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Pedbepar. PaccmatpmBaeTtca anroputM COBMECTHOIO NogasrieHnsi NOMeX U eKOAMPOBaHUS B
COTOBbIX CUCTEMaX C KOAOBbIM pasfeneHneM KaHarnoB TpeTbero nokoneHus. OLeHMBaeTCs BbIUIPBbILL,
KOTOPbIN MOXeT ObITb MOMYy4YeH OT COBMECTHOMO anropmMTMa no CPaBHEHMIO C OObIYHBIMN.

1. BeegeHue.

B nocrnegHee Bpems cneuuanucTbl OTMEYAKT yBENMYeHe TEMMNOB PasBUTUS LIMGPOBBIX CUCTEM
cBaA3n. Hambonblmnin nporpecc, [OCTUTHYTbIM B 3TOM obnactn, 3aMeTeH B [OBYX OCHOBHbIX [1]
HanpaBrneHusx: nodaBfieHMe MNOMeX B  CucTeMax CBA3WM CO  MHOMMMW  MONb3oBaTensiMu
(MHOrononb3oBaTeNbCKOE [OETEKTMPOBAaHWE) WM UTEpaTMBHbIE anropuTMbl OEKOAMPOBAHWS KOOOB C
nepemexeHuem (Typbo gekogep).

Cnepgylowimm aTanoMm pasBUTUS paguUoTEXHWKM MOXET CcTaTb MNOSABMEeHWe U peanusaums B
annapaTtype  anroputMoB  COBMECTHOrO  [eKoauMpoBaHust UM nojaeneHuss  nomex  (Typbo
MHOrononb3oBaTenbckoe feTektupoBaHue) [2]. B paHHOM cTaTbe aHanuanpyeTcss OAMH U3 TaKuX
anropuTmMoB, OLEHMBaETCs BEenuuMHa BbIUIPbILLA, KOTOPbIM MOXET ObiTb MOMy4yeH Mpu nepexode K
COBMECTHOMY MCMOMb30BaHMIO MHOrONoNb30BaTeNbLCKOro AeTekTopa u Typbo aekoaepa.

2. OueHka XxapaKTepuCTUK MOMEXOYCTOMYMBOCTU anroputMoB MojaBreHus nomex 6e3 yueta
KogmpoBaHus MHdopmaumn. V3 nutepaTtypbl M3BECTHO HECKOMBKO anropuTMOB MHOIOMOSib30BaTENbCKOro
netektupoBanua [3,4]. MNpu 9TOM HauMnyylWMMK XapakTepucTukamyn obnagaeTt anropuTM MakCMMarbHOro
npaesgonogobus (onTumanbHbIn  anroputm) [5]. TMaBHbIM HeOOCTATKOM 3TOr0 anroputMa  SABrsieTcs
CMOXHOCTb  peanu3auuu, 9KCMOHeHUManbHO BO3pacTawllas B 3aBMCMMOCTM  OT  KONM4YecTBa
nonb3oBatenen. NoaToMy AN NPakTUYeCKOro nNpMMeHeHus pa3paboTaHbl YNpOLLEHHbIE CyGonTUMAarbHbIe
cxembl. Hanbonee yacto B kadecTBe CybONTMMANbHOMO peLleHUst UCMOMb3yeTCa napanfenbHas cxema
nogaBneHus nomex. ATOT anroputMm obrnagjaeT XapakTepuCTUKamMu, MPakTUYECKU HEeOTNUYMMbIMU OT
NoTEHUManbHO  AOCTUXUMbIX.  XapakTepUCTUKU pasfnnyHbIX  CXeMm MHOrOmMosib30BaTENbCKOro
OeTeKTUPOBaHUSA MOXHO HanTu, Hanpumep, B [6].

3. [lNpeumyliectBa anropuTMOB MOAaBNEHUA MOMEX C Yy4eToM KogaupoBaHus. WccnepoBaHue
anroputma Typ60 MHOrononb30BaTENbCKOro AETEKTUPOBAHMS.

B 1993 6bina onybnivkoBaHa nepBas cTaTbsl, NOCBsLWEHHasa Typbo-koay [7]. NpeanoxeHHbIn MeToq
GasvpoBarncs Ha cregylwux npyvHUUNax : MTepaTMBHOE AEKOAMPOBaHWE C MSATKMM BXOAOM / MSITKUM
BbIXOOOM , MapannenbHoe OO0beAuHeHVe [OBYX PEKYPCUBHbIX CUCTEMaTUYECKMX CBEPTOYHbIX KOOOB C
nceeBgocnydyanHoM nepemexeHveM. B gaHHOM anropuTtMe UCMomnb3yeTcs creqyloliee CBOMUCTBO
Typbogekodepa: Msrkoe pelleHne MoxXeT ObiTb BbIHECEHO He TOMbKO Ha KaXabli WHEOPMALMOHHbBIN
CMMBOJ1, HO TaKXKe U Ha Kaabl KO4OBbIN CMMBOS. Takum obpa3om BxogHas nocnenoBaTeribHOCTb MOXET
ObITb BoccTaHoBneHa. KoppekTupylowass crnocobHocTb Typboaekogepa mnokasaHa Ha puc. 1. [pu
MOLEenMpoBaHMM Ucnornb3oBancs Typbokoa Ha 8 cocTosiHuKA, cooTBeTCTBylOWMA cTangapty 3GPP
(obpasytowme nonumHomsbl - 135/155). CkopocTb KoanpoBaHus R=1/3.
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Puc. 1. 3aBncUMOCTb BbIXOOHOW BEPOATHOCTM ownbkn 3GPP Typbo aekoagepa oT BXOAHOMW Npu YCNoBumn
Hanu4uMs owmbOoK B NPUHATBLIX Bnokax. OAHONYYEBLIN KaHarn ¢ rayCCoOBCKUM LLIYMOM.
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Anroputm Typ60O MHOronosib3oBaTENbCKOr0 AETEKTMPOBAHMSA BbIMMSAWT crnegylowmMm obpasom.
lMocne nepBoHaYasnbHOroO NoAaBfEHMsT MOMEX C MOMOLLBLIO MapanmnenbHOro NoAaBuUTENs ONis YBENUYEHUs
OOCTOBEPHOCTU  MPUHATBIX  PELEeHUA  MHAOPMALMOHHLIE  CUMBOSIbI  BOCCTaHaBMNMBAKOTCA  MyTEM
UTEpaTMBHOIrO OeKoaMpoBaHusi. BoccTaHOBMNEHHbIE OLIEHKM MHAOPMALMOHHBLIX CMMBOJIOB MCMOMb3YOTCSA
Ons NOBTOPHOro nofasrieHuMu mMellawuero sBnvsHus. Npeanaraemas cxema "napannenbHbli nogasutens”
- "Typbo aekopep" UCnonb3yeTcsl HECKONbKO pa3. XapakTepuUCTUKK anroputma ans cuctemMbl cesasn 3GPP
TDD [8] npeactaBneHbl Ha puc 2,3.
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Puc. 2. 3aBMCUMOCTY BEPOSITHOCTM OLLIMGKM [0 AEKoAepa NP NpYemMe OT OTHOLIEHWS CUTHaM-LUYM MTHC

nomexa.
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Puc. 3. 3aBncumocTtun 61104HOM BEPOSTHOCTU OLLMGKM NOCNe Aekoaepa OT OTHOLLIEHUSA CUrHamM-LWyM nioc
nomexa.

ANropuTMbl MPOTECTMPOBaHBI B criegyowmnx ycnosusix. OTHOLWEHME MOLLHOCTM MOMEX CBOEW COTbl
K mowHoctn cocegHux 1:0.4. Yactota peneeBckux 3amupaHunm 250 Hz, 2 nyya paBHOW MOLLHOCTU,
amMnnuTyabl, dasbl 1 3a4epPXKKU NyYer anprvopu U3BECTHBI.

4. BbiBogbl. W3 pucyHkoB 2, 3 BWUAHO, YTO XapaKTepuUCTMKM npeanaraeMoro anroputma
CYLLLECTBEHHO MNPEBOCXOAAT XapaKTepPUCTUKM O0ObIYHOW napannenbHon cxembl nopasneHuss nomex. [lo
YPOBHIO Tpebyemon 6noyHor BeposiTHOCTU owubku = 0.01 mcnonb3oBaHMe COBMECTHOrO anroputma
o3HayaeT 6onee yem 1.5-kpaTHoe yBenuyeHne emKoCcTu coThbl. K HegocTaTkam npegnaraemMoro anroputma
CTOMT OTHECTU yBEerMYeHUEe CIMOXHOCTU peanu3auuun 1 nosiBneHne 3agepxku B obpaboTtke curHana Ha 1
60K KOANPOBAHHbIX AaHHbIX.
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JOINT DECODING AND DEMODULATION ALGORITHM DEVELOPMENT FOR THE CODE DIVISION
MULTIPLE ACCESS SYSTEM
(Joint usage of Turbo Decoder and Multi-User Signal Detector)

Garmonov A., Gontcharov E., Zhdanov A.

1. Introduction. The estimation of characteristics of interference cancellation algorithms (Multi User
Detection - MUD) in the code division multiple access (CDMA) system, without taking coding techniques
into account is made.

1.1 Maximum likelihood algorithm (optimal algorithm).

It provides the best quality of the reception (potentially achievable characteristics for the
communication channel without coding). The main disadvantage is implementation complexity, which
exponentially increases depending on the users amount. The suboptimal decisions that are of acceptable
complexity are implemented in practice.

1.2 The review of the main suboptimal algorithms.

Successive and parallel interference cancellers are the mostly widespread schemes that possess
the characteristics, which are practically indistinguishable from the potentially achievable.

2. The advantages of the interference cancellation algorithms taking coding into account are
shown. The researches of Turbo MUD algorithm (joint usage of Turbo Decoder and parallel MUD) are
carried out.

After the initial interference cancellation with the help of parallel canceller, for the made decisions
reliable increase, info symbols are reconstructed by the method of iterative decoding Max-Log-Map
algorithm. The reconstructed estimations of info symbols are used for the second cancellation of the
interfering influence. The proposed scheme "parallel canceller" - "Turbo Decoder” is used several times.
Algorithm characteristics are presented on the figure.
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Figure. The dependences of error probability (BER) on the signal to interference plus noise ratio.
The form of the signal is constructed in accordance with 3GPP communication system standard. Own cell
interference power to other cells interference power ratio is 1:0.4. The frequency of Raleigh fading is 250
Hz, two paths of the equal power, amplitudes, phases and path delays are a priory known.

The figure shows that the proposed Turbo MUD algorithm significantly exceeds the conventional
parallel MUD algorithm more then in 1.5 times (2 dB). The disadvantages of the proposed algorithm are the
implementation complexity increase and the delay of the signal processing on 1 elementary decoding
interval (1 frame).




