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1. Beenenue.

OnarM u3 TpeOoBaHWM K cHCTeMaM MOOWIBHON CBS3M 3-TO ITOKOJICHHUS SIBIISICTCS TOJJIEPKAHHUE CBSI3U C
abOHEeHTaMH, NepeMeINAoIIUMHUCS ¢ BBICOKOI ckopocThro. Kak ciexcTBue, MOOWIBbHAas cHCTeMa CBS3H JOJDKHA
3¢ PeKTUBHO (QYHKLIHOHUPOBATh B YCIOBHAX OBICTPOro (BbICOKOYACTOTHOro) ¢emunra. OmHOH M3 OCHOBHBIX
BO3HMKAIOIIMX TIPH O3TOM THpoOieM siBisieTcss (OpPMUPOBAHUE OLIGHKM KOMIUIEKCHOHM orubaromieil curHana,
HEOOXOANMOH JUIs KBa3uKorepeHTHOro npuema ®M curHana. [l ocymiecTBICHHS 3TOW OLEHKH MOJE3HBIH CHUTHAI
BKJIIOYaE€T MWJIOT KOMIIOHEHTY, KOTOpas BO MHOTUX Ciy4yasx HpEICTaBIseT co0OH W3BECTHYIO NHIIOT-
TIOCIIEI0BATENILHOCTh, TEPHOIMUYECKH BCTAaBIsIEMYI0 B cooOmeHne. ONTHMabHBIA 1O METOAY MaKCHMalbHOTO
MIPaBAOIONO0MS IMOJAXO0J K pPEIICHHIO 3TOH 3amauu [1] TpeOyeTcs 3HaHMS aBTOKOPPEISIIMOHHOW (DYyHKIMM KaHana
CBS3M W NPHBOJUT K AITOPUTMY, BBIYHCIUTENbHAs CIOXHOCTH KOTOPOrO OYEHb BelMKa. B IaHHOH cTaThe
KOMIUIEKCHasi Orubaromias BXOJHOTO CHTHAJAa TPAKTYeTCs, KaK HEKOTOpas HEW3BEeCTHas Inaakas (QYHKIHS,
HoIeKaIIas IIapaMeTpH3aliy IyTeM Pa3IokKeHHs B P 10 HEKOTOPOi cHcTeMe (YHKIIHIL.

2. ITocTaHOBKA 3a/1a4H.
[Monoxxum, uro Ha nHTepBaie [0, T] HabmoxaeTcs peanu3arysi CyMMBbI [IOJIE3HOTO CHTHAJIA U TIOMEXH

X(t)=s(t,A,y,a,b)+n(t) (1)
rae 7(t) - Genblii rayccoBCKHi IIyM ¢ 0AHOCTOPOHHEH cnektpanbHoii miotHocteio NV, S(t,A,y,a,b) - nonesnsiit

,HByXKOMHOHeHTHLIﬁ CUTrHaJ1
N
St,Ay,a,b)= _ZlAjgj(t)[ b; cos(wpt —W; ) +a; sin(wt —y; )] . (2)
J:

3nech (), - Hecymias wactora, g ;(f) - mceBnocydaiiHas MOCIEIOBATEBHOCTD, 3BECTHAS HA HHTEPBATIC
KaKz10r0 dnementaproro cumsona A, nmuna xaxnoro mntepsana pasna A A ={A;}, y={Y;}, j=LN -
ANPHOPH HEH3BECTHBIC aMILTMTYZId H (asa MONE3HOrO CHTHANA, MPUGIMKEHHO TOCTOsHHbIE Ha muTepBamax A ;
a={a;},b=1{b},j=1,N - Bexropsi napamerpos, Kaipii u3 KOTOpbIX comepkut N, HEH3BECTHBIX
MH(OPMAIMOHHBIX N1APaMETPOB (COOTBETCTBYIOUIE BekTOpa obosHaumv A, ,by), a rawke N, wusectHbx

TapaMeTpoB THIIOT CHMBOJIOB (COOTBETCTBYIOmME Bektopa - @, ,b ), N, + N =N; N =T /A - xonuuectno

HWHTCPBAJIOB, YKIIAABIBAIOUINXCS HA [0, T] KonuuecTBo u B3anmHOe PacCIIOJI0KEHUC I/IH(I)OpMaIII/IOHHLIX U MAJIOT OHUT B
BCKTOpax a u b arpuopu U3BECTHO. HGOGXO)II/IMO 10 Ha6J'IIO,HaeMLIM JaHHBIM (1) BBIHCCTU PCIICHUEC O 3HAYCHUU

MH(OPMALMOHHBIX TapaMeTpoB A, , by

3. AIropuT™M MaKCHMAJIbHOI0 IPABIONOA0OH.
CuHTe3 alropuTMa BBIIOJIHHUM IIPU NapaMeTpu3aluy KOMILIEKCHOM orubaromei, T. e. Oyiem cuurarb, 4To

mackpetnbie kommonentsr A, = A, cosiY, A, = A4, siny ; ma paccmarpusaemom unrepsane [0,7'] xopomo

OTIICHIBAETCS B HEKOTOPOM asmce {fm (l‘)}, m=0,K,t0[0, T]

K K
ch = Z Cmf;” (t/) ? AV/ = Z dmf;n (tl) ! ( 3)
m=0

m=0

rae ! ; - BPEMEHHOE IOJIOKEHHE JIIEMEHTAPHOTO MHTEpBaja A I Maxkcumusupys JIOOII mo compoBoxIaroIuM
napametpam €, d , nosyuaem pemiarontyro GpyHKIMIO B BUIE

_ 2 N-1 N
M(adabd)_N_O-zl-leij(pi Pj * 04 )Xij - (4)
1=l J=1+

K K . - B |:| N |:|
Qij :zzemnfm(ti)f;z(tj)’ e:{em, ,mn=0,K, 0=T 1; r:EAz fm(tj)fn(tj )E,

=0 j=1

m=0

N

m,n =0,K, p;=bX,*a;Y,, q; =bY, —a;X;, J=LN,
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X; =AI)<(t)gj(t)COS((xbt)dt, Y =A_|'X(t)gj(t)sin(ubt)dt, X; =0 - ecmn o6a nnpexca { u j cooTseTcTBYIOT
j j

IUIOT CHMBOJIAM, B NPOTHBHOM Ciydae X, = 1. Dnements Ql.j, i, =1,N ne 3aBucar mu or HabnrOAAEMBIX

JAHHBIX, HA OT OIICHUBAeMbIX IIapaMETPOB, H MOTYT OBITH paCCUNTAHEI 3apaHee.

Taknm 06pa3soM, Ul OLEHKH HHPOPMALMOHHBIX IapaMeTpoB a4 , b, Heo6X0aMMO paccumTaTh 3HaYCHHE
pewrarouteil GyHKumMK (4) 11 BeeX BO3MOKHBIX KOMOMHALMH 3HAaYeHNI BeKTOpoB A, , b, 1 Haiitn nonoxenue ee

. . N
abcomotnoro Makcumyma. s M-uunoit ®M uucino Takux koMOunauuii paso M "¢ . BujiHO, YTO BBIYMCITUTENBHAS
cioxHOCTs AMIT pe3ko BO3pacTaeT ¢ yBeIMYCHHEM KOJIMYecTBA MH)OPMALMOHHBIX CUMBOIOB [V, Ha MHTepBaie

aHaJii3a.

4. AlIropuTMBI ¢ pemarolneii 00paTHOH CBA3BIO.

l'opazno ©Oosiee MPOCTHIM TIO OTHOIICHHIO K TIpHEMY B “TIelOM” SBISIETCS TIOCHMBOJIBHBIN TIPHEM.
OcCyIecTBUTh MepeXo ] K TOCHMBOJIHLHOMY TIPHEMY MOXKHO, UCTIONB3Ys HIeI0 pematomneii oopaTaoi cBszu (POC). Dta
uaes 3aKII0YaeTcss B TOM, YTO MJS OICHKH TEKYIIHX CHMBOJIOB HCIIOJNB3YIOTCS OIEHKH HH(OPMAIIMOHHBIX
IapaMeTPOB MPEIBIAYIINX CHMBOJIOB.

4.1 KBasnontumaabHblii anroputm ¢ pemarwomeii odpatnoii cBsasbio (KAPOC). Opnoit u3
BO3MOXHBIX peanusauuil ugen POC mpuMeHHTENbHO K paccMaTpuBaeMoll 3ajade SBISETCS  CHELYIOMIMI
KBa3HONTHMaIBHEIA aroput™ (Oynem ob6o3nauath ero KAPOC). ITycTts nmeercst 6s1ok u3 L cHMBOIIOB, HEM3BECTHBIM

B KOTOPOM SBISIETCS TONBKO Mochaexuuil L-biit cumson (b . »a; ) Ilpenpinymue L-1 cumMBOI0OB 160 M3BECTHBI (Kak

MMAJIOT CUMBOJIBI), JTHOO OIEHEHBI Ha MPEABIAYNINX dTamax paboTel amropurma. OleHKa HEWM3BECTHOTO CHMBOJIA
OCHOBaHa Ha WCTOJbL30BaHUM (Bopmydsl (4). OrOpackiBas B (4) ciaraemble, HE 3aBHCAINIME OT OICHMBaeMoro L-ro
CHUMBOJIa, TIOCJIE HEOOXOIUMBIX TPe0Opa30BaHUM MMOTydaeM

2
M(a.,b, ) =N_[bL( Xpug +Yevp ) +a (You = Xvp )] , (5)
0

L-1 L-1
rae u; = z 0. p; VL= z Q. g, . Haxons 3uauenus (chL , bL ), MaKkcHMU3MpYlowmue (5), noiayyaem
i=1 i=T

oneaky KAPOC. [Ins QPSK momynsimu umeeM
b =sgn( X ug +Y v ), ag =sgn(Youg = Xpvy ). (6)

Amnanoruuno aemoayupyercs ciaenyrommii (L + 1) -biit cumon u T. 1.

4.2 AJropuT™M ¢ pemawmieii 00paTHoii cBA3b0 U IKcTpanoasuueii (APOCIJ). VYmpomeHHOH
Moaudukaruei onmucanHoro Boie KAPOC siBiisieTcst anropuT™ ¢ pemaronieil 00paTHO# CBA3BIO M ¢ SKCTPATIOJSAITUEH

» . +
(APOCD). B APOCD oreHKa KOMIUIEKCHOW Orubaromeil Ha MHTepBajie TEKYIIEero (L+1) -TO CUMBOJIa BBIHOCHUTCS

10 3HAYeHUAM KOMIUIeKcHOH ormbaromeit L MPEABAYIIAX CHMBOJIOB (JTUOO THJIOT CHUMBOJIBI, JINOO OIICHEHHBIC
paHee WHGOPMAITMOHHBIE CHMBOJIBI). DTH 3HAUEHUS UCIIONB3YIOTCS CeMyromuM oopa3oM. KomriekcHas orubaromiast

c d

npejacrasisgercs B Buae (3) B MOIMHOMHAIBHOM Oa3zuce. [IpoW3BOAWTCS OIEHKA BEKTOPOB u

HaAaMMCHbIINX KBAJAPaTOB B COOTBETCTBHUU C YCIIOBUEM

i BZ‘:J B g Cm(tj —T/Z)mg:n’in, i B&S B g dm(tj —T/Z)mg=min, (7)
j=10 m=0 U i=10 m=0 0

M0 METOAY

rie
b.X +a.y. Y. —a.X.
A =07 it q = i (8)

¥ A T A '

Jlns MHGOPMAIIMOHHBIX CHMBOJIOB BEIMUYMHBI D j,CNl ; B (8) mpencraBnsoT coOOW TOMYYCHHBIE paHee
OLIEHKHM, Uil MUIOT CHMBOJIOB D ,=a; = 1. Ycnosue (4) mpuBomMT K CHCTeMe JTHMHEHHBIX YpaBHEHMi, pellieHHe
KOTOpO# oTHOCUTENbHO BekTopoB C€,d He mpexcraBnser zatpynHenuii. Jlanee B IPEANONIOKEHUN CIIPABELTHBOCTH
TIOJTy4eHHON MOJIENIM Ha MHTepBaie Tekyiiero orennsaemoro (L +1)-ro cumBona ocymecTsiseTcs: KkCTpanoisims

(mporHo3) (AC A, ) ero KoMILIEKCHOM orubaromeii o popmyam

A= S8 T2 A= 3 dn(ts=T/2)", (9)
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rae f;,, - BpEMEHHOE MOJIOKEHHE OLEHUBAEMOI0 CUMBOIA, C d > M =0,K - ouenku, ynosrersopstouue (7).

m?
B cootseTcTBUM ¢ nporHo3oM (9) npoussoautcs aemonynsuus (L +1)-ro cumsona, a Takske oleHka KOMILIEKCHOM

orubaronield 3Toro cuMBona 1o ¢gopmyne (8). OnucaHHas Mpoleaypa MOBTOPSETCS IS TOCIEIYIOMNX CHUMBOJIOB.
3ameTtnm, uto, eciii B KAPOC 0oKkHO CHMBOJIOB, 1O KOTOPOMY (OPMHUPYETCS TMPOTHO3 KOMILIEKCHOW OrmOaromnieit
JEMOIyTUPYEMOr0 CHUMBOJIA, BKJIIOYAeT 3TOT cUMBOJ, TO B APOCD nemMoaynupyeMblii CUMBOJ HE BKJIIOYAETCS B
OKHO.

43 JIByXIIPOXOHBII aJITOPHTM ¢ pemiaiouieil 00paTHoi cBs3bI0 M dKcTpanoasanuei (JJAPOC)).
B KAPOC n APOC3D ommb04HO OLEHEHHbIE MNpEABIIYIIHME CHUMBOJIBI YBEIMYUBAIOT BEPOSITHOCTH OIIMOKH IpU
OLICHKE TEKyLIero cuMBOia. [IpM ypaneHMH OT MHJIOT CUMBOJIOB BEPOSTHOCTH OIIMOKM BO3PACTACT, U IOSIBIISIETCS
TEHJICHIMA K CpbiBy mnpuema. IlosTomy, mms yiydmieHHs HOMEXOYCTOHUYMBOCTH HEOOXOAMMO MHHHMH3HPOBATh
MaKCHUMAaJIbHBIA HHTEPBAII MEXKITy IMUJIOT TPYIIIONH U HHPOPMAITMOHHBIMYI CHMBOJIAMH, “TIPUBSI3aHHBIMH® K 3TOH THIIOT
rpymnme. OTa Hies pealn3oBaHa B JIBYXIIPOXOJHOM aJTOPUTME C perraromield obparHoit cBs3bio (JJAPOCD), roe
MO3JHAS YacTh CJIOTA JEMOJYINPYETCS HauWHAas C MOCIEIHEr0 HH(POPMANIMOHHOTO CHMBOJIA 10 ITHIOTHBIM OTCYETaM
CIICIIYIOIIETO CJI0Ta, TO €CTh, NMPOLECC AEMOIYISAINHA MH(GOPMAIIMOHHONW YacTH CJIOTa WAET KaK C Hayaja, TaKk H C
KOHIIa CJIOTa K ero cepeawHe [2]. I'paHWYHBIA CHMBOJI CJIOTa 37€Ch MOXET BBIOMPATHCS TO-Pa3HOMY: JIHOO TIO
CepelHe CJI0Ta; JIMOO MO CHMBOJY C MHHHMAJIBLHOH SHEpruei, rie MMeeT MECTO CHIIbHOE 3aMHpaHHEe II0JIE3HOTO
CHI'HaJla, W BEPOSITHOCTH OIIMOOYHOTO TpHeMa CHMBOJa HaumOojiee BeJIMKa. 3aMETUM, YTO BHIOOpP TPaHHUYHOTO
CHMBOJIa TT0 MUHUMYMY 3HEPI'UH MO3BOJISICT YIyYIINTh XapaKTEPUCTUKH alrOpuTMa B pabouei o0iacTu mpuMepHO Ha
1/Ib mo cpaBHEeHHWIO C CiydaeM TpaHHYHOTO CHMBOJIa B CEpeAnHE cloTa. TeM He MeHee, M3-3a OTMEUEHHBIX BBIIIE
HEI0CTAaTKOB, CBOICTBEHHBIX alropuTMam nocumBoabHOM aemonymnsuuu ¢ POC, JJAPOCD cymecTBeHHO yCTynaroT B
Tounoct AMIL

5. UrepatuBHblii anroputm (UA).

O4eBUIHO, TOYHOCTH OIEHOK KOMIUICKCHOW oruOarmomed W HHQOPMAIMOHHBIX  I[apamMeTpoB
B3amMo3aBuCUMBl. 1A [3] OoCHOBaH Ha MOCIEIOBATENLHOM YIYYIICHHH OIICHKH WH(GOPMAIMOHHBIX MapaMeTpoB 3a
CUeT yIydIleHus oueHkH Hecymieil. I[locmexnee B cBOro ouepenb OOYCIOBICHO MOCIEAOBATECIHHBIM YBEINYCHHUEM
TOYHOCTH JIEMOIYIISAIIHH.

HA, tak xe, kak © AMII, u anroputmsl BocctaHoBieHus Hecymeld ¢ POC, mpenmnonaraet noJiuHOMHAIbHYIO
anmpokcuMmaruo (3) KOMIDIEKCHOW Orubaroiieil curHana B npeaenax ciiora. I[lepBoHayamsHO QopMupyercs mepBoe
IpUOIMKEHNE OICHOK MH()OPMALMOHHBIX MapaMeTpoB CIIOTa, HANPUMEpP, MCHONb3ys onmucaHHblid Beime JAPOCD.
3aTeM Ha OCHOBaHHH STHX OICHOK 0 METOAY HAUMCHBIIHNX KBaAPaTOB (7) BEIHOCHTCS OICHKA MAPaMETPOB IMOJMHOMA
¢,d, T. e. ocymecTBIseTCA BOCCTAHOBIECHHE Hecylleill. B COOTBETCTBHH ¢ BOCCTaHOBJIEHHOH Hecylell IIpoBOAUTCS
JeMOAyNsAlus HMHGOPMAIIMOHHOW 4YacTH CJIOTa, B pe3yibraTe (QOpMEUPYEeTCs BTOpPOE MPUOIIDKCHHE OIICHKU
WH(POPMAIMOHHBIX TAPAMETPOB. ITO BTOPOE MPHUOIMKCHUE HCIIONB3YETCs ISl YTOYHCHHSI KOMIUIEKCHBIX OTHOAFOIITIX
CHMBOJIOB CJI0Ta 110 (opmyne (8), HaXoaaTcs HOBbIE 3HaueHns BekTopoB C, d u T. 1. Mcnons3oBaHne HECKONBKUX
UTEpaIHid TIO3BOJISACT YBEIUYUTh TOYHOCTh OKOHYATEIBHOM JEMOTYIISIIHH.

6. 3axmoueHue.

[IpencraBieHHBIE aNTOPUTMBI KBa3UKOTEPEHTHOro mpremMa @M CHTHAJIOB OCHOBAHBI Ha MapaMeTpU3aIliH
HM3MEHSIFOIIEHCST BO BpEMEHH KOMIUIEKCHON OTHOAIOIIEeH CHTHANIA IyTeM PasIoKEHUs €€ B PAI 10 HEKOTOPOH CHUCTEME
(hyHKIMIA. AHaJIM3 aITOPUTMOB BBITTOITHEH B YCIOBUAX OBICTpOTO (hemuHra (Mpou3BeNeHue JITUTSIILHOCTH CHMBOJIA Ha
gacToTy ¢eamnra coctaBisio 0.06) B COOTBETCTBHMH ¢ Mojenblo JIkelikca, Korja H3MEHEHHE KOMIUIEKCHOM
orubaromielf 0T CMMBOJIa K CHMBOJY SIBIISIETCS CYIIECTBEHHBIM. lIpearonaranocs, 9YTo JaHHBIE MEPEqaroTCsl CIOTaMHU
o 10 QPSK cumBosoB kaxaplid. [lepBbie 4 cMMBOJIa Ka)XXIOTO CJIOTA SBJIAIOTCS MWIOT CUMBOJAaMH (IWJIOT TPYIIa),
ClIeAyIomuKe 6 CHMBOJIOB clioTa — WH(pOpManuoHHBIC. CpaBHUTENbHAs TOYHOCTh PACCMOTPEHHBIX AITOPHTMOB
MPEJICTaBIICHA HA PUCYHKE.
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PI/IcyHOK. 3aBUCHMOCTD BEPOATHOCTU OUTOBOM OIIMOKU OT OTHOILIEHHS CUTHAJI-IIYM Ha our

Bbuti BBIOpaHbl HamIydlINe Mapamerpbl Uil KaXIOro aiaroputma. V3 KpHBBIX PUCYHKA CIIEAyeT, 4TO
HaWJIy4Iied TOYHOCTBIO U3 OTHOCUTENLHO JIETKO peain3yeMbIx anroputMmoB obnanator JJTAPOCD u UA. Tlocnemnmit
ycTynaeT ciokHomy i peanmzanmun AMIT ve 6onee 1 JIb. Takum 00pa3oM, MOTYYCHHBIE PE3yIbTAThI MIO3BOJISIIOT
000CHOBaHHO BBIOPATh AJITOPUTM KBa3HMKOTEPEHTHOTO mpuemMa ®M CHTHAIOB B YCJIOBUSAX ObIcTporo QemuHra B
3aBUCHMOCTH OT TpeOOBaHHUiI K TOYHOCTH U MPOCTOTE €ro peain3alyu.
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QUASI-COHERENT RECEPTION OF MPSK SIGNALS IN FAST FADING CHANNEL
Garmonov A.V., Karpitski Yu.E., ManelisV.B., Savinkov A.Y u.

Federal Research and Production Center “Voronezh Research Institute for Telecommunications’. 14, Plekhanovskaya
st., Voronezh 394018 Russia
Phone (0732) 74-27-47, fax (0732) 74-28-22, E-mail: manelis@kodofon.vrn.ru

One of the requirements to 3G mobile telecommunications systems is support of communication with users
moving at fast speed. So, a mobile telecommunications system should operate efficiently in fast (high frequency)
fading environment. One of the major problems to be tackled with this respect is generation of an estimate of complex
signal envelope (carrier recovery) needed for quasi-coherent reception of MPSK signal. To produce this estimate, the
desired signa includes a pilot component, which is mostly a known pilot sequence periodically inserted into a
message. The optimum by the maximum likelihood approach to solving this problem [1] requires knowledge of the
auto-correlation function of a propagation channel and leads to the algorithm, whose computation complexity is very

large. In this paper the components of the complex input signa envelope ch = AJ. cosy, Asj = AJ. sinL,Uj
(Aj,l,Uj — amplitude and phase of j -th symbol) are treated as some known smooth functions within the analysis

interval [0, 7], subject to parameterization by expansion them into a series by some system of functions

{r.ac} m=0K .
K K
ch = zcmfm(tj)’ Asj = dmfm(tj) ’ (l)
0

m=0 m=

where 7, - time position of J -th symbol. As a result of maximization of the likelihood ratio functional logarithm by

accompanying parameters ¢ ={c, },d ={d, },m =0,K the decision function of the maximum likelihood

algorithm (MLA) is derived for estimation of info parameters of a signal. MLA requires calculation of the decision
function values for al the possible combinations of values of info parameters and determination of the position of its

absolute maximum. For MPSK the number of such combinations equals M ™, where N, - number of info
parameters within the analysis interval. It can be clearly seen that the computation complexity of MLA dramatically
increases as the number of info symbols N, increases within the analysisinterval.

Compared to the reception on the whole, symbolwise reception seems to be a lot simpler. It is possible to
switch to the symbolwise reception using the decision feedback (DF) idea. The idea consists in that estimates of info
parameters of previous symbols are used to estimate current symbol. For estimation of L-th symbol, the quasi-
optimum DF algorithm (QDF) uses values of previous L-1 symbols that are either known (as pilot symbols) or
estimated at previous steps of algorithm operation. Estimation of current L-th symbol is based on the use of the MLA
decision function. A simpler modification to the QDF is the algorithm with decision feedback and extrapolation
(EDF). EDF produces the estimate of the complex envelope within the current interval of (L +1) -th symbol by the

values of the complex envelope of L previous symbols. The complex envelope is represented as (3) in polynomial
basis. The vectors ¢ and d are estimated by the method of the least squares. Next, assuming that the obtained model

istrue, extrapolation (prediction) of complex envelope is carried out within the interval of current (L +1) -th symbol.
According to the prediction, demodulation of (L + 1) -th symbol as well as estimation of the complex envelope of this

symbol are performed. The described procedure is repeated for consequent symbols. In QDF and EDF agorithms the
erroneoudly estimated previous symbols increase error probability during current symbol estimation. Further away
from pilot symbolsit is, the greater error probability is and the tendency to reception failure emerges. Improvement of
interference stability has been achieved in bi-direction decision feedback algorithm (EDFB), where the latest part of a
dot is demodulated starting from the last info symbol by pilot symbols of a next dot, i .e. the process of demodulation
of the info part of a dot is both from the beginning and from the end of a dot to its middle [2]. The boundary symbol
of adot can be selected varioudly: in the middle of a dot, by the minimum energy symbol, where the desired signal is
severely attenuated, and the probability of erroneous reception of a symbol is the largest. Note that selection of the
boundary symbol by the energy minimum enables improvement of the algorithm performance by 1dB in the target
area compared to the boundary symbol in the middle of aslot.

The iterative algorithm (1A) [3] is based on successive improvement of estimation of info parameters due to
complex envelope estimation improvement. The latter, in its turn, is due to successive increasing in demodulation
accuracy. |A, as well as MLA, and the decision feedback reception algorithms presuppose polynomial approximation
(3) of the complex signal envelope within a dot. Initially, the first approximation of ot info parameter estimates is
generated, using, for example, the above described EDFB. Then based on these estimates polynomial parameters ¢, d
are estimated according to the least square method, i.e. carrier isrecovered. According to the recovered carrier the info
dot part is demodulated, which results in generation of the second approximation of info parameter estimates. The
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second approximation is used to make complex slot symbol envelopes more accurate, and find new values of vectors
¢, d, etc. Use of several iterations enables increase in the accuracy of final demodulation.

The algorithms have been analyzed in fast fading environment (product of symbol duration and fading
frequency of 0.06), where change of complex envelope from symbol to symbol is considerable. It has been assumed
that data are transmitted in slots, 10 QPSK symbols each. First 4 symbols of each slot are pilot symbols (pilot group),
next 6 slot symbols— info ones. Comparative accuracy of the algorithmsis shown in Figure 1.

------ perfect carrier recovery
—&— MLA, K=3

—a—EDF, L=5, K=1
—¥—EDFB, L=5, K=1
—o—IA, K=3
=—6— QDF, L=5, K=1

Eb/NO, dB

Figure 1 BER vs. Eb/Ng

The best parameters for each reception algorithm have been selected. From Figure 1, EDFB and |IA are the
most accurate out of the easily implementable algorithms. The latter is worse than the complex in implementation
MLA by about 1 dB. Hence, the results obtained alow us to make a validated choice in favor of the algorithm of
guasi-coherent reception of MPSK signals in fast fading environment depending upon the requirements to accuracy
and simplicity in implementation.
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