 30k YarinliRbSwésupll Signdl 64 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
30 its internal electronics. An exemplary value for the required headroom is on the order
of 1 to 2 dB. As manufacturing consistency increases for manufacturing the various
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3" done by increasing the Input drive to the power anplifier 34 as the
supply voltage to the power anplifier 3a is decreased to nmaintain constant
out put power. The next step -25 126 is to note the magnitude of the

vari abl e power supply |evel signal 54 when the ACPR has increased to a
pré-specified design target. The ACPR is defined as the ratio of the power
at 1.25MHz offset within a 30kHz bandwi dth to the power in the carrier. As
the tinearity of the power anplifier 34 is reduced by starving its power 5
supply the conpression artifacts increase. The next step 128 in the

cal i bration nethod 0 is.to increase the out r of the wireless
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related to the | ook-up table used in_the averﬁge power and,f%ﬁg control
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t abl o wasydmiteiti Bwe! % FRGEE RRE. anfhificBeXinetiiefiod Fgriat 46 witPaagregbmsd 122 to
130 far several different w rel ess comruni cati on devices to obtain, an

aver age treaulErdequality. ThRorriasle AoVEs SRR sianak B4 il yary 4o time, cMBRAGGIN cur ve
fiting a8 chAfdd R0 averkgn dbsed HAGENIC fowelGaVag And CRANGYS! Mndlaafi | S bY
fitting alitnear line to e average transfer function by 7adjusting the

sl ope andarametentingication offthe hasebang outgoing wlata stream Rehkelpg dargmittedabist er
function . th. [ ni - pey t ' ks [ e t he 25
pover  sugiPyVirdleRs cromALhRaterte BeslcPey. [ lanbihol SFBGRRGAL I tHEEHoblr |
power15 upphyagdenzent systeagts, tha vanabippevepsupply siaeal & wilbalga peefpabi vanThe

i ch e Sl W P ERRIRAL BB L o A BRP gfenoluask 20,
signal 54ad terperapoekr chiangesf inecogitigmrnd tbenbataneihaty pgwery teaviealeshe
i 1 onsorBaRPRuan; R by ARSI U RE oy Ao T IR R eless
conmmuni cadevidesradviignal B2 i deingdrapamitted. The i nt ercept coincides with the
mn r%m -['00%?1 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
25 minimum voltage level 92 may be maintained by the power supply control block
70{which can maintain the power control signal 90 above the minimum voltage 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

30 amplifier 34.
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voltage | evel 92. The paraneters determ ned by curve fitting is then used
to create a | ookup table for the power supply block 7D. [0067] Referring
now to Figure 7b, shown therein is a flowhart showi ng the steps of a power
supply |l evel adjustnment generator calibration nmethod 140. The 5 calibration
met hod 140 is preferably performed on a per device basis during factory
calibration to account for variations in production tolerance and
deviations fromthe average transfer function nodel that was obtained for

t he power supply control block 70. The first step 142 of the calibration

met hod 14,5, t O | evel ,generator 38 with a
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breakeven point that is determ ned reducing th e%oower supply level to
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di ssi pation reduci na_@ eadr oo s mt |0?ﬁg 69] The next step
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contr ol Qﬁﬂébéﬁt@ﬁ&’er'm J%Lénbﬂi@ffe%r&heme%ﬁﬁfe é\hé'nesuﬁﬁl;f %'igr?dPFHinp“ ate

adj ust nent e rever Into the evel
adj usiﬁrenpargemﬂmfoa 32,00 lsrheem&pm;mg@ an4@ndleg pewae pmmly twad r ARENTA%i on

pover |ev %mlzlﬂi@bﬁf@#é@ww%ta Héltasélérgatcbﬁ gé}"ﬁéeﬂfe’t trﬁéi%eiheoﬂ)ﬁ(eéonvé%lc[noom]

The next ncrease the va transm ssi on power | evel
and repeatatis&rdbsn adheto DIMB Tote fillee it dhis maae iroay betihgsitetddgt thgHapwaofi fb?-‘ ation
-27 met hoﬂE 940 i tinually repeated until a nmaxi num specified

transm ssfol rb%ﬂg?&%r I s reached.

[0048] in another alternative embodiment of the invention, it may be desirable to
20 insert a buffer (not shown) to temparally align the variable power supply signal §4 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
25  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
ptoduce 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 2§, after the point at
30 which the baseband device 20 is connected to the powsr management system 18.
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[0079] The invention has been described here by way of exanple only.
Various nodification and variations my be nmade to these exenplary
enbodinments without 5 departing fromthe spirit and scope of the invention)
which is limted only by the appended clains. -28 W claim 1. A power
managenment system for providing a variable power supply signal to an output
power anplifier block in a wireless comruni cati on device, the power 5
managenent system conprising: (a) an average power and gain control block
for providing a gain control signal and an average desired transmt power

si gnal e deSi r ansm ower si nal era | n

response ]qu? %ﬁ‘é“ i?o'\ViE?é AN %‘PWP ﬁ@%yoﬂﬁg%f{;ﬁaﬁ ﬁi&laé(

recei ved iﬁti-cﬂ:ﬂi%bd %yrtﬁ@garimﬂscbierﬂéits%i He SdviRahanagBinefinsyfath Henment al  sensor

unit for Br oviding at |east one environmental 1 nformation signal; éﬂ a
al

pover sudBP48]l evel Refg[Ting PRVREC GigHEs 4¢ BHOYWLINRESR igap Rltemativg eMasrie

sensor unisty ﬁ&ﬁerﬁﬁ%g@h%t Sydiemeg’ Wﬁiﬁh' Mclh@é’sehn%‘ﬁhir'éﬁrﬁ@rﬂél ééiséi* Qiﬂﬁ'ﬂ?;' n
response to data parameter indication of a baseband outgoi ng data stream

to beftr ath%tnlﬁtqﬂéﬂeﬁw o Eepowerippiyoryel oMo aeserater 38 rtFi‘@‘"Qt”QI #last one
envi T OBkl ohdTeHiTBhiraRtd iiRpbanaR bigdd) The REHIonkIeRRLY sRBRSufOBRCC! €d

to the avera power and gai n control k for providing the variable
power surjmﬂ %Ei Qﬂﬁlmtrﬁmteh@"‘{jwmﬁ"tﬁﬁcﬁﬁéﬁﬂfénfﬂr SENERg agationsnin BAIFHMIRS 0 a

combi nat i B8 & dafiéet m&%%%i&ﬁﬁesrmhé ’ aiiéﬁbﬁapﬁiiaifeu §.ic9 ﬂaim@m@ 164 oPgHee’

supply le stnment si nbi nati1 on of gain control signal
and an alveaeigble wafiwﬁpiyfmsinfé 54olier ingliapes the iavel ofatiﬂpu@irlﬁblﬁtpwegrmipplvz5 2.

The p@perg %Qeii%fs Syt ?cmh%faiﬁ% iimeinpdi/&r%i&bméi@wsmg rAROkRAGGRNSOr

unit conprises at B¢t one a tenperature sensor for providing a
t enper at Wexidenfy ﬁmt mﬁ!tmlgﬂfaihemﬂmr thadfpawress dhe| wisgless menyaynicativimt al

| nf or et | Sl 89 ncih e AERRRBY Uk Sy, STk 0RE BBl gkl Her Lo Lhe

t enper at e wirel'ess comuni catl ons device; and,
_29_  ( Warmnbied.ery condition sensor for providing a battery condition

o BsL T 7% it P S oA RS WS ot on
used 19 ploneendiine the ambiest tentperatei of dhé barddewe ob thebwireless communications
device 10 and provide a temperature information signal 96 to the power supply level
adjustment generator 38. The temperature information signal 96 will preferably be in
a digital form. If the temperature sensor 94 provides analog temperature information,
an analog-to-digital converter (ADC) may be coupled between the temperature sensor
20 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.
25  [0051] The environmental sensor unit 93 can include a battery condition sensor
98 for sensing the charge level 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
30  a corresponding digital battery condition information signal. Further, the digital hattery
canditian information signal 100 may be passed o the power supply level adjustment
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3. The power managenent systemof clainms 1 or 2, wherein the at | east one
envi ronnental information signal includes a frequency information signal
related to the frequency at which the baseband outgoing data streamw || be
transmtted. 10 A. The power managenent system of any one of clains 1 to 3,
wherein the average power and gain control block conprises an average power
| evel block for generating the average desired transmt power signal, and a
gain control black connected to the average power |evel block for
generating the gain control signal. 15 5. The power nanagenent syst em of

| aim 4 trol

bl ock 1 orSBFiPERH 68 JefcB Rl o8 Pisk Sk 5 o8, B e BatBB! dorihBi et e
to thle _pqmen&mbsd ;hatﬂm:}pcm\berlshpply |ver cme\plodrergmpmr\tdrdaatﬂeanﬁemd muppl y
SI gha I res on (0] 0 ontr, na n the, power
Suppy naREvRe Beh e A SUEHSGRIE Wi assiifo et Bt BRS o

for 20 prmplmbﬂlloblhw\h@&la&ﬂ@tePRPmln PG, §dlj@§tﬁ13h§@a¥é1ﬁ1aﬁﬁttaltﬁe poONer

anpl i bl ock in res onet ination of the avera esjre

er
transrﬁt PORYr sl ARy signs ﬁ%ﬁ%fm@aﬁ?ﬁ%}e fothe aam'e@%eﬁmpgqsawalfu% The
power rrartagmwerauﬁbg&fmg Lafgryone of clains 1 to 3, Wierein the power 25
supply | evel adJ usﬁgrﬁn ener at or groduces an altered version_of the power

supply | dP862hdj us Togmantalc sBRtATNYNK P4 KAN gAISA BWYideo@ LiegHgney

provi ded jAssrinBBom Rl 6 GAOWE brvitth Gﬂbrﬁéii@ﬁtdrpkhebbﬁéﬂétmgr(ﬂet ﬂanmmm)suppl y
nmeans co rlses:e"(é;.| a summer connected to the avera g{r r %r; r%g _
control bresenanel Pisavisiaesdeyics spgio signals Sefejas ﬁ@W@f%ﬂ? lgve) adRtmenhmi ng
the ofj N GhefRBr S@IThel cq:@?ét.ngﬂﬁéqhau%yaéé:ﬁas@dbmwealfﬂsmtaie baﬁmweaevmm y

| evel adjustnent signal to generate a first power control 3%{;1 - 30 (h)

a cl i pperofchanPcgasyersipn black gands it the qasesf \fh%tfnm?éatmer SENS96 Rt 2058 of

si gnal 3@3 ﬁdlﬂitldﬁ%@ﬂsw B ABYRaybtisellto BladRR! the (fﬂehu&c?%fo@ﬂﬂaﬁé}ﬂVer ter
connected to 't for receiving the power control signal and

gener at i ngjgnald 04 aasi mwéemémﬂmtﬂ! fregueeylinfopnationssiandl. a rever se mapper
connect eg[ Bgl i]he p‘PH\@rpoWéP%LL%Pflé%l Qgﬂuk‘ﬁﬁé?ﬁ;yezﬁ?éﬁf %B%on?ﬁ!ﬁeé RRe a)484 age

power an control” bl oc recervin environnental signal and an
al t erswd vrmrsmeterm‘idl@a’ﬂenﬁrihe basebeot ouigging dat@§bé@ﬂ'l|7iﬁéw1 atlgagiamerditherg a

cl i ppor { LB s RRbn <ot 9B Bis GafERp BEhafiel fdtin SRR fe ah® | 22
adj ust i ngthEHEqpemdyunfmnammsignalm 04 o determine the power supply level adjustment
signal 52. In this case, the power supply level adjustment generator 38 can utilize a
multi-dimensional lock-up table. To reduce compiexity a two-dimensional look-up
20 table may be used. The data parameter indication, temperature information signal 96,
battery eondition 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
25 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, ohe PAPR mapper being provided for the battery condition
information signal and one PAPR mapper being provided for the operating frequency.
30 Inthis 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 §2. Logarithmic
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clipper. 7. The power managenent system of any one of clains 1 to 6,
wherein the power supply neans is configured to maintain the variable power
supply signal above a 15 mi nimum voltage | evel. 8. The power nmanagenent
system of any one of clains 1 to 7, wherein the power supply Level

adj ust ment generator is inplenented by a plurality of |ook-up tables,
wherein one | ook-up table is provided for each environnental information
signal and 20 the data paraneter indication, and the outputs of each

| ook-up table are conbined to generate the pomer supply | evel adjustnent

signal. 9. The power nt s wh Ln at | east one of
the | ook- AR %")35'3'“?% 8@@?\% @@\6@98% g[&‘re B@ﬁd’?ﬁ@ ﬁﬁ INapPep Brg ot The
power manageBEeI eRMsi m@ffaawy qagbetiof | igi doheltd GefermideetiRi BfftRCos 1 em
further conprises dat a .paraneter detector connected to the power supply

| evel adj USHRBMENGR REFARTR SIS AL ISRRY deval ediusimenivaler Epeinstance,

comuni catheoa@aa@woceanvmbm ihté % @ﬂb:?ornﬁérﬁap&ﬁémgat 8R4 Ohe PieRHefgBrd he
data paraneter indication. power managenment system of

clai m3, Jhestad ﬁﬂtﬁés%@wagﬁpm Wtﬂrw .tae @efiepbpat the Bpwer rwBh {evehg t he

wirel ess %Yétﬁ@nf \?’éiu@fo'i’ 'ag:!'é@tbﬁ dHta Bal@Ritidraiuch QWY rep SR tofl:fa%?lgt&ﬁnd%ha €ss
comuni cat I on devi ce | e nonitoring an Adjacent Channel Power Ratio

(ACPR); (iheyevebeithe h@ﬁ@m@f thegtavicadd n hﬁfé’i‘#ﬁéﬁ'ﬂ tausiifierpriwalues dp geiersinghal

whi | e W't?b%ﬂ%’cf‘%n‘%ﬁé‘spb@'éff sOMIP WyeP @ %trhéhttJ&ﬁseWo'}%' é‘é’?auﬁi?i‘é{é;gafa%jét@r
signal s ii1) recording the magnitude of the variable power Supply signal

when t he \mmvwasreigﬁrﬂséast@&raﬂag qﬂn@n@fpéhﬁ rarsmigeian g‘rﬁw&ﬁ@eﬁan h@ vaiigd
i ncr n?lé Y efmzl‘f"lﬁfl)tﬂ% 88@& M rpg;{ %%ét ABVdthend @Q?@f@r'eﬂ@é’&eﬁn ¥

repeati ng steps | r sev out put power Tevels; and, (V)
conput i nglaamﬁmmﬂuer ansfer function for deriving the power control si gnal

ol ai m 11, ORETY; 1" Tne Wehlel sOBRN At qaidgmer 118, CPRShp RN RIgE hafl, S
r epeat i ngnorhigak v@lle tfo (f)vihef datas pacarabtediinficatest avnigbl deta dendwidtl afier on
devi ces tt?ansl?ﬁ gs:en a{bﬁKS rtglglﬁe;é’tl? &8{33&8&%# &r)];thgr&ﬂarge level of the battery
15 decreases. Collectively, the adjustment due to temperature, battery condition and
operating frequency ¢an have a substantial effect on the value of the power supply
level adjustment signal 52.
[0055] The power supply level adjustment generator 38 is configured to provide
suitable values for the power supply level adjustment signal 52 for different data
20 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.
[00586] Some ‘embodiments of the invention may be implemented in a power
25  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 systerm 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
30 average power and gain control block 36 operates as a hybrid of a lookup table and

an interpolatar. Tha power control instruction sianal 48 and the received signal
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(vii) performng curve fitting on the average transfer function. 20 13. The
power managenent system of claim 1l, wherein the power supply |evel

adj ust ment generator is calibrated by: (viii) |oading the power supply

| evel adjustnment generator with a val ue which causes the output power
anplifier block to operate at a |lowest 25 transm ssion power point; (iXx)
calibrating the transm ssion power until the output power of the out put
power anplifier block slightly exceeds a target power determ ned for a
power supply voltage | evel ; (x) interpolating the output value of the

aver age pﬁ}’@,l’ %‘N@bm@# %gj’lﬁﬁ% ﬁ]giéa?é"fjd s rQJf'{ hade?%%@ﬁéﬁlg ﬁo@% P \é%l ue)
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nexi mim s[DGBT]f i ed hwrﬁnrssmsesit@pqnwmum(y m‘eams45 cbﬂmmllaesi a édmmérnetthad of
Tre A ¢ eSS DR APARE e e SRR GBI 1A PR A cam
froma baszeensemheogama:dntvoissugmmluamu A amerﬁdt\&rsﬂm oﬂtr@opmelda]mlystaveam i n a
| cast oncBreieul Gatd Sa g Re st e daned aBl oY nine B B oduce
a recei vgﬂesjog;@alsupply&e@l lad|usthentt signali §21dt pravidedaby theepowansupply Ievel
st ot R 3R bbbt Sy 30 ot ey KGR sBRACBE R, e
receiqged csre@ﬂ@lsumme@r\gmmthmghma:bﬁfrolsa:mw;ampbzééw prevein conlrsldignals44 uct i on
obt ai i ng AT Ak aUR B0 PORE SR BYFIEALBror RS o8 dnls AR tt  ons
device; Zfa{ ﬂbeseqmr@?nm canRVRY disetip! sarﬁ;ﬁmltogwhmsnmﬂ.r@lygmﬁé pbweed on a
data par awn%tpleyr Ielvgl Iaﬁj%s'lcn?gntoéene}ergt%? %%aggalgg tt gl lglo éjraél.?pp )tr rlg\?eqq acPustFne%t at
signal 52 to provide the altered signal §2'. In particular, the scaling is done based on
15 the generation of the gain control signal 44 in the average power and gain control
bleck 36 which depends on parameters that define the look-up iable in the average
power and gain control block 36. These parameters are known prior to the
commercial use of the wireless communications device 10 and hence are available
for use in the power supply level adjustment generator 38",
20 [0058] The first power control signal 90' 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 control signal 90' to provide a
second power 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
25 may also be used as described previously.
[0059] The clipper 112 may clip the first power control signal 80" or
attenuate/compress the first power control signat 90" according to the sicpe, 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
30 operation of the power management system 118". In particular, the look-up table that
i used in the average power and gain control block 36 and the environmental
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| east one environnmental information signal; and, (e) conbining one of the
average desired transmt power signal and the power supply |evel adjustnent
signal or a gain control signal and an 25 altered version of the power
supply | evel adjustnent signal to generate the variable power supply
signal, the gain control signal being derived based on at |east one of the
recei ved signal strength indicator signal and the power control instruction
signal, and providing the variable power supply signal to the output power
anplifier block. 30 15. The nethod of claim9d, wherein Step (c) includes

t | east . L J 1 t f ti i |
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| east one n ron i ner a battery
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Sl gnalt 48 rovatee mapbRE A ot MercRiauies = g ranvme uart 128 38 B8 (o' ne

fr equenCYc:I@berlﬁMr@bth@uf tml signdladd e 'RaAvRed Fofn’ BRSHEth ti dhasbkPiP Vi fll lng
ne environnent a

t he frequency | ‘%{&?t%ﬁ” SI%%Q as part of the at |east 3

i nf or mat i {gRlesy gﬂa‘F F1RONARLIONJINGE eaghawnmas dashgotig dings rﬁ'%‘feeﬁ"e( e)

i ncl udes: adi}@stﬁqm of D EREpRY duBetoainer ageaidepd bR {1 Bedlrk m%rou%r%eé and
t he power supply |evel dg ust ment_signal to generate _a power, Contr ol

si gnal ; aRIPEE o Bipvsie phehangs ?fot\lnérpowﬁﬁuepiyéﬁwéndm%sn& pigndapt'all e

povery @Upﬁﬁrﬁc&érgﬂfé' moéﬁeaush%cea% haténQhere! I@Ia%aA§e B théJeokele 'Eévlé‘ u§éd35h (e)
I ncl udes: ding an altered version of power su evel

adj ust rrerhlo«:-h éﬁ]ﬁ'[ when theie iy aisybegntialophasig da the wwpameaéal anfgrmattonp‘b%r

contr ol Sdn 8Nfkre i *hedrﬁéﬁ@ér%gs\! & iR ratird &% Hé’rY@?ff ﬁ‘ﬁﬁﬂhéfnis%ﬁ' fr@eﬂje%éﬁ)”ent
si gnal being generated bawd on the derivation o ain control signal;

(v) cli ppFerginsiaace, thetmagueim saturation vdlmia re!aiew@\npeéatﬁlgs@ewcbom
Che. vari anPRe, YR modKed ARG bfuas SR GaRRIEboda s bly SHAATS | (L ep
(v) il wwbhgmvthel|pngeaswrmperthapa\a@' arsplifien 84 sTigaummer A49.udipren 19 ng
par amet er .4 f0&ich RBfVerRf 7Y S bRierab Y IRbeRfini% vidhardware and the reverse
mapper 112 is preferably implemented via software, although other implementations
for these blocks is possible.
[0060] Figure 6 illustrates the operation of the average power and gain block
20  36. As the average desired power supply level rises and falls, the average power and
gain control block 38 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 closest
pre-determined value when generating the gain control value 44 to avoid interpolation
25 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 418" provides a practical
implementation of the invention that may be used with commercially available
30 baseband chipsets in a device in which the average desired transmit power signal 46
ie not available as an input to the power supply means 42.
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generated in response to a conbination of an environnental signal and an
altered version of the gain control signal. 18. The nethod of any one of
clains. 14 to 18, wherein the nethod further 5 conprises maintaining the
vari abl e power supply signal above a m ninum voltage |level. -35

.A).Ac. AF. A). AF. Ac. AL A). As. AFs. As. A. Ac. As. As. Ags. A. A A A A A As.AAV.A As.
A 's. As. A A Ac. A8V, . Ac. A9l 3#t

ELTW)/{vpke [ UU] ca] ca] ca] c*a] cal] ca] cal] ca] cal] ca] ca] cal] c™a] ca] cay ca] cal
ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] caU] caU] caU] ca! ! " " #%80808B8&A&H&zupj e [ UU] ca
] o cal cabal oal o 6 SrlALhEARhEALORbORI A Uhcah e e bapkeaUl oa
caU] caU] ca] ca

') rgappdr-may prvide avabe op thepowe aumei ByeBadiustment signal every 20

wr mga\ VUL c caj ca
La] it Ca]%] @Ja e Ck'fggz] ] ar]o a]@ g?%.cedm] fevél Gaidbead i adigRl ma) arl cal cal
oo prowdeseesRy Bans.| Burthes Zinnsiae sa3es; litgia\prefgsablett capateUheagupply ca] cau
Jcal ooy R?%g%ﬁ%%b&?k%h&&%%%ﬂﬁ‘b@%@ fPdGathEalialfeAor GRfdosl caUl ca
L&L) LDLHLcHanbel phwt Lravis)Miivits, ik Meveg withatad Ulrg akdditionUtea ruapinga toaiUlc a] cal]

cal eal ool caihen) pHheL6ad SabRAR SAHL R a6 - i il ) ool oa

P>PXP\ Pt Rvi{sitjgnefrdfing fow/pheat sapfly abltagd tahcligh qanves dupalycetllage] forthea) cal]

alee e et ol e oL s B

aU] ca]U:aU]aw]toabl]lmm oariirefitied fhea e dtodjcead by #ieceds]coe ] aralidoiadnia df ded caSS1T
ATTTbU UUUUUVVEV WIW WANNNYAYY upj e_ZTngal VU] ca] calU] ca] calU] ca] ¢
ay] ca] ca acq?ﬁealfgﬁtfw cal] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca

] caU] ca] c V\X )@\K&WWM strpRkZatintr| blebmvp\aqpbfres[ argaal/UU| ca]

a1 chU) caf «é%r@?%r a]cb’é%ﬁe#’lﬂﬂef%gﬁ%a ST e R L 8 g ©

gkf " [ Ungaghydiven ks LEM st&ieﬁahgaéﬂaza]rﬁa&ﬂaﬁaﬂoﬂﬂkﬂmﬂkwmlvwm} cal ca
] cal] ca] caU] ca] caU] ca] ca ca Ui] ‘1&’]5] 2aqaf ai aaaa aEbebbbbRcU
cccccthiectie|takfef & VR4t ‘%\%’5’53 S W'@EP U SPRYBEC & cay) ca
] caU] ca] cdra@heaPhe f&ﬁéttﬂr@ab @ameqadﬁsvdpﬂnaﬁ&ﬁ rRUdnadtentd amkqrviordaeasehihd gggggh

h"i% > Bibieiitiiijili

j{upje ZWQUW%&]%L&‘E‘&]’@'&@PC&W%W] sl Al Bireka e &5 et al) ca]
cal ca] caldisahed bl gaJ] ca] cal] ca] cal] ca] cal] ca

- i6)?2iBiIIIII)I)]) kaV\kkkkkkkkkkI nIIIII}vvrI \WTga\Vh!] cal cal] ca] ca
U] ca] caU] [98p8h] ca] Belgrdag eav| ©alfigutg & G‘(E@]"dﬁlé] ‘a‘]’ﬁtﬁ'}] g Hé!] g'a] caUlc

a] caljgal ga ][a %WM 9{] nmefm,ﬁomi omaoeammnelszawhtvﬂ ca] ca
U] ca] caU] cal caUl ca] caU] ca] cal] ca cal] ca] cal] cal ca |] cal] ca]
caU] ca] cagjyexayaf@‘ep@@]aﬁmqr@tam@ppq@wﬁ rengedyatiery con ltlen that are ar| |tra ily

ca] cal] caftitpe e AaFEalnd BpGes APR A RERHLCRIE %ﬁ“&”fﬁﬁﬁﬂgﬁ‘égfﬂf i

WUX UUUUOV reféde ey tranamiasianviveggaricy b X e pRRIXSLRRd ety liéh ORBEIPERU| ca] ¢
AL A e e b et )
ca] ca5al edibned baimbuamﬂmﬂ endediquanfycialsehtd w?c‘énq a &f&w] @2 dfal) ca]

T eall ce] ci CAFRaIds h%iéﬂﬁeﬁﬁﬁtﬁﬁ“k%% CpYER e TR 82 By o) o

] cal] ca] cadfstani @Heet revzemmlewhwm wrgamwr@dJ]Tm] wadt/ptep] 124 sato] ree\']"w!f@aU] ca]

hax| ORbi ( FTRQSSq DhiTR, ?éq%% OpRk el B RN PRI SF VAR 2020

] ca] cal] caapbhpgl scdiaal siadd v@Uhdh]eQ@i}ﬁiekﬂ daejicaUhdia] signadé . This is

A

7} xsni ¢ X@lCpdldralaaibeal eadeadoakian dhaiathiratdrstdrt utmitconecdliecage alara] cal]
ca] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca]ca 7:

$| ' $NQ - G\{ upj e_ZTi ¢ XS] U] ca] cal] ca] caldl.ca] cal] ca] cal] ca] cal] ca] cal] ca] caU
] ca] caU] ca] caU] ca] cal] ca] caU] ca] caU] ca] caU] ca] caU] ca] cal] caMY u

#VY&sz~?| wgl fa[ Vi cAXS] U] ] cal] ca] cal] ca] caU] ca] ca] ca] cal] ca] caU] ca] cal] ca] ca
U] ca] cal] ca] cal] ca] calU] ca] caU] ca] caU] ca] cal] ca] cal] ca] ca?Bor 6: [ "MPT9=uy{ vpk
e ZUi c"XS] U] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca] cal] ca] cal] ca] cal]
ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] cab9x{

] {upje_zU c"XS] U] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] ca] cal] c
a] cal] ca] caU] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] cad7XSK2

, {<?dgzupj e_ZT] U] ca] cal] ca] cal] ca] ca] cal] ca] ca] cal] ca] caU] ca] caU] ca] ca] ca]c




* ) CH37BGOSwr | ga\ Vj e_ZT] UUU] ca] cal] ca] calU] ca] caU] ca] caU] ca] ca] ca] caU] ca] c
a] cal] ca] cal] ca] ca] cal] ca] cal] ca] cal)] ca] cal] ca] cal] ca] caU] caShl +/ % 4wkL| wr m
gb] Xj e_ZT] UUU] ] ca] ca] cal] ca] ca] ca] ca] cal] ca] cal] cal] ca] cal] ca] caU] ca] cal] ca
] ca] cal] ca] ca] cal] ca] cal] ca] cal] ca] cal] ca] caLO _wHLVZ

&V EJf | wgl fa[ Vj e_ZT] UY] cal] ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] ca] caU] ca] caU
] ca] cal] ca] ca] caU] ca] cal] ca] cal] ca] ca] caU] ca] ca] caU cafj\ _(-xzZ*q{vagkfa[V]e_
ZT] U] cal] ca] ca] caU] ca] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca] cal] ca] cal] ca] cal]
cal] cal] ca] cal] ca] cal] ca] cal] ca] cal] cagx| \ cj | }vvrl gh\We ZT]UU]]cal] ca] ca] caU

el call ool h sale hd dbiidb ks hidthc 3bedl sabai derLiadl saland gy call o
S]T ?:(\(;/1}/22&] Vimwnmabah&ﬂeesidr TJe] maubeafne@ldee@hcﬁkﬂat.a]‘mmm] ieadd#fma]i Ich]h.z:a] cr:rﬁtl] c

all ca] cal ¢ ca c - X
S] ca] ca] c@&%’ 82#&%9)%"83? ?ké@}@a%&?!}”ggﬁ%%})gg% ‘@’aﬂs \ e %“% cgi‘qu%?;]scau} c
aj ca] Calﬂdaaﬂ:érahe&h&mabmywaﬂ\ ﬁﬁ&‘ AMPKTE@NBA Jis reduced !Zz%starvmg 1ts ower

@QX| wyl f a Vh XS]c
cal e PO G0 T PR P CRPE U B8 et e 180o Py Bres bt on

zupkf a\ Wa-hémali q&bqalt@ #cpedseathe Augaipedke af m@] wﬁ‘éié@d @ébi@@]rﬁﬁb%ﬁeﬂﬂ ce’zl ca] ca]

ca] calcalc d]Cca] cal ca] Ca";Lé]Iz % L& %cal ! S@;
Y xsni d_z@nddtpdanea slepsLeRe 124 a1 AR aheat P%ﬁf@}%%@@@ﬂ%ﬁ?%ﬂ“@d}e&] cal ca
I S 1 I o P A A R P B s o O e e ol
ca ca a c A
ca] cal ca]%i‘ﬁ’@]’d'&}'l?aﬁ"?:&’]"c‘&]%ﬂ?ﬂ‘é]h@&ﬂ losetact e siop sme ;31%111)3 I9'((: ')ae (P:ﬁa Ca‘] ca] °al
b, THYPE el lazli&ﬂ/“%o(n)er léxié‘i@ 'I(He Hh'_ri?bér\/c?f, odtﬁﬁ%%&%f (eve isk!FI%t wwfsa d\év

I \ c-$10% %ratlon depends on the |rn ' ower e 3
‘ ptementatmn of the power ampllﬂer Typxcaliy, three,
well-spaced output power levels ¢an be used for calibration.
[0065] The naxt step 130 is to use the control curves of the switching converter
72 and the minimum voltage level 92 to compute an ideal transfer function that is
15 required to derive the digital power signal 90 for controlling the switch converter 72.
The ideal transfer function is related fo the look-up table used in the average power
and gain control block 36 or the gain control block 68. The construction of the look-up
tabie was previously described. The next step 132 is to repeat sieps 122 to 130 for
several different wireless communication devices to obtain an average transfer
20  function.
[0066] The next step 134 is to perform curve fitting on the average transfer
function. One way to accomplish this is by fitting 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 ie used by the
25  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 o the power amplifier 34 (and
consequently gain) causes the earlier stages in the output amplifier block 24 to use
30 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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calibration to account for varlaﬂons in production toierance and deviations from the

average transfer function model that was obtained for the power supply control block

70. The first step 142 of the calibration method 140 is tv load the power supply

adjustment level generator 38 with a value that causes the switching converter 72 to

10  operate at its minimum output voltage. This allows the calibration method 140 fo start
at the lowast transmission power point of the wireless communications device 10.
[0068] The next step 144 is to calibrate the transmission power using the usual
procedure according to the transmission power point defined in step 142. The usual
pracedure involves increasing the automatic gain control of the device 10 over a

15 predefined "safe" range and recording the transmitter output power. Preferably, half of
the range is calibrated first. This is done until the output power of the wireless
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

20 characterization will depend on the manufacturer of the components of the output
power amplifier block 24. The farget power is the breakeven point that is determined
by reducing the power supplyu 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.

25 [00689] The next step 146 is to interpolate the output value of the average power
and gain contro! block 36 and load this interpolated output value, 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.

30 [0070] The next step 150 is to increase the value of the transmission power
level and repaat steps 142 to 148 of the calibration method 140. The calibration
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desired transmit power sngna! being generated in response to at least
one of a power control instruciion signal and a received signal strength

10 indicator signal,
(b)  an environmental sensor unit for providing at least one environmental
information signal,
(¢) a power supply level adjustment generator connected to the
environmental sensor unit for providing a power supply level adjustment
15 signal in response to a data parameter indication of a baseband
outgoing data stream to be transmitted by the wireless communication
device and the at least one environmental information signal; and,
(d) a power supply means connected to the average power and gain control
block for providing the variable power supply signal 1o the output power
20 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.

25 2 The power management system of ciaim 1, wherein 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 signal being related to the temperature of the

30 hardware of the wireless communications device; and,
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the frequency at which the baseband outgoing data stream will be transmitted.

10 4 The power management system of any one of claims 1 fo 3, wherein the
average power and gain control block comprises an average power level block for
generating the average desired transmit power signal, and a gain control block
cohhected to the average power level block for generating the gain control sighal.

15 6. The power management system of claim 4, wherein the power supply means
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 the power
supply means is connected to the power supply level adjustment generator for

20 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.

6. The power management system of any one of claims 1 to 3, wherein the power

25 supply level adjustment generator produces an altered version of the power supply

level adjustment signal according to the gain control signal provided by the average
power and gain control block, and the power supply means comprises:

(@) a summer connected 1o the average power and gain control block and

the power supply level adjustment generator for summing the gain

ac control signal and the altered version of the power supply level

adjustment signal to generate a first power control signal;
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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

10 édjustment signal to the clipper for adjusting the performance of the

clipper.

7. The power management system of any one of claims 1 to 6, wherein the power
supply means is configured to maintain the variable power supply signal above a
15  minimum voltage level.

8. The power management system of any one of claims 1 to 7, wharein the power
supply level adjustment generator is implemented by a plurality of look-up tables,
wherein one look-up table is provided for each enviranmental information signal and

20 the data parameter indication, and the outputs of each look-up table are combined to
generate the power supply level adjustment signal.

9, The power management system of claim 8, wherein at least one of the look-up
tables is implemented by a correspeonding formula.

25
10. The power management system of any one of claims 1 fo 8, wherein the
system further comprises a data parameter detector connected to the power supply
level adjustment generator and a baseband device of the wireless communications
device, wherein the data parameter detector provides the data parameter indication.
30
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‘ (i) reducing the magnjtude of the variable power supply signal while
maintaining constant output power in the wireless device radio signals;
(iii) recording the magnitude of the variable power supply signal when the
ACPR has increased to a pre-specified design target;
10 (iv) increasing the output power of the wireless device radio signals and
repeating steps (i) ta (iii) for several output power levels; and,
(v}  computing an ideal transfer function for deriving the power control signal

for controlling the switch converter.

15 12. The power management system of claim 11, wherein the power supply block is
further calibrated by:
(vi) repeating steps (i) to (v) for several different wireless communication
devices to obtain an average transfer function; and,
(viiy performing curve fitting on the average transfer function.

20
13. The power management system of claim 11, whereln the power supply level
adjustment generator is calibrated by:
(viiij loading the power supply level adjustment generator with a value which
causes the output power amplifier block to operate at a lowest
25 transmission power point;
() 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;
) interpolating the output value of the average power level block and
30 loading this interpolated output value, after adjustment by a reverse

mapper, into the power supbly level adjustment generatar;
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target power; and,
(xi)) increasing the value of the transmission power level and repeating
steps (viii) to (xi) until a maximum specified transmission power point is
5 reachead.

14. A method of supplying a variable power supply signal to an output power
amplifier block in a wireless communications device that receives an incoming data
stream from a base station radio signal and transmits an outgoing data stream in a

10 wireless device radip signal, the method comprising:

(@) detecting at least 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 station radio signal;

(b) generating an average desired transmit power signal in respense to at

15 least one of the received signal strength indicator signal and the power
control instruction signal;

(c) generating at least one environmental information signal for obtaining
information about the environment of the wireless communications
device;

20 {d) generating a pawer supply level adjustment signal based on a data
parameter indication of a baseband outgeing data stream and the at
least one environmenta! information signal; and,

(¢) combining one of the average desired transmit power signal and the
power supply level adjustment signal or a galn control signal and an

25 aliered version of the power supply level adjustment signal 1o generate
the variable power supply signal, the gain control signal being derived
based 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.

30
18. The method of claim 14, wherein step () includes at least one of:
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of the hardware of the wireless communications device and providing
the temperature information signal as part of the at least one
environmental information signal;

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

(i) generating a frequency information signal related to the frequency at
which the outgoing data stream is transmitted and providing the
frequency information signal as part of the at least one environmental
information signal.

16. The method of claims 14 or 15, wherein step (e) includes:
(iv) combining the average desired transmit power signal and the power
supply level adjustment signal to generate a power control signal; and,
V) converting the power control signal into the variable power supply signal.

17. The method of claims 14 or 15, wherein step () includes:

(v) adding an altered version of the power supply levei 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 inta the variable power
supply signal.

18. The method of claim 17, wherein step (v) includes providing a clipper
adjustment signal to adjust clipping parameters, the clipper adjustment signal being
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19. The method of any one of claims 14 to 18, wherein the method further
5 comprises maintaining the variable power supply signal above a minimum voltage

level.
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