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[na 0OCTUXEHMS BbICOKOM MOMEXOYCTOMYMBOCTU U €MKOCTU MOBUMbHbBIX COTOBbLIX CUCTEM CBA3U 3-
ro u 4-ro nokoneHum npepgnonaraetca ucnonb3oBaHune M-PSK u M-QAM Bugos mogynsauum.
MoTeHuManbHble NperMyLlecTBa 3TUX BUOOB MOZYNAUMM MOryT ObiTb peannsoBaHbl TONIbKO MPU BbICOKOM
TOYHOCTU OLEHKM KOMIMIIEKCHOW aMnnuTydbl NpuHMMaemoro curHana. [na 3Toro nonesHbld curHan
COAEPXUT NUIOT KOMMOHEHTY. B nocnegHee BpemMs LIMPOKoe pacnpocTpaHeHWe nosyynn npepbiBUCTbIN
NUNOT CurHan, Korda nMuroT CUMBOMbLlI  MYNbTUNNEKCUPOBAHbI BO BPEMEHU C  WH(OPMaLUOHHBLIMU
cMMBonamu. AnroputMaMm o6paboTku CurHamoB C MNPEpPbLIBUCTBIM MWMAOT CUrHamoMm MocCBsWEH psg
nyébnukaumin, Hanpumep [0,2,3], OgHaKO B YCIOBUSIX BbICOKOYACTOTHOrO dednHra OHU SIBMSIIOTCSA
HepaboTocnocobHbIMK, NIMBO HEAOCTATOYHO HEA(PDEKTUBHBIMN.

B paHHOM pabGoTte npeanoxeH 9MEEKTUBHbIA anropuTM  KBa3WKOFEPEHTHOro  npuema
MHOrONy4eBOro CUrHamna, OCHOBaHHbIA Ha afanTUBHOM WHTEPNONMPOBAHUW KOMMMEKCHON amMnnutyabl
CUrHarnoB ny4yen n NTepaTMBHON Npoleaype ¢ UCNOoMNb30BaHNEM UH(POPMAaLIMOHHBIX CUMBOIIOB.

Byoem cuutaTth, 4YTO Ha MWHTepBane aHanusa HabnwogaetTca peanusaumss CyMMbl NONE3HOro
curHana u wyma

X(t) =s(t, A,w,b,a) +n(t), (1)
roe n(t)- 0enbin  rayCCOBCKUA LWIYM C OOHOCTOPOHHEW CheKTpanbHOW MMAOTHOCTLIO No’

< n(tl)n(tz) >= (No / 2)5('[1 —'[2), 5() — AenbTa-hyHKLMS,

p N
s(t, Ay, b,a) =ZZ(A,,i Hl (t -7, )coslwt —¢, ) +aQ (t —T)sin(wt ‘ll',-,i)E) (2)
J=LT=
— MNOnesHbI MHOroSyYeBbI CUrHam, coep’kaliun p ny4yen, BPEMEHHbIE MNOJIOXEHUA KOTOPbIX

Ti ,1 :1,]9; (J, — Hecyluas yacToTa, AZ{AJ_ o ={L,Uj 3. 1=L4p,i =L N -awmnmurypa v
basza cuUrHanoB nyyei, NPUBIKEHHO MOCTOSIHHBLIE HA MHTepBanax KaX[oro 3reMeHTapHOro CUMBONa
Aji, anvHa kaxporo uwtepsana pasHa A; N - konnuectso cumsoros, yknagbiBalowmxcs Ha

witepsane ananmaa; | (t),Q (t) - ncespocnyuaiivbie nocneposatenshoctn | v Q kawanos | -ro
CYMBONa, Mpu4YeMm Ii(t —Tj) =0, QI('[ —Tj) =0, ecrm tLA E b:{bi},a ={a|} I =LN -
BEKTOPbI NapaMeTpoB, kaxAblit M3 koTopbix conepknt N HenssecTHbIX MHbOPMALMOHHbIX napameTpos

(BO3MO)KHbIe 3Ha4YeHnA BeJIMYUH bl’al onpenenAaArTcdad BMAOM MOﬂ,yJ'IFlLI,MM), a TakKxke Np N3BECTHbIX

p p
napameTpoB, COOTBETCTBYIOLLMX MUNOT CUMBOMNam (bi = bi( ), aI = al( )), Nd + Np =N.

Mo HabnogaembiM gaHHbIM (1) HEOOXOOAMMO BLIHECTM pELUEHME O 3HAYEHUN MHAOPMALMOHHBLIX
napameTpos Bektopos D, a.

Mpepnaraembii B gaHHOM paboTe anropuTM OLEHKM MHOPMALMOHHBIX NapamMeTpoB BKIHOYaET
afanTUBHOE MHTEPMONIMPOBAHUE KOMMIIEKCHOW amniuTyabl CUrHANoOB fyyen U UTepaTUBHYIO Npoueaypy C
ncnonb3oBaHMeM MHOPMALMOHHBIX CMMBOJIOB, KOrAa OLEeHKa MH(OPMAaLMOHHLIX NapamMeTpoB M OLEHKa
KOMMIIEKCHOM aMnnuTyabl NOCMNeA0BaTENBHO YTOYHAKOT Apyr Apyra.

Mpwu Hanuynm OLEeHOK KOMMIEKCHbIX amMnnnTyq, curHanos nyyen

ch = Aj COSLﬁJ., ASJ. = AJ sinL,lij, j =1, P, cooTBeTCTBYIOWMX OLEHMBAEMOMY MH(OPMALIMOHHOMY
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CUMBOSY, NPV TMOCUMBOMBLHOM rMpueme (byHKUMOHAN OTHOLWIEHWST MpPaBAOMNOdoOUS  HEW3BECTHbIX
napametpos D, @ cMBONa ¢ TOYHOCTbIO A0 HECYLLECTBEHHBIX CraraeMblX UMEET BI,

p

= ~A
Q(b,a) = ap%i %Jicj +aJZDj ~(° +a2)% JEA}Z % (3)
roe

C,=AX, +AY, D =AY, -AX_, (4)

g I’ j G Q §°Q
X, :J'x(t)l(t —Tj)cos(wot)dt, Y Ix(t)l(t —Tj)sin(a)ot)dt

I =
A
: (5)

XQJ. = J' X(1)Q(t —Tj)cos(a)ot) dt,YQj =Ix(t)Q(t —Tj)sin(wot) dt, j =],_p

AbdpeKkTUBHAS OLEHKA UHEOPMALIMOHHBIX MAPaMETPOB BO3MOXKHA TOMBKO MPU BLICOKON TOYHOCTM
OLIEHKM KOMMIIEKCHOW aMMUTYAbl CUrHAMOB Nyyeit Aq. , ASJ_ , 1 =1Lp.

OcHoBHOW YacTblo anropMTMa kBasukorepeHTHoro npuema M-PSK n M-QAM curHanoB siBnsietcd
OLeHKa KOMMSEKCHOM aMnnuTydbl BXOAHOro curHana. B npegnaraemom anroputme oLeHKa KOMMMEKCHON
aMmnnuTyabl CUrHamnoB OCYLLECTBMSIETCA B HECKONbKO 3TanoB. Ha nepBoM 3Tane Ans Kaxgoro nyya
npov3BoanTCH (PUnbTpaLnst OLEHOK KOMMNEKCHOW aMnnnTyabl NUAOT CUMBOSIOB

2(b(p)xI +a(p)Y|) 2(b(p)Y _a(p)x )
A(p) _ Q Q

~(p)
A= s 2 2
b(p) +a(p)

, (6)

2 2
b(p) + a( p)

X ={X.}, Y, ={Y.}, XQ ={XQi}, YQ :{YQi}, I =1,J, J- KOMMYECTBO

MCnosib3dyemMbiX OLUEHOK KOMMITEKCHOM aMmnnnuTyabl NUNOT CUMBOJIOB.
[lanee mMeToM aganTMBHOM CTOXaCTU4EeCKOW MHTEpnonAaunn (I'IO MeTony HanMeHbLUUX KBa/J,paTOB)

) )

y ~(P) x(p
Nno NPogUNbLTPOBAHHLIM OLIEHKaM KOMMIEKCHOW aMniuTyabl NUMOT CUMBOJIOB AC ,AS dopmupyeTca

npeaBapuTenbHas oLeHKa KOMMEKCHON aMMnnUTyabl MHGOPMAaLMOHHBIX CUMBOJIOB

~ —(p)T _ ~ o
A =A" k™R, A _=A"
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T -
K'R, (7)

cm  Ci cn i

(p) . T (p) A(P) ST
roe R={<A A , 1 =17, K=< A , N1 =1, J. ApantuBHas
nHTepnonaums (7) npeanonaraeT Hanuume ycTponcTBa, 3MEPSIIOLLLEro CTaTUCTUYECKUE CBOWCTBa KaHana,
a WMEHHO, aBTOKOPPENALUMOHHYI  (OYHKLWUIO R(k - j) =< Ak Atj >:<A;(P§ > OueHka

ABTOKOPPENsILMOHHON byHKLmKM onpegensiet svaueHns K, R n moxer npoussogutcs ogrum u3
M3BECTHbIX METOZO0B, HANPUMEP Kak NPeAnoXeHo B [4].
Ha BTOpom aTane npenBapuTenbHble OLEHKM (7) noacTaBnsioTcs B (3) M Npov3BOAUTCA OLieHKa

UHdopmaLmoHHbIX napameTpos IM-ro cumeona b, a
b,a=agmaxQ(b,a). (8)

3atem ana  Kaxgoro ny4a (bOpMI/IpyPOTCFl YTOYHEHHbIE OUEHKU KOMIMITEKCHOM amMnnnTyabl
MHCbOpMaLI,I/IOHHbIX CMMBOJ10B
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A = 2(632' Jf‘YI)’ A = Z(BZQ _iXQ)_ "
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Hanee ons nogasneHus LIYMOB MNPOM3BOOAUTCA (PUMbTPALMSA OLIEHOK KOMMIEKCHOW aMnnuTyabl

NHPOPMALIMOHHbIX Aci , Asi =1 Nd M nunot Ac(ip), A(p)

s

=1 Np CMMBOMOB, B pesynbTaTe

nonyyaem yny4lleHHble OLEeHKNM KOMMMEKCHOW amnnutyabl WHEMOPMALMOHHBIX CUMBOMOB, KOTOpPble
ucnonb3ytotcs B (3). Bropon aTan oueHKn KOMMNEKCHON amnnuTyabl NOBTOPSETCH HECKOIbKO pas.

AHanns nomMexoycToM4MBOCTU MNpeararaemMoro anroputMa KBa3WKOrepeHTHOro npuema Obin
BbIMOSTHEH METOOOM KOMMbIOTEPHOr0 MogenMpoBaHus. Vicnonb3oBaHme MHMOPMAaLMOHHBIX CUMBOSOB AMS
OLEHKM KOMMJIEKCHOM aMnnuTygpl, no3sonsieT pes3ko (bonee 4 gb) NOBLICUTb MOMEXOYCTOMYMBOCTb
KBa3MKOrepeHTHO MnpuemMa Mo CPaBHEHWIO C anropuTMamy, UCMOMb3YLWWMW ANS OLEHKM KOMMIEKCHON
amMnnuTygbl TOMbKO MWMOT CUMBOMLI. Ha pucyHke npuBegeHa 3aBUCUMOCTb BEPOATHOCTU OLUMOOYHOrO
npvema OBOMYHbLIX CMMBOJIOB MNpeAnaraemMoro anroputma OT OTHOLUEHWS curHan-wym. [pvHumMaembin
curHan npegcrtaenan cobon nocrefoBaTenbHOCTb Pynn CUMBOMOB AnutenbHOCTbio 0.625Mc, kaxaasa u3s
KOTOpbIX codepxana 6 uHdopmaumoHHbix QPSK cumBonos u 4 nunot cumsona. deguHr curHana

cootBeTcTBOBan moaenu [xenkca [5]. MNMpomsseaeHmne vacToTbl doeamHra F ha ONUTENbHOCTb CUMBONA

A\, BbIGupanoch FA =0.055, uto npu yactoTte Hecywen 1.8 [Ty cCOOTBETCTBYET CKOPOCTU ABMXKEHUSA
aboHeHTa 500 km/4. [lns cpaBHEHUSA NPUBEAEHbI TaKkKe XapakTepUCTUKN KBA3MONTUMANbHOIMO anroputma ¢
pelatowen obpatHon ceasbto (KAPOC), utepatusHoro anroputma (MA) n anroputma MakCUManbHOro
npasgonogobusa (AMI1) mns [3]. N3 pucyHka BMAOHO, YTO MOMEXOYCTOMYMBOCTL MpeanaraemMoro anroputma
He YyCTynaeT NOMEXOYCTOMYMBOCTU CROXHOro Ans peanu3auun anroputma AMI, a Bbmarpbilw no
cpaBHeHuto ¢ 6Gonee npoctbiM anroputMom KAPOC coctaBnsaet 4-5 ab. [Mpeanaraembiii anroputm
obnagaeT ObICTPOM CXOAMMOCTBIO, TaK UTO MPU €ro peanu3auum AOCTaTOMHO OAHOW — ABYX mUTepauun
BTOPOro aTana. Ha pucyHke npeacTtaBneH BapuaHT OBYX UTepaLluin BTOpOro atana.

BbiCOkMe TOYHOCTHbIE XapakTEePUCTUKM anroputMa B COYETaHUM C OTHOCUTENbHOW MPOCTOTOW
peanu3auum genarT ero NepcnekTUBHbIM Ansi UCNOMNb30BaHMS B MOBUIbHBIX CUCTEMaX COTOBOW CBSA3M.
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In order to reach the high interference stability and capacity of 3G and 4G mobile cellular
communication systems it is supposed to use M-PSK and M-QAM types of modulation. Potential
advantages of these types of modulation can be implemented only at the high estimation accuracy of the
complex amplitude of the received signal. For that a desired signal has a pilot component. The
discontinuous pilot signal when pilot symbols are time-multiplexed with information symbols has been
widespread recently. A large number of publications, for example, [0, 2, 3], are devoted to the signal
reception with the discontinuous pilot signal. However under the high frequency fading condition they are
either disabled or inefficient.

In the present work we proposed the efficient algorithm of quasi-coherent reception of the multipath
signal based on the adaptive interpolation of the complex amplitude of path signals and iteration procedure
using information symbols.

The main part of the quasi-coherent reception algorithm of M-PSK and M-QAM signals is the
complex amplitude estimation of the input signal since the efficient estimation of information parameters is
only possible at the high estimation accuracy of the complex amplitude of path signals. In the proposed
algorithm the complex amplitude estimation of signals is performed in several steps. At the first step the
filtration of complex amplitude estimates of pilot symbols is carried out for each path. Further the
preliminary complex amplitude estimate of information symbols is performed by the filtered complex
amplitude estimates of pilot symbols using the method of adaptive stochastic interpolation (by the least-
square method). The adaptive interpolation presupposes the presence of a device which measures the
statistic features of the channel namely the autocorrelation function. The channel autocorrelation function
can be estimated using one of the known methods, for example, as it is proposed in [4]. At the second step
the estimation of the information parameters of the input signal is performed preparatory using the
preliminary complex amplitude estimate obtained at the first step. Then the more accurate complex
amplitude estimates of information symbols are generated for each path by the obtained estimates of
information parameters. Further the complex amplitude estimates of information and pilot symbols are
filtered to cancel noises. As a result we obtain the improved complex amplitude estimates of information
symbols which are used for the repeated determination of estimates of information parameters. The second
step of the complex amplitude estimation is repeated several times.

Analysis of the interference stability of the proposed quasi-coherent reception algorithm is
implemented using the computer simulation method. Utilization of information symbols for the complex
amplitude estimation enables us to dramatically increase the interference stability of the quasicoherent
reception (more than 4 dB) as compared to algorithms which use only pilot symbols for the complex
amplitude estimation. The figure below shows the dependence of bit error rate of the proposed algorithm on
the signal-noise ratio. The received signal is a sequence of symbol groups of 0.625ms duration each
having 6 information QPSK symbols and 4 pilot symbols. Channel fading corresponded to Jackes model

[5]. Product of fading frequency F and symbol duration A is chosen equal to FA =0.055 that
corresponds to the speed of the subscriber movement equal to 500 km/h at the carrier frequency 1.8 HHz.
For comparison this figure also shows the performance of quasi - optimal decision feedback algorithm
(QDF), iterative algorithm (IA) and maximum likelihood algorithm (MLA) from [3]. From the figure follows
that the interference stability of the proposed algorithm is equal to the interference stability of MLA
algorithm which is complex for implementation and the gain as compared to the simpler QDF algorithm is
equal to 4-5 dB. The proposed algorithm has the rapid convergence so that while its implementing one-two
iterations of the second step are sufficient. The figure demonstrates a variant of two iterations of the second
step.

The high accuracy performance of the algorithm in combination with the relative simplicity of its
implementation makes this algorithm perspective to utilize in mobile cellular communication systems.
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