ANrOPUTM MNOAABNEHUA NMOMEX MHOIOMOJIb3OBATENIbCKOIo NMPUEMA HA OCHOBE
MCNnonb30BAHUA MATPUL BBAMUMHOWU KOPPENALIUA

"apmoHoB A.B., MNoH4yapos E.B., AnekcaHgpos 3.B.

PecbepaT. PaCCManI/IBaeTCﬂ anropuTtM noaasBneHnA nomex B COTOBbIX CUCTEMAX C KOOOBbIM
pasgeneHnemMm KaHaroB TPeTbero nokoneHua. OueHuBaeTcs BbIUIPbILL, KOTOprVI MOXeT ObITb nosny4yeH ot
npeannoXXeHHoro anropntmMma no cpaBHEHUIo € OObIYHBIMMN.

1. BBegeHue.

B HacTosiLee BpeMs NPOMCXOAMT BO3pacTaHue TEMMOB PasBUTUA LMAPOBLIX CUCTEM CBA3W. [ns
yBenuyeHnsi 3eKTUBHOCTN, COBPEMEHHbLIE anropuTMbl MOAABIIEHMSI MOMEX B CUCTEMaxX CBSA3UN CO
MHOIMMMW Monib3oBaTensaMn (MHorononb3oBaTesnibckoe getektupoBaHme —Multi User Detection (MUD)) Bcé
bonbwe ycnoxHawTca [1]. CneactBuem 3TOrO SBMSIETCS OMEPEXEHWe CIIOXHOCTM anropuTtMOB Hag
BbIYMCIMTENBbHBIMM  BO3MOXHOCTAMM annapaTypbl, XOTH MoAenu 3TWX anroputMoB JalT nyywue
pesynbTathl. [MpeanaraemMbin B [[aHHOW CTaTbe anroputMm obragaeT HebOonbLIOW BbIMUCIUTENBHOM
CMNOXHOCTbIO, W, BMECTE C TEM XapaKTepuUCTMKaMu, OYeHb BNU3KUMKM K MOTEHUManbHO AOCTWXMMbIM. 3a
NOTEeHUManbHO OOCTUXUMbIE Dbl MPUHATLI XapakTEPUCTUKMA MOAENM MOMHOr0 BOCCTAHOBIIEHWS CUrHana
Ha BXxoJe AEMOLYNATOPOB.

2. Onucanue anroputma.

Mpepnaraemblii  anropuTM MCMONb3yeT pacyeT KOMIMIEKCHbLIX KOPPENSAUMOHHBLIX OTKMMKOB MO
KaXKgoMy ydy KaXk4oro rnonb3oBaTtens nyrem cBepTku BxoaHoro curHana c MNMCI curHanoB nonb3oBaTenen
Ha WHTepBanax AnMTENbHOCTM COOTBETCTBYHOLMX CUMMBONOB. B pesynbTate, nogaBneHue mnomMex
OCYLLECTBNSETCS B CHOPMUPOBAHHBIX KOMMIEKCHBLIX KOPPENSLMOHHBIX OTKIMKAX MO KaXXgoMy U3 fydei.

PaccmoTpum npouecc komneHcauum noMex B MSrkux peLleHnsix Ha Bbixoge aemoaynsitopa 6onee
noapo6HO Ha NpMMepe CUrHanoB ABYX MONb3oBaTENEN.
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Puc.1. Cxema KoMneHcaLmm MeLlatoLLEero BANsiHUS B KOMMIEKCHbIX KOoppenAaunOHHbIX
OTKINMKax Ha BbiXo4e gemMoayndatopa.

M3 pucyHka 1 BugHO, 4TO cumBon 1 NepBOro NONb30oBaTeNs OKasbiBaeT Mellalllee BrnsHue Ha
HECKOMNbKO CUMBOSOB BTOPOro Nofb3oBaTens:
= HacumBon 1 1 cumBon 2 MeLlaroLee BfMsSHUe okasbiBaeT Nepsbli Ny,
= Ha cumBon 3 1 cumBon 4 Mellalouiee BnSHUE okasbiBaeT BTOPOW Jyd.
KomneHcauusi MeluatoLLero BnSIHUS AOMKHA OCYLLECTBMNATLCA B HECKOIbKO 3TaroB.:

1. Bbibupaetcs MHOpMaLNOHHBIN cumBon 1 NepBoro nonb3oBaTernsi.

2. Ocyuwectensetca Rake - o6beavMHeHVWe KOMMMEKCHbIX KOPPENSUMOHHBIX OTKIIMKOB AaHHOro
CYMBOMa pasnuuyHbIX fyden (nyd 1 m nyd 2 nonb3oBaTtensd 1 Ha pucyHke 1), obpasyetcs
MSrkoe peLleHvne no JaHHOMY CMMBOSY.

3. OcyuwecTtBnsercsa opMUpoBaHMe OLLEHOK nomex oT cumBona 1 Ha cumBsonbl 1, 2, 3, 4
nonb3oBatenss 2 C WCMNOMb30BaHWEM CCOPMUPOBAHHOTO MSTKOrO pelleHus cumBona 1
nonb3oBatensa 1, a Takke TEKyLWUX 3HAYEHMI KOMMIIEKCHOW ormbatowen n koadpduumeHToB
MaTpuLbl B3anMHOW Koppenaumum (CM. pucyHok 3).

4. CcopMUpOBaHHbIE 3HAYEHUS TMOMEX BbIYUTAKOTCA M3 KOMMSIEKCHbIX  KOPPENSLMOHHBLIX
OTKNMKOB cumBonoB 1, 2, 3, 4 nonb3oBaTensd 2.

5. 3aTem BblbupaeTcs nepsBbid CMMBOM APYroro nonb3oBaTens, U BCA npoueaypa nogasreHus
NOBTOPSIETCSI 3aHOBO.

6. lMocne nepebopa Bcex nepBbiXx CMMBOJSIOB BCEX MOMb3oBaTenen npoueaypa noaaBreHus
NoOBTOPSETCA ANA CreayloWmx CUMBOJSIOB BCEX MONb30BaTeNen.

7. Tllocne mogaBneHUs MeLLaloLWero BAMSHWS CMMBOMA Jlyda nofib3oBaTens Ha BCe COocefHue
CMMBOfbl BCEX JTydel BCeX MOoNb3oBaTens Mpou3BOAWUTCS W3BMEYEHME 3TOro0 CUMMBOMNa U3
NVHUN 3a0EPXKKN.

@2002, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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8. [anee npousBoauTcs noBTOpHOe Rake-o6beauHeHWe W3BrEYEHHbIX CUMBOMOB, W
obbeguHeEHNe CUMBOMOB COCeaHMX uTepaumit. OGbedvHeHVWe CTaTUCTUK COCEAHMX 3TarnoB
onpeaensieTcst o crieaylowemMy npaBuIy: ecinv X - Msrkoe pelleHve npeablayllen utepaumu,
y - Tekywen uTepauuv, TO pe3yrbTupyloLEee MArKoe peLleHMe MOXHO paccuuTatb Mo

creaylowemy npasuny: Z = (X + y)/ 2.

OTa nocnenoBaTeNbHOCTL LIAroB BbIMNOSIHAETCA HECKOSbKO pas, B pe3dynbtate 4ero OoCTuraeTcd
ny4dulee nogasneHne nomex.

3. MeToa pac4yéTta koa(pMUNEHTOB MaTpULbl B3aMMHOW KOppenauuu.

KoadbdumumeHTsl B3anmHon koppensauun (KBK) onpegensioT B3avMHOe BnvsiHME OTpeska curHana
OOHOro fyya Ha OTPE3OK curHana Aapyroro nyya. CxematudHo oBLWMiA criydan HamnoXeHus ABYX nyyen
NnpeAcTaBneH Ha pUCyHke 2 (curHan nyya 1 co3gaéTt nomexy curHany nyya 2).

B cuHXpoHHOM criydae (3agepKku CUrHamoB pasfiMyHbIX fydyel paBHbl) Ha KaXKAbI CUMBOI
nNpuxXoamuTCs MO OAHOMY KO3(pMLUMEHTY B3aMMHOW Koppensuum (B cnyyae opguHakoBbix SF). B
aCWHXPOHHOM Ccrlyvae, faxe Mpu OOMHAaKOBOM 3HayeHun SF, Oons pasnunyHbiX nyden KoadhdhuumeHToB
B3aMMHOW  KOPpEensumMmM [OOIMKHO ObiTb 2, MOCKOMbKY Mewawwmin nyd 1 MeHsieT 3HadeHue
MHOPMALIMOHHOIO CUMMBOMA Ha WHTepBane MNpuHUMaeMoro cuMBoma nyda 2, “"paspbiBas” ero Ha gse
YyacTu.

Cumson 1 Cumson 2 ﬂyq 1 Msirkoe pelueHune c OueHka
BbIxoga Rake - KBK KOMMiekcon
NpUEMHMKa ornbaroLuen

Cvwveon 1 Jlyu 2 l
Brok BbluncreHns OueHka
ECTKOro peLueHns MellaroLLero
< ra—> C noporom BRAUSHUSA

MepBbii  BTopon
KkoadhPULUMEHT  koadpMLIMEHT
B3aVIMHOWM B3aVIMHOM

KOPPENALMA  KOPPERsILMM Puc. 3. bnok-cxema 6noka chopmmpoBaHuns
. nMoMexu OT CUrHana TekyLLero ny4a TekyLero
Puc. 2. Cxema pacyéta koacpdpuumeHToB nonb3oBaTens

B3aMMHOW KOppensaumm.

KBK OomkHbl  paccumTbiBaTbCs AN TeKywero KonuyecTBa Norib3oBaTenen, KapTuHbI
MHOrofy4eBoCTU, C y4eTOM SF U TeKylMX 3adepXXek curHanos ny4ven nonb3oBatenen. [Npu nameHeHusx
3afepXxek, NOABNEHMM HOBBIX fly4el Unn nonb3oBaTenen Ko3MMULNEHTI OOIMKHbI MEPECUNTLIBATLCS UIK
[006aBnATLCA HOBbIE.

OpaHoM 13 BaxHbIX NpobrieM npu pacyeTe KO3hULMEHTOB B3aUMHOW KOPPENALUn SBNAeTCs TOT
aKT, YTO 3aJepKa CUrHanoB ny4en nonb3oBarenen moxeT ObiTb HEe kpaTHa 1 yuny. Kpome Toro, pacuyet
KO3(P(PULIMEHTOB B3aMMHOMN KOPPENAUUN YCIIOXHAETCA TeM, YTO pearnbHble nomexu ot curHanos [1CI1
cocefHuX nonb3oBaTtenen punbeTpyOTCA B NnepeaaTynke n npuemMHuKe.

[na peanusauuu npeanaraetcs ynpolueHHbin metoa pacyeTta KBK, ocHoBaHHbIM Ha pacdeTe KBK
aByx cocegHux [CI1, 3agepxka KOTOpbIX KpaTHa 4uny C nocrnegylowen NUMHEeNnHOW WHTepnonsdumnen
nonyymsLLMXcHa KoadhumumeHToB. Hanpumep, ecnvn B3aMMHas 3agepKka cMrHanoB AByX Mnorib3oBaTenen He
KpaTHa 1 uuny, TO CBepTKa pacCUMTLIBAETCS He Mexay Mewawlwen v npuHumaemon [CI, a mexay
Mewatowen n aymsa MNCI1, 3agepXKn KOTOpbIX KpaTHbl 1 ymny, 6nmwkanwmx k npuHumaemon MNCrT.

BmecTe ¢ TemM nonHbin oTka3 ot dunbTtpaumm MNCI npu pacyeTax, a Takke NpPocToTa nepecyeTa
KO3(p(PMLMEHTOB MNP U3MEHEHUAX 3aOEepXXEK CUrHamnoB MO3BOJSISIOT CYLWECTBEHHO CHM3UTb CITOXHOCTb
peanusauum anroputmMa MHOronosib30BaTeNbCKOro AeTEKTUPOBAHNSI.

Kpome TOro, MOXHO ynpocTuTb Takke n cnocob xpaHenuns KBK mexay HedunbTpoBaHHbiMu 1CI1
pasnuuHblx nyden. MNockonbky cBepTka [NCIT ocylwiecTBnseTca Ans ogHOOGUTHLIX NocrnegoBaTensHOCTEN,

3Ha4YeHne CBepTKM Ha WHTEpBane nepecev4eHnda CUMBOJIOB nMNpeacrtaBndaeT cobon KOHEYHOE 4MCno
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2

BO3MOXHbIX BApUaHTOB, obLiee KonMYecTeo KOTOPbIX HE MNMpeBbIlLlaeT . I'IpM SF=4 obulee Konm4ecTso

28 _
BapuaHTOB CBEPTOK He Gonee Yyem 27 =256. Bce 371 BapuaHTbl MOXHO XpaHWTb B NaMSATU, YTO TakKxke
CYLLECTBEHHO ynpoLlaeT peanvsaumio anroputma.
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BbiBoAabl

Xapaktepuctuku anroputma gns cuctembl casn 3GPP TDD [2] npoTecTupoBaHbl B Cnegylowmx
ycnoBusix. OTHOLLEHNE MOLLIHOCTM MOMEX CBOEW COTbl K MowHocTK cocegnmx 1:0.6. YacToTta peneeBckmnx
3amupaHun 500 Hz, 4 nyya mowHoctu: 8/15, 4/15, 2/15, 1/15, da3bl 1M 3adepXKku Nydern anpuopu
N3BECTHbI. PesynbTaTbl n3amepeHun npusBegeHsl Ha pucyHke 4.

Vcnonb3oBaHne npeanoXeHHOro noaxoda Mo3BonseT OOCTWYb pe3ynbTaToB, OYeHb OnM3KMX K
pesynbTatam uTepaTtMBHOro anroputma. "WItepatuBHbin" - 3710 anroput™ MUD ¢ BOcCCTaHOBNEHWEM
curHana v nogasneHMeM NomMex Ha Bxode AemMoaynsitopa (3TOT anropuTM MOXHO CHMTaTb NOTEHUManbHO
OOCTWXUMBIM CrnyvaeM, Koraa Ko3(pdUUMEHTbI MaTpuubl B3aUMHOW KOppensuum n3BecTHbl abCconioTHO
TOYHO).

03 Fading 500 Hz, 1:0.6
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Puc. 4. XapaktepucTukn pasnuyHblx anroputmos MUD.
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MULTI-USER RECEPTION INTERFERENCE CANCELLATION ALGORITHM ON THE BASIS OF
MATRICES CROSS CORRELATION USE

Garmonov A., Gontcharov E., Alexandrov E.

The description of the interference cancellation algorithm.

The proposed algorithm uses the calculation of complex correlation responses on the each path of
the each user, by the method of input signal convolution with interference matrix. This matrix is formed from
the cross correlation matrix (is calculated for this path configuration) and from preliminary received fixed
decisions by all arrived symbols. As a result, the interference cancellation is fulfilled in the formed complex
correlation responses by each of the paths. The algorithm is carried out iteratively several times, due to
which the best results are achieved.

One path symbol of one user interferences with one or several symbols of each user path. Due to
the path propagation delays, certain symbol of one user may produce the interference to other symbols of
the same user, but they propagate on the different path. It is necessary to compensate all the interferences
from all the paths.

Compensation process consists of the following stages:

1. User info symbol is chosen.

2. Rake — combining of the complex correlation responses of the current symbol is carried out and soft
decision by the symbol forms.

3. The formation of interference estimation on the current symbol from all other symbols that coincide with
the current one by the time of arrival is fulfilled. Here, the hard decisions of the corresponding symbols
are used, as well as current values of complex envelope. The formed interference values are
subtracted from complex correlation response of the certain symbol.

4. The next info symbol of the next user is chosen and all the interference cancellation procedure is
repeated for it.

5. After all the first symbols processing of all users, the interference cancellation procedure repeats for the
next symbols of all users.

6. Further, the repeated Rake-combining of the derived symbols and signal soft decisions of the adjacent
iterations combining. The weight of the each iteration in the resulting soft decisions is equal to 1/2. The
received soft decisions and corresponding to them hard decisions are used for the interference
calculation during the next iteration.

The method of cross correlation matrix coefficients calculation.

Cross correlation coefficients (CCC) are determined the mutual influence of the one path signal
segment on the other path signal segment. In the synchronous case (signal delays of the different paths
are equal), one coefficient of the cross correlation (in case of the same SF) is corresponding to one symbol.
In the asynchronous case, even at the equal SF values, there should be 2 coefficients of cross correlation
for the different paths, since the interference path signal changes the value of the own info symbol during
the other path receiving symbol. The symbols of the interference path signal break the receiving symbol
into two parts.

CCC should be calculated for the current number of users, multipath environment, taking into
account SF and current signal delays of user paths. During the delays changing or new paths and users
appearance, the coefficients should be recalculated or the new ones should be added. One of the
important problems during the calculation of the cross correlation coefficients is that the user path signal
delay may be not multiplied by 1 chip. The simplified method of CCC calculation is proposed for the
realization. This method is based on the calculation of convolution of two adjacent pseudo random
sequences, the delay of the which is multiplied by one chip with the following linear interpolation of the
obtained coefficients.




