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3niiicHeHO TeopeTHYHi AOCJTiIkKeHHA HMOBipHOCTI 0iTOBOI MOMMJKHU # edeKTHBHOCTI
niAKaHadiB 0e3MpoBiTHMX Mepek, Mody1oBaHuX Ha ocHOBi TexHoJoriii L TE / LTE-Advanced,
3 BUKOPHCTAHHAM KBaapaTypHoi ¢a3oBoi maninyasiuii (K®Mu), M-no3uniiiHoi KBaapaTypHoi
ammutityaHoi moayasiuii (M-KAM) Ta 3anponoHoBanoi M-no3uniidHoi aMILTITYTHOT Moy astLii
oararbox ckiaagoBux (M-AMBC). Teoperuuni gociaizkenHsi iMoBipHOCTI GiTOBOI MOMHJIKH
BHKOHAHO 3 BUKOPUCTAHHAM 3allPONIOHOBAHOIO CHIBBiTHOWIEHHS. 3a pe3yJibTaTaMH TeOPeTHYHUX
AOCTiTKeHb MIATBEPAKEHO AIeKBATHICTh 3alIPONIOHOBAHOI0 CHiBBiIHOIIEHHS] TA MOKJIUBICTH
#oro 3acTocyBaHHA AJd 004 cIeHHA HMOBIpPHOCTI 6iTOBOI MOMMJIKM Mil Yac BUKOPUCTAHHA B
nigKkaHajax TeJeKOMYHIKaUiiiHUX 0e3NPOBITHNX Mepe:X, MOOYI0BAHMX HA OCHOBI TeXHOJOTii
LTE/L TE-Advanced, pisnouais moayasuii curnary K®OMu, M-KAM i M-AMBC. Takox
AOCTiTAKeHO e(peKTUBHICTH TAKMX Mepesk 3 BUKOPUCTAHHAIM HaBeeHUX Pi3HOBMIIB MOIy ALl
curuajy. 3a pe3yJbTaTaMM JOCJTiIKeHb YCTAHOBJEHO, IO 3alpONOHOBaHA MoayJasauis M-
AMBC nepcnekTHBHA JJisl 3aCTOCYBAHHA y Mepexkax, Mo0y/I0BaHNX HAa OCHOBI TeXHOJOTii
L TE/LTE-Advanced, 3 meTo10 3MeHIIIeHHsI iIMOBIpPHOCTI GiTOBOI MOMHIJIKM Ml Yac nepexaBaHHs
JAaHUX Ta MiABUILEHHS e(peKTUBHOCTI Mepe:ki mopiBHAHO 3 BuUKopucTaHHAM K®MH i M-KAM.

Kawuosi ciioa: TexmoJorin LTE, Texnoaoria LTE-Advanced, imoBipHicTe GiToBOT
NMOMIJIKH, eeKTHBHICTH 0e3NPOBIIHOI Mepexi, KBagpaTypHa (a3oBa MaHinyJdlifA, KBagpaTypHa
aMILTITYAHA MOAYJIALS, AMILTITYAHA MOAYJIALsA 0araTbL0X CKJIAI0BHUX.
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It carried out the theoretical researches of bit error probability and efficiency of
subchannels of wireless networ ks based on LTE / LTE-Advanced technologies in case of use of
guadrature phase manipulation (QPSK), M-ary quadrature amplitude modulation (M-QAM)
and offer M-ary amplitude modulation of many components (M-AMMC). The theoretical
resear ches of bit error probability executed in case of use of offer correlation. As a result of
theoretical researches it exposed the adequacy of offer correlation and possibility of his
application for the calculation of bit error probability in case of use the varieties of signal
modulation QPSK, M-QAM, and M-AMMC in subchannels of telecommunication wireless
networ ks based on LTE / L TE-Advanced technologies. As a result of researches it sets, that in
case of attitude of average energy of one data bit toward the spectral power density of white

noise E, /N, =134dB the bit error probability in subchannelsin case of use of 8AMMC
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will more the little in 27 time by comparison to the use of 8-QAM at the identical maximal
power and infor ming of modulated signal.

Also the efficiency of such networks in case of use of lead varieties of signal modulation
was explored. As a result of researches it sets, that informative efficiency of subchannels of
wir eless networ ks based on LTE / L TE-Advanced technologiesin case of use of 88AMMC with
shift the amplitude levels of modulating signals higher from using 8-QAM on 6,1 % and from
QPSK — on 20 %, that is why offered AMMC expediently to use in the modern wireless
networ ks in case of data transmission for therise of their efficiency.

So as aresult of resear ches it sets, that an offer modulation M-AMMC is per spective for
application in networks based on LTE/LTE-Advanced technologies with the purpose of
reduction of bit error probability in case of data transmission and rise of network efficiency by
comparison to the use of QPSK and M-QAM.

Key words. LTE technology, L TE-Advanced technology, bit error probability, network
efficiency, quadrature phase manipulation (QPSK), M-ary quadrature amplitude modulation
(M-QAM), M-ary amplitude modulation of many components (M-AMMC).

Beryn

VY pexomenmamisx [1] Mikuapoamoro comwsy enekrposs’ s3ky (MCE, International Tdecommunications
Union — ITU) Bu3Ha4YeHO TEXHOMIOTIi HA3eMHUX PaIioiHTEp(EHCIB MEPCIEKTUBHUX CUCTeM MiXKHAPOIHOTO
MoOuTpHOrO 3B's13Ky IMT-Advanced. Ha BiamiHy Bij momepenHboi Bepcii MiKHApOAHOrO MOOLIBHOIO
3B’ 513Ky IMT-2000, cucremu IMT-Advanced maroTh HOBI MOXKJIMBOCTI, 30KpeMa 3a0e3MedyroTh MOOUTbHI
MOCTYTH B MEpeKax MOOUTLHOro Ta (DiKCOBAHOTO 3B’ 13Ky 3 KOMYTAIIIEIO TTaKeTiB, 3a0e3MeuyoTh MOXKIHBICTh
3aCTOCYBaHHS JIOJATKIB i3 PIBHEM MOOUIBHOCTI BiJi HHU3BKOI'O JI0 BHCOKOTO 3 BEIMKHM Jialia30HOM
MiATPUMYBaHUX IIBUAKOCTEH MepeaaBaHHs JAHUX BIIIOBIIHO J0 MOTPed KOPUCTYBAYIB 1 CIIYk0 Y cepenoBHUInax
3 BEJIMKOIO KUIBKICTIO KOPHCTYBauiB, 3a0€3MEUyIOTh MOMKIIMBICTh 3aCTOCYBaHHS MYJBTHMENIMHUX JONATKIB 3
BHCOKOIO SIKICTIO B MIMPOKOMY CIIEKTPI MOCIYT 1 TNIATPOPM 3 ICTOTHUM MOJIMIISHHSM MMOKa3HHUKIB SKOCTI
pOOOTH Ta SIKOCTI HaJaHMX TOCIIYT, 3a0€3MeUyIOTh IiIBMILICH] ITIKOB1 PiBHI IIBUAKOCTI MepeIaBaHHs JaHUX
ISl 3a0e3MedueHHsT BIOCKOHaNeHnX mnocayr i momatkiB (mo 100 MOit/c mns 3acTocyBaHb 3 BHCOKOIO
pyxnuBictio i 1 ['Git/c 1ist 3acToCyBaHb 3 HU3bKOK pyXJHBicTio). Pekomenparisimu [1] MCE Bu3zHaveHo,
IO JUIss HAa3eMHOI'0 CerMeHTa IepcrekTuBHuUX cucteM |IMT-Advanced momineHO 3acTOCOBYBaTH Taki
texHouorii pagioinrepdeiicie: LTE-Advanced i Wirdess MAN-Advanced.

[Monepennuneto texuonorii LTE-Advanced e texnonoris LTE (Long Term Evolution), mio
HANEKUTH 10 ciM'1 Texuonoriit 3GPP [2]. Ti mouamu Bnposamxysatu B 2009 p. Texuonoris LTE nependauae
MOXKITMBICTD TTepeaaBaHus JaHux 31 mBHaKicTIo 10 300 M6iT/c, AKINo 3aTprMKa B O€3MPOBIAHIN Mepexi He
nepeBuiye 5S5mc. I3 3acTocyBaHHSM I1i€i TEXHOJIOTIi JTOCATHYTO CYTTEBOI'O ITiIBUIICHHS YaCTOTHOL
eekTHBHOCTI Mepexi, a TakoX po3podiieHa HOBa apXiTeKTypa Oe3MpoBiAHOT MEpexi, KOTpa A€ 3MOry
3HAYHO CHPOCTUTH 1i cTpykTypy. Texuomoris LTE miarpumye dacrorHuii myrmiekc (FDD) i uwacoBwmii
nymieke (TDD), a TakoX Opi€HTOBaHa SIK Ha B3aEMOAII0 3 mpoctimmmu Mepexkamn 3GPP, Tak i Ha
B3aEMOJIIIO 31 CKITagHImMMH Mepeskamu 3GPP2.

HacTynmHuM KpOKOM /10 HiABMIIEHHS INBHIKOCTI NEpeIaBaHHSA TaHUX 13 3a0e3MCUCHHSIM BUCOKOI
SAKOCTI MOCAyr y Oe3mpoBimumx Mepexkax € texuomorisi LTE-Advanced, mo BusHaHa Oe3mpoBigHHM
crangaptoMm 4G. s texnomnoris miarpumye |P-aapecarito i 3a0e3nedye MOXKIHMBICTh TEPEMUKaHHS MK
mepexxamu 4G, 3G i Wi-Fi. V paniointepdeiicax, BukoHaHux Ha ocHOBi Texnosorii LTE-Advanced,
3a0e3neuyeTbes cMyra podounx yactoT a0 100 MI'w, 1o 1o3BoJIs€e 3AIMCHIOBATH IIEpElaBaHHs JaHUX 31
mBuaKicTio 10 3 I'6it/c y Husxignomy notori ta 1,5 I'6it/c y BucximHOMY moTomi. Y pa3si nepeaaBaHHs
JaHUX y HU3XIZHOMY IIOTOIl 3AiCHIOIOTh OPTOrOHANBHE YacTOTHE MynbruIulekcyBanus (OFDM —
Orthogonal Frequency Division Multiplexing), 1mo6 3a0e3meynTH BHCOKHM CTYITiHB CTIHKOCTI 3i
CTIPOIICHHSM peaizalii mpuitMauiB HaBITh 3a Jy)Ke NIMPOKUX CMYT TPOMYCKaHHs. Y BUCXIIHOMY TOTOI
dopmytoTh curHan i3 BukopuctanHsM OFDM 3 posmmpeHHSIM clieKTpa TUCKPETHHUM IIepPEeTBOPEHHIM
dyp'e (DFTS-OFDM), mo 3yMOBJIEHO HHM3bKAM BiJHOIICHHSIM IIKOBOI MOTYXHOCTI O CepemHbol
MOTY>KHOCTI MEPEIaHoro CUrHajiy MopiBHAHO 31 3Buuaiinum merogoM OFDM. e nae 3mory edekTuBHIIIe
BHUKOPUCTOBYBATH TIJICHITIOBAY MOTYKHOCTI TepMiHama, 1o 3abe3nedye 30UTbIICHHS] 30HH MOKPUTTS a0o
3HMKCHHSI CHOXKHBaHOI IOTY)KHOCTI TepMiHaimoM. Y pamiokaHani s (GopMyBaHHS BHCXiJHOTO Ta
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HU3XITHOTO TIOTOKIB 3aCTOCOBYIOTh KaHallbHE KOPEKTYBallbHE KOAYBaHHs IUIi OOpPOTHOM 3 MOMHIIKAMH
JIeKOyBaHHsI HA MPUHMANBHIN cTOpPoHi. 3acTOCOBYIOTH pizHOBUAM MoAyIsiii KOMH, 16-KAM i 64-KAM.
Bubpani ko/0Ba MBUAKICTh KAHAIBHOTO KOPEKTYBaJIbHOTO KOJYBaHHS W PI3HOBU MOIYJSIII 3aeXaTh
BiJI pO3MIipy MakeTa JaHuX i BUIUICHOrO pecypcy. Cxemu mnepenaBaHHs 3 aekinbkoma antenamu (MIMO) e
HEB1/I' EMHOIO YaCTHHOIO 000X TEXHOIIOTIH pajioinTepdeiicy.

Ha mincTaBi cka3aHOro BHIIE MOYKHA 3pOOMTH BHCHOBOK, 1110 Ha IIBUKICTH Ta AKICTh MEpPEaaBaHHS
naHux depes pamioinrepdeiic cucremu |MT-Advanced BruinBaroTs BUOpaHi Pi3HOBUIN MOIYJIALIT CUTHAITY
Ta KOPEKTYBaJILHOI'O KOJyBaHHS. Ba)kIMBUM MOKa3HUKOM SIKOCTI € IMOBIPHICTh OITOBOI IMOMMJIKH IIijl Yac
nepenaBaHHs JaHWX. AKTYalbHOIO 3aJladyel0 3allUIIAEThCsl MOMYK TAKUX PI3HOBUIIB KaHAIBHOTO
KOAYBaHHS Ta MOAYJALIl CHTHAIy, 3aCTOCYBaHHS SKHX 3a0€3MeUMTh MiHIMalbHYy HMOBIPHICTH OiTOBOI
MOMUJIKH 32 MaKCUMAJIbHOI JIOCATHYTOI MIBHJIKOCTI TIepelaBaHHs Ta HAasIBHOCTI 3aBajl y pajioKaHali, 110
CBITYMTUME PO JOCATHYTY BHCOKY TEXHIUHY €EKTHBHICTD TEICKOMYHIKaIlIHOT CUCTEMH Y1 MEPEKi.

JocmiypkeHo 3aBaji03aXUIICHICTh Ta SKICTh TEIEKOMYHIKAIIHHUX CHCTEM Ta MEpeX y pasi
3aCTOCYBaHHSl BiJOMHX DI3HOBHIIB MOAYISIIl CHUTHANY H KOPEKTYBAJIBHOIO KOAYBAaHHS y 3HAuHIH
KiTbKOCTI TyOmikamiid. Y mpaigx [3—6] aeranbHO pO3MUISHYTI CydacHi BiZOMi PI3HOBHIM MOJYJISIIi
CUTHaJY, 30KpeMa Pi3HOBUIM (a30BOi Ta aMILTITYAHO-(ha30BOi MOIYJIALIT, JOCTIHKEHI iX XapaKTEePUCTHKH,
a TaKOXK MPOaHaTi30BaHi BiZIOMi IIMPOKOBXKHUBAHI METOIM KOPEKTYBaJIbHOTO KOJTYBaHHS.

VY 3B's3Ky 3 HEOOXITHICTIO MOJAJIBIIOIO MOJIMIIEHHS SKOCTI MEPEX JOMUIBHO 3aCTOCOBYBATH HOBI
3alpOIMOHOBAHI PI3HOBUAM MOMIYJAIIl CHrHalMy [7] Ta KOpEeKTyBalbHOro KoayBaHHs [8]. AKTyajbHOO
3aJ1a4et0, PO3B’sI3aHHS SAKOI MOTPeOye MOMATKOBHUX HAYKOBUX JOCIIIKEHb, € MOPIBHIHHS BJIACTHBOCTEH
HOBHX Ta BiJIOMHUX Pi3HOBHJIIB MOAYJSIII CUTHANY i KOPEKTYBAJIBHOTO KOAYBaHHS 3 METOI BHSBIICHHS
TaKWX, IO 3a0e3MevaTh HAWBUIILY SKICTh TEIEKOMYHIKAI[IHHUX CUCTEM Ta MEPEXK B YMOBaX 3aBajl.

Meroro 11i€1 poOOTH € TEOPETUYHI TOCIIPKEHHS HMOBIPHOCTI TOMUJIKU Ta €()EKTUBHOCTI ITiIKaHAJIIB
Oe3mpoBIAHNX Mepex, MmodymoBaHux Ha ocHoBi Texmojorii LTE/LTE-Advanced, 3 BHKOpHCTaHHIM
K®MH, M-KAM Ta HoBOiI 3anpononoBanoi M-AMBC mix yac nepegaBaHHs JaHMX B yMOBaX 3aBa/l.

CyuacHi pi3HOBHIM MOAYAALIl CHTHATY B 0€3NPOBITHNX Mepekax NMepeJaBaHHA JaHUX

VY cydacHuUX OC3MPOBIIHUX Mepexkax IepelaBaHHS TaHUX, MOOYJOBaHMX Ha OCHOBI TEXHOJIOTIH
LTE/LTE-Advanced, BHKOpUCTOBYIOTh pi3HOBUAM (a30BOi Ta aMIUTITyqHO-()a30BOI MaHIMyJIAILii.
PosrisHeMo XapaKTepUCTHKH MOMAYJIALIl, [0 BIUIMBAIOTh Ha SIKICTh Ta €(EKTUBHICTH OE3MPOBIIHUX
Mepex. Jlo HaWBxkuBaHIUX MOmyasaiii Hamexuth KOMH, i1 Akoi KUIBKICTh KOMOIHAIiH
MOJYJTIOBalIbHUX TH(POPMAIifHUX CHTHAJIB, 3a SKHUX OJCPXKYIOTh HenoBTopioBaHi KOMH-curnamm
(a 3HAuUMTH 1 KUIBKICTh cHUMBONIB), gopiBHioe M =4. Ilpu 1poMy 3a dYac MepeiaBaHHS OIHOTO
iHpopmaniiiHoro cuMBony Moxe Oyru nepemano 09,4 =2 6itn inpopmanii. KOMHu-curnan (B)
NPECTABISAITh y BUIVISAAI CyMH JBOX OPTOTOHAJIBHUX CKIAJOBHX — KOCHHYCOImanbHOI (cuH(a3Hoi) Ta
CHHYCOIaJIbHOI (KBaapaTypHOI):

Ugeans, (1) =U 0@, Uy (t)cos(Wot +] ) +U sagU, (t)cos(wot +j - (p/2)), (1)

ne @, aqg — KoediuieHTH IPONOPUIHHOCTI (B?) mms cundasmoro | Ta kBamparypHOro Q KaHAIiB;
Upy (t), qu(t) —MoayaoBaneHi curHanm (B) Ha curdasnomy | Ta kBagpaTypHoMy Q BXOmax MOIYJIATOpA,
Ug, Wg 1] g —ammiityna (B), kyroBa yacrora (paz/c) # moyaTkoBa ¢a3a (pax) HOCIHHOrO KONMUBAHHS.

Curnaneie cysip's KOMu-curnany npencrasiene Ha puc. 1,a (d — miniManbHa BincTaHb Mik
CUTHAIBHUMH TOYKaMu). SIKIo HeoOXimHo mepemaBaTh Oiabine iHGOpMAIl MPOTATOM OXHOIO
1HQOPMAIIITHOTO TaKTy, TOJI 3aCTOCOBYIOTh aMILTITYAHO-(a30MOIyIb0BaHI CHrHamM, 30kpema M-KAM
[4, 9]. M-KAM-curnan (B) momaroTh y BHUIUISAI CYMH JBOX OPTOrOHAJbHHX CKJIQJOBUX — CHH(A3HOI Ta
kBagpatypuoi (1), ane, Ha Bigminy Bix K®MH, MomymoBajbHi CHIHAIM Uy (t), qu(t) € He
JIBOPIBHEBUMHU, a OaraTopiBHEBUMH.

Kinpkicte koMOiHamii MopymoBaldbHHX iH(pOpMAmiHHUX CHTHANiB, 3a SKHX OTPUMYIOThH
HeroBToptoBaHi M-KAM-curaasm (a 3Ha4UTh 1 KUTBKICTh MOJKJIIMBUX CHMBOIIIB), CTAHOBHTS!

M =(My )%, 2

e My —KUIbKiCTh MOXKJIMBHX PIBHIB aMIUTITYAU MOIYJIOBAJIbHUX CHUTHAIIB.
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[lpy ©bOMY TPOTATOM TPHUBAIOCTI OJHOTrO IHGOPMAMIHHOIO CHMBOIY MOXe OyTH IepenaHo
logo, M Git indopmanii. Curnanbhi cysip’ s neskux KAM-curnanis 300pakeni Ha puc. 1, 6 — T.

a o6 6 2

Puc. 1. Cuenanvoni cysip's. a — KOMu; 6 — 8-KAM; ¢ — 16-KAM; 2 — 32-KAM

JA7ist TiABUIEHHS SKOCTI ¥ e eKTUBHOCTI OE3MPOBITHUX MEPEXK MepeaBaHHs JaHUX 3apOIIOHOBAHO
BHUKOPHCTOBYBATH HOBY CiM't0 MomyJisiiii Ha ocHoBi AMBC (amplitude modulation of many components —
AMMC). AMBC-curnan ¢opmyrots y BUsiGi cymd N MOIyJIbOBaHHX 3a aMILUTITYIOK TapMOHIYHUX

CKJIQJIOBUX, 110 BiPI3HAIOTHCS MOYATKOBMMH (pa3aMu | 2 [7,9 10]:

N
Use (1) = A Uoayuy, (t)coswot + o +j ,) 3
n=1

ae a, — xoedilieHTH MponopuiifHOCTI A1 N-X KaHaliB MOAYJIATOpA, LIO € MapaMeTpaMH MOAYJIATOpa,
Up, (t) — MOJYJTFOBJIbHI CUTHAJIM Ha N -X BXOJaX MOAYJIATOPA.

Jlo Ttakoi ciM’i Momynsauid, kpiMm TpaauuiiHoi AMBC, HajleXuTh 3alpollOHOBaHA AaMIUTITYIHA
MaHinyssis 6arateox ckinanoux (AMuBC, amplitude shift keying of many components — ASKMC), niin
Yac 3A1HCHEHHS K0T MOJIYTIOBAIbHI CUTHAIH € AUCKPETHUMH. [HIIUM Pi3HOBHJIOM 3ampOIOHOBAHOI CiM’ i
Moaysaniin € M-AMBC 3i 3cyBOM MOIY/TIOBaIbHIX CHTHAIIB OAWH BiTHOCHO oxHoro B daci (M-ary offset
amplitude modulation of many components — M-OAMMC).

I3 mpaktuyHoro morysAy 3aciuyropye Ha yBary AMBC-curnan, mo (opMyOTh Y BHIIISAI CYMH
CKJIAJIOBUX, 3CYHYTHX MK c000r0 Ha (ha30Bi KyTH

Dj =p/N. 4

3araipHa KUTBKICTh CHMBOITIB, IO MOXKHA OTPUMATH 3 BUKOPHCTAHHSIM YCIX MOXKITMBUX KOMOIHAIIIH
MOJIYJTIOBaIIbHUX iH(OpMAIIHHUX CUTHAIIIB 32 TOBUIBHHX 1MOYaTKOBUX (a3 cxianoBux AMBC-curnany,

Mgt = (My )V (5)

Kinpkicte koMOiHamii MopynmoBaldbHHX iH(OpMAmiHHUX CHTHANiB, 3a SKHX OTPUMYIOThH
HeroBToptoBaHi AMBC-curnasu (a 3Ha4nTh, i eEeKTUBHY KUTBKICTh cUMBOIMIB), ipu N =3, MOYaTKOBUX
(hazax CKIaIOBHX, IO 33J0BOJIBHSIOTE (4), TOpIBHIOE

Mgt =3My (My - 1) +1, (6)

a KUIBKICTh IepeaaHol iHdopMalii IpoTAroM TpUBAJIOCTI OJHOTO CUMBOILY CTaHOBHUTH 109y M OiT.

s 3nivicnendss AMBC HeoOXinHO 3acTocyBaTH MOAYJISITOp Ta aemonyiastop AMBC, 1o aeraabHO
posrisayto B [9, 10]. OcoOimBicTIO 3allpONOHOBAHHUX MOIYIATOPIB 1 memoxayasTopie AMBC €
MOKJIMBICTB (popMyBaTu i 00po0saTd AMBC-curnany 3 Halpi3HOMaHITHIIIUMH CUTHAJIBHUMU Cy3ip’ SIMH.
Ilpu upomy curHaiabHe cysip’s AMBC-curnany i3 N ckmagoBumu Bromcyerbess B 2N -kytHuk. 13
MPAaKTUYHOTO TIOTJISNY IiKaBi Cy3ip'sl i3 TppOMa Ta IIicThMa CKJIQJIOBHMH. 30KpeMa, CHTHAIbHI Cy3ip's
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AMBC-curnanie i3 N =3 ckimagoBuMu i TppOMa MOKJIMBHMH PIBHAMH aMIUTITYIH MOIYJIFOBAIbHHX
CHWTHAJIB 31 3CyBOM 3 BuKopucTaHHsIM 8 Touok (8-AMBC-3i 3cyBom), 16 Touok (16-AMBC-3i 3cyBom), a
TAKOXX YOTUPMa MOXKIUBUMH DIBHSAMH aMIUTITyJ¥ MOIYJIIOBAILHUX CHTHANB Yy pasi BUKOPHUCTAHHS
32 touok (32-AMMC-3i 3cyBoM) 300paskeHi Ha puc. 2.

a o6 6

Puc. 2. Cuenanvni cysip's:. a —8-AMBC 3i 3cysom; 6 — 16-AMEBC 3i scyeom; 6 — 32-AMBC 3i 3cysom

HocaigxenHs iMoBipHOCTi 0iTOBOT MOMWIKHU Ta epeKTUBHOCTI NMiAKaHAJIB
y Oe3npoBiAHUX MepeKax 3a BUKOPUCTAHHA Pi3HUX BUAIB MOAY ALl CHTHATY

Jlnst koMIuTeKCHOro orfiHtoBaHHs repepar M-AMBC HeoOXinHO IMpOBECTH MOCIIKEHHsST HMOBIPHOCTI
0ITOBOT TOMMWJIKH 3JIKHO BiJl 3aCTOCOBAHOIO PI3HOBUIY MOAYJIAIII Ta TOPIBHATH 1[I TapamMeTpu JUis
pi3aux BuAiB Moaymsii curHany KOMu (wacrotHa edektuBHicts 2 6it/c/Tu), 8-KAM (3 6it/c/Tn),
16-KAM (4 6it/c/Tu) i 32-KAM (5 6it/c/T) 3 8-AMBC 3i 3cyBom (3 6it/c/T'n), 16-AMBC 3i 3cyBom
(4 6it/c/T) 1 32-AMBC 3i 3cyBom (5 6it/c/T'11) 3 0OAHAKOBOIO KiTBKICTIO CHTHAJIBHUX TOUOK. OOUMCIeHHS
HMOBIpHOCTI 0iTOBOT MOMWIIKH Y pa3i BukopuctanHs AMBC-curHamiB 3/1ificHEHO 3TiTHO 13 3apOITOHOBAHO0
dbopmyoro [11]:

P T 0.8 | K. sog (M )xELQ %
Bsc Iog2 Mef-f 18 E 2 eff 2N0 Ev

ae Ny — KoedillieHT, 0 I0PIBHIOE CepeIHiil KUIBKOCTI CyCiHIX TOUOK, KOTPi po3MillieHi HaBKOJIO OJHi€l
3 TOYOK CHUTHajbHOrO cy3ip’s; Kg — KoedillieHT, 110 TOPIBHIOE BiIHOIIEHHIO MiHIMAIbHO MOKJINBOI
SHEpril pi3HHMIII IBOX CUMBOJIIB, KOTPI BiJIIIOBIIaIOTh CYyCIIHIM TOYKAM CHTHAJIBHOIO Cy3ip’ s, 10 CepeaHbOI
eHeprii BCiX CHMBOJIB, KOTPi BiJNOBiJafOTh HEMOBTOPIOBAHWUM TOYKAM CHUTHAIBHOTO CY3ip’f; EIDavr -

cepelHs eHepris oaHoro Oita inpopmanii; Ng — crekTpaibHa rycTHHA HOTYKHOCTI OL10T0 HIyMmy.

VYcranosieno, 1mo ¢opmyia (7) mpumatHa y pasi 3acrocyBanus KOMuH, KAM ta AMBC mis
004HMCIICHHS HMOBIPHOCTI OITOBOT MOMMIIKH, 110 He nepeBuiiye 0,1.

MaremMaTH4YHEe MOJICTIOBaHHS OE3MPOBITHOT Mepexi 3ifiCHEeHe 3a JOMOMOrOK TEePCOHAIBHOT
eJICKTPOHHO-00UYKCITIOBAJIbHOI MAlIMHA W po3pobieHoi mporpamu B cepemoumi MathCAD [12].

Otpumani 3anexHocti WMoBipHocTi GitoBoi mommnku P, Bix sigmomenns E, /N, B migkanam
avr
0€e3IpOBIIHOT MepeXxi MepeaaBaHHs JaHUX B oBax il Oimoro I 13 3aCTOCYBAHHSAM JIOCIIIKEHUX
ymy yB
Pi3HOBHIIB MOIYJIALII CUTHAy HaBeleHi Ha puc. 3. SIK BUAHO 3 pHC. 3, I JOCATHEHHS HWMOBIPHOCTI
. . _ -6 e . . . .
6irooi momuiku B, = 1X0° B GesmpoBiaHiii Mepexi 3a pi3HUX BUAIB MOILYJIALII CHTHATYy HEOOXiIHO
3abesneuynTy, mob BixHomeHHs E / N, O6ymu rtaki: 11 KOMu — 10,5 1b; nius 8-AMBC 3i 3cyBoM —
avr

12,3 ab; mns 8-KAM — 134 ab; nna 16-AMBC 3i 3cyBom — 13,9 nb; mns 16-KAM — 14,4 nb; ans
32-AMBC 3i 3cyBom — 16,0 nb; i mis 32-KAM — 16,4 nb. OTxe, HMOBIpHICTh OITOBOI IOMUJIKHU IS
K®MH HaiimMeHIIa TOPIBHSIHO 3 IHIIMMHM HAaBEACHHMMM MOMAYJAIISMU CHUTHay. 3a OJHAKOBOI KiTBKOCTI
CHMBOJIIB IMOBIPHICTh OiTOBOT MOMWJIKH y pa3i 3aCTOCYBaHHSI JOCTIKeHUX pizHoBUIIB M-AMBC Menma

nopisusiHo 3 M-KAM, 3okpema s BigHomenHs E, /N0=13,4 nb IMOBIPHICTh OITOBOI MOMHJIKH B
avr

nigkaHani 3 Bukopuctanusam 8-AMBC 3i 3cyBom meHmia y 27 pa3s nopisHsiHO 3 8-KAM.
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Puc. 3. 3anesxcnicmy imosiprocmi 6imoeoi nomunku B,
810 iOHOWEHH S Ebavr I Ng 6 b6e3nposioniii mepedici
05 pisHux eudie mooyusyii cuenany. 1 — KOMnu, 2 —8-AMBC

31 3cyeom, 3—8-KAM, 4 — 16-AMFC 3i 3cysom, 5 — 16-KAM,
6 — 32-AMBC 3i 3cysom, T —32-KAM

YCTaHOBJGHO, IO OIiHKA SKOCTI MigKaHATIB MEPeXi 3 MOMIALy 3a0e3ledeHHs MiHIMaabHOI
HMOBIPHOCTI TIOMHJIKM 3a 3aJaHOl IIBHJAKOCTI IepeJaBaHHsA JaHMX a00 MaKCHMajbHOI IIBHIKOCTI
nepeaBaHHsA JaHMX 3a 3aJaHO0l MaKCHMMaJIbHO JIOMYCTHMOI IMOBIPHOCTI TMOMHJIKM HE € JIOCTaTHIM
KpPHUTEPIEM JUIsl TOPIBHSHHS JEKUTBKOX PI3HUX Mepex. YHiBepCalbHUM KPHUTEPIEM OIIHKH IiIKaHATIB
Mepexi € iHpopMaliiiHa eheKTHBHICTb, IO Aa€ 3MOTY MOPIBHATH X 3a MIBHJKICTIO MEpeIaBaHHs JaHUX 32

3aJaHIX HeoOXixHOI cMyrn npomyckanss DF , BinHomennst E, /N, i iimoBipHocTi mommiku. Tomy came
avr

iHhopMmariiiiHa epeKTUBHICT, BHOpaHa IS TIOJANBIIOTO TIOPIBHAHHS SKOCTI MiIKAHATIB Mepexi i3

3aCTOCYBaHHIM PO3IIIHYTHX BUILE MOMYJIAIIN curHaiy. [HpopMariiiiHa eeKTHBHICTB ITiKaHaTy Mepexi

h=g/log,((g/b)+1), ©)

ne Q — yacToTHa e)eKTHBHICTH MiKaHaTy Mepexi, 3aleXHa BiJ IIBUAKOCTI V, NepeJaBaHHs JaHHX y
MiZIKaHai Ta CMyr'd NpoIycKaHHs minkanany DFg, ; D — emeprernuna edextuBHicTh migkanamy mepexi,
3aJIeKHa Bl BitHOWEHHS B, /No.

Pe3ynbraTtd JOCHIDKEHHS €HEPreTHYHOI, 4acTOTHOI Ta iH(opMalliliHoi e()EeKTHBHOCTI ITiIKaHaJIIB

Oe3mpoBiAHNX Mepek, mobyaoBaHux Ha ocHoBi Texmomoriii LTE / LTE-Advanced, 3 BukopucTaHHIM
JOCITIDKSHUX PI3HOBUIIB MOIYJISLIT HaBeCHO Ha puc. 4.

B, 16 n
0 0,70
2 ™~
T~ -6
0,65 rd
LA AT~
4 A
K™
L N
6 0,60 ﬁ,'
rdni
8 ' 4
0,55 7
-10 1 \ 24 ,’
2 N\ | ’
12 N 0,50 =
~
1 R T
e \
NS \ 0,45
-16 Nejrt =
77 \
18 0.40
2 3 4 5 6 7 3 9 .1 0 4 8 12 16 0 M W B M,
a 6

Puc. 4. 3anescrnocmi vacmomnoi (@) ma ingopmayitinoi (6) egpexmusnocmi niokananie 6e3nposionux mepexnc
34 BUKOPUCMAHHSL QOCAIOMNCeHUX PizHo6udie mooyuiyii cuenany: 1 — KOMnu, 2 —8-AMBC 3i 3cysom,
3 —8-KAM, 4 —16-AMFC 3i 3cysom, 5 — 16-KAM, 6 — 32-AMBC 3i 3cysom, T — 32-KAM
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3a pesyiabTaTaMH JOCTIIKEHb YCTAHOBJICHO, 110 ©(EKTUBHICTh MiAKaHAIIB OC3MPOBIIHUX MEPEXK,
noOynoBaHux Ha ocHoBi TexHonoriit LTE / LTE-Advanced i3 Bukopuctantsm AMBC, Buia mopiBHSHO i3
3aCTOCYBaHHSIM IHIIMX PO3MVIIHYTHUX PI3HOBUAIB MOIYJsMii, 30kpema iH(opmariiiHa e]eKTUBHICTh
8-AMBC 3i 3cyBom Ginbiia Ha 20 % nopiBusiHO 3 KOMH i Ha 6,1 % nopiBasiHO 3 8-KAM, iHdopmMmariiina
edexruBHicTh 16-AMBC 3i 3cyBom Oinbima Ha 37 % mopiBHsHO 13 KOMH 1 Ha 2,3 % mnopiBHSHO 3
16-KAM, a inpopmaniiina epekruBnicts 32-AMBC 3i 3cyBom Oinbina Ha 49 % nopisusiHO 3 KOMH i Ha
1,8 % mnopiBusino 3 32-KAM, tomy 3ampornonoBany AMBC m0miibHO BHKOPHUCTOBYBATH B Cy4acHHX
OC3MPOBIAHUX MEPEKaXx IIiJ Yac NepeaaBaHHs JaHUX IS MIBUIICHHS iX e()eKTHBHOCTI.

BuchHoku

[IpoBeneno TeopeTHyHi JOCHIIKEHHS WMOBIPHOCTI OITOBOI MOMHIKH Ta €()EKTHBHOCTI OJHOTO
mizkaHany Oe3MpoBIIHUX Mepex, MoOynoBaHMX Ha ocHOBI TexHoioridi LTE / LTE-Advanced, mio
BHUKOPUCTOBYIOTh ()a30By YHM aMILTITYIHO-(a30By MOIYNALII0. 3a pe3yabTaTaMH JOCHIKEHb PI3HUX
CY4acCHHMX BIJJOMHUX Ta 3alpOIIOHOBAHWX HOBUX PI3HOBUIIB MOIYJAIII CHUTHAIY MIiATBEPIKEHO, IO
sanpornoHoBaHa AMBC mnepcriekTHBHA i 3aCTOCYBaHHS B OE3MPOBITHUX Mepekax IS IMiIBUIICHHS
JIOCTOBIpHOCTI (a camMe 3MEHIIICHHsI IMOBIPHOCTI GITOBOT MOMUJIKH) i/ Yac MepeIaBaHHs JaHuX.

3okpema, 3a BigHowenHs B, /N, 13,4 1b imoBipHiCTS GiTOBOI MOMHIKM B TiKaHam y pasi

Bukopucranusi 8-AMBC 3i 3cyBoMm MeHIIa y 27 pa3 NopiBHAHO 3 BUKopucTtaHHsM 8-KAM 3a ogHaKOBHX
MaKCHUMAaJIbHOT TIOTYXHOCTI Ta iHPOPMATHBHOCTI MOAYJIHOBAHOTO CHTHAITY. IMOBIpHICTH GITOBOI TOMUIIKH
B mifkanari i3 3actocyBanusM 8-AMBC 3i 3cyBom, 16-AMBC 3i 3cyBom Ta 32-AMBC 31 3cyBOM MeHIIIa B
YChbOMY Jlialia30H1 3HaUCHb BIHOIICHHS Ebavr I Ny nopiasiao 3 8-KAM, 16-KAM Tta 32-KAM BiamnoBigHo.

Takox 3a pe3ynbTaTaMH JIOCTIIDKEHb YCTaHOBJICHO, MO iH(oOpMaliiiHa edeKTHBHICTh MiIKaHATY
0e3mpoBiAHNX Mepex, MoOyaoBaHuX Ha ocHoBi TexHojoriii LTE / LTE-Advanced, y pasi BukopucTaHHs
8-AMBC 3i 3cyBom Buma Bix 8-KAM na 6,1 % i Big KOMH — Ha 20 %, Tomy 3anpornonoBany AMBC
JIOIIIBHO BUKOPHUCTOBYBATH JUIsSl YOCKOHAJICHHS Cy4aCHUX OE3MPOBIIHMX MEPEK HAa OCHOBI TEXHOJIOTIH
LTE/LTE-Advanced Ta immmx cydacHuX TexHomorid (mampukimam, WiMax) mis migBuimeHHs iX
e()eKTUBHOCTI Ta TOCTOBIPHOCTI IiJ] Yac TMepeiaBaHHs JaHHX.
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