METHOD AND APPARATUS FOR REGULATI NG THE TRANSM TTED POWNER | N MULTI - RATE

W RELESS COMMUNI CATI ON SYSTEMS CROSS REFERENCE TO RELATED APPLI CATI ONS 5
This application clains the benefit of priority fromU. S. Provisional
Application No. 60/423354 filed on Novenber 4, 2002, which is incorporated
herein by reference. TECHN CAL FI ELD The present invention relates
generally to power regulation. Mre particularly, the present invention
relates to power regulation in wireless transm ssion systenms. 10 BACKGROUND
ART Many wirel ess comruni cati ons standards require accurate regul ati on of
transmtted power dependi ng notanIyFon the rad| o] I|nk but al so on data
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cdma2000 oné\}ransmttgqlﬁgbv\ﬁr requi renents can be found in section 2.1.2
of 1S 2000- 2o Gt Srdily e d WL eVhichly r9TRostted kel by Kferersee such
requirenents only limted to cdna2000. Many ot her conmuni cati ons standards
al so have siTHdRNIC&QEHIERMENtS, such as 3GPP UMIS, 3GPP2 1xEVDO To neet
these requirenents, accurate calibration and conpensation methods nust be
i npl emented for Stehresemaivemint s:las AGEatpnt jooler cdpatatioh evibtpaticularly, the

nonli nearit Thi s nonl jne r|t ai.n control characteristic which
appears as & HOHIMTRAF] EPSEe ‘ée‘ﬁg‘iﬁ%ne{ﬁﬁlm PRI SYS Munct i on of the
control voltage input to the AGC anplifier. A further source of variation
is signabd d&arKEROWIDMR/Ari ati on (signal power | evel dependent gain
variation and signal distribution dependent gain variation), which has
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nonl i neari t&gll%bg?%gmég\%%ggng%% %JA] ,{‘ﬁ\%‘{ ﬂ% ﬂ@@%g dﬁ?ifrldtgga?q Slgn aluch
si gnal depefgents @ai, rodiag |dad|rmﬂd@00b3@hm&1 Asnaxt Iamnpmwecrdmazooe has deﬁncd

requirements for accurate transmitted (Tx) power control, such as open loop and closed-

15 loop power control in the reverse link. The telative power requirements are also defined
for cach of the various code channels (e.g., pilot, FCH: fundamental channel; SCH:
supplemental channe]; DCCH: dedicated control channei; etc.) according to their data
rates and signal formats. Further information concerning cdma2000 on transmitted power
requirements can be found in section 2.1.2 of 15-2000-2, which 1s incorporated herein by

20 reference. Nor are such requirements only limited to c¢dma2000. Many other

- communications standards also have similar requirements, such as 3GPP UMTS, 3GPP2
IXEVDO. To meet these requirements, accurate calibration and compensation methods
must be implemented for such impairments as AGC control characteristic nonlinearity.
This nonlineanty is a gain conirol charactesistic which appears as a nonlinearity in the

25  AGC amptifier gain as a function of the control voltage input to the AGC amplifier,

A further source of variation is signal dependent gain variation (signal power level
dependent gain variation and signal distribution dependent gain variation), which has
heretofore not been compensated for. Signal dependent gain variation 1s mamly due fo the
non-purely Class-A nature of an amplifier, or nonlinearity of other devices such as mixers.

30  Most significantly, such signal dependent gain variation is observed in the power
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-1 anplifiers (PA), which require high power efficiency. In order to

achi eve high power efficiency, many PAs in the market utilize a self-bias
design for the wireless nobile devices, in which the anmount of bias is
dependent on the input signal strength (instantaneous value or its

envel ope magni tude or both). Thus, a change of input level 5 varies the
gain. Changes in either data rate or signal format result in variation of
the signal distribution (e.g., peak to average power ratio). Such changes
also typically alter the effective gains in such anplifiers. It is,
therefore, desirable to provide a nmethod and apparatus that conpensates for
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signal in accordance with a received anplifier control signal to
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15 gain is dependent on signal vanations.

Tn a first aspect of the present invention there is provided a mobile device for
transmitting a wireless signal. The mobile device comprises a frame generator, a reference
power source, a wireless transmutter and an amplifier controlier. The frame generafor
generates a signal having a data rate and signal format. The reference power source

20 generates a desired reference power level. The wireless transmitter has an amplifier with at
least one stage that manifests a signal dependent gain, the amplifier receives the generated
signal and amplifies the received signal in accordance with a received amplifier control
signal to compensate for the at least one stage that manifests the signal dependent gain.
The amplifier controller receives from the frame generator the data rate and signal format

25  associated with the generated signal, receives the desired reference power level from the
reference power source, maps the desired reference power level, the datfa rate and signal
format to an amplifier control signal value in accordance with known nonlinearities
associated with the at least one stage that manifests the signal dependent gain, and for
generating the amplifier control signal in accordance with the mapped amplifier control

30  signal value.



generating the anplifier control signal in accordance with the mapped
anplifier control 30 signal value. -2 In a second aspect of the present
invention, there is provided a nethod of anplifying a generated signal, in
a nobile device having an anplifier with at | east one stage that manifests
a signal dependent gain, an anplifier controller, and a reference power
source. The nethod conprises receiving a data rate and signal format signal
associated 5 with the generated signal; determining a desired degree of
anplification in accordance wth the data rate and signal format signal
and the desired reference power level, and nonlinearities associated wth
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generated signal; select a mapping from an amray of mappings, the mapping reflecting
known nonlinearitics associated with the signal dependent gain, in accordance with the
data rate and signal format signal; determining an amplifier control signal value using the
selected mapping in accordance with a reference power level received from the reference
20  power source; generating an amplifier control signal in accordance with the mapped
amplifier control signal value; and amplifying the generated signal in accordance with the
generated amplifier control signal to compensate for the at least one stage that manifests

the signal dependent gain.
Other aspects and features of the present invention will become apparent to those
25  ordinarily skilled in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described, by way of exampie

only, with reference to the attached Figures, wherein:



BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the present invention wll
now be descri bed, by way of exanple only, with reference to the attached
Figures, wherein: -3 Fig. | is a block diagramof a first enbodi nent of a
transmtter systemaccording to the present invention; Fig. 2 is a block
di agram of a second enbodi nent of a transmtter system according to the
present invention; 5. Fig. 3 is a block diagramof a third enbodi nent of a
transmtter systemaccording to the present invention; Fig. 4 is a
flowchart illustrating a method according to an enbodi nent of the present
invention; Fig. 5.is. a fL mggart ilbuE%rat'n a f%rther met hod according to
an enbodi nent of F®olihd }%F BEtem A8 HIS SROOYAEF G Tapspaties sy sieRReRetEing
iIIustratingﬁﬁmggﬁbaﬁhaémﬁm;alternate enbodi ment of the present invention
BEST MODE OF CARRYI NG OUT THE | NVENTI ON 15 General ]y, the present invention
provi des a met hodténd Hppdietkudiagrm péqupuenh Fmbod@eshioft 2 drapgmittep syem
parti cul arly,idi:dnJRlhd fre@aVingétiohNe Present invention provides a method
and apparatus for fegulating Tx power in a nobile device transnitter
supporting- nul tiPige3 daz blockatdiegrannef sthyaginbpdiment of 2 Bimgmeitmtsastanragceilggal
dependent gaj . Throughout the specification, signal formats
refer to codkﬂ3§gﬁggﬁgﬁh %ﬂ on nethods. 20 In many power anplifiers, a

sel f-bi as desi gn Fig. #nplacfientied fiostradhfiacimethoy . acddréing stel 4n- bnbsdimatir odtices a
non-linearit intthe anplifier. This non-linearity is signal dependent,

and alters tREGAM“CiAr acteristic of the anplifier at different signal

| evel s, and wi th Fidi §fiei @atcisargimabirading tar fhibhhidri ragtBoc auseihdy ahangeliataddt a
rates anﬂ%figﬁal formats. Thus, the mapping between a desired reference

power |ev FEHE CERETBIRPSI gnal val ue used to 25 generate the required
anplification to rigakiize fibeciesiluedathy Paveiiodcanay altymidet dmbdiemerat & the
present
invention.

BEST MODE OF CARRYING OUT THE INVENTION

15 Generally, the present invention provides a method and apparatus for regulating
transmitted (Tx) power, particularly in a mobile device. The present invention provides a
method and apparatus for regulating Tx power in a mobile device transmitter supporting
multiple data rates and signal formats, and containing signal dependent gain stage(s).
Throughout the specification, signal formats refer to coding and modulation methods.

20 In many power amplifiers, a self-bias design is implemented for efficiency. The
self-bias introduces a non-linearity in the amplifier. This non-linearity 1s signal dependent,
and alters the gain chatacteristic of the amplifier at different signal levels, and with
different signal distributions caused by change of data rates and signal formats. Thus, the V
mapping between a desired reference power level and the control signal value used to

25  generate the required amplification to realize the desired Tx power can vary with the data
rale and signal format of the signal to be amplified, as well as with the signal level that is
mput to the amplifying stage that manifests such nonlinearity. These non-linearitics are
amplifier specific, and arise as a resull of both amplifier design, and the specific
manufacturing process, thus the non-linearities of two different amplifiers manufactured

30  using the same process may not be identical,



rate and signal format of the signal to be anplified, as well as with the
signal level that is input to the anplifying stage that mani fests such
nonlinearity. These non-linearities are anplifier specific, and arise as a
result of both anplifier design, and the specific nmanufacturing process,
thus the non-linearities of two different anplifiers manufactured 30 using
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refers to the particular part of the power 1n the total transmtted power

t hat the wirefetred semBodimmmenitosteven tapdesed divaativhycapesi fappBed For other
exanple, in IS 2000-2. for, RCL and st . jo._ .

cont | gur aC PBRITCHAR B encE BBket TR (VTS "o efin e ke bAChes vl erell of a
gated on pawekiool ¥y Mok andki@ibi@vile arhao BiLERNCRBRANEE pBRBMS ab RGedRékindN Of
the power in the pilot channel. Al other parts of the total power (i
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at data r : LS. 534 ti 0. t/he fer p y
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anpl i fi er tolagated pRPORRPI for BEr3 dichgfeovinHicr €&eiitg RpATS meds dhepptiion of the

power in the pilot channel. All other parts of the total power (if any) are regulated relative
to the reference power (e.g., the power in FCH at data rate 9600 bps is +3.75 dB relative to
20  the reference power by default in 1S-2000-2).

As illustrated in Figure 1, a frame generator 100, such as a data encoder and
modulator, generates a signal, s, which is transmitted to an amplifier 124 in transmitter
120. In series with AGC amplifier 124 is the amplifier stage manifesting gain incremental
AG 126. Amplifier 124 is controlled by amplifier controller 105 to mitigate the

25  nonlinearities of gain incremental AG 126.

The transmitted signal is gain adjusted by the AGC amplifier 124 in accordance
with a control signal y, and then provided to the amplifying stage that manifests the signal
dependent gain variation AG 126, whose value is dependent on the input signal level, input
signal data rate, and input signal format. For simplicity, the following description ignores

30  sources of gain variation such as temperature, frequency, and battery voltage related gain

variations, Instead, the focus is on AG itself and an aspect that is



AG 126. Anplifier 124 is controlled by anplifier controller 105 to mtigate
the 25 nonlinearities of gain increnental AG 126. The transmtted signal
is gain adjusted by the AGC anplifier 124 in accordance wth a control
signal y, and then provided to the anplifying stage that manifests the
signal dependent gain variation AG 126, whose vaI ue is dependent on the
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transmitter 120. Signal s is gain adjusted by AGC amplifier 124 and is affected by signal
dependent gain, AG 126, before it is transmitted.

20 On a second data path, data rate and signal format indicator r, is provided by frame
generator 100 and is received by a first mapper 106 in amplifier controller 105. First
mapper 106 contains a mapping from the data rate and signal format r to a gain adjustment
amount d(r) that is generated through a calibration process to ensure that the nonlinearities
of signal dependent gain AG 126, are properly compensated for. The process of calibration

25 is discussed in greater detail below. This adjustment d(r) is a value in dB or proportional
to dB by a scaling factor. For a chosen reference data rate, denoted as ryer, the value d(rres)
is set as 0 dB. A reference power source 108 produces the desired reference power level p
that is expected at the antenna in dBm (or in a unit proportional to dBm by the same
scaling factor as used in d(x), if any). One skilled in the art will appreciate that the system

30 can be simplified by ensuring that the scaling factor used in p for the power expected at

the antenna, is the same scaling factor used in d(r) for the gain offset. In cdma2000 mobile



generator 100 and is received by a first mapper 106 in anplifier controller
105. First napper 106 contains a mapping fromthe data rate and signal
format r to a gain adjustnment anount d(r) that is generated through a
calibration process to ensure that the nonlinearities of signal dependent
gain AG 126, are properly conpensated for. The process of calibration 25 is
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124. Si gnapspscavedy.aklist praleg repssanéatioy @fnampyﬁarr éOlﬁFCéflérW ¢1se obfy &F-98SSF r om
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digital-to-ana ectivel
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version thereot. The resul
dependent gain AG 126,

20 The methed to calibrate the first mapper 106 and the second mapper 110 mapping
table values will now be described. Using a reference signal generated by the frame
generator 100 with a reference data rate and signal format, the second mapper 110 output
value y is calibrated by the system of the presently illustrated embodiment as follows. For
a reference data rate and signal format ree the value d(rye) is defined as 0 dB, for each

25  given value p, the second mapper 110 adjusts output value y corresponding to p so that the
transmitted reference power measured at the antenna is the expected value p. Note that the
manner in which the value y is determined already compensates both the nonlinear
relationships in the transmitter, i.e., the gain in dB of amplifier 124 as a function of the
value of the amplifier control signal y, and variation in the AG 126 as a function of the

30  input signal level, where the input signal for calibration is the selected reference data rate

and signal format. For example, choosing RC1 in IS-2000-2 as the reference signal, the



the anplification is that signal s is anplified in a manner that
conpensates for the signal dependent gain AG 126. 20 The nethod to
calibrate the first mapper 106 and the second mapper 110 mapping table
values w Il now be described. Using a reference signal generated by the
frame generator 100 wth a reference data rate and signal format, the
second mapper. 110 out pu val ue is calibrated by, the.system of the.,.
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first j0apRRved OPhertl(F dnd I3 RE RCERPNY 08l thbratbRAA8ath thicoRd sdial tonRach
data rate and ;é?nal format r that the nobile device supports, and for a

pr e- sel ectrespectipglvuellus pprt ushellw adrube dte-yalcglatedj agsordihgsty staadard.hEhe second

' f . h
570 "Not S biiherles B BB B REerng ERE ALY Bholef aRloRR B Minflipndf' © 1
d(r) being aEpesechic id Wuspd@blySthe Bignal idigtibRait clange batvechof ah#l@, .. This

difference in dBin total transmtted power between r and rref, given the
sane ref eSeeMid nat yewRly, camer der pgrrglouiased apd hasdoche caliratedd it BEnicrBl ence

data rate i f ; i Thi

pr - caf cu a8 38 By il enal AFRSF LB e Wrlo Bl T ABIRGRAASS |
gai n di f f epplixcieati the AGind 2ifne bebweethe dabapatlat @8 dehy Siggad|asfias hats describod
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This sec8idpat (PRGN FHIRaNHbH! BasPIrRedhrclie spBvARHOR &L dBsapeed by data
cal i brat edate hhd $ig8M fohR&Uhange is nearly independent of that caused by signal level change,

which is true in a large range of operation of interest.

20 In instances where signal level and signal distribution caused gain variations are
dependent, an alternative embodiment as shown in Figure 2 can be used to compensate for
the dependent gain variations. Referring to Fig. 2, the first mapper 106 is an array of
mappers. The data rate and signal format indicator r is used to select a member mapper
within the array. Each member mapper of the array selected in accordance with r receives

25  the desired reference power level p from reference power source 108 and maps it to a
corresponding output value d(r, p) in accordance with the values of p and r. Following the
mapping of p and r to d(r,p), and after d(r,p) is additively combined with p from
reference power source 108 at an adder 112, the combined signal is provided to second
mapper 110, which maps the sum of d(r,p) and p to an amplifier control signal y. Other

30  aspects of this embodiment preferably remain the same as in the embodiment shown in
Fig. 1.



15 Whenever the data rate and signal format changes, the appropriate gain
adjustnent d(r) is applied at the sane tinme because the two paths are
del ay aligned, as has been described above. In the above calibration, it
is assuned that the gain variation in dB caused by data rate and signa
format change is nearly independent of that caused by signal |evel change,
which is true in a large range of operation of interest. 20 In instances
where signal |evel and signal distribution caused gain variations are
dependent, an alternative enbodi nent as shown in Figure 2 can be used to
conpensate for the dependent gain variations. Referring to Fig. 2, the
first mapper 106 The rasthed toayliphte tragsperdsnapbhel Watla wak@s drcami ghadsclinydmat

indicator r s, 0 .select.. I r. .within the array. Each
nmenber rrappe}}e%%l#asot%g%hgrtg%ém@% 1@%@2? ? “f%nggﬁﬁlaémf HW’E}?’F ardJLfSEE‘éTItég’é’“‘?‘S“i"he
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and r. Foll - {oh &ac E“ﬁlo g’e siPddRfETancs BORT e P inpktohe Brst BEppes)L06.s
addi tivelsy aBehiqored wdréhcp pbwalp is aellier-ane B RAMEL,. Source 108 at an adder

112, the conbined signal is provided to second mapper 110, which maps the
sum of d(r,p) and‘FHEvely BAPRIGE spbedigenkas shayyial Kigwehée Bet adpeetnd of

this enbodi MRiPpeRl 866 kAP, HEITBIhAlEE1 1900E 1 &50vk8 L& ' in
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i nstance, t adiYst 1R e A Lomd ; t d.Ln. r 106.

cali brated ngrt ee]{ch at aa rate’ alﬁg soi’n.grilI t&&ﬁ%&“?%ﬁ%%&%ﬁ?@% 9”05"(1)&6? ktljé{t ,

f or eacHOvaltercbfrende@ortesioned 108f Breanps rpelses alnsngler mappep it tHeartap eapparst
mapper 106, : r i refer ower i chi eved at the antenna.
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Spurce 105, T LARML SRt BcRoTSImSt MROREL L L PLLEY. ImBRer 110
aspects rend Btep 200 the data rate and signal format of the generated signal s are received. The
desired degree of amplification is determined in accordance with the data rate and signal
format of the received signal, the reference power level and pre-calibrated values
determined in accordance with the nonlinear characteristics of the amplifiers in step 202.
20 This desired degree of amplification is subsequently mapped to an amplifier control signal
value in step 203. The mapping of the desired degree of amplification to the amplifier
control signal value is preferably performed in accordance with pre-calibrated values
reflecting characteristics of the ampiifiers and transmitter system. In step 204, an
amplifier control signal is generated in accordance with the mapping of step 203.
25 Figure S illustrates another method according to an embodiment of the present
invention. As before, in step 200 the data rate and signal format of the generated signal
are received. Step 202, the determination of the desired degree of amplification, is
achieved by first selecting a member mapping table in accordance with the determined
data rate and signal format as shown in step 208. And then, at step 209, receive the desired
30 reference power level and map it to a pre-calibrated gain adjustment value that reflects the

non-linear signal dependent gain characteristics of the amplifiers corresponding to the



the sane as in the enbodinments in Fig. 1 or Fig. 2. Each of the nenber
mapper contains a mapping table that is calibrated for the corresponding r
to get correct reference power value p at the antenna for any value p
provi ded by the reference power source 108 15 Figure 4 illustrates a nethod
according to an enbodi nent of the present invention. |In step 200 the data
rate and signal format of the generated signal s are received. The desired
degree of anplification is determined in accordance with the data rate and
signal format of the received signal, the reference power |evel and

pre-calibrated values determned in accor danc ith the nonlinear . .
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i n accor danc gewkdtd mheacampe wih Gfe rsappineXd3tep283Fi gure 5 illustrates anot her
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step 203, the.d g{h@ag%qﬁge&h&gpg]gﬁgr ee of anplification is rrapped to an
anplifier cot sl gn value. In step 204, an an‘P|IerI’ contro gq)al IS
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val ues are us%mh i BefRil® Qolely by the claims appended hereto.
INDUSTRIAL APPLICABILITY

20 The present invention provides advantages in the field of power regulation in

mobile devices
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202a, to select one of an array of maps which account for the
nonlinearities of the 10 anplifier, nmuch as the degree of anplification was
previ ously determ ned using the same inputs. The sel ected mapping is used
in step 203a to map the reference power level to an anmplifier control
signal value. The anplifier control signal value is used in step 204 to
generate the anplifier control signal. The above-descri bed enbodi nents of
the present invention are intended to be 15 exanples only. Alterations,
nodi fications and variations may be effected to the particular enbodi nents
by those of skill in the art wthout departing fromthe scope of the

i nvention, Whatk demegidfis:ned solely by the clains appended hereto.

| NDUSTRI AL APPLI CABI LI TY 20 The present invention provides advantages in

the field of | powek nfoBauhahlas: khontRhl L idey ﬁgaglaﬂreomg\b?édev& SoAbimL ' <

A nmobil e deV|ce for transmtting eless Sl nmobi
conprising: a f raeﬁnzanggrmeraalrdmr g‘eocrag@eslataﬂ hayiiag adagmaite mﬂl\mgﬁgl Brdat a rate
and signal fornmat reference eratln sired

ref erence power I%ﬁé?mweBOWMQOI§?£e§¢??%. %?%? Viigre mgﬁﬁflfler with
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the at | eaStth@Q&cﬁ/ﬁ@@%mi]hﬁtacmnﬁ@&ttﬁ] 4 J‘é@clﬁédgé'iﬁ;ﬁ ifbe RERELE REpnERIOBo PRk RN

anplifier controller receiving fromthe frame generator the data rate

and 10 S|gn@[ﬂF@FWﬁ¥Oﬁ%gﬁgﬂaﬁéﬁnﬁﬁﬂﬁﬁFH@“@éﬁéW&?@d¥§}@W&I for receiving

the desired refergngsiRewekrdiRY ®r ftQMhi Ben %Eq{ﬁﬁcﬁeﬁ%@mfthﬁ%{acﬁtc frQr
mappi ng the desired reference power |level, the data rate and signal format

to an anml i fiighe! égmet 81508ip A a1ty Hleu gerierricd B aNE Eeceiinh tendsaired reference
nonlineari tigg, A380€ ﬁ%e@le%fuanwso@ér doBRS! fop%pﬁﬁl 98e lib&fed r@ff}lefngéi'u(?‘wérhe

signal dependent gain, enerating the anplifier control gnal
accordance werdh @héatalrstemﬁmah i2f foean wopltiies lconfiq agnal wdlee in gecoffhece

mobi | e devi gl &lRhSRihe MIBE GiBciktle AIPhL b Rhst COPGLEL bRt aRGLydgs fnmepper

dependent gain, and for generating the amplifier control signal in accordance with the

15 mapped amplifier control signal value.

2. The mobile device of ¢claim 1 wherein the amplifier controller includes a mapper
for mapping the desired reference power level, the data rate and signal format associated
with the generated signal and known non-linearities associated with the at least one
20  amplifier stage that manifests the signal dependent gain to a degree of amplification and

for mapping the degree of amplification to the amplifier control signal value,

3. The mobile device of claim 2 further including a delay buffer for receiving and
holding the generated signal from the frame generator and for providing the received
25 signal to the amplifier when the amplifier confroller generates the amplifier control signal

corresponding to the held signal.

4, The mobile device of claim 3 further including:
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for mapping the desired reference power level, the data rate and signal
format associated wth the generated signal and known non-linearities
associated with the at | east one 20 anplifier stage that manifests the

si gnal dependent gain to a degree of anplification and for nmapping the
degree of anplification to the anplifier control signal value. 3. The
nobi | e device of claim2 further including a delay buffer for receiving and
hol di ng the generated signal fromthe frame generator and for providing the
received 25 signal to the anplifier when the anplifier controller
generates the anplifier control signal corresgondin to the gﬁld si gpal .

4. The nobile devRdBstsheital & maog eAVER IPhEPEYinggae butfered;sigpgl Oﬂarh@idg Y to

anal og convery,gty tRohRESVthd Gutified Bhd & SfamsicgairedehRbi, NEg dalwidibg tifeer |
for converting the buffered signal to0 an anal og representation, and for

provi di ng t henslapprgentefands s tiab@ifterignthe transmtter; and a second
digital to analog a%&%}lxg 4ififal Fogér:ual(’:og%h\yérfgg fc]crrr%\;h}iE&@l?mjlé &hﬁlﬁﬁ&%@ﬁ&cﬂie} afe the

5 anplifier control signal, nverting the anpliftier control signal to
an anal og5 r eppéSententrdnsigeald 6o copreotisigd itirey atmiplifiem apujtp! r sipnad ston et 410619Lof

th lifi | si | Q. i fi . ' ice:
cl'aim1. whererwehim I e @ik e R ehSfenyon By Gy SRS,

recei vi ng framichepfifiee generator the data rate and signal format, for
mappi ng the data rate and signal format to a gain adjustnent value in
accordance with pre-calibrated values; and a second mapper for receiving
the gain adjustnment value fromthe first mapper, for receiving the desired
reference pover | @remobilodetitreoficfimrienbespohrsmpliiar centradisyintlydes: 15 mappi ng

the desirgd refer gnge PRUSL LheYslenildabhCsddhMAdShIRRL KBl bR bR L

anplifier cont rof 5|gnaP val'ue 1n cordance w _
nonl i neariti ésana6. fof heappld ltle deni ee sybtenmloformhiaiomabgaintrdjusiment halue

anplifier contro$|erwhgéhugﬁgﬁggkﬁidder for addi ng the gain adjust nent

val ue from t HE“F4E¢ e N§e®r ed reference 20 power |evel from

the reference powekewndneppeaff rdoiingribygdh adjustnentradisl Adm thesfirghadppen fethe
second napperrécejving the desired reference power level from the reference power source, and for
15  mapping the desired reference power level and the gain adjustment value to the amplifier

control signal value in accordance with the known nonlinearities.

6. -The mobile device system of claim 5, wherein the amplifier controller includes an
adder for adding the gain adjustment value from the first mapper and the desired reference
20 power level from the reference power source, and for providing the resulting signal to the

second mapper.

7. The mobile device of claim 5, wherein the first mapper includes a lookup table
with pre-calibrated entries reflecting the nonlinearities in the transmitter for determining
25  the gain adjustment valuein accordance with the data rate and signal format indicafor
signal, and the second mapper includes a lookup table with pre-calibrated entries reflecting
the nonlinearities in the transmitter to determine the amplifier control signal value 1in

accordance with the desired reference power level and the gain adjusiment value.
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7. The nobile device of claimb5, wherein the first mapper includes a | ookup
table wth pre-calibrated entries reflecting the nonlinearities in the
transmtter for determining 25 the gain adjustnment val uein accordance with
the data rate and signal format indicator signal, and the second mapper
includes a | ookup table with pre-calibrated entries reflecting the
nonlinearities in the transmtter to determne the anplifier control signal
value in accordance with the desired reference power |evel and the gain
adj ustment value. -12 8. The nobile device of claim1l1, wherein the
amplifier controller includes a | ookup table for determ ning a degree of
anplificatioh in Hecoebiterdeyiogial slamd, ddgichede raplfierroatolmvieriudesndbokuphe
data rate a ' fQr ial.ed. W : S] t he
cnown' non- | 1 Aok ot BedRRpink 2 EBtec TSAGIRLAG, th o RRRR LR S UARR i)
gener at ed si guvedr levieh the dabirdte antk tHecegnhbiprmy aspcautgol with eenerased Higraf abddwt one
st age t hat i.fe ..a_ siqgn t gain, an anplifier controller, and
a referencer%‘%m%r‘%égﬁr%%%}egtoﬁ%eqn%ﬁﬁﬁgggorrpri sing: receiving a data rate and
signal farmat signal associated with the generated signal; 10 determ ning
a desired degree of anplification in accordance with the data rate and
signal for sig ?gl]?g[s f nce rad |, and .

nonl i neari maée's as‘ggl&mgtﬁe%ga}n%ﬁ h %hé gﬁ%\?ﬁ%@?‘g%'a hi epe%edg(;%?]aglg ﬁr;l a%’b%?rng

t he det er nmi neith etdgrse enoftagmiphtirhircfesh ovighd depersiiom dafr, en amphficralonsélpnadng

val ue; 15 generating an %URlciJléﬁ-.%th%?@&%&'i«;h?i-gnal in accordance. wth the
mapped anpl iFier Rt rol signal "val ue; a‘ndg'arrplifyi ng the generated signal
i n accordance W trbceivieg génerad ed sgmpl fohh@rsigneldssw@latedsiignék ghrercanpansat e
for the gt |east e stage.that .mani fests.the signal,h depe nt. gain. 20 10
The met hgod of cl éif‘% L miggadeid ¢ ?%Ges?iabn pglﬁ “Herey Cﬁf%ﬂc‘{)ﬁgg ﬁ?gqﬁ eralffa“%
anplificati ofignal Aehedegnghembiahatietred rdfabhe josek el Bndacomndaiee swothetihe

data rate and sjignal format, signal, the desired reference power |evel, and
the nonl i neavf“iﬂﬂhggn%‘g%%lgf‘n%tdg%m\ﬂ%qﬁa?lhe signal dependent gain.

mapping the determined degree of amplification to an amplifier control signal
value;
15 generating an amplifier control signal i accordance with the mapped amplifier
control signal value; and
amplifying the generated signal in accordance with the generated amplifier control

signal to compensate for the at least one stage that manifests the signal dependent gain.

20 10, The method of claim 9, wherein the step of determining the degree of amplification
includes performing a table lookup in accordance with the data rate and signal format
signal, the desired reference power level, and the nonlinearities associated with the signal

dependent gain.

25 11 The method of ¢laim 9, wherein the step of determining the degree of amplification
includes selecting one of a plurality of lookup tables wiﬂl‘pre-calibrated entries reflecting
non-linearities inn the amplificr, i accordance with the data rate and signal format signal,
performing a table lookup in accordance with the desired reference power level, and the

desired reference power level,
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25 11. The method of claim9, wherein the step of determning the degree of
anplification includes selecting one of a plurality of |ookup tables with
pre-calibrated entries reflecting non-linearities in the anplifier, in
accordance with the data rate and signal formal signal, performng a table
| ookup in accordance with the desired reference power |evel, and the
desired reference power level. 13 12, The nethod of claim9, furthering
including the step of filtering the generated anplifier control signal,
prior to the step of anplifying, to prevent rapid changes in the degree of
anplification. 5 13. A nethod of anplifying a generated signal, in a nobile
device having an anplifier wth at |east one stage that manifests a signal
dependent gain, an anplifier controller, and a reference power source, the
met hod conpr il8i ngThe evdlodi efgclaing 8t furthatieg metidiiggihal stepovinfiltergiggihal generated
associated w_th.khe ner.at i ; I a I f; rpay of
mappi ngs. -t ne A oo EREBeE bR AR, v W R REne ol P Sortd SR, AL RY 0
si gnal dependegite gdnmplificatimccor dance with the data rate and signal fornmat
signal; determ ning an anplifier control signal value using the selected
mapping i@ accordance with a reference power |evel received fromthe

ref erence power source; 15 generating an anplifier control signal in
accordance with the mapped anplifier control signal value; and anplifying
the generat ed3si gfanether alceerldyne e eaneHed Henganarnebals daKee 1YIBE a HRPHIET
signal to conpensahe §QlsdbthafnahfAsla QPG 3L RYEed: R0, MPOL B Tohfslcs ! HRal

dependent gain. -14 o
a reference power source, the method compnsing:

receiving a data rate and signal format signal associated with the generated signal;
10 select a mapping from an array of mappings, the mapping reflecting known
nonlinearities associated with the signal dependent gain, in accordance with the data rate
and signal format signal,
determining an amplifier control signal value using the selected mapping in
accordance with a reference power level received from the reference power source;
15 generating an amplifier control signal in accordance with the mapped amplifier
confrol signal value; and
amplifying the generated signal in accordance with the generated amplifier control

signal to compensate for the at least one stage that manifests the signal dependent gain.
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