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COVMUNI CATI ONSYSTEM [ 0001] This application clains the
whewsflvge3nf provisional U S. Application Seri aPCINOS2005/015288

60/ 568, 111 entitled "A Method and Apparatus for Gain

Stepping in an OFDM System wi t h Large Peak-to- Average

Power Ratio," filed May 3, 2004 and is expressly
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present disclosu ,ﬂ,i gYSﬁ,IgIgﬂmm cat 1 on,

and nore specifi trolling

the gain of a receiver in a communication system I1.

Background [0003] A multi-carrier communication system
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[ £ arriers,. e.pravided hy .ortho al. .

Y e b B A e P Pl A eyt CAREShdpine in an OFDM
- Selehd witANer§DMAk-toOAvEREPOV SR atfOf FiledCRlak 1302004 and is expressly
nodul ati on techniques. OFDM partitions the overall

ingpspepicd AsER-dt h into nultiple (K) orthogonal

frequency subbands. Thesg, sibRisgpare al so call ed

tones, subcarriers, bins, and so on. Each subband is
Jassodijelded with a respective carrier that may be

modul ated with data. The carriers for the K supbands
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sghtamact eri stics, including the ability to conbat
ﬁulti ath effects which are prevalent in a terrestrial

om“nlgﬁ_ “f!‘&‘i"_%ﬂfl system However, a major drawback wth
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Bionramtplexas (SRR anirapte; OGS d Sore olhes Rit-carcer
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shown that the peak power can be up to K tines greater
(Kb anthopenah Vieregey poblnds.o TherRDMPbIBBGE; alvh sakddytenesppbcarriers,
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modulated with data. The carriers for the K subbands may be independently modulated

with data, and the K modulated carriers are added together to generate an OFDM signal.
[0004] OFDM has certain desirable characteristics, including the ability to combat
multipath effects which are prevalent in a terrestrial communication system. However,
a major drawback with OFDM is a high peak-to-average power ratio (PAPR) for the
OFDM signal, i.e., the ratio of the peak power to the average power for the OFDM
signal can be high. The high PAPR results from possible in-phase (or coherent)
addition of all the carriers when they are independently modulated with data. In fact, it
can be shown that the peak power can be up to K times greater than the average power
for OFDM.

[0005] The high PAPR for the OFDM signal normally requires a receiver to have a
larger dynamic range than for other modulated signals such as CDMA in order to handle
the wide fluctuation in the power of a received OFDM signal. The larger dynamic

range can complicate the design of the receiver. The high PAPR also makes it



| arger dynam c range than for other nodul ated signals
such as CDVA in order to handle the wide fluctuation

wo poosheeppwer of a recei ved OFDM signal . The | BETE82005/015288
dynam ¢ range can conplicat®e the design of the
recei ver. The high PAPR al so makes itchallenging to
accurately estimate the power of the received OFDM
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There is therefore a need in the for techniques to
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[0006TUNI ThEre QR tisarsfordTh nebtMMARY 410 B8/ fecHg gl t9URMmtrbDthe gain of a
control li n?.the. gain of a receiver in a nulti-carrier

IBUAYRL MR @ MUl amies camncades gysigied herein. To sinplify

the receiver design, the gain of the receiver may be

adjusted in discrete gain steps. Miltiple gain states

are defined for the receSUEBMIMERIY gain state is

associated with a specific discrete gain step and a

[00@Hi f | Techmnges ofors comadllihg vibk sgdior o a eeediverd itORDNhulti-carrier

signal.. [0008] In e i ment . the receiver.include .
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drah&ltecERELIM DeRRYRIcdh difteett 26 G, WMpR Siidlstates are defined
e.g., by conputing the power of the data sanples from
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jogosihe noOkSeniwdahertf tHehecdieaeinvRde Ok [ddeRt@nald a somedler. The
or bel ow the noise floor. The total recei ved power is

detrstarv dategie fppiiatel gecairrdl ReYSe chrle siegred (PP ¥agieal, e.8. by
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ERphE AR bOPRCYE ARPUER ol TrtR oA AR5 N obeal® (ADO)
andCevieraging the qoavedi rBus itaal, reCeived pineel imoksles gaise pstvat end signal
to the highest gain state, . base n the detected total .
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HEBRI é’lg{laltiQn&ﬁ%rlH%W thedRid® SR Ghe 1HEI RREWEA potBeis the average
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B pove e s ol Be St & oF Zecsnk® bdiresign, from
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higher gain state if low total received power is
pistesctlde conttoler initidlizes theaeeniverdattheyawest gainstate. Thereafter, the

SHISIE Bl S PSP RSP P, 69U ot o
fetcRd pewbt ghginit §Predesdralieedt thrésheld andsieclgang low total received
power if the detected total received power is below the threshold. The controller
transitions to a higher gain state if low total received power is detected and maintains
the current gain state otherwise. In other embodiments, the controller may adjust the
gain of the receiver (1) in one direction from the highest gain state to the lowest gain
state or (2) in either direction from the current gain state.

[0009] Various aspects and embodiments of the invention are described in further

detail below.



state or (2) in either direction fromthe current gain
state. [0009] Various aspects and enbodi nents of the

w0 nosnvdeen are described in further detail bel pea/BRIOBEF015288
DESCRI PTI ON OF THE DRAW NGS [ 0010] The features and
nature of the present invention will becone nore
apparent fromthe detail ed description set forth bel ow

apparent fromthe detailed set forth bel
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& DR haéman OFDM signal . The horizontal axis
enotes tinme and the vertical axis denotes power. For
OFDM up to K carriers for the Ktotal frequency

subbands may be i rth data. The
nodul at ed carri eryﬁﬂgggﬁﬂ‘%hﬁgmfi@ ormthe OFDM
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i. €., in-phase), i iC caseteO:DMsignalvall
?’.09@}3 TEQe%BE‘a ;‘é)é}rﬁﬁa\ﬁg it WBES HERYn 3 dnSh %%thg s an example,
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signal can,be many tinps greater than.the average .
R oL tco B DA st foolte e nph A RSO Cotr ephediments
bdds@hs. Furthernore, the PAPR value that is of

interest is often not the absol ute peak val ue but sone '
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he, i nst antapeous. power .remi ns bel g 9% of .t time.
dFo s RS P AL o SIS L OO, B 1§ R for the K
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i nt erchangeably. [0018] A receiver in_an OFDM system

asriery precadded togeghar te dorp thefAMesigiad e T he modulated carriers may add

coherently (i.e., in-phase), in which case the OFDM signal will have a large amplitude.
The peak power of the OFDM signal can be many times greater than the average power.
The exact value for the PAPR depends on various factors. Furthermore, the PAPR
value that is of interest is often not the absolute peak value but some statistical value,
e.g., the PAPR value under which the instantaneous power remains below 99% of the
time. In the description herein, the terms “signal level”, “power level”, “power”, and
“amplitude” are used interchangeably.

[0018] A receiver in an OFDM system is typically required to operate under
stringent operating conditions. First, the receiver needs to handle the relatively high
PAPR of an OFDM signal, which may be 10 to 15 decibels (dB) for a typical OFDM
system. Second, the receiver often needs to support high data rates, which require high
signal-to-noise-and-interference ratios (SNRs). For example, the highest data rate may

require an SNR of 25 dB or more. Third, the receiver may receive the OFDM signal



stringent operating conditions. First, the receiver

needs to handle the relatively high PAPR of an OFDM

wak@sahee3whi ch may be 10 to 15 deci bels (dB) fBeT/ES2005/015288

typi cal OFDM system Second¢ the receiver often needs

to support high data rates, which require high

signal -to-noi se-and-interference ratios (SNRs). For

eitiarpivide tdnge hif ghesivedd sigAalr RVelsBY., IRGMéEdE— BN dBNRtOT-100 dBm.

5 dB_or nore. ﬁgirdh t he receiver may receive the
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rpl b, TR el BER R amanet iy Rave different
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bl ocks in the receiver may have different dynam c

Bedpegnly esjimateddsit s. The total dynamic range (DRR

totai) for the receiver may be roughly estinmated as:

DRR tghal = RS P S 1x + DNoise , Eq

(1) vwﬁ;grﬁéta‘muggiﬁgﬁlaj?gxfgé}ﬁéﬁg@ug?ﬁ?‘é%ei ved si gnal Eq (1)
levels, SNRmax i s the required SNR for the hi ghest
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qgquanti zati on noi se and t

higleste datai rate, DRI giibbise 19 hed BiffdrdieR betdBerd e §MRtiZAdcIX nise and

25 , and DNoise = 10 , the total dgn.am'c range for the

thezpal \roise whirhan SOEPYS sysiemy el r ASigaghma?f cdBarkRPR 715 dB,
ADG W t hout .any _gain coptrol) may be as nuch as =

éfi%md 5.35? 392 di‘%%ﬁe ‘715% @gd‘aqahyr%é% 13i8e Tothe reqef Yar {wWhieh is also

‘ : over the total am c range. for the

R FRERE Ll pLIR AR B SRR Sy Dimay b gpmuch as

1d@8dsf dynanmi c range. Two techni ques nay be used to

reduce the required ADC range. First, the received
[09281) si QRADPHeysudly dersi natihae wirffisicoheange tawower the total dynamic
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;
I ntarn the signal

raygpr oRwosteinjquesnsiabe uséd s irdties $hd/cAfmiRd CADC @Age. First, the
gor linearity over a large
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SR DVORSF SRS 0 AP AR IR, I, o
censgdnit.f i(ehtinuous VGAs are often complex to design, have poor linearity over a
large gain range, and may need to be characterized (e.g., for gain versus control voltage)
to achieve good performance. Second, the received OFDM signal may be amplified
with one or more discrete gain blocks to maintain the signal level at the ADC input
within a predetermined range that is a fraction of the total dynamic range. The ADC is
then relied upon to handle signal variation within the predetermined range. Discrete
gain blocks are often simpler to design and easier to operate than continuous VGAs.
[0021] FIG. 2 shows a block diagram of a receiver 200 suitable for use in an OFDM
system. Within receiver 200, a low noise amplifier (LNA) 212 receives and amplifies

an input radio frequency (RF) modulated signal with a gain of Gy, selected by a gain



with one or nore discrete gain blocks to nmaintain the
signal level at the ADC input within a predeterm ned
WO a0ga0d6bat is a fraction of the total dynam cPeBD§®5/015288

The ADC is then relied uporsto handle signal variation
within the predeterm ned range. Di screte gain bl ocks

are often sinpler to design and easier to operate than
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1326] Egitizereths; galee baseband
slgnBM P PRA%es! ddid SEmpIée th'atJigl@al%éﬂbl HfodSW (DSP) 230. DSP 230

performs digital signal processing (e.g., OFDM demodulation, decoding, and so on) on
the data samples, as specified by the system.

[0024] A main controller 240 directs the operations of various processing units
within receiver 200. A memory unit 242 stores data and program codes for main
controller 240.

[0025]  FIG. 2 shows a specific design for receiver 200. In general, a receiver may

perform signal conditioning using one or more stages of amplifier, filter, mixer, and so



and provides an anal og baseband signal. An ADC 226
digitizes the anal og baseband signal and provi des data
waeawplies3t o a digital signal processor (DSP) 2BOr/UEESRs/015288
230 perforns digital signalé processing (e.g., OFDM
denodul ati on, decoding, and so on) on the data
sanpl es, as specified by the system [0024] A main
SO Rhichl hey be @artiet RiffSrehithefrORahEHEDRFsHIWvNVIAIFIGUS. Furthermore, a
processing units wthin receiver 200._ A nenory unit
I90EIVes RAYANR] QY Qther airgtibllpeli nob sleasvs o Flva 2 forsignal spaditioning.
lixa] [nggéxggll Geteftor M5 afh %Rﬁcbgﬂtﬁ)ﬂgfa 3239”0511?{01 the gains of the
receiver . I'n"general, a®recéiver may pertorm
\Eairigll)ll_al ganosictiuiti thocks gvitiin m@ebzegzm. 'ﬂh&sﬁh vahﬁge gaim;circuit blocks may
anpl i r..fi : xer, and soon, i ch may be i
1355%5%@* &&f gfi&ﬂ@ FdoplHieT eldi g SEPWrn; FIGR 126, The gains of
it RO DthR clreGie blteks @(,frgirm 9y8331ﬁ£5ﬁ£1s&bé Edfltdolled.

bl ocks not shown I n sl g condi t1 oni ng.

[PO246] ZAhpoverll geineaftrocei @3 208 muhyd=i adjwstatt inalidceste 23id steps based

G paEeda FoSe (ARIESh MRuiE y dhit fiter ey e Ftined for
thé @seB/eBEakh Glatifl gtaiel\%r?égondy% 22di8fepdhd RBRII édél/? ghag 3¢ obtained

as shown in FIG The gains of different an r

fsun @rspegifie iain being kised Borgach pf sher vazipble gray ciibwib blngks within the
. eral |, gain of . i 200
fﬁ%’%g bgﬁ%uaggp‘i‘é’ et Og‘ing% géﬁ L(-é@tél? g"%ﬁe l%cel%egrgn:%y 5‘%’1 expjessed as:

ed 1n eps
automatic gain control (AGC) loop. Miultiple (M gain
st at g, JreyGher def ed §ar, the receiver. Each gain Eq (2)

state corresponds to a di ¥¥erent overal | gain that is

obtai ned froma specific gain being used for each of

wheee Gk, GhhcanglaGRy,cire che paihd 6 KISNW 219, VEA2 16e ard iaiplifier 224,
For exanpl e, . the qveral in (Gotai) for the )
PR e o 1o 6 Eoabton A et ey Plockginghesiesgie ot prior o
RO 756 CThE B&ihs Frefgiferd @ unitdBEHB iFbRrioP(9R - and Ganp

are the ga?nssfgﬁyﬁhA 215, VGA121@%mgﬁXanplifier 224,
[Pe28)ect The llywesh rghirGstabee mayy scarfeepaali o fher loatest ovdrell gain for the

circuit. blocks in the recejv ath .prior t :
rSar by e 300 i QR VTS st redenturdavp L. VoA 216,
aAn@Q@RBifidhE24. OMRSHigBdkk Baif skEmAR Y0P QpbAS RPME highebtWerall gain for
| onest overall gain for the receiver, which may be
thbtegpived Whiethmealidel chigined with theshigh¢sh geinf ssttingsiforNA 212, VGA
O IHL£ier.224. The hi st..gai n state .na .
G pt B 23 Ot i, P GrspORLIR i P EalfE Yotainea
wietcdiffessht covhibighti oryofbairodtiiies €6k MNAIR IR AA a6 Sihd Gaiplifier 224.
settings for LNA 212, VGA 216, and anplifier 224. )
T@Fwaﬁragaaaw for spehs 2B st isdmpically @p@gﬁéw@s gieggircuit blocks in a

LT T —

and so on. The gain setting for each circuit block for each gain state may be stored in a

look-up table.

[0029] The number of gain states (M) is determined by various factors such as, for
example, the total dynamic range for the receiver, the dynamic range of the ADC, the
desired operating characteristics for the AGC loop, and so on. The dynamic range of
the ADC is determined by the type and the design of the ADC selected for use and is
typically fixed. If the total dynamic range is very large (e.g., up to 140 dB for the
example described above) compared to the dynamic range of the ADC, then many gain

states may be needed.



The overall gain for each gain state is typically

distributed across the circuit blocks in a nmanner to
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B SR 3 P ol s
n{eglmzﬁqm Aclgoiis - zdllai\em ganakatorif high sighdleafuraioal isO@dtétted, selects a

| ect. i on ani sm may be used to sel ect the proper
‘g%EF’h Edinat %tef gﬁo fro igadl; Pedeteciedy andi metaiphlie current gain state

oA HfiEdlirdckisha | théManfshOfrt Hgns?trc{)nr 05 t%@'c%n%ﬁt?éaﬁn state to

to either a higher gain state or wer ‘galn st
a%heftgﬁén Istated inr ecﬂpﬁ@lﬁaﬂ directiemi oy at devipoadrmelsiaaizhgrthe power
condi tions. (1) high S|§nal

déot%(&élgt %Hg’e g%{g E)th% g\?\glb S1ERE /glitlgﬁtéqn cqpglation. downward

mbthailishe §éld:cQ§1a|lower gain state if high signal/saturation is detected and maintains
the current gain state otherwise. For an upward mechanism, the power detector
typically detects for the low/no signal condition. The upward mechanism selects a
higher gain state if low/no signal is detected and maintains the current gain state
otherwise. The uni-directional mechanism is typically faster than the bi-directional
mechanism because only one condition is detected for the uni-directional mechanism
whereas two conditions are detected for the bi-directional mechanism.

[0033] For both the uni-directional and bi-directional mechanisms, the amount of

time needed to select the proper gain state is largely dependent on how quickly the



mechani sm sel ects a | ower gain state if high
signal /saturation is detected, selects a higher gain
wa@t@sa0d682 | ow no signal is detected, and mai nt BETIES1008015288
current gain state otherw s®. A uni-directiona
mechani smcan transition fromthe current gain state
to another gain state in a specified direction. For a
it Hacansm, acbtmatqi)y)vielbciﬂ&t &e ntihytsypesis) thy detectlon of the

he hi d
8 e flateinediin e ahioiamud et e e dreghon of the
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bﬁg directi onal nechanismis tﬁgically faster than the
9934 r eElowsien amlikidisisnabbesutegoRAYRothet is ofih triwwh lagger than

tHJeePQ‘PRegf {hgrnotlégeet ec{ngﬂéﬁ GLd %%réo%er gr{ﬁggﬁtﬁdﬁhﬁén% Sane greatly.

conditions are d or
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accurately detected. In many systens,

apseat, Hhe posiey daﬂeﬁfsatsumdyumasm@m db¢ hoise dewel. b@haqoimey @tector can
e | ow no signal

he d t of t
oS LS St LSRR AR Pl S b8 ppver s e PAPR of
tmuainhau nbRe demutipledethen e AR of BRIGAGKT Q%ﬂ{ﬁ onet hi ng

t han the presence of that sonething, which assunes
[Q0331 ¢ rﬂéoro‘aED%dhg ipgF¥sr dpigstosicam Idatecpéaktotab-reneﬁredgmwer of the

r&@%&% g@ﬁl %3 tgﬁi?sego' S@g F’é’ﬁ%ﬁ] é{Bsanfl‘hls total

a S|gna OTS

rd@é@hﬂ @Dglnﬁinchmas ﬁo1|sap@\eelp‘ﬁq'a|%1%] ﬁ)owtér Q{He%‘%l%ﬁ%}g W%?\g&r may be
e _i nstant ane

t he PAPR of the noise
mta %dm%hf‘spaﬁ%\ﬂ)owa'f Heide gpesiyady OFPM signel &, neap addiebot the noise
ﬂb&e %E’s‘”‘toﬂl%@&@?@%b‘%@f |0 s& %]éj a{/érgge pf) gP \rfﬁﬁTB%lrse 6’l.pd signal

det ector typical needs to average~a
ingtgad of dhe Ilrtsmmtamleomshpomm{i e gioide HElf Ggeall tTHégbwer detector may
confi are high sls'%nal [/ saturation

cippare (%ﬁea&(ax} WC?IHCCE REVEEBAHRT ghatedatsanined thngghoddwed declare low
tofig trecdi Rid Sdwar! i tHEEREY E@C&\Ieﬁﬁ)o%k ?@b#lsgfethe tﬂ@ﬁw? Pe threshold

det ector can average fewer nmber o ata sa
mggpther sat i a Hborhdust@cmﬂhem thed mozsetﬂm)r%Pﬂianthd bewer detector is

Ies t han. t PAPR of the OF
oS acfal B8 o s CSbme o ai cnselicn becaive Beigh PAPR
oft the OFDMI sigred iy el YOsH t}ﬁftoiah fecEReE 'p\’S@Igr go@Mt@%ﬂl?@slhold when
... .based on the data sanples fromthe ADC I'S

the &QM signal is near this threshold.

[0036] In an embodiment, an upward uni-directional gain selection mechanism is
used to select the proper gain state for the receiver. This upward mechanism starts at
the lowest gain state, detects for low total received power condition, transitions to a
higher gain state whenever this condition is detected, and resets to the lowest gain state
whenever a reset condition is detected. The upward mechanism can reduce the amount

of time needed to select the proper gain state because the detection of low total received



recei ved power includes noise power and signal power,

where the signal power nmay be masked by the noise
w@owsod6B2 t he recei ved OFDM signal is near or bel/os2opsies2ss

noi se floor. This total reckived power is also the

average power of the noise and signal instead of the

i nst ant aneous power of the noise and signal. The power

Riates cep be rmgxiewhfmtee thdnetht aletektiore of hiphdsi proivestuagiah #8 tan OFDM

r ed ter hr eshol d and_ decl are | ow t ot al
etgréll v g]ﬂ@ P% ]{tﬁ‘g upyprg mechapisidy deRsibed pelope| ow
[00&7]t hr FSGO I3dshoWiea bIHcI%Sﬁ 8m &Y ar® @m%@&m%‘ht i 3)5%} detector 232,

dlstance above the noise oor so tha
Bl srchides @ m@mnaiutqmdem@c&hmg filter 380] sl umcn B®&0. Unit 310

b t h PAPR of th
e B StanfRE LoD P e R Suboles (el ituisB i phase and
Cﬂlbd)M&lré henipbﬁ@ﬁﬂq{e%e%ﬁﬁﬂ t drethefdaMpida0abed aatﬁes%ﬁpielg' ffom ADC

0036] I'n an enbodlnent an upwar d

hol d
%32 e‘%’r o’é‘c‘%ql‘b%]é) ag“ﬂ}lﬁ%%l 28caraes pechhiaphasmsimples emd a tsquarer 312b
s§§&€§$a&1 aﬁfaﬁﬂg ien Sﬁgl?ﬁt%ﬁtf 914 L8 I ecel};ﬁ/ugst of @uarers 312a and

upwar d hani sm & ovves
3déb end prdvuies Iaqw“Iem/ai]Jue f@eatly Sanfle petiod; WHkH m@ﬂ be expressed as:
transitions to a higher gain state whenever t

condi t detected, and resets to the |owest gain

st at epd/(’igeﬂ%lv@f +ap¢(é’§et condition is detected. The Eq (3)
upvvard mechani sm can reduce the anmount of tinme needed

to s ct the_proper gain state because the detection

vgerq g%w%%taaﬂ Peé®l veri hasgnange quadiiteree srofplss, eespehtively, for
t he det.ection qof high si gnal/saturatlon in an OFDM
saprleggtio @?%Bm)nlé?ﬁbe RAWeralugdapsaammeperiad /sm i s

lLock d
8, o B b BB
oﬁdep @Nfﬂﬁtecmﬁfﬁﬂéeaiebpﬁhsél mirR) $iker. Rvitdih trlter %3@ fner 32%1 receives

tch 330. Unit 310 receiyves inphase sanpl es
Efaéalfﬂatt 0¢ dogugipadie o) unify3le weh ¢he I@gtpun mﬂaas delapdmit 326 and

g;@&r t ctihve
D AR bl P 30 Bl b s Vi it i of K€ and
pﬁ)]v&les ahes spa&rdev’alﬁel&)adda}umﬁe&(ﬁ aDblay MARESE sEREPIE scABd vAlue and
lﬁf\rer 12b S uares each gé'%drature sanple. A summer
ROV ICs Grflelaef Giressmple pariogyukheaesponsoaf filier 0o tangtdomain may
b@gipﬁ.g%a@ power val ue for each sanple period, which
may be expressed as: P(7i) = D 2(72) + DQ 2 (n) , Eq
(3) where DI(R) and DQ(n) are the inphase and
guad re sanples, respectively, for sanple period n,
and ;[7?(; i,S_ghe power value for sanple period n. Eq (4)

where 0 <K <1. The gain K determines the filter bandwidth and is selected to provide
the desired amount of averaging,

[0039] In general, filter 320 may be implemented with any type of filter and any
filter order and may have any bandwidth. For example, filter 320 may be an IIR filter, a
finite impulse response (FIR) filter, or some other filter. Filter 320 may be a first order
filter, as shown in FIG. 3, or a hi gher order filter.

[0040] Latch 330 receives the filtered value from filter 320 and latches the filtered
value based on a strobe signal. The output of latch 330 is the average power (Pyy,) for
the data samples and is indicative of the total power at the output of ADC 226. The

average power is updated whenever the strobe signal is activated. The time duration



[0038] For the enbodi ment shown in FIG 3, filter 320

is inplemented with a first order infinite inpulse
woempamse2 (I IR) filter. Wthin filter 320, a SPOTER2082@15288

recei ves and suns the powenovalue fromunit 310 with

the output of a delay unit 326 and provides a filtered

value. A gain unit 324 scales the filtered value wth

@vegaitictothelp@ng ¢ff di dhes sihifles 6ahRfastdl May the @Rédined based on

unit 326. Delay unit 326 stores the scal ed val ue and

SEIgUs Erctors serdy dgy e 81, thhmagmenin evipel fdefa is trarsmpiie dnthe system, the
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KR pley Tt rshples ke omDarse AP G QoL aRe g he number
df A0 sGhat330 beRRE theafirdshSid Value§hBHby 8butfed.  PIRR percentage of
filter 320 and | atches the filtered val ue based on a
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[0043] FIG. 5 shows a process 500 for selecting the proper gain state for the

receiver using the upward mechanism. Process 500 may be performed by power
detector 232 and gain controller 234 in FIG. 2.

[0044] Initially, the lowest gain state is selected for the receiver (block 512). For
each update interval (e.g., each data packet or each frame or time slot), the power of the
data samples is computed and averaged to obtain the average power for the data samples
(block 514). A determination is then made whether to reset the receiver to the lowest
gain state (block 516). The lowest gain state may be selected if, for example, an
unusually large signal is detected (e.g., a predetermined percentage or more of the data

samples are above the threshold), the receiver switches to receiving data from another



may be sufficiently accurate. [0042] FIG 4 shows a

bl ock di agram of an enbodi nent of gain controller 234.
wOeaki1megai n controller 234, a |ow total recei ReDUPTINEN15288

detector 412 receives the average power from power

detector 232, conpares the average power against a

predeterm ned threshol d, and declares | ow total

tF RISV JarRPWREN. | 1 thd)EnsWEB | 2O sP B 104185 16 Bifent th@ PrdcBSs returns to
threshold. A gain state sel ector 414 receives the

Wotkplik2 dndohe Hevest gain satedis aeldctdeé farthe rassiven cOtherwise if the answer

P B B RO B e pover s

deliedteRl (bRRIKETIBRI THis 4ondEion RlyHFBRE déclgtaifthsadthfepdwer is below
select the proper gain state for the receiver,

the pradetsemtinse | tirshodd.q Hi Jaw) tetk rensivied powen isgdatecsed %Z@O@lhél& then
) i n. f i

U560 Mgl LRTLET S50 teoAA OO BEOLAE e roces e

returedlid bloto s, (Gherwisd, MG Rtal\MiEleiRddbpawmer Bt ideiceted in block

224 | FIG 2). [0043] FIL.G .5 sh 500 f
S Q{.egit%c‘%fl??é‘)t 5?1% gtafe l]éélilfﬁn@{nﬁfl and Bhe Racess wowns i digek 554-

up ' Pro r .
(D8PS RGP EOCEP AR 6 9042 B o e b
difRtdhal | amidt deaviward trheehbhwsmms tfog an O sgnal isehesttssenarios. The

el Sl S bR B el ERER AR b bR s e
%ﬁ@ sREer TRS pbler 8toSRNIYIESo steSORNN RIGRINi2d VRhi&d 8bise in T
o obtain the average power for the data sanples

sebvstsk THespme mowst detpgianisiable togletasbhighwipmalispsyréen foy an OFDM
r.eset .t he SIAVE=Y g 8 | t ' t .
LERT PR RIS LB LB ORIl G o fpctuniom can

REEHPE @orradt gdihudatalil ¥ nladirgem Sif gTakcdmls. dThBekatndsehg.the receiver
a predeterm ned percentage or nore of the data sanpl es

dies e o dhe iwvashpaB iR cethio Feael thrchishey Eameyatpoand is able to
t%ﬁﬁﬁlo%' 8%nd ﬁésﬁ, }%}%Pg?fgl?stté}ﬁ %}:’i@gﬁ g%cto;hﬁge nTIt:l‘ﬂ fi-89@fdnall fhechanism

e answer | e process
¢amt nendis theocdnteor kaib kPita il a tlwxitmomwestt 6§ aeconds.atlhis gssumes that the

selected for. the recejver. Gherw,se, if the answer .i .
seRgjVT BATH YR 19 Gt G S RFISIS By 6 WaRgt O lowest gain
ég%}gt DA is! B0 1ok AHsitlorCcBitNe ﬁeﬂ%&@ﬁerio‘i lg\ﬁélﬁgéiil? gttaﬁegé\%@iﬂ 3T seconds.

). This condition nay be theé declare
‘Bive dagewpoherechanitie | caw reheh fhree derent rgaine dateh ine ghmagimung of 12T

| ow total. recejive wer i.s detected i lock 518,

REL hP Rt ghal T dere Eoratat biap B Aer g Fisace needs t
TeBOLINé 86 wER okt RS Ahd i9dtle th@aRitRHEB She M Idvedridafibstate every 3T
bl ock 514. herwise, if low total received power is

seeondetlhsttige saving ashieved 8y thaepward aneehpnigntngjgasss stigngore gain
Sitgtegai ntai ned and the process returns to block 514.

[0046] In certain operating scenarios, it may be advantageous to use the downward
mechanism or the bi-directional mechanism. For example, the downward mechanism
may be used in (1) a system with a lower PAPR, (2) for gain control based on a
transmission (e.g., a pilot transmission) that is designed to have a low PAPR, and so on.
The bi-directional mechanism may be used, for example, after the nominal gain state
has been reached and for all or many scenarios in which the downward mechanism may
be used. For the downward and bi-directional mechanisms, the gain controller may

detect for the high total received power condition, e.g., based on the average power



[0045] The upward nechani smcan provide a faster

response tinme than the bi directional and downward
wore@bacesns for an OFDM signal in nmost scenariBST/UI1065/015288

i mprovenent may be illustrdted by an exanple. For this

exanpl e, the receiver has five gain states. The power

detector is able to detect additive Gaussian white

froan gkee power detectnid SThe Bhim ®atrellgavney °mt§6DEAW avesa kﬁo@xﬁ% @gainst a
' ' | / ion fqQr an f signal w
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reqehyadspaster is detegted.| Bhwgain gantnolisr anay, seteeeddower gatragthte whenever

: ' [ tate, .and is able to transition to
h%%gonmleg%%ﬁiﬁeg%gwﬁi;&idﬁe{eﬁegte every T seconds. The

[00477i r eFIGSrthroBghaRh6W LR cITRAGHL SISO ©6ich Qﬁé Power of the
state iin a maxi mum of 6T seconds. This assunmes tha

dotaesqnules {reForapuipd §n§)fap/eljagec{ ke ohtaiid the gedragespawer, This average
pBﬁl@ldl% h@ichERCSF hé ﬁ)tﬁ?%?&%? %\Iht?lg Aﬁ(?%ﬁfp&ggil“glgfeh} :9\%5\11&83% desirable
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coieoldghepbe FRbr&d ﬁta%ty rpgﬁﬁqlﬁ tHeQeEéf@é:Eatﬁ I'ﬁ%njtl H}‘@ﬁ]%(el@xgtg ‘it ADC.

state, and is able to nsition to the nex _
Fgneramplg: & nowst yleRTios augnoeasufh¢hd iotd wasiived) pawbi eF a filtered

/ hani [ ses Wt re gain )
e R S R ——
AXC 22, aintl ageaus FI®G, aise t he downward nechani sm or the

| ~directional nechanism For exanple, the domn\(vard
[‘ﬁ)égﬂanighﬁ #an sentid etgchmayes) descsihed éerain tmay Heoweplemented by
: f [ 0 |. based on a .transm ssiqn
VERE mbdls | Hor RBpfOMEE 13k "R il REREBIFeR s oy bardware,
sdtwarey @ARRonsrithi®a thereofl h@obia- Bira®etel ﬁﬁiﬁém@iﬁﬁ@&ﬂ'tﬁ@grocessing
be used, for exanple, after the nom nal gain state '
uﬁgs)s/uslgg &R PPEYIR ganoattpbie gy povesr degasiorsid@randi gaén controller 234 in
[ ' used. Far. the —
e et SEENEOACAT A PR, speSf Eerated ciruies
(AR}, oligieal signal getcessbrs @SRsbLediEitghmigm ProdeLEfs \fl@eifces (DSPDs),
dition, e.g. ased on the average powerfrom
B RSRER lneico cleafes’ LG Helb mpEmmEn e somBye. (FPGAS)
probeséve £ Cafio 112:@@/,“%@&@6&%113?3,|H1H:|Powﬁggée%$(;}9,l theBPShic devices, other
decl aring high total received power if the average
elegdromic BRitedepteneddo tetform the Sinatidns Tberibvd hagin, peviEEombination

thjﬂlggf udes nostly signal power when high total received
power is detected. The gain controller may select a

[0D4ffer Gk sdfei@e WapIeERkatidh Othet RERiqERCRAY 4 RMEhertSd with
mgc?l}lgscze?g; procedures, functions, and so on) that perform the functions described
herein. The software codes may be stored in a memory unit (e.g., memory unit 242 in
FIG. 2) and executed by a processor (e.g., main controller 240). The memory unit may
be implemented within the processor or external to the processor.

[0050] The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,

and the generic principles defined herein may be applied to other embodiments without



[0047] FIGS. 2 through 5 show a specific enbodinent in

whi ch the power of the data sanples is conputed and
war@sagse2 t 0 obtain the average power. Thi s avRCHYS2005/015288

power is indicative of theisotal power at the ADC

out put. This enbodinent is desirable since the power

conput ati on and averaging may be perforned digitally

depatting feran dhes spipt es scapa ofj el irventidrh e Thes, ahe pRE&ItMBeEntion is not

. f, a. nodul d si | b [ 'l ed
X R S I
sbdpfe domsisieat Ak thd-BrincENaMRldEhoval RIS (ﬂgctl(ﬁéfi ?Eremiy

neasure the total received power of t ered
signal at the output of |lowpass filter 222, the anal og

@@%gban [ t gput of ADC 226, and so on in
[FI 2. W%é%gﬁ ?g@%’g‘?‘ﬁ Iggnt rol techni ques descri bed
herein may be inplenmented by various nmeans. For
exanpl e, these techniques may be inplenented in

har dware, software, or a conbination thereof. For a
har dwar e i npl enentation, the processing units used to
performgain control (e.g., power detector 232 and
gain controller 234 in FIG 2) may be inpl enented
within one or nore application specific integrated
circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs),
programmabl e | ogi ¢ devices (PLDs), field programrmabl e
gate arrays (FPGAs), processors, controllers,

m cro-controllers, mcroprocessors, electronic

devi ces, other electronic units designed to perform
the functions described herein, or a conbination
thereof. [0049] For a software inplenentation, the
techni ques nay be inplenented with nodules (e.g.,
procedures, functions, and so on) that performthe
functions descri bed herein. The software codes may be
stored in a nenory unit (e.g., nmenory unit 242 in FIG
2) and executed by a processor (e.g., main controller
240). The nenory unit nmay be inplenented within the
processor or external to the processor. [0050] The
previ ous description of the disclosed enbodinents is
provided to enable any person skilled in the art to
make or use the present invention. Various

nodi fications to these enbodinents will be readily
apparent to those skilled in the art, and the generic
princi ples defined herein may be applied to other
enbodi ments wi thoutdeparting fromthe spirit or scope
of the invention. Thus, the present invention is not
intended to be limted to the enbodi nrents shown herein
but is to be accorded the w dest



scope consistent with the principles and novel

features disclosed herein. [0051] WHAT IS CLAI MED

WO Zo8hddebS 1. An apparatus in a comuni cati on BYEUSIN5/015288
conprising: a detector openative to detect for total

recei ved power of a nodul ated signal; and a controller
operative to adjust a gain of a receiver in one

direction, froma |owest @ AINSa hi ghest gain, based

on the detected total received power. 2. The apparatus

of claim1l, wherein the detector is operative to

conput e power of data sanples for the nodul ated signal

and tjlo av M hERPAAES 15 FIEFHONSYPISTs SPHPRYNED obt ai n

the dedeaet@Gpb@tiod 1d &8t &doRPYREved owgleoiezpﬂ@ﬂﬁﬁfgﬁ sgnal' and
claim1, wherein the controller is oBeratlve to adju ’

t he dafntigller hperpéveiv edjusina gagc pheregeiiver it epes daedionn from a

L [ froma |lowest .gain.state with a | owest
1608 S 6 b st B Boe TR oPBedo Syt Bt oo
step, based on the detected total received power. 4.

The ?Z{Jpar atus of claim3, wherein the controller is
oper & i ve hs aperiatss afglainbl whergin theddstegtar ipomerative ¢o compute

C . . e | ot al
POEEDY g O B A g ud MY By 0 oae
sg@aples s alitainithe dawvetedtond] recedeidypetveponer i s not

detected. 5. The apparatus of claim4, wherein the
controller is operative to conpare the detected total

received AQWRLHAGRE B Elafin AT GUELE! ﬂﬂa%_@?tr(gl §s rgti\%('}g adjust the
to declare |low total received power if the detecte
geiot ¢ff the exseiverth giowete gagn Hepand inenprdidetier, fianed lowest gain state

hreshold. 6. . The a ratus of claim3, .wherein th
L E IO pafiorgi i SRR Bin R air Diahesr e v bissd on the
dtatl&@teli@db@l&%cegaédpcﬁ)&@te. 7. The apparatus of claim 3,

wherein the controller is operative to reset the

receiver to the | owest gain state upon detecting a

reset; conditi aratus of claim 1, wherein

e hodul ate bR PF BaBRROLRLER B cOnEY R it gBEie o detectfor
16w estuleresivet povedrow thatsttionl 16 Highdr GalaMtate 9 104 19041 RO%IRA power
.controlling gain in a comuni cation system . .

1% gﬁtﬁ?tr:%si Ty BPERRIN gy CRgent: gaim state e lape dotebyroeivetl power is not
doegudljated signal; and adjusting a gain of a receiver

In one direction, froma |lowest gain to a highest

5. The apparatus of claim 4, wherein the controller is operative to compare
the detected total received power against a predetermined threshold and to declare low
total received power if the detected total received power is below the predetermined
threshold.

6. The apparatus of claim 3, wherein the controller is operative to initialize

the receiver to the lowest gain state.

7. The apparatus of claim 3, wherein the controller is operative to reset the

receiver to the lowest gain state upon detecting a reset condition.



gai n, based on the detected total received power. 10.
The nmethod of claim9, wherein the adjusting the gain
w@booshaeBEcei ver conpri ses adj usting the gai n BET/UR®05/015288
receiver in discrete gain 96eps and in one direction,
froma lowest gain state with a | owest gain step to a
hi ghest gain state with a highest gain step, based on
t he det ect Bie anpemfusiaf chiimeld wheven thelodulired Bighhide géferated with
[ EN. djust i gain of the
@ggg%%?reﬂ%??wse@g%g@? e’SP%E@”@ rises detecting
for lowtotal received power, transitioning to a
hi gh gaip state if |lowtotal received power is
det ect ed, ‘ametiadidfcantiplige gaiain eenmmymication ayeernf congsing:
t ot alg, | ROMEL;vd tec .. 12. The, net hod
of cl aelfe%ﬁg ?&\?\%ter el éﬁv‘%cﬁ%mét"ggﬁ%cﬁ&%%‘? SIERR ¥t al
r eceiadputipp weircoihpréceiver 60 0P HirbEidnh &rofieh 86 6H o @' a highest
gﬁﬁcﬁésvﬁd Qﬁm%rt a%gl nq!it a. predeterm ned threshol d, and'
EFe e PHFF NG DN edthiod scsivpd@opsiver i f the detect ed
total received power is bel ow the predeterm ned
threshol d. 13. An apparatus in a commrunication system
conpiPsi ngtheracthed b claitat G ovhareinfthe adfisthg HRC giiMast the receiver
cOANRLesOf a nodul ated signal; and nmeans for adjusting a
gatn of a receiver in one direction, froma | owest
gai nadjostinghthgagiatof @ Rceib@Sa Qi t -
recei ved pgom\t\l/e?. 14. The appar aéﬁgbt%gﬁg?%%ﬁ]ﬁﬁcgﬂl %%eaﬁlleelctﬁon’ from
2 {PRCTEas StRig Wikl P Jewesigatheiep 40  loghdshgainestaeé weith 2 highest gain
sté i ' jhg the gain of the receiver
ig’%ﬁ%@ﬁ%hgﬁg%?tﬁﬁg@%%gb%ﬁ%d P(ﬂx'e&ne direction, froma

| onest gain state with a |owest gain step to a hi ghest
gai n_step, based on the

gain,state, wt I ghest _ _ba
det eHS'ed ?B? 516{]}03(92 ic??é‘é‘ 19o Wherein the attivsting fwrginisf thé receiver in

disdraieBakflstept@nBirled N Means for adjusting the gain of
the receiver in discrete gain steps conprises neans

f or driewsimgifaglodntal meeived abweecei ved power, neans for

in state if | ow total

transgj tioning tq.a higher gai
r eCQT?%HeSl 10 g{ép a&g&xer ggm state % low total received power is detected, and

maintaining a current gain state if low total received power is not detected.

12. The method of claim 11, wherein the detecting for low total received

power comprises
comparing the detected total received power against a predetermined threshold,

and

declaring low total received power if the detected total received power is below

the predetermined threshold.

13. An apparatus in a communication system, comprising:
means for detecting for total received power of a modulated signal; and
means for adjusting a gain of a receiver in one direction, from a lowest gain to a

highest gain, based on the detected total received power.



detected, and nmeans for maintaining a current gain
state if lowtotal received power is not detected. 16.
wab@sapear at us of claim 15, wherein the neans POT/US2005/015288

detecting for low total redeived power conprises neans
for conparing the detected total received power
agai nst a predeterm ned threshold, and neans for
decl at4.ng Towapmirais okclaimdd, phegin tHe hbssdol 8§jusithg the gain of
‘ﬁ’g é%l . Jecel ved power is below the predeterm ned]

eShéT EMBH5°S An apparatus in a comuni cation system
CONprmgidiGior ad | total .
recei ved pomerﬁlg%@%mr%ro%agﬁg)?g%é g]&SInV(aéf q‘gtgﬁﬁ%{ gé’mvﬁ%% and in one

drecHeydrem aflpwesi@atnystali wigi otowast gaiplsepi tog HighdMpaiaRhte with a
rati o (PAPR); and

' . ' k-t 0; aver.age, power
fgg%égﬁgarlg|S{%g$’@aggczS%fl}e\;ig?etcgedigﬁab%celge%apw%f a receiver
in discrete gain steps based on the detected total
recei ved power. 18. The apparatus of claim 17, wherein
the cont r oHieetprazespel elpiny 841 wheteinetbe thems fomadjodtae the gain of
th& FRbNEinRAVEL e oL} sf‘e%ls%&gl {alsery gher gain step if |ow
t I govver PS 08

otal recelve eCted, and to maintain a

cur r en¢ang domdesdcapg ifdr lbW\/tbﬁaneaéivé&ﬁ@Jvé&?d power is not
detected. 19. The ,algpar atus of claim 17, wherein the
cont rBfANE1OoF LrapHleing i@ & Bighet gein state ihilgw totsl abceived power is

deeridvag power, to select a lower gain step if high

total received power is detected, and to naintain a

cur r énang dpin neingning hicghertogai stagc i oedtdpalWeEeiv& pver is not
dg%E gt ed. -20. The apparatus of claim 17, wherein the
controller is operative to detect for high and | ow

total received power, to select a higher gain step if

low total received power is detected, and to select a

| owerl®gai Ahetapparptus iof glim dSawhermietheadeqneier ddtating for low total

el ratsde g(;lmnpl,féegret hod of controlling gain in a

comuni cat ron” system conprising: detecting for total
r eceimeads furwempafing tH@iitd L eta 'r%edgﬁ&%r%%%st:% Intéd%termined
an

ort hogonal frequency division nmultiplexing
ﬂﬁﬁ%"&g CGIIhi gh peak-to-average power ratio (PAPR); and

adj ugtdaROrR g8ahin Lven in discrete gajn. steps
_based on the det {OggtO¥ag?§cle}<f%d power 1635 GerScrélftorar recered power
is below the predetermined threshold.

I7. An apparatus in a communication system, comprising:

a detector operative to detect for total received power of a modulated signal
generated with orthogonal frequency division multiplexing (OFDM) and having a high
peak-to-average power ratio (PAPR); and

a controller operative to adjust a gain of a receiver in discrete gain steps based

on the detected total received power.

18.  The apparatus of claim 17, wherein the controller is operative to detect
for low total received power, to select a higher gain step if low total received power is

detected, and to maintain a current gain step if low total received power is not detected.



recei ved power. 22. The nmethod of claim?21l, wherein
the adjusting the gain of the receiver in discrete
w@aios/18468ps conpri ses detecting for |ow total pereswesn1s288
power, selecting a higher gain step if |ow total

recei ved power is detected, and maintaining a current

gain step if low total received power is not detected.

23. THe neTheosppafated off ¢Taidd 17 MiBERIrNthe RnBEIIASE IdpBratilE to detect
fgatln of the receiver in discrete gain steps conprises
bRighpiahreceive POFich & salect adewgrgaip steprif highltetal revgivad power is
defoRMd. S e | Ot . i gwer is .

R, 81 BRI kel b AR G RO L o e g etectea.
total received power is not detected. 24. The nethod

of cl imzl;ly wher inflgrie. agjgusting the gain of the
receiVer M APERRBISLILAMM 1 epyRersibnihe icopisolistie opeative to detect
fo:0kighia8lh 16Wkethl 869! {6 6hdr G Low total .
recgi,ved pover , se?%dé??ﬁg%@ ‘T’l‘é‘ﬂg‘r}ﬁgg‘if%%é‘{ %%p i“t?l\glwotv(\)/{a? recerved
PeyeRlis detesiedeand dowselect adlewectgaih sepdis dligle ttbtaly récelv@dBpower is
dg%uggrs]tep if high total received power is detected.

. An apparatus in a comunication system

conprising: neans for detecting for total received

power of a nodul ated signal generated w th orthogonal

f r eqddncy ~Hmgthed oh Cﬂmrqlﬁm B5ih iy 2 CORDvnicatidn kgsmgromprising:

hi gh = rati o PAPR): d nmeans for .
) ST aind 08 a0 ReRREL ol i Sararafl ER sewsgued wit
oﬁh@gdlabfreqdwcydéivgiastcbredmttt;ﬂ@ding COEDNVB 4n@ BWRhng adfsh ﬂ_éﬁ‘(;to—average
a‘ﬁ arﬁtzlg ?{{ cl 8' m 25, wherein the neans for adjusting
Py r&f’ OFREFAAy eceiver in discrete gai n steps

CoONPhAIBSSn A 3 - rod: receiv

v O [ P b Bl P iehEbRed e fpoted ot
recgivadl ppweri ved power is detected, and means for

mai ntaining a current gain step if lowtotal received

power i s not detected.

22.  The method of claim 21, wherein the adjusting the gain of the receiver in

discrete gain steps comprises
detecting for low total received power,
selecting a higher gain step if low total received power is detected, and

maintaining a current gain step if low total received power is not detected.

23.  The method of claim 21, wherein the adjusting the gain of the receiver in
discrete gain steps comprises

detecting for high total received power,

selecting a lower gain step if high total received power is detected, and

maintaining a current gain step if high total received power is not detected.

24.  The method of claim 21, wherein the adjusting the gain of the receiver in
discrete gain steps comprises

detecting for high total received power,

detecting for low total received power,

selecting a higher gain step if low total received power is detected, and



27. The apparatus of claim 25, wherein the means for

adj usting the gain of the receiver in discrete gain
we@paowenpri ses nmeans for detecting for high POI/EE2005/015288

received power, neans for d&lecting a |ower gain step

if high total received power is detected, and neans

for maintaining a current gain step if high total

r ecei seutipgpwdowdrgaiodterstifthegi toehl rezBived pBwaPRAeRI S Of
clai m 25, wherein the means for adjusting the gain of

the receiver in discrete gain steps conprises neans

for  dmt ectai ol itfiil b AlickRGELXET, RONBLg  IRans for

detecting for 1ow total recelve
sel edp¢ang far Hetgetarg @Hltﬂtaﬂ;‘ﬁrﬁﬁﬁeﬁ ﬂd&Wrtdﬂaﬁl}noﬁﬁEﬁéd\/ ﬁgnal generated
ected, .and or selecting a
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average power ratio (PAPR); and
means for adjusting a gain of a receiver in discrete gain steps based on the

detected total received power.

26.  The apparatus of claim 25, wherein the means for adjusting the gain of
the receiver in discrete gain steps comprises

means for detecting for low total received power,

means for selecting a higher gain step if low total received power is detected,
and

means for maintaining a curreht gain step if low total received power is not

detected.

27.  The apparatus of claim 25, wherein the means for adjusting the gain of
the receiver in discrete gain steps comprises

means for detecting for high total received power,

means for selecting a lower gain step if high total received power is detected,
and

means for maintaining a current gain step if high total received power is not

detected.

28.  The apparatus of claim 25, wherein the means for adjusting the gain of
the receiver in discrete gain steps comprises

means for detecting for high total received power,

means for detecting for low total received power,

means for selecting a higher gain step if low total received power is detected,
and

means for selecting a lower gain step if high total received power is detected.



