ONTUMAIIbHbIA BANTAHC MH®OPMALMOHHOWU U MUNIOT KOMMOHEHT PAOUOCUTHANA
I'apmonos A.B., Katokos I1.B., Manenuc B.b.

®DenepanbHbIA UCCIEN0BATENbCKUN U IPOU3BOACTBEHHBIN LIEHTP “BopoHekckuil HayqHO HCCIeN0BaTENbCKUMA
uHCTUTYT cBs3u . Poccus 394018 r. Boponex yin. IlnexaHoBckas 14.
Ten. (0732) 74-27-47, baxc (0732) 74-28-22, E-mail: Manelis@kodofon.vrn.ru

1. BBegenue.

B mocniegHue TOBI HHTCHCUBHOE PAa3BUTHC TOYYMIA MOOWIBHBIC COTOBBIC CUCTEMBI CBSI3H. JTH CHUCTEMEI
HACTOSIIETO U CICAYIONINX MOKOJICHHUIA JOJDKHBI TIOICPKUBATE CBSA3b ¢ A0OHCHTaMH, TICPEMCIIAOIIUMIECS C BBICOKOU
ckopocthio. Kak cienctBue, MOOWIbHAs cUcTeMa JODKHA 3((EKTHBHO (YHKIIMOHHUPOBATH B YCIOBUSAX OBICTPOTO
(BrICOKOYacTOTHOTO) (erauHra. B HacTosmiee Bpemsl IOCTHIXKCHHE BBICOKOM TOMEXOYCTOHYHUBOCTH U EMKOCTH
COTOBBIX CHCTEM CBSI3U 2-TO M 3-TO TMOKOJCHHUS CBs3bIBacTcs ¢ ucnonb3oBanneM MPSK u MQAM moapynsmuu.
[MoTeHIMaIbHBIC TPEUMYINECCTBA ITUX BHUIOB MOIYJISIIIUUA MOTYT OBITh PEaTM30BaHBl HA IPAKTUKE TOJIBKO MpPHU
BBICOKOM TOYHOCTH OIIGHKH KOMIUICKCHON aMIUIUTYAbl MPUHUMAeMOro CHTHaia (BOCCTAHOBICHHWS Hecymiei). s
TaKOTO BOCCTAHOBJICHHS TTOJIC3HBIH CHUTHAJ COACPKUT ITIIIOT KOMIIOHEHTY.

Bo03MOXHBI 1Ba OCHOBHBIX THIIA MUJIOT KOMIIOHEHTHI, Pa3IMvarolIiecs 0 BpeMeHHOU cTpykType. [lepBbiii —
9TO TaK Ha3bIBAEMBI HENPEPBIBHBIA IMHUJIOT CHUTHAI, TepeJaBacMbli TapauielbHO BMECTe ¢ HH(POPMAIMOHHOMN
KOMIIOHEHTOW curHana. [Twior u mHpOpManMOHHAS KOMIIOHEHTHI IPH 3TOM SBISIOTCS OPTOTOHATBHBIMH. JlaHHBIN
THIT THJIOT KOMITOHEHTHI IMEET MeCTO B cTaHmapTax 1S-95, cdma2000 u 3GPP.

Bropoii, Tak Ha3bIBaGMBIH TPEPHIBUCTHIA MWIOT CUTHAT — MHJIOT CHMBOJBI, MYJIBTHUIUICKCUPOBAHHBIC BO
BPEMCHHU ¢ MH(QOPMAIIOHHBIMI CHMBOJIAMHU. 10 €CTh, NIJIOT KOMIIOHCHTA MPEJCTABISIET COO0M M3BECTHYIO KOIOBYIO
MAIOT-TIOCNICAOBATEIIBHOCTD, TEPUOJUYCCKH BCTAaBISIEMYI0 B cooOmeHne. Takod THI THIOT KOMIIOHCHTHI
npearnosaraercs B npoekrax cranaaproB HDR, UMTS, u, Bo3MokHO, OyIeT NepCreKTHBHBIM JUIS CUCTEM CBSI3H 4-T0
MTOKOJICHUS. 3aMETHM, YTO IIJIOT KOMIOHCHTA CUTHANA, 00CCIeUrBas BO3MOXKHOCTh KBa3UKOTCPEHTHOTO MPHEMA,
3aHUMAeT Pecypc CHCTEMBI, YMEHbIIAs MPOIyCKHYIO CIIOCOOHOCTh KaHaja, a 3HAYUT, H €MKOCTh COTOBOM CHCTEMBI
cBsi3u. [1oaToMy, onTUMH3aLIKs 3TOTO pecypca SABISETCA aKTyaJbHOU 3a1aueil.

B [1, 2] nposenena onTuMmm3amus OajaHca MOIIHOCTEH WH(OOPMAIMOHHBIX W THJIOT KOMITOHEHT
panuocUTHaNIA TIPH HENPEPHIBHOM IHJIOT CHTHAJE.

Hannas paboTa MOCBAIICHA OIPEICIICHUIO ONTHMAJIBFHOTO COOTHOWICHHS HH()OPMAIMOHHON W THIIOT
KOMIIOHEHT CHTHAJIA MIPH NPEPHIBUCTOM THIIC MHJIOT KOMIIOHEHTHI, a TAaKk)Ke CPABHEHUIO Y(PPEKTUBHOCTH MPUMEHEHHUS
PA3IMYHBIX THIIOB IMAJIOT CUTHAIIA.

2. [TocTaHoBKa 3a1a4M.
[Tonmox¥M, 9TO MOJIC3HBIA CUTHAN TPEACTABISACT COOOM MOCIESIOBATEIFHOCTh HH(OPMAIIMOHHBIX CHMBOJIOB,

MYJIbTHIUIEKCHPOBAHHBIX BO BPEMEHH C IMWJIOT CUMBOJIaMu. JmuTensHoCTH A nH(OPMALMOHHBIX U MWJIOT CUMBOJIOB
paBHbL. Tak kak, KaHaJIbI II0JIL30BaTENIEH B IPSIMOM KaHaJle COTOBOH CHCTEMBI CBSI3H OPTOTOHAJIBHBI APYT OT APYra, TO
3aj1a4a COBMECTHOM ONTHMHM3ALUKM COOTHOLIEHUH MH(GOPMAIMOHHOM M IMUJIOT KOMIIOHEHT CHUTHAJIOB CHCTEMBI CBSI3H
CBOJIUTCS K ONTHMH3ALMN 9TOTO COOTHOIICHHUS OTACIBHOIO KaHajla CBA3M.

Pemaemasi 3amada COOTBETCTBYET CIIy4al0 OJHOIO IIONB30BATENs B IPSMOM KaHalle COTOBOH CHCTEMBI
(mepemada nmaHHBIX OT 0a30BOM CTAaHIIMKM K MOOWJIBHBIM CTaHIWSIM), a TaKKe CIydal0 OJHOTO ITOJIb30BaTels B
oOpaTHOM KaHaie (mepernada JaHHBIX OT MOOWIBHOM CTaHIMM K 0a30BOif), MMEIOIIEro OJUH HH(GOPMAaIMOHHBIN
KaHaJ.

BBemem otHOmeHHe SHepruM Eg  MHGOPMAIMOHHBIX CHMBOJNOB K JHEPIHH Ep MMAJIOT CHMBOJIOB

E _m (1)

M, N- kosMuecTBO MHPOPMAIMOHHBIX U MHJIOT CUMBOJIOB, MEpeaBaeMbIX CUCTEMOIl CBSI3M 110 KaHAITy 3a
Bpems T .

HeobxonuMo Haiiny 3HaUEHUS TTapaMeTpoOB k , 00ecreunBaIe MaKCUMaIbHYIO 3()PEKTHBHOCTH CHCTEMBI
CBSI3H B COOTBETCTBUH C KPUTEPUEM ONTHMHU3ALINH.

Bribepem mokazaTenp KauecTBa B BHJE OHEPrHM IIOJIE3HOTO CHTHAJA, NPHUXOAALIEHCS HAa OAWH
nepeiaBaeMblil HHPOPMAMOHHBIH CUMBOJ

E:p_T,
m

(2)

*
npu obecrneyeHnn TpebyeMOro ypOBHsL BEPOSTHOCTH ommbKu aemonyisuuu cumsoios BER . B (2) p -

MOIIHOCTh CUTrHaja.
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[Ipu npueme mMosie3HOro curHaiga Ha ()OHEe rayCCOBCKOTO IIyMa 3TOT [10Ka3aTellb KayeCcTBA IKBHBAJICHTEH
OTHOIICHUIO SHEPruu curHama (2) K CHEKTPanbHOM IUIoTHOCTH MomiHocTH Imyma N, B Moxer ObITh 3amuCaH B
0e3pa3MepHBIX BEIMYMHAX KaK

T 1
Q=-PL =n3+1H (3)
Nom O kO
2 _ pA opt
rae h — —— - OTHOHWICHHUC CHUTHaJ-OIyM CHMBOJIA. OHTI/IMaHBHoe 3HA4YCHUC k OIPECACTIACTCA 110
0

MOJIO)KCHUIO MUHUMYMa MMOKa3aTeJisd Ka4eCTBa (3), T. €.

opt _ ;
k arg mnQ BERSBER* (4)

[Mokazatenp kawecTBa (3) MO3BONSET TaKKe CPaBHUTh OS(O(EKTHBHOCTh KaHAJIOB C pPa3IMYHBIMHU
KOH(UTypauusiMu curHajga (AJIMTEIbHOCTH CHMBOJIOB, BPEMEHHOE paclojoKEHHE IWIOT CHMBOJIOB). bolee

. — 1, Opt
3(1)(1)6KTI/IBHOI/I 6yﬂeT KOH(l)I/IpraHI/IH, KOTOpas npu ONTUMAJIbHOM 3HAYCHUU BCINYMUHDBL k - k P HUMCCT MCHbLIICC

3HaYeHHE MmoKa3arels kadectna (3).

OntuMusaumsi BenmumHel K B COOTBETCTBMM C  IPEUIOKCHHBIM KpuTepheM (4) mpeanonaraet
UCIIOJIb30BaHHE KOHKPETHOTO aJIrOPUTMAa BOCCTAHOBJIEHHS Hecyllel KBa3MKOTE€pPEeHTHOro mpuema. B nanHo# pabore
UCIIONB30BAJICS JIyYIIMl M3 W3BECTHBIX Ha JAHHBIH MOMEHT AJTOPUTMOB BOCCTAHOBJICHHS HECYILEH - alropuTM
CTOXAaCTHYECKOW HHTepHnoysiuuu [2]. B COOTBETCTBMM ¢ 3THM aJrOpUTMOM OLHKA KOMIUICKCHOM aMIUIUTYHBI
NPUHAMAEMOT0 CHUTHAJIa TPEICTaBIseT COOOH pe3ysibTaT BECOBOTO CYMMHPOBAHHS KOPPEISALHOHHBIX OTKJIMKOB
IWIOT CHUrHaja. 3HAa4YeHWs BECOB CYMMHPOBAHHS 3aBHCSAT OT CTATHCTHKM KaHala M BPEMEHHOI'O ITOJIOJKCHUS
OLICHHBAEMOT0 CHMBOJIA.

3. Pe3yabTaTsl.

AHanuTHYeCKH ~aHaNM3 [oKaszarens KadecTBa (3) 3aTpyJHUTENEH M3-3a  CIOKHOCTH  aHalM3a
MOMEXOYCTOMYMBOCTH KBAa3MKOTEPEHTHOTO MpHema. [103TOMy ONTHMH3alMs BEIMYMHBI K IIPOBOJMIACH METOIOM
KOMIBIOTEPHOTO MOAETHPOBAHUSL.

[lpn MopnenupoBaHWM TPHHUMAEMbIH curHan npexactaBisil coboir BPSK curnam, npomemmmii wepes
OJTHOJTy4eBOH (DeTMHTYIONIMI KaHall CBS3M M HaOmomaemblii Ha ¢(oHe rayccoBckmx mrymoB. deauHr curnana
COOTBETCTBOBAJ IIMPOKO UCTONB3yeMoi Moaern Jxeiikca [4].

Ha puc.] mpescTaBieHsl KpUBBIE 3aBUCMMOCTH TOKasaTessi kadectBa Q or mapamerpa K s pasnuunbix
BapHaHTOB BPEMEHHOTO DACIOJIOKEHUSI MIJIOT CHMBOJIOB HAa PACCMAaTPUBAEMOM HHTEPBAlC aHAIM3a. 3HA4YCHHE

NpPOU3BENEHHs 9acTOThl (eauHra F Ha IIMTENHLHOCTH IEPENAaBaEMOr0 CHMBOJIA A, seiOupanocs FA =0.028,
*
TpeOyemas BeposTHOCTH GuroBoi ommOkn BER =0.1. IIpn mMoxenmpoBaHmy muIOT CHIHAN NPENCTAaBIAT COOOM

MEPUOJUYECKU PACIOJIOKEHHbIE MWIOT Tpynmbl cuMmBoioB. Ha puc.l kpuBas 1 COOTBETCTBYET OJHOMY IHJIOT
CHMBOJIy B TpYIIIE, KpHBas 2 — IByM CHMBOJIaM, KpHBasi 3 — TpPeM CHMBOJIAM.
JIsl WLTIOCTPAlUK 3aBMCUMOCTH ONITUMAILHBIX 3HAYEHMM mapametpa K OT CKOpOCTHM M3MEHeHHMs KaHalia

CBs3H Ha pI/IC.Z MpCACTAaBJICHbI KPUBLIC 3aBUCHMOCTHU IIOKA3aTECJ/Id KadeCTBa Q OT IapamMeTpa k JJIA pa3IMYHbIX

3Hauenuit mpoussenenus FA mpu Tpebyemoll BeposTHOCTH OUTOBOM OMIMOKM BER =0.1. Ha puc.2 kpusas |

cooteerctByert ciyqaro FA =0.028, xpusas 2 - FA =0.014, xpusas 3 - FA =0.003, xpusas 4 - FA =0.0002.

B cooTsercTBuMM C KpuTepueM (4) MuHHMManbHble 3HaueHus sasucumocteir Q(K), mpemcrapnenHbix Ha

puc.2, onpeAensoT ONTUMAaNIbHbIE 3HAUEHUs MapaMeTpa K%' 13 puc.2 ciexyer, 4TO NpH 3aJaHHOHN JUINTETBbHOCTH
repeiaBaeMbIX CHUMBOJIOB 3(P(EeKTHBHOCTh MO KpUTEpHIO (4) yMEHBIIAeTCsl C yBENWYEeHHEM 4acToThl ¢enaunra. 13
puc.2 TakKe BHIHO, YTO JMANa3oH NPHEMJIEMBIX 3HadeHuil napamerpa K joctarouno Benumk. Ilpuuem, 3TOT
JIMATIA30H YBEJINUHMBAETCA C yMEHbIIEHUEM Bemmunubl FA |
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AHanu3 3aBHCUMOCTH BEJIMYHMHBLI ONTHUMAJbLHOIO 3HAYCHUS k P OT IMPOU3BECACHUA FA IIokKasaj, 4To

CyIIeCTBYeT o0OnacTh 3HaueHmii mapamerpa K =4-+10, B mnpenemax koropoil moboe 3Hauenme K Oymer
o0ecIeYnBaTh yI0BIETBOPUTENLHOE KA4eCTBO NPUEMA B JOCTATOUHO INMPOKUX MpeieNnax 3HaueHud Benuuunbsl FA
HCCIICIOBAaHHBIX B TAHHOI padorTe.

Hus cpaBHeHHs (G (GEKTHBHOCTH CHCTEM CBS3M C pPa3IMYHBIMU THUIAMH IIJIOT CHTHAJOB Ha pHC.2
NPEJCTABNEHa KPUBas 5 3aBUCMMOCTH CPEIHEH JHEPIUM Ha TepenaHHblii mapopmannonnsii cumBon Q(K) mns

*
HenpepbiBHOro tuna manot curnana i FA =0.0002 1 BER =0.1. 3aBucumoctu nokasarens kauecrsa Q(K)

JUIS HETIPEPBIBHOTO MUJIOT CHrHajia HaiineHsl B [1, 2]. Ilapamerp K s 000MX THIIOB MUJIOT CHIHANA MPECTABISET
co0O¥ OTHOIICHHE YHEPTUH UH(POPMAIMOHHBIX CHMBOJIOB K SHEPTHH MIJIOT CUMBOJIOB. M3 puc.2 BUIHO, YTO KPHBEIC
zaucumocteii Q(K) 1y HenmpephIBHOTO M TIPEPHIBUCTOrO TUIOB MWJIOT curHana (Kpusble 4 W 5) omimuaroTcs

HE3HAYUTEIBHO, T.. IPPEKTHBHOCTh CHCTEM CBS3U C PA3IMYHBIMHU THIIAMH IMJIOT CUTHAIOB IPUMEPHO OJWHAKOBA.
JaHHBId pe3ynbTaT MMONTBEPKIACT BBIBOJIBI CHCIAaHHBIE B [5] 0 NpPUMEPHO OJMHAKOBOH 3(P(HEKTHBHOCTH
BOCCTaHOBJICHHsI HECYILEH NPU UCTIOIb30BAaHUH HENMPEPHIBHOTO U MPEPBHIBUCTOrO TUIIOB MUJIOT CUTHAJA.

4. 3aka04eHue.

Takum 06pa30M, Haﬁl‘[eHLI OIITUMAJIBHBIC COOTHOLUCHUA HH(i)OpMaIIPIOHHOﬁ W MMUJIOT KOMIIOHCHT CUIHaJIa B
COTOBBIX CHUCTEMaAX CBA3U MNPU NPEPLIBUCTOM THUIIC MUJIIOT KOMIIOHCHTHI. Peanmaunﬂ 9TUX COOTHOHIGHI/Iﬁ ITIO3BOJISICT
TepepacipeielinTh pecypc OT MUIOT KOMIIOHEHTHI K WH(POPMAIMOHHON KOMIIOHEHTe, Oo0ecrieunBas yMEHbBIICHHUE
CpelmHel dHepTHy OTHOTO TMEePeJaHHOTO MH()OPMAIMOHHOTO cMMBOJA. [lokazaHo, 9TO IenecooOpa3Ho paBHOMEPHOE
pacmooXKeHne MUIOT CUMBOJIOB BO BpeMeHH. ONTHMalIbHbIC 3HAYEHUS COOTHOIICHHH WH(POPMAIMOHHON M TTHIIOT
KOMIIOHCHT CHUIrHajJa CJ'Ia6O 3aBHUCAT OT 4YaCTOThI (I)C,Z[I/IHI“a. AHaJ'II/IS II0Ka3aTeJisd KadeCTBa BBIABUII AOCTATOYHO
BBICOKYIO €TI0 yCTOfI‘iHBOCTL K OTKJIOHECHHUIO COOTHOIICHUA HHCI)OpM&].IHOHHOfI U IMAJIOT KOMIIOHCHT CUTHaJIa OT CBOCTO
ONTUMAJIPHOTO 3HadeHUsA. D(PPEeKTUBHOCTH TIepenaddl JaHHBIX pPacTeT C YBEJIWYCHHEM CYMMapHOH CKOpPOCTH
nepeaayn JaHHbIX. BBIHOJ'IHGHO CpaBHCHUC CHUCTEM CBS3U C PA3JIMYHBIMU TUIIAMH NWJIOT CHUT'HAJIA. HOKa3aHO, qToO
3(1)(1)6KTI/IBHOCTI> HCIOJIB30BaHUs MPEPHIBUCTOIO U HETIPEPBIBHOI'O THUIIOB MUJIOT CUTHAJIA IPUMCPHO OJMHAKOBA.
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Cellular mobile communication systems of the current and future generations should support
communications with users moving with high rate. Hence, the mobile system should efficiently operate in fast (high
rate) fading. Currently, achievements of high cellular system interference stability and efficiency is connected with the
use of MPSK and MQAM modulation. Potential advantages of these modulation types can be implemented with high
estimation accuracy of the complex received signal amplitude (carrier recovery). The desired signal contains a pilot
component for the recovery. Two main types of pilot component, differing by the time structure, are possible. The
first type is a so-caled continuous pilot signal, transmitted in parallel with an information signal component. The
second one, so-called discontinuous pilot signal, is pilot symbols, multiplexed with information symbolsin time. [1, 2]
make the balance optimization of the radio signal information and pilot components with continuous pilot signal. The
present paper covers determination of the optimum ratio of information and pilot signal components with
discontinuous pilot component type and also compares the application efficiency of different pilot signal types.

The desired signal is assumed to be a sequence of information symbols, multiplexed with pilot symbols in
time. The information and pilot symbol lengths A are equal. It is required to find the value of information symbol
energy Eg to pilot symbol energy E, ratio k=Eg / E, . providing the maximum communication system efficiency
by the optimization criterion. The optimization criterion is assumed to be the minimum of the desired signal energy
per on transmitted information symbol to the noise power density Ng ratio

Q=h?1+1k) (1)
at the provision of the required symbol demodulation bit error rate level BER . h? = pA/Ng - symbol signal-to-
noise-ratio, P - signal power (2).

Optimization of the value k assumes the use of a certain quasicoherent receiving carrier recovery agorithm
by the suggested criterion. This paper applies the best carrier recovery algorithm, i.e. stochastic interpolation
algorithm. [2].

The value Kk is optimized by the computer simulation technique. When simulating, the received signal is a
BPSK signal, passing through the one-path fading channel and observed against a background of Gaussian noise. The
signal fading corresponds to a widely used Jakes model [4]. Dependence of the quality factor Q on the parameter k
is analyzed for different variants of time position of the pilot symbols within the examined analysis interval. When
simulating, the pilot signal is periodic pilot groups of symbols. It is stated, the optimum is the uniform position of the

pilot symbols in time. Thus, solutions, proposed in some standards, (e.g., UMTS, when a pilot group contains up to
four symbols) are non-optimum. The figure below presents the curves of the quality factor Q dependence on the

parameter k for different values of the product FA (F isafading rate) with the required BER =0.1. Thecurvel

corresponds to the case of FA =0.028, the curve 2 - FA =0.014, the curve 3 - FA =0.003, the curve 4 -
FA =0.0002 (see Figure 2):
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In compliance with the optimality criterion, the minimum values of Q(K) dependencies, presented in the

figure, define the optimum values of the parameter K . From the figure it follows that the receiving efficiency reduces
with the fading rate increase at the pre-set transmitted symbol length. Analysis of the optimum K value dependence
on the product FA demonstrates, there is a value area of the parameter k=4+10. Any K value provides satisfactory
communication quality within this area.
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Figure 2.

The figure presents the curve 5 of the dependence of the average energy per the transmitted information
symbol Q(k) for FA=0.0002 and BER =0.1 to compare the efficiency of different pilot signal type based

communication systems. The dependencies of the quality factor Q(k) for the continuous pilot signal are covered in
[1, 2]. The dependence Q(Kk) curves for continuous and discontinuous pilot signal types (curves 4 and 5) differ

insignificantly, i.e. the efficiency of different pilot signal type based communication systems is about the same. This
result confirms conclusions on the identical carrier recovery efficiency with the use of continuous and discontinuous
pilot signal types made by [5].

Thus, the optimum ratios of information and pilot signal components of cellular communication system are
defined with the discontinuous pilot component type. Implementation of these ratios allows redistribution of the
resource from pilot to information components, providing reduction of the average energy of one transmitted
information symbol. The uniform time position of pilot symbols is shown to be appropriate. The factor analysis
discovers its sufficiently high stability to the variation of information-to-pilot signal component ratio from its
optimum value. The data transmission efficiency improves with the improvement of the combined data transmission
rate. Different pilot signal type based communication systems are compared. Application efficiency of the
discontinuous and continuous pilot signal typesis about the same.
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