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MpumeHeHne ajanTMBHOM aHTeHHou pelleTkn (AAP) Ha 6a30BbIX CTaHUMSX COBPEMEHHbLIX CUCTEM
COTOBOW CBSI3U ABMSIETCA NepCneKkTUBHbLIM METOAOM YNy4lleHNs napameTpoB CUCTEMbI CBSA3U, B YACTHOCTH,
yBEMNVYEHUS €e EeMKOCTW, YBeruU4eHWst 30Hbl obcnyxuBaHua u T. 4. [Owwmbka! MCTOYHUK CCbINKM He
HanpeH.]. B cBA3M C 9TMM cucTemMbl COTOBOM CBA3M 3-r0 M 4-r0 MOKONEHWWA npegycMmaTpuBaioT
ucnonb3oBaHne AAP Ha 6asoBbix cTaHuuax. [Npu nepegade vHdopmaumm Ha abOHEHTCKYHO CTaHLMO
HeobxooumMo dopMmupoBaTb Auvarpammy HanpaereHHocTu AAP. Yacto Takoe ¢(opMMpOBaHME MOXHO
OCYLLEeCTBUTb NWLWb MO curHany aboHeHTCKOW cTaHuuu. MI3BecTHO, 4To npu 3TOM HeobxoaumoO OuEeHUTb
HanpasrneHve npuxoda W yrroByl obnacTb CurHana 3Ton cTaHuuu. [locregHsia onpegensieTcs yrroBoK
obnacTblo MepeoTpaxarternen, KOTopble BNUSKOT Ha pacnpocTpaHeHue curHana mexagy AAP 1 aboHeHTom.
Ecnn oueHke HanpaBneHus npuxofa curHana nocesileHo 6onblioe yucno nybnukaumi, o630p KOTOpbIX
npueeneH B [1,2], To paboTkl No cneumndgryeckomy BoONpocy OLIEHKN YrnoBon obnactn curHana npakTuyecku
OTCYTCTBYIOT. MOXHO 3amMeTuTb, 4YTO Kaxylleecs HanpaBneHue npuxoda curHana B pesynbTaTe
NPOCTPaHCTBEHHO-BPEMEHHOIO eanHra MNOCTOAHHO MeHsieTcs MpuMbnuM3uTensHO B Mpedenax YrrioBow
obnactn curHana. OcobeHHOCTbIO [aHHOW paboTbl ABNAETCS HEOOXOAMMOCTb OLEHKM HanpaBneHus
npuxoga wu yrnoson obnactv curHana B MPUCYTCTBUU MOLLUHBIX MOMEX, UCTOYHWKOM KOTOPbIX MOTYT ObITb
apyrme aboHeHTCkue cTaHuuu, paboTallue C BbICOKOW CKOPOCTbIO Mepefayn gaHHbIX. Takum obpasom,
anropuTMbl OLEHVMBAHUA OOIMKHBI 06n1agaTtb CBOMCTBOM NOAABIEHUSA MOLLHbLIX MOMEX.

B naHHOM paboTe npeanioxXeH SBPUCTUYECKUI anroOpuTM OLIEHKU yrria NpuUxXoga M yrnoBow obnactu
curHana aboHeHTCKOM cTaHumn, 3PdEKTMBHBIA NPU MPOU3BOJSIbHBIX (B TOM 4ucre OOonbLUMX) 3HAYEHUSIX
YrroBoOn 06nacTu Kak B OTCYTCTBUM, TaK Y NPU HANM4YUmM MOLLHBIX MOMEX.

Mpeanaraemblii anropuTM OLEHKM yriia nmpuxoda W yrrosoin obnactu curHana @,A ( unu yrnosbix

rpaHuL obnactu curHana 60,, 0, ) 3aknouaeTcs B crieaytoLem

¢ [Mpoeogutca M “kopoTKMX' M3MEpEeHWn HanpaBneHus npuxoda curHana, Ons 4Yero B KaXkaom
n3mepeHnm

e [na L pasnuuHbix sHaueHnn 6, = (i— 1)6,i=1,L (0 —3apaHHbIi YrNOBOW AWCKPET) anpuopHOI
06nacTy BO3MOXHbIX HanpasneHun npuxoaa curHana gopmupyeTcsa Moaynb curHana Ha Beixoge AAP

X(6)=>w, 6)u,l, (1)

n=l
roe u,,n= ILN - KOMMJTEKCHbIN curHan Ha anemeHTax AAP,

w (8)=exp[jn(n—1)cos@ l,n=1,N, i=1,L.

o DopMMpPYHOTCA 3HAYEHUs AuMarpamMMbl HamnpaBlIEHHOCTU aHTEHHOW peLlleTku Npu MpuemMe curHana
abOHEHTCKOM CTaHLMKN OIS TEX XKe HanpaBneHuin

H
F(Ql_):‘wupw(el_)‘, (2)
rae W, — BEKTOp BECOBbIX KO3hhULMEHTOB, MOMyYEHHbIM NPU aganTauun aHTEHHOW peLlueTKu npu

o H
npueMe curHana aGoHeHTCKoW cTaHuuu, (-)° — onepauus apmuTOoBa conpsbkeHus. MpeanonaraeTcs
MCrnonb3oBaHNe MeToda afjanTtaumu, NoAaBRSOLLEro NOMeXW, Hanpumep, MakCUMU3MPYIOLLEro OTHOLLEHUE
curHan - (nomexa +wWym), Tak YTO BENUYMHA AuarpaMMbl HaMPaBfIEHHOCTU B HanpaBfieHUM MNOMEX —
MUHUMarbHa.
o  dopmupyeTCsa B3BELLEHHAA CyMMa HOPMUPOBaHHbIX pyHKumn (1), (2)

R(6)=X(0)+aF(6) (3)

rae o = 0.35 — onTMMKU3MpoBaHHOE B pe3ynbTaTe MOOENUPOBaHUS 3HAYEHNe BeCOBOro koadduumeHTa.
dyHkums (3) n3-3a BTOpPOro criaraemoro odnagaeTt CBOMCTBOM NOAABIIEHUS MOMEX.
e OnpepgenseTrca oOueHKa yrma npuxoga KOPOTKOMO M3MEPEHWsi, KaK YrroBOE MOMOXEHNEe MakCMMyMa
pewatower dyHKumm (3)
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0 = argmax R(6.)
0 . (4)

¢ o nonyyaembim M oueHkam yrna npuxoda (4) dopmupyeTcs rucTorpamma OLEHOK yria npuxoda
Z(Hi),izl,L.

¢ Ha ocHoBe aHanmsa nony4YyeHHOW FMCTOrPaMMbl BbIHOCUTCS pelleHne OO OLEHKEe HWDKHEW U BepXHeN
rpaHuvL yrrnoBow obnactu curHana. lNpeanaraeTcsa cneayowmn MeTo aHanmaa.
¢ OnpepgenseTcsa NOMOXeHWe MakCMMyMa rMCcTorpaMmbl

0 =argmaxZ(0.
= AEMAXZ(6,) (5)

i
° Onpep,enmomﬂ HWXHAA 91 N BepPXHAA 92 yrnoBble KOOpAunHaTbl nepecevyeHnda noporoBoro ypoBHA

B-Z_,. HarcTorpamme (HIKHWA 1 BEPXHWI 3MIEMEHTBI), Kak nokasaHo Ha Puc. 1. B kauecTBe BENnuMH

6,, 6, npuHMmatoTCs KpariHee HXHee (KpailHee BepxHee) aHadenust 6 , ans kotopeix Z(0) > BZ, .
Mpu aTOoM AnNA yrnoBoW o06nacTW CurHana [0MycKalTCs OAMHOMHbIE HEenpeBbllleHus nopora.
[onyckaeTcsi Takke MO Kaxaylo CTOpoHy oT 6~ ogHa rpynna w3 [ByX WnM Tpex psiaoMm

PacnoNiOXEHHbIX AMCKPETHbIX 3HAYEHUM yrrna, ANs KOTOPbIX 3HAYeHWUs FMCTOrpaMMbl HE MPEBbIAT
noporoBbI ypoBeHb (Puc. 1).

e [lpy Hanuumm BTOpOM MNOAOGHOWM rpynnbl MM GONbLUOA TPYNNbl HE MEHee YeThlpex pPSaoM
pacnonoxeHHbix yrnos (Puc. 1), ona KoTOpbIX 3HA4YeHUs1 TMCTOrPaMMbl He MNPEBLILAT MNOPOroBbIv

YPOBEHb, OBWXeHWe BBepX (BHM3) MO OCK YrNoB npekpawaetcd. W B kadecTBe BenuyuH 91, 92
NPUHMMAKTCSl MOCnedHne nepen BTOPOW TPYMMnoN HEMNpPEeBbILWEHUS nopora unvM OOonblIOW Tpynnow
3HadyeHnss O, ans KOTOpPbIX Z(9)>ﬁZmaX. BenuunHa [, onpepgensiowas BenMuMHy Mopora,

Bbi6upanacs 3 =0.15.
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Puc. 1 OnpegeneHne HWKHEN 1 BEPXHEN YIMOBbIX KOOPAMHAT NepeceyeHnst nopora
e BbluMCnAOTCS BEPOSTHOCTY Nonadanus yrna npuxoga B obnactv 6 <6, n 6 > 6,
=P0<06,), PL=P6>0,). (6)
Y4YeT faHHbIX BEPOATHOCTEN BaXXEH B CIly4ae Hanmums MOLLHbIX NMOMEX, Korga nog ux Bo3gencTBuem

NPOUCXOAUT HEKOTOPOE NnepepacnpenerneHre NonoxXeHn OLEeHOK yrna npuxoga ¢ yrinosomn obnactu curHana
B yrnosyto obnactb nomexm (cM. Puc. 2). NosTomy Ans KOMNeHcauuMu notepb yrrioson obnactu curHana

GOPMUPYIOTCA KOPPEKTUPYIOLLME NoMnpaBku s 9 n 92, 3aBucsilme ot B n P, cootBeTcTBEHHO. Ha Puc.

2 BWMOeH pe3ynbTat KOppeKuuu. CKOppGKTMpOBaHHOG 3Ha4YeHne HWXKHeN rpaHnLbl OKa3blBa€TCA BMNOJIHE
npunemMrnembiM.
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Puc. 2 MNpumep CMAbHOro 3aBbllLEHUS HUXKHEN YrIIOBOM KOOPAMHATLI NepeceyvyeHuns nopora nog
BO3ENCTBUMEM MOLLHbBIX MOMEX

¢ [lo oueHKaM HWXHEN K BepxHeW rpaHuy yrnosow obnactu curHana @,é’% GopMUPYIOTCA OLEHKM
HanpasneHust npuxoaa v yrnoson obnactn curHana

eﬁ:@, £-6 6. )

Mpegnaraembin  anroputv  6bln MccrnedoBaH METOAOM  KOMMbIOTEPHOTO  MOAENUPOBAHMS.
PaccuntaHbl gBa Tuna owWMBOK, XapakTepusyrolme KayecTBO OLIeHKM yrnosow obnactu curHana. lNepsas
olwmbKka — pasmep yrrnoson obnactu curHana, He nonasLUen B OLEHKY yrnosow obnactn. Bropas owwnbka —
pasMep TOW yrrnoBon obnactu, KoTopas OWMBOYHO OueHeHa, kak yrnoeas obnacTte curHana. [llepsas
oWwmnbKa B MTOre ymeHbLUaeT NMOMEXOYCTOMYMBOCTL Mpuema curHamna Ha aboHeHTCKoM cTaHuun. BenununHa
BTOPOM OWWBKM XxapakTepmsyeT U3NUWHWMA LWyM B COTOBOW cucteme c¢BA3n. MogenuposaHue
paspaboTaHHOro anroputma 6bIno BbINOMHEHO ANA 6ONLLIOro YMcna NoOMexXoBO-CUTHamNbHbIX KOHUrypauumn.
M3 pesynbTaTtoB MOAENUPOBaHWA crnegyeT, 4YTO npeanaraembll  anroputm  paboTaeT [0CTaToOMHO
3p(PeKTNBHO Kak B OTCYTCTBUM, TaK U MPU HAMMUMM MOLLHbIX MOMEX, Kak nMpu marnbix, Tak u npyu 6onbLumx
3HaYeHNaxX yrnosow obracTu MonesHoro curHana. MamepeHHble owwnbku npegnaraemoro anroputMa —
HeBenuvkn. [Ona 19 u3 21 paccMOTPEHHbIX KOHUrypaumin BenmumHa Hanbornee BaXKHOW MepBOW OLUMOKN He

npesbicuna S °. BTopas ownbka B 14 cnydasax 13 21 He npesbicuna 15°.
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The use of the adaptive antenna array (AAA) at base stations of contemporary cellular
communication systems is a perspective method of improving parameters of the communication system, in
particular improving its capacity, increasing the coverage area, and so on. [Owm6ka! MCTOYHUK CCbINKN He
HanpeH.]. In this connection 3G and 4G cellular communication systems provide for the use of AAA at base
stations. While transmitting information to a mobile station (MS) it is necessary to form AAA directional
pattern. Often such a forming can be carried out by MS signal only. It is known that here a direction of arrival
and angle spread of MS signal need to be estimated. The latter is determined by an angle spread of
rereflectors that influence the propagation of the signal between AAA and MS. As the estimation of the
direction of a signal arrival is described in the majority of publications, the review of which can be found, for
example, in [1,2], then articles on a specific question concerning the angle spread estimation are practically
lacking. It can be noted that an apparent direction of the signal arrival constantly changes approximately
within the range of the angle spread as a result of the space-time fading. The peculiarity of this work is the
necessary to estimate the direction of arrival and angle spread in the presence of strength interferences that
can be caused by other MSs operating at a high data transmission rate. Hence estimation algorithms should
have a feature of canceling strength interferences. In the present work it is proposed a heuristic algorithm of
estimating the angle of arrival and angle spread of MS signal that is effective at arbitrary (including great)
values of the angle spread both in the absence and in the presence of strength interferences.

The proposed algorithm of estimating the angle of arrival and angle spared consists in the
performing M “short” measurements of the direction of the signal arrival. For that in each measurement an
estimate of the angle of arrival is determined by the weighted sum of a AAA output signal module and
antenna array directional pattern while receiving MS signal. It is presupposed to utilize the adaptation
method that cancels interferences, for example, an algorithm of maximizing signal — (interference +noise)
ratio so that the value of the directional pattern in the direction of interferences is minimum. By the obtained
M estimates of the angle of arrival a histogram of estimates of the angle of arrival is generated. The
decision about the estimate of the direction of arrival and angle spread is made based on the analysis of the
obtained histogram.

The proposed algorithm has been researched using a computer simulation. Two types of errors
characterizing the quality of the estimate of the angle area have been calculated. The first error is the size of
the angle area that is not in the estimate of the angle area. The second one is the size of that angle area that
is estimated erroneously as the angle area. As a result the first error decreases the interference stability of
the signal receiving at MS. The value of the second error characterizes the redundant noise in the cellular
communication system. The simulation of the developed algorithm has been performed for the great number
of interference-signal configurations. From the simulation results follows that the proposed algorithm
operates quite effectively both in the absence and in the presence of strength interferences, both at small
and great values of the angle spread of the desired signal. Measured errors of the proposed algorithms are
not large. For 19 cases of 21 experiments of the considered configurations the value of the most important

first error did not exceed 5 °. The second error in 14 cases of 21 experiments did not exceed 15°.
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