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B cBA3M c xecTkumu TpeboBaHWSIMM Ha LUMPUHY CMEKTpanbHOro AuMana3oHa COBPEMEHHbIX
MOOUIbHBIX CTaHAApPTOB pPaaMOCBsA3U, TEXHOMOrMs fnuMHeapusauuMuM BbIXOOAHOMO YCUNUTENST MOLLHOCTM
SIBNSAETCA aKTyanbHOW 3ajayen Onsi cuctem ¢ LMAGPOBON MOAYNsUMEN U HEMNOCTOsIHHOW ornbaroen
BbICOKOYACTOTHOro curHana. [aHHas npobrnema ocobeHHO BaxHa Ons nepefaTyukoB LUMPOKOMOMOCHbIX
cTaHOoapToB pagavocBsa3n, Hanpumep, Takmx kak CDMA (MHoXeCTBEHHbIM JOCTYN C KOAOBbIM pasgeneHnem
kaHanoB) n WCDMA (LLUnpoKononocCHbI MHOXECTBEHHbIA AOCTYMN C KOAOBLIM pasgefnieHneM KaHaros), rae
OTHOLLEHNE MNKOBOW MOLLHOCTWU BbIXOOHOrO CUrHama K cpegHen MoLlHocTu konebnetcsa ot 3 go 12 gb.
XKecTtkue TpeboBaHUs K NMMHENHOCTU XapaKTEPUCTUK YyCUNUTENs MOLLHOCTU 06yCrnoBneHbl CyLLeCTBOBaHUEM
CTPOrMX rpaHuL, Ha WHTEPMOAYMSLMOHHbIE MPOAYKTbl B CNEKTpe curHana, a Takke Ha BHEeMNonocHoe
nsnyyeHme. Kpome TOro, ycuneHWe MHOrOKaHamnbHbIX CUrHanoB TpeOyeT agekBaTHOM JMHENHOCTM
YyCUNUTENM MOLLHOCTM ANd Toro, 4tobbl n3bexarb napasuTtHylo Kpocc-moaynsaumio. Bce nepedncneHHbie
UCKaXXeHusi B pesynbTaTte yBenmumaalT KoadduumeHT owmnbok (BER - bit error rate) Ha npuemHon cTOpPOHe.
Ha p[aHHbIA MOMEHT, nuHeapusauus YCUNUTENsS MOLLHOCTM B OCHOBHOM [JOCTUraeTcd 3a c4yeT
NCNoNb30BaHMs AOCTATOMHO JIMHEWHbLIX YCUNUTENen knacca A, B KOTOpPbIX UOET CMeLleHne paboyen Touku
aKTMBHOrO 9neMeHTa YCUnuTenss BHU3 NO aMMnMTYQHOW XapakTepucTuke B 00MnacTb Janekylo oT
HacblLLeHUs, N rae OTCYTCTBYIOT HennHemHocTu. Bce aTo npmBoauT k Hu3kon addpexktmBHOCTU (<40%)
npeobpas3oBaHnii NOTPeONsSemMo MOLHOCTM B BbIXOOHYIO, 4YTO BeCbMa HEJKOHOMWYHO, Kak Ans
coBpeMeHHbIX 6a30BbIX CTaHUMIA, Tak 1 ANA MOBUNbHbLIX TEPMUHANMOB.

Llenbto naHHoW paboThl aBnsieTcs:

1) TlocTpoeHne maTeMaTMyeckorl U MMUTALMOHHON MOLENWN pearibHOro YCUNUTENS MOLLHOCTU

LLMPOKOMONOCHOro cTaHgapTa MobuneHon pagnoceasn WCDMA;
2) TllocTpoeHne maTeMaTny4ecKkon 1 UMUTALMOHHON MOLENN CUCTEMBI NIMHEAPU3aLMM YCUIUTENS C
Mcnonb3oBaHMEM afanTUBHOIO LMGPOBOro npeabickaXxeHusl B OCHOBHOW MOMoOCce 4acToT.

B kayecTBe UCXOAHbLIX AaHHbIX OblNM B3SiTbl AaHHblE C pearibHOro YCUnuTensk MOLLHOCTM Ans
WCDMA. OTu paHHble ObINM CHATBI C BbIXOAA [OaHHOrO
ycunutens u oundpoBaHbl ¢ noMoLlbio ALM.

3aBUCMMOCTb HOPMMPOBaHHOM aMnnuTyabl
ornbatoLLien BbIXOOHOrO curHana ycunutensi MOLHOCTU OT
1 HOPMWPOBaHHOW aMnNUTyAdbl OrMbaroLLlen BXOOHOro curHana
1 npeacTaeneHa Ha puc. 1.
1 W3 rpaduka Ha puc. 1 BUAHO, YTO XapakTepucTuka obnagaet
| CylecTBEHHOM CTaTU4EeCKOW HEINMHEWHOCTbIO Mpu BonbLInX
| BXOOHbIX CMrHamax, 4YTo MPUBOAUT K MHTEPMOOYNALUMOHHBIM
rmomMexaM B KaHanax CBA3W Ha BbIxoge ycunurtens
MOLLHOCTW. YcunuTens Takke obnagaet namstbio (06 aTom
cBMOeTenbCTBYET LWupuHa obnaka XapakTepucCTuKK), 4TO
voooroB2 03 0g S;il DE 07 08 08 1 BHOCWUT [JOMOMNHUTEMbHbIE  WHEPLMOHHblIE  HEMWHEWHbIe

UCKaXXeHUSI.
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B kauyecTBe aKcnepumeHTanbHbIX AaHHbIX ObIn B3siTbl 16384 oTcuyeTa curHana Ha BbIXO4e
MOLLIHOTrO YCUIUTEnNs ¢ YacToToln anckpeTtusaumm 16.384 MIu. Ha Bcem MHOXecTBe Touvek Obin npousBeneH
KOPPENAUNOHHBLIN aHanmM3 3aBMCUMOCTM aMnuTydbl Ormbarollert BbIXOOHOMO CuUrHana OT TeKyllero u ot
npeabigylwmnx OTCYETOB aMmnuTygbl ormbarwen BXoAHOro curHana. PesynbTaTbl gaHHOro aHanusa
npeacTtaeneHbl B Tabnuvue 1. KoadpmumeHTbl Koppensauum sKCnepuMeHTanbHbIX MOCcrefoBaTerlbHOCTEN
ObInn NonyyeHbl, UCNOMNb3ysl CPeAcTBa NakeTa aHanusa nporpammel Microsoft Excel.

Tabnuuya 1.
KoppenupytoLiue
nocnefoBaTenbHOCTH Yio Xk Yio Xt Yio Xicz Yio Xics
KoadbcpuumenT 0.961 0.704 0.325 0.125
Koppensauum

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru




5-a9 MexpgyHapogHasi koHdepeHums «Lindppoeasa obpaboTka curHanos un ee npumeHeHne» DSPA-2003

Mcxoasa v3 pesynbTatoB, NPUBOAMMBLIX B Tabnuue 1, MOXHO cAenaTtb BbiBOO O TOM, YTO 3HAYMMOWM

SABMSETCA NaMATb Ha 2 TakTa Hasag.

B kauecTBe maTteMaTnyeckon mogenu ycunutens obina BelbpaHa QUCKpeTHasi Mogenb YpbiCOHa C
namATbio Ha 2 TakTa Hasag (pucyHku 2.1 - bopmyna, 2.2 — CTpyKTypHas cxema).

Ut 1) = Fy U E )+ 1, U, (6, )+ fo (U (1))

Puc. 2.1
[aHHaa wmopgenb saBnseTca Havbonee obwen ons h 4 h 4 k J
NMOCTPOEHMUS HENMHENHBIX MOAENen 4OCTAaTOYHO LLMPOKOTO Kracca. f2| 2 ‘ f1‘ fl | fo‘ o ‘
B kauectBe 6a3oBbix dyHkumn f0, f1, f2, Obin BbIOpaHbl ABa
TMna OYHKUMIA: ; ;
B MEepBOM Cfy4Yae - KYCOYHO-NIMHEWHbIE ChnanHbl, BO " : z
BTOPOM CIy4ae - NofMHOMBI. = D
Ontummzauma  napameTpoB  6asoBbiX  MpoBoAMnach, Puc. 2.2

ucnonb3ysa cpeacrtea perpeccuoHHoro aHanuda MATLAB 6.1. B kauecTBe kpuiepws ubui B3AT KpUTEpUIA
MUHMMYMa cpedHeKBagpaTUYHOW OLIMBKM MexOy BbIXOAHbIMW AaHHbIMU 3KcrepumeHTa M mogenu. Ha
pucyHkax 3.1 (4N KYCOYHO-NMHEWHbIX chnanHoB) n 3.2 (4nd NOMMHOMOB) MPEeACTaBneHbl pesynbTaThl
MOCTPOEHMA MOLENM YCUMMTENs Ha OCHOBE 3aBUCMMOCTEN HOPMWPOBAHHOW amnnuTyAbl ormbatoLuen

BbIXOZIHOrO CUrHana oT HOPMUPOBAHHONM aMNNUTYAbl orMbatoLLein BXOAHOro curHana.
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CTpyKTypHasi cxema CUCTEMbl FNUHeapu3auum

npegcraereHa Ha puc. 4.

Mpeo6pa3oBaHHbIit
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curHana YCUNUTENA

A A A A A

—» KOPPEKTOP

BXOAHON
uncposoit
curHan

YCUNUTENDb curxan
| UAT | likoom -

Koppekuusi koahduLmeHToB
o6paTHon Moaenu

ot

Ecp=1.36

08 08 1.0

Puc. 3.2
C [OWHamMuyeckon ajantauuen napameTpos

BbixogHomn

Ly

Puc. 4.

A4
[ Aun

Ob6paTtHasa mofenb ycunutenst MOLLHOCTU ABMsieTCA obpalleHMeM Moaenn YpbiCOHa C NaMsTbio Ha
2 TakTta. [MapameTpbl obpaTHOW Moaenn ycunutenss MOLLHOCTW MOABEepraTCca AMHaMMUYeCcKon Koppekunn. B
KayecTBe anroputMa ajantaummM 3TUX MapaMeTpoB Obin  BblOpaH anroputMm MocregoBaTenbHON

CTOXaCTUYECKOM annpoKcMmauuu.

B paboTte Obina nocTpoeHa WMMUTAUWOHHAs MoAefb YCUNUTENd MOLUHOCTM U CUCTEMbI
nnHeapusaumm, pesynbTaTbl paboTbl KOTOPOW MpeacTaBneHbl Ha pUCyHKax 5,6,7,8 (npuBeaeHbl pesynbTaThl
ans 6a30BbIX PYHKUMI B BUOE KYCOYHO-TIMHENHBIX CMSTAaNHOB):
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Puc. 5. Hopm. ammiuTyna ormbaromieid curHajia Ha
BBIXO€ OOpaTHOW MOJEIM OT HOPM. AaMIUIUTY[bI
oruOarolieil curHaina Ha BXoJie

Puc. 7. CxomumocTh OgHOTO H3 KO3(D(HHUIMEHTOB
obpatHoii Mognemu (a0) K cBoeMy HMCTHHHOMY
3HayeHnio, Uin — BXOJHOM CUTHAI

M3 rpachmka Ha pucyHke 6 MOXHO caenaTb BbIBOA, YTO CMCTEMA NIMHeapu3auuu BbINOMHUNA 3agadvy
nvMHeapu3aumMm amnauTygHOW XapaKTepUCTUKU YCUIUTENs MOLWHOCTU. Hebormblune BbiMagbl curHana Ha
9TON XapakTepucTuke OOyCrnoBMeHbl TeM, YTO YCUIMTENb MOLLHOCTM B Mnpouecce paboTbl AMHAMUYECKU
M3MeHsieT CBOM napameTpbl (MpyM MOAENMPOBaHWM HaMy KOMIMIIEKCHO WM3MEHSNNCh napameTpbl 6a30Bbix
yHKUMIA Mopenu YpbicoHa). lMpu 9TOM KOpPPEKTOp CBOAMT MNapaMeTpbl 0OpaTHOM MOZEenu ycunuTens
MOLLIHOCTN K UCTUHHBIM 3HayeHusM, KoTopble umeeT ycunutenb (PUCYHOK 7) n owunbka mMexay BbIXOOHbIM

o 01 02 03 04 o0& 0B o7 [1k:) 09 1
Uin
Pucynox 6. HopM. ammmTyna orumbaromeil curhana
HA BBIXOJIC MOJENU YCUIMTENS OT HOPM. aMILIMTYJbI
orm0Oaroleil CUrgaia Ha BXOJE
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Puc. 8. 3aBUCMMOCTD OMUOKN MEKIY BBIXOIHBIM
CUTHAJIOM YCHITUTEIS ¥ BBIXOJAHBIM CUTHAJIOM
IU(pPOBOTO YCHIIUTEIS CUTHANA

CurHanom ycumnumtensa n BbiIXOAHbIM CUTHaNom LI,M(*)pOBOFO ycunutena CTpeMnTca K 0.
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LINEARIZATION OF WIDEBAND POWER AMPLIFIER WITH USAGE OF ADAPTIVE DIGITAL
BASEBAND PREDISTORTION

Khekhnev S., Krylov V.

In correspondence with the rigid requirements on width of a spectral range of modern mobile radio
communication standards, the technology of linearization of an output power amplifier (PA) is the actual task
for systems with digital modulation and nonconstant envelope of a high-frequency signal. The given problem
is especially important for transmitters of wideband radio communication standards, for example CDMA
(Code Division Multiple Access) and WCDMA (Wideband Code Division Multiple Access). Such rigid
requirements to linearity of the PA characteristics are stipulated by existence of strict boundaries on
intermodulation products in a spectrum of a signal, and also on out-of-band radiation. At present, the
linearization of a power amplifier is achieved by using amplifiers, in which an operating point of an amplifier
active unit is shifted down in area far from saturation. It reduces to low PAE (Power Added Efficiency < 40
%).

The goals of the work:

1) build-up mathematical and simulation model of WCDMA power amplifier;
2) build-up mathematical and simulation model of the amplifier linearization system with usage of
adaptive digital predistortion.

The actual data from an amplifier were used in work (16384
discretes, Sampling rate 16,384 MHz). The dependence of normalized
amplitude of a power amplifier output signal envelope on normalized
amplitude of an input signal envelope is represented at figure 1.
Looking at figure 1 it is possible to make decision, that the
characteristic has essential static nonlinearity and dynamic memory
(width of a cloud). The correlation data analysis has revealed that the
amplifier has 2 clock ticks memory. The discrete Urison model with
memory on 2 clock ticks back was selected as mathematical model of
£ _ | an amplifier:

Uin Uout (tk )= fo (Uin (tk )+ fl (Uin (tk_l )+ fZ (Uin ()
Figure 1.

Two types of functions were selected as base functions f0, f1, f2: linear splines and polynomials. The
parameters of f0,f1,f2 were optimized using multiple regress analyzer in MATLAB 6.1 (Criterion — minimum
RMS error). Figure 2 shows results of model creation with linear splines base functions f0,f1,f2. Figure 3
shows structural model of linearization system. Corrector uses stochastic approximating method for adaptive
correction of return model parameters.
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Figure 3.
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Looking at figure 4 it is possible to make decision,
that the system of linearization has completely fulfilled
the task of power amplifier amplitude response
linearization. The small signal ejections on this
| characteristic are stipulated by dynamically changes of
the power amplifier parameters. In this case, corrector
1 reduces return model parameters to correspondence
values in power amplifier.

uin

Figure 4.

Literature:

1) V.V.Krylov, E.H. Hermanis “Models of signal processing systems”. — Riga: ZINATNE, 1981
2) D. Grop “Methods of systems identification”. — M: Mir, 1979




