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Y poboTi 3anponoHoBaHo Moj1esIb B3aEMO/Iii KOTHITUBHOI paniomepe:xki 3 mepeskero GSM .
s KOrHiTHBHOI pagiocucTeMu NpPonoHyeTbesi BukopucropyBatu OFDM s mokpamenHs
CKAaHYBaHHA PaJdio4acTOTHOIO cHeKTpa, (OpMyBaHHSI CleKTpa i ¢GopMyBaHHSA OTrHHAIOYOI
OFDM-curnany B cucreMi KOTHITUBHOTO Pajio, a TaK0K BU3HAYEHO OpPraHizaiilo cTpyKkTypu
JAAaHUX BTOPUHHOI Mepexi. 3anponmoHoBaHo MaTeMaTH4YHY Mojesb imitamii mepexi CR 3
NEePBHMHHOI0 i BTOPHHHOK PaliOKOMIpKaMH Ta OWIHKH MPOMYCKHOI 3XaTHOCTI CHCTEMH.
Mogaeap imiTye pissibHicTHL mepBUHHMX KopucTyBauiB cucreMu GSM i pobory mepexi CR,
Oepyum 10 yBaru yMoBH pajiocepenoBuia, posramyBanasa CR kopucryBayiB Ta iX BHUMOTH /10
SIKOCTI V1A Pi3HUX BUAIB MOCJYT.

Karwuosi ciioBa: koruitusHi pagiomepexi, OFDM, ¢popmyBanus cnektpa.
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EFFECTIVE CAPACITY EVALUATION MODEL FOR COGNITIVE
RADIO NETWORKSUSING OFDM
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In this paper considered the cognitive radio (CR) networ ks with the GSM network like
primary network cooperation possibility. The cognitive radio system meant radio with a self-
management mechanism with different levels of ability to adapt to the changing radio
environment. The self-management mechanism is based on the principles of learning and
artificial intelligence. In world practice, the frequency assigned to a particular entity in a
certain area on along term basis. However, most commonly frequency for this designated area
not always used, and as necessary. |n other words, many frequency bands are irregularly
loaded in the space and time domains. Because of the shortage of frequency resources are
limited to the cdlular network to the data rate. The data rate of modern communication
systems is also increasing due to the use high-level types of signal modulation, requiring more
signal/noise ratio at the receiver input. Existing GSM network is almost completely satisfy the
needs of users for voice services, but the data rate cannot compete with cellular networks
based on UM TS and L TE technologies. Her e proposed high speed data transmitting method in
GSM based on the principles of cognitive radio. On the existing GSM network topology
(primary/licensed network) complementary superimposed secondary/unlicensed network
operating in the same frequency bands.

CR system must have ability to measure, sense, learn, and be aware of important
operating conditions. It should be able to find and exploit the unused parts of the spectrum at
the fastest and efficient way. The popular spectrum sensing algorithms such as matched
filtering, energy detection, spectral correlation (cyclostationarity), radio identification based
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sensing, waveform based sensing can provide awareness of CR system. Moreover, cooper ation
spectrum sensing can reduce the detection time and increase the agility, but also facilitate the
problem of hidden terminal, shadowing or severe multipath fading. Here proposed to use
OFDM for the CR system and discussed OFDM’s advantages to allow better sensing and
spectrum shaping capabilities, considered OFDM -symbol for mation method in CR system and
determined the data structure organization. The mathematical simulation model of CR
network with one primary system and one secondary cell created for accurate capacity
evaluation of selected system. Model simulates GSM primary users activity and CR networ k
oper ation scheme that taking into account the radio environment conditions, CR userslocation
and their quality requirement for different type of services.
Key words: cognitive radio, cognitive networ ks, OFDM, spectr um shaping.

Beryn. YiockoHaJeHHS TEICKOMYHIKALIHHAX CHUCTEM MPU3BOAUTH JIO IOCTIHHOIO YCKJIaJHEHHS
METO/IiB KOHTPOJIO BUKOPUCTAHHS OOMEXKEHOr0 4YacTOTHOro pecypcy. Ilepermkoan depe3 omHodacHe
BUKOPUCTAaHHS B OJHOMY Jialla30HiI 4acTOT JEKUIbKOX IMepefaBadiB MOXKYTh IMPHU3BECTH JO 3HAYHUX
CIIOTBOpPEHb Tepenanoi iHdopmarii, icTOTHO YCKIaJAHUTH POOOTY TENEKOMYHIKAIIHHUX CHCTEM Pi3HOTO
npu3HadeHHs. OHEe 3 MOXKIMBUX pillleHb I[i€i MpoOJieMH — YIPOBaPKEHHSI CHCTEM KOTHITUBHOTO PaJiio
[1].

[MonuT Ha BUKOpHCTaHHS PaliOYaCTOTHOIO Jiala3oHy CIEKTpa 3pocTae, He3BaKaloyW Ha Te, IO
OlIbIlIa Horo yacTHHA BKE 3aliHATA. Y CBITOBIM MPaKTHUIl EBHUH YaCTOTHMI Aiara30H MPU3HAYCHUHN IS
MEBHOI Taly3l Ha JIOBIOCTPOKOBiM OCHOBI. [IpoTe 4acTOTH I 4iTKO BH3HAYCHUX 00JacTell HE 3aBiKIH
e(peKTHBHO BUKOPHCTOBYIOTHCS, a 3/IeOUTBIION0 B Mipy HeoOXimHOCTI. [Hakime kaxxy4u, 6arato aiana3oHiB
YacTOT HEPEryJISIPHO 3aBAHTAXKYIOThCS B IPOCTOPOBIH 1 yacoBiit obmacTsX.

Cucremu, 1o moOyaoBaHi 3a NMPUHIMIIOM KOTHITHBHOTO pajiio, BUKOPHCTOBYIOTh Ha BTOPUHHIH
OCHOBI HE 3aliHATI B IIefi Yac 4YacTHHHU CreKTpa (Tak 3BaHi “MepTBi 30HH” CIeKTpa) ab0 BPaxOBYIOTh
0COOJIMBOCTI CUTHAJY Bijl IEPBUHHOI MEPEXi JUIs criBmpali 3 Heto. KpiM TOro, 0CHOBHUM KPHUTEPIieEM s
TaKWUX CHCTEM € BIJICYTHICTh TIEPEIIKO I IJIs IEPBUHHOI MEPEXi.

[Miaxin 10 moOyIOBH CUCTEMU KOTHITUBHOTO Pajiio, SIKY Ie HA3MBAIOTh CMapT-pajio, € IepEaoBOI0
TEXHOJIOTi€l0 sl 3a0e3neueHHs epeKTHBHOTO BHKOPUCTaHHS PaJioyacTOTHOrO CHeKTpa. BiaMiHHUME
pHcaMu KOTHITUBHOT'O PaJio € 3[aTHICTh yCiX MpUHOMO-TiepeiaBayiB aJaliTHBHO IPUKAMATH 1 NepeaBaTH
CHTHAJl y pa3i 3MiHH pajiioyacToT, a TAaKOX 3MIHM TUITY MOAYJIALIT, THITY KOJAYBAaHHS Ta IHIINX IMapaMerpis
cucremu [2].

Komrr' toTepHa crucrema, M0 BUKOPHCTOBYETHCS B CUCTEMi KOTHITHBHOTO pajio, MIOBHHHA 30UpaTH
iHhopMaIlilo MPO paJiocepeOBHINE 1 PO3BUBATH Pi3HI CTparerii Ha OCHOBI HasBHOI iH(opMarii s
poboTtu cuctemMu 3B's3Ky. KorHiTMBHa cuctema pajio3B s3Ky B XOJli HABYaHHS NOBHHHA BPaXOBYBATH
0COOJIMBOCTI BHKOPHCTOBYBAaHUX CMYI' YacTOT i JOMYCTUMHUX KOHQIrypalii HasBHOTO YCTaTKyBaHHS.
KorniTuBHI paaiocTaHIlil MalOTh MOXKJIUBICTh JUHAMIYHO BU3HAYATH 1 BUKOPUCTOBYBATH Jialla30H 4aCcTOT
JUISL JIOCTYITY IO MEPEKI.

KorniTuBHa pamiocucremMa — Iie CHCTEMa 3 MEXaHI3MOM CaMOBPSJIYBaHHS 3 DPIi3HUMHU PIBHSAMH
3MATHOCTI aJIalTyBaTHCS JI0 MIHJIMBUX YMOB pajiocepelnoBHia. MexaHi3M caMOBPSIYBaHHS IPYHTYEThCS
Ha MPHUHIUIIAX HABYAHHS 1 IITYYHOTO iHTENEKTY.

JTo ocoOIMBOCTEH CHCTEM KOTHITHBHOTO pajiio Hanexats [3]:

1. MoxnuBicTh OTprMaHHS iH(OpMaIIii PO cepeIOBHIIE PaIio3B’ A3KY.

2. 31aTHICTh BUKOHYBATH IHTEIIEKTyaJIbHUIN aHaIi3 iH(pOPMALIIl TPO CTaH paaiocepeoBHIIA.

3. 3MaTHICTH aJanTUBHO 3MIHIOBATH MApaMETPH CHCTEMH TeJIeKOMYHIKallill y pa3i 3MiHU mapaMeTpiB
pazaiocepenoBuila, oo 3ade3neunTy epeKTUBHE PYHKIIIOHYBAHHS CUCTEMH 3B’ A3KY.

[Tpu B3aemomii 3 CHCTEMOIO Palio3B’ 3Ky U KOTHITUBHOI CHCTEMU HAaWBaXITHBIIIUMHA KPUTEPISIMH
€ HaJaITyBaHHS TpUiioMO-TiepeaaBayiB (TUIT MOIYIIALII, ITapaMeTpy MOMYIIALII, Jiara30oH 4acTOT TOIIO)
Ta aHaJli3 pe3y/IbTaTiB BUMIPIOBAHb.
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MpunHuunu nmoGynoBu KOrHiTUBHOI pagiomepexi Ha ocHoBi OFDM. Po3risinatoun KOrHIiTHBHE
pamio (CR), 3HauHy yBary mpuaiIaioTh BukopucTanHio OFDM MynbTHIUIEKCYBaHHS 3 OPTOrOHAIBHUM
4acTOTHMM moaiioM kaHaniB. OFDM e meromoM MOAynsiii CUTHaNy KOIYyBaHHS IU(PPOBUX JaHMX Ha
JCKITBKOX HECYYMX YacTOTax, sSKi MOXYTh BUPIIIUTH 0araTo mpoOJieM, 10 BUHUKAIOTH 3 BHCOKOIIBHU/I-
KiICHUMH CHCTEMaMH KOMYyHikamii. baxano BukopucroByBathn OFDM-TexHOmorito mist moOyaoBH
BTOpUHHOI/HemiIeH3iiiHoT crucTteMu nepenadi nanux [6]. Lle m03Bossi€ THYYKO YIPaBISATH CMYTrO MpPO-
MyCKAHHS CHUTHAIY, IO TEPEIaEThes, 3aJIEKHO BiJl KIIBKOCTI 9acTOT, IO 3aMHATI MMEPBHHHOIO/TIIIEH30-
BaHOIO MEPEXKE0 B TIEBHOMY MICI, W MONINIIUTH e(QEeKTUBHICT, NpHUMaHHS JaHHX B YMOBax
0araTornpoMeHeBOro MONIHPEHHS.

[Nepesaru Bukopucranas OFDM B cucTemax KOTHITUBHOTO pajio:

— BHUCOKa CHEKTpalibHa e(EeKTUBHICTh 3aBASKA Maike NPSIMOKYTHOMY CIHEKTPY YacTOT JUIs
BEJIMKOI KUTbKOCTI MiTHECYYHX;

—  HaJINHICTh MPOTH BY3bKOCMYTOBHX IEPEIIKO/;

— mpocra nuQpoBa peatizailisi 3 BAKOPUCTAHHIM IIBUIKOTO neperBopents Dyp’e (ILTD);

— 3MEHIICHHS eeKTy aucrepcii 6araTonpoMeHeBOro MOIUPEHHS KaHaiB, 3 SIKUMH CTHKAIOThCS
CHCTEMH 13 BUCOKUMH IIBHUIKOCTSIMH TEpEIaBaHHs IaHHX;

— MacmraboOBaHICTE,

— BIJIHOCHA MPOCTOTA MPUKMAYIB,

— THyYKE MporpamMHe BIPOBaJHKEHHS BHIUICHHS CIIeKTpalbHUX migHecyunx OFDM.

Henomniku:

— BHCOKHMiIl mik-pakrop (BiIHOIIEHHS TiKa 10 CEPEAHBOI MOTYKHOCTI) BUMArae€ 3aCTOCYBaHHS
BUCOKOJIIHIHHUX ITICWJIFOBAYIB;

— icrotHuil BB (H)a30BOrO NIYMY, BHKIMKAHOTO HEIOCKOHAIICTIO TepelnaBava 1 mpuiiMada
CHCTEMH;

— TOTpiOHO 3a0e3MeYNTH TOUYHY YacOBY 1 YaCTOTHY CHHXPOHi3aIlii.

OTke, 3aBISKH CBOIM MOXKJIMBOCTSIM JJIsi CKAHYBaHHsI Ta BUOOPY CIIEKTpa, Pa3oM i3 THYUKICTIO Ta
anantuHicTio, OFDM 6e3yMOBHO BU3HAETHCS SIK HAKpalla TEXHOJIOTIs nepeaadi ais cucteM CR [4].

OcnoBoto cucreMn CR moBuHHA OyTH MOXKJIMBICTH BHMIPIOBaHHS, TOOTO MOXIIMBICTD BiJI4yBaTH,
BUMTHCS 1 3HATH TIPO BaXKIIMBI 3MIHM 1 cTaHW y pajiocepenosuili. CrucremMa NMOBMHHA MOITH 3HAHTH i
BHUKOPUCTOBYBATH HE3aMHATI YACTHHU CIIEKTPa IBUAKHUM 1 e eKTHBHIM criocoOoMm. [TomymnsipHi anroputmu
CKaHyBaHHS CIIEKTpa, TaKi SIK allTOPUTMH Y3roJLKeHoi (imbTpallii, BHABIEHHS €HeEprii, CIeKTpabHOI
KOpeIAIii, CKaHyBaHHS Ha OCHOBI ()OPMH CHTHaITy, MOBMHHI 3abe3meunTtH o0i3HaHicTh cucremu CR [5].
Kpim Toro, koornepaTHBHEe CKaHyBaHHS CIIEKTpa MOXKE HE TUTbKH 3MEHINWTH Yac BUSBICHHS, 30UTHIIUTH
THYYKiCTh, alie 1 BHPIUTH MpoOieMy MNPHUXOBAHOTO TepMiHANA, 3aTiHeHHs abo0 BaKKOTO
OaraTonmpoMeHeBOro 3aBMupanHs curHany [6]. V cucremax OFDM meperBopeHHs 3 9acoBoi 00acti B
YaCTOTHY JOCATAEThCS 3a paxyHOK BukopuctanHs III®. Bci TOYkM B 4acTOTHO-4acOBiM IUTOIIMHI
pobouoro mianazony cucremu OFDM MoxyTh OyTH BijgckaHoBaHi 0e3 OyIb-IKUX JOAATKOBHX arapaTHHX
3ac00iB 200 PO3paxyHKy 3aBASKH MIOBTOPHOMY BHUKOpHcTaHHIO anapatHux siep [IT1D. BukopucroByroun
YaCTOTHO-YACOBY IUIONIMHY, BUOIp JOCTYIMHUX YaCTHH CIEKTpa Ul eKCIUTyaTaiii (MEpTBHX 30H CIIEKTpa)
MOKE 3IIFICHIOBATHCS 3a JOMIOMOTOI0 MPOCTOi mepeBipku rinore3 [9-12]. V uux anropurmax CKaHyBaHHS
cnekrpa HasBHiCTh cxemu LD y cucremi 3 OFDM mnonermye Bumoru a0 obnaaHanHs. KpiMm Toro,
BUMOTH JI0 OOYHCIIOBAIHUX PECYpCiB ISl QITOPUTMY CKaHYBaHHS CIIEKTpa 3HWKYIOTHCS, OCKUIBKH
npuiiMad Bke BukopuctoBye IIID mis npuitHsaTOro curHaiy, mo0 MEepeTBOPHTH HOTO B YaCTOTHIH
o0nacri U1 BUABJIECHHS JAHUX.

PosristHemMo mpuKIiaa BUKITIOYEHHS 3200pOHEHIX YacTOT 3arajibHOTO Jliana3oHy MEepBHHHOI MEpexi.
OFDM-cuMBON — 1ie Trpyma HiIHECYYHX, IO SBJIAIOTH CO000 IU(GPOBUN MapajelbHUN MOTIK OITiB.
Kommiekcna orunaroua $(t) ommoro OFDM-cuMBomy, sIKUi MOYMHAETHCS B MOMEHT 4Yacy ty, Ma€ Takuii

BurysIA [7]:
1 jzpi(t'tk)
gt)=ade” Tt EtEL +T, )

i=0
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ne 0 — KOMIUTEKCHE YMCITO, 10 TPEICTABIISIE aMILTITYLy i To4aTKoBy ¢a3y i-1 mignecyuoi OFDM-curnany;
N — kinbKicTe migHecyynx konmBaHb B OFDM-cumBomi. Cxema GopMyBaHHS KOMIUIEKCHHX OTHHAIOUMX
OFDM-cuMBOIIiB Ha TpUKIaAl BOCBMH IMIJHECYYHX 1 CIEKTpasibHA INUIbHICTH BimmoBimHoro OFDM-
curnainy 3 N = 8 moka3zana Ha puc. 2.

Homep nigHecyu4oi

Puc. 1. @opmysanns cnekmpa 3 suxopucmannsm OFDM

SkIo BioMo, SKi Jiala30HH 4aCTOT BUKOPUCTOBYIOTHCS IMEPBUHHOIO MEPEXKEIO 1 TaM HEMOXKIIMBO
nepeaBaTH JaHi BTOPUHHOI MEpeXki, HEOOXIHO BHKIIIOUMTH IEpeJaBaHHS Ha TUX MIIHECYYHX, IO
30iraroThCs i3 3a00pPOHEHUMH YacTOTaMu. SIKIIO [UIs IIbOTO OTPIOHO BUKIIIOUUTH Mepeady Ha I-if 4acToTi
MEepPBUHHOI Mepexi, BianmoBiauo 1o (1), mix yac popmysanuss OFDM-cumBoiny d; moTpiOHO PUPIBHATH 10
HyJs. Hanpuknazg, sKmo nmoTpiOHO BUKIIOYMTH mepenady Ha 2, 3 1 5- wactoTtaxX, TOAl BIAMOBIAHO
HOTpi6HO dg = d3 = d5 =0.

Otxe, mist popmyBanHss OFDM-cUMBOIIB 3 MOXJIMBAM BHKIIIOYEHHSIM YaCTOT MOYATKOBY CXEMY
MOTPiOHO 3MIHWTH, BCTAHOBHMBIIH HYJIbOBI CHMBOJIM B 3aJJaHUX TOJOKEHHSX. Lle MokHa 3poOuTH i yac
MOCIiTOBHO-TIapajenbHol TpaHcdopmaiii motroky QAM-ciuMBOIIIB, 3HAIOYM KUIBKICTH 1 HOMEPH YacToT,
o BWIyYaroThes 3 mepenmaui. Ha puc. 2 mokazaHo momudikoBaHy cxemy (OpMYBaHHS KOMIUIEKCHHX
oruHatounx OFDM-cuMBOIiB, 32 BHHSATKOM 3aifHATHX 9acTOT (B I[bOMY BHIAJKy OPYroi, TPEThOi Ta
' ATOf).

VY 1poMy BHTNQJIKy 3arajbHa IIBUJKICTh TEpelaBaHHS JaHUX BTOPUHHOI MEpEeXi 3MEHIIYEThCS
MPOMOPIIIHO 10 KUIBKOCTI BHKIIOUEHHMX migHecyunx. 11lo6 yHukHYyTH BTpatd iHpopmamii B mporeci
OOHYJICHHS IMiJHECYYHX, TOTOKOBA 0iTOBa MBUAKICTh HA BXoai QAM-MoayssaTopa Mae OyTH y3rokeHa 3
HassBHUMH YaCTOTHHUMH pecypcaMu. Biamorigao a0 mozaeni OS| 3aBnaHHs yrnpaBiaiHHSI OITOBUM IOTOKOM
HIBUKOCTI BUPILIYETHCS HA TPAHCIIOPTHOMY piBHi [8].

..11010101 QAM ...0g d7 de ds da ds d2 d1 ...1101010;' QAM ...0g d7 de ds da ds d2 d1
v
Mocnia./napan. nepeTBOpEHHs! Mocnig./napan. nepeTBoOpeHHst

ds| da] d3|] 0] d2|] O] O |dz

éds d7] de| ds| dsa| da| dz2] d1

dio] do| ds|] O] d7] O] O | ds
3Mo 3Mo
l -8, (08 18 )& (1) l 8,08 18 )& (1)

Puc. 2. Cxema popmysanns komnnexcrux oeunaiowux OFDM-cumeonie
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Mopaenb KOTHITUBHOI pajiocucTeMu 1JIsl OIHKH MPOMYCKHOI 3AaTHOCTI. Y Wil po0OOTi Mpornony-
€TbCS Taka MOJCIb KOTHITMBHOI Mepeki. 3a TMepBHHHY MEPEeXKy B3sITO pamiomepexy GSM
(mepBuHHAa/ilIEH31iHA MepeKa), sIKa HAKITAA€ThCsl 3 BTOPHHHOO/HETIIEH31HHOI0 MEpPExXero, 110 TPAIoe B
tux camux cmyrax yactot — 900 ta 1800 MI't (puc. 3, 4).

Puc. 3. Cmpyxmypa 63aem00ii nepsunnoi ma 6mopurHoi KOSHIMUGHOL Mepedic

E-GSM GSM-900 E-GSM GSM-900

880 890 915 925 935 960 f MHz

I - GSM «anan VY- OFDM nigxecyua

Puc. 4. Cxemamuune 3006padicents po3nooiny yacmommo2o cnekmpa
MiHC NEPBUHHOIO | BMOPUHHOIO MEPEHCAMU

st po3paxyHky eMHOCTI 6a30Boi craHIii CR, 1110 BXOANUTH Yy MEPBUHHY MEPEXKY Ta BUKOPHCTOBYE
OFDM, crnioyatky moTpiOHO BU3HAYUTH CTPYKTYpPY OpTaHizallii AaHuX. Y 4acoBiil o0yacTi € opraHizoBaHi
koMmipku (xagpu) TpuBagicTio 10 mMc. KokHa 3 IMX KOMIPOK CKJIAQIaTHMEThCS 3 JECSATH CYOKOMIpOK
(mimkampiB) TpHBATICTIO 1 Mc, SIKi, CBOEIO Ueproro, po3aineHi Ha aBa ciaotu mo 0,5 mMc. B gacrorHiit obmacTi
JaHl 3rpyrnoBaHi B rpynu 1o 12 vacror, KoKHA 3 AKHUX 3aiiMae 4acTOTHMi miana3oH B 15 kI'm, mo gae
3aranom cmyry 180 kI'1. I'pyna 3 ABaHAIIATH MIJHECYYHMX YACTOT TPHBAIICTIO B OJMH CJIOT Ha3UBA€EThCS
pecypcuum Onokom (PB). HaiiMeHIia oquHUIISI pecypcy — OfHA IiTHECY4a TPUBAIICTIO B OJHMH CIIOT,
HasuBaeThesi pecypcHuM enementom (PE). 3anexno Bin Tumy 3axucHoro iHtepBany (mpedikcy) —
HOpPMAaJIbHOTO 200 PO3IIMPEHOI0 OJUH PECYPCHME ONOK CKiIamaeThcs 3 84 abo 72 pecypCHHX €lIEMEHTIB,
BianoBimHO. ONMH PeCypCHHMI €IeMEHT, 3aJIeKHO BiJl CIIOCO0Y MOIYJIALIl, MOKE MICTUTH JBa OITH IS
QPSK, yorupu Oiti st 16QAM 1 micth OiTiB g 64QAM.

Ha migcraBi 1uX NaHMX MOXKHA OOYMCIMTH MaKCHUMajbHY TEOPETHYHY €MHICTh OjHi€i 0a30BOi
crannii CR, posramoBanoi B mepBuHHIA Mepexi GSM. OcCKinbKM IIMPUHA CMYTH YacTOT OJHOTO
pecypcaoro Oinoka OFDM BiamoBigae mpoIycKHiM 31aTHOCTI OJHOrO 4YacTtoTHoro kanamy GSM, To
3arajibHa KUIBKICTh PECYPCHHMX OJIOKIB JIOPIBHIOE 3arajibHiil KiIbKOCTI YaCTOTHUX KaHAJIIB:

Nmax = NGSM-900 + NGSM-1800 + NEGSM = 124 +374 +50 = 548 kanaimis. (2)
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SIKImo MM TPHITYCTUMO, IO BUKOPUCTOBYEThcst 64QAM Momyrnsiisi 31 cTaHAAPTHUM 3aXHCHUM
iHTEepBaJioM, HIBHJKICTh TEpelaBaHHS JaHUX MOXKHA pO3paxyBaTH Tak. KokeH 3 548 OnokiB pecypcis
cKiIanaeTses 3 84 pecypcHHX EIIEMEHTIB, Y KO)KHOMY 3 HUX 6 OitiB iH(opmanii. TpuBamicTs enemeHTa
pecypciB — 0,5 mc. OTxe, IBUIKICTD NTEpPEIaBaHHS JaHUX:

Cuax = Nrg * Ngre * Nimod/ tyor = 548 * 84 * 6/ 0.5*10° = 552,384 Moir/c. (3)

[Ipore oOumciieHa MPOMyCKHA 37aTHICTh OyJae 3HAYHO BUIINOK, HDK e(pEKTHBHA, OCKUIBKH TakKe
00YHCIIEHHS BPaxOBY€E BCi TepeaaHi OiTH, 30KpeMa KOHTpOJbHI 0iTi Kopekiii momuiok cucremu (FEC),
0iTn KoHTpoItO iH(opMalii, mepeaani 0a30BOK0 CTAHIIEID, 1 HE OEpPEeThCsA MO YBarW KUIbKICTh YaCTOTHHX
KaHaJIB, 3aiiHATHX MEPBUHHUM KOPUCTYBAa4YeM.

Tabauys 1
IMponyckHa 3aaTHiCTH y pa3i Bukopucranusa QPSK 1/2
Cmax, Moit/c
Nch=1 Nch=2 Nch=3 Nch=4 Nch=5 Nch=6
Nop=1 86.678 85.556 84.435 83.313 82.191 81.07
Nop=2 85.556 83.313 81.07 78.827 76.584 74.341
Nop=3 84.435 81.07 77.705 74.341 70.976 67.612
Tabnuys 2
IMponyckHa 31aTHiCTH y pa3i Bukopucranus 16QAM 3/4
Cmax, Moit/c
Nch=1 Nch=2 Nch=3 Nch=4 Nch=5 Nch=6
Nop=1 260.033 256.668 253.304 249,939 246.574 243.21
Nop=2 256.668 249.939 243.21 236.481 229.752 223.022
Nop=3 253.304 243.21 233.116 223.022 212.929 202.835
Tabauys 3
IMponyckHa 3xaTHicTh y pa3i Bukopucranus 64QAM 4/5
Cmax, Moit/c
Nch=1 Nch=2 Nch=3 Nch=4 Nch=5 Nch=6
Nop=1 416.052 410.669 405.286 399.902 394.519 389.136
Nop=2 410.669 399.902 389.136 378.369 367.603 356.836
Nop=3 405.286 389.136 372.986 356.836 340.686 324.536

ImiTaniiine MoneaBaHHs Po0OTH KOTHITHBHOI pajgiomepexi. Y TmoONepeaHbOMY pPO3JIiTi
MPOBENICHO HAOIMKEHY OIIHKY MPOITYCKHOI 3[ATHOCTI KOTHITUBHOI pajlioMepexi, sika MPaitoe OHOYACHO
3 mepexeto GSM. Ane B TakoMy pO3paxyHKY BBaXkajiocs, I0 BCi po0OYi YacTOTH B NMEPBHHHIA MEPexKi
ornepatopie MoOimsHOro GSM mocTiifHO 3aliHATI IEPBUHHUMH KOPUCTYBadaMH i HEe OepyThCs 10 YBaru
YMOBH pajiocepenosuia i Bumoru koprucryBadis CR. [IponoHyeTbcsi CTBOPUTH MaTeMaTHUHY iMIiTAIliiHy
MOJIeTTb HassBHOT CUCTEMH, 100 BU3HAYNTH €)EKTUBHY EMHICTh BHOPAHOI CHCTEMHU.

s monens siBisie coboro cribHy poOOTy nepBuHHOI GSM Mepeki Ta BTOPHHHOI KOTHITHBHOL
Mepexi. [leppuHHa Mepexa npezactabiieHa onxHiero GSM koMipkoro, J¢ CHIBIPAILIOTh TPH MOOUIbHI
OTepaToOpyu 3 PI3HOI KITBKICTIO poOoumx yactoT. [lepBHHHI KOpHUCTYBadi 3aBaHTaXYIOTh IMEPBUHHY
CHCTEMY BUKIMKaMH 1 02)Kal0Th OTPUMATH BiAMIOBIAHI TOCHyrd. HOBi mepBUHHI KOPUCTYBadi 3’ IBISIFOTHCS
BHITIAJIKOBO 1 BIAMOBIMAIOTE €KCIOHEHMIaIbHOMY PO3IOMiny 3 A= Nmax pu / Tpu, 1€ Nmax pu — OUiKyBaHa
MaKCHUMallbHa KUIbKICTh TEPBUHHUX KOPHCTYBadWiB, | py — CEpelHs TPHBAIICTh BHUKIHUKY. KokeH
MEPBUHHUNA KOPUCTYBau HAJCKHUTh OJHOMY 3 TPHOX OIEPaTOPiB MOOLILHOT'O 3B’ SI3KY, BIIIOBIIHO 3aliMa€e
yacTOTHUH KaHall N Ha yac T4
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BropuHHa KOTHITHBHA Mepeka MpPaIloe 3a TaKOK CXEMOIO:

1. Crnoyatky BiIOYBA€ThbCs CKaHyBaHHs CIEKTpa JUIsl BHSBICHHS JOCTYITHHX pajiodacTOTHHX
KaHaNiB 1 BU3HAYEHHs X MapameTpiB sKocTi. Y il Mojeni BBaXKaeTbCs ifcalbHUM CKaHyBaHHS 3
HYJIbOBUMH HMOBIPHOCTSIMHU IIOMHJIKOBOT TPHBOTH 1 BUSBIICHHST TIOMHJIIOK.

2. IToriM BU3HAYAETHCS HASIBHICTH OAHIET a00 KIJIBKOX ITOIH:

—0sIBa MEPBUHHOTO KOPUCTYBaya: KOIM NEPBUHHUAN KOPHCTYBad 3’ SIBISIETHCS B MEBHIN CMy3i, BCI
kopuctyBadi CR, 1110 BUKOPUCTOBYBAIIH 1[I0 YACTUHY CIIEKTPa, TIOBUHHI IEPEMICTHTHUCS 10 HOBHX CMYT;

—mnosia CR kopucTyBaua: komu HoBH kopucTyBau CR 3’ sBnsieTbest B Mepexi CR, oMy nmoBrHeHa
OyTH IpU3HAYeHa HOBA CMYyTa CIIEKTpa JJIsl HOTo MepeIaBaHHs;

—MOTIpIIEHHS SIKOCTI KaHaly. KOJMM CTaH KaHaly TMOTripmyeTbes, kopuctyBad CR moBHHEH
MEPEMKHYTHCS Ha JIialma30H CIEKTpa 3 KPalloko sSKICTIO.

3. Komu xo4a 0 onna monis BUsiBicHa, Toal Mepeka CR mepeHanamroBye CBiii po3moain pecypcis
JUIS TITPUMKH SIKOCT1 0OCIyroByBaHHS. Y pasi KOPOTKOCTPOKOBUX 3MiH KaHay, TaKHX SIK pi3Ke
3apMupanHs, Mepeka CR mepepo3mopimuTh pecypcd B MekKax [iama3oHy CHEKTpa 3a JOINOMOTO0
MeXaHi3My PO3MOJiTy BUKOPUCTAHHS CHEKTpa. SIKIIO0 OCHOBHHI KOPUCTYBAad PEECTPYETHCS ab0 MOTOYHA
CMyra CIIeKTpa He MOXe 3a0e3leYuTH 3a/aHy SIKICTh OOCIyroBYBaHHS Ha JIOBFOCTPOKOBHH Iepioln 3
ypaxyBaHHSM TIOTOYHHUX YMOB CIIEKTpa, MEHEKEp pecypciB BU3Hadae, yn Mepexka CR mpuiimae HOBOro
BximHoro kopucryBada CR, um Hi. Skmo HOBoMy kopuctyBauy CR m03BoJeHO TiepenaBaTH, Homy
MPUCBOIOIOTHCS BIAMOBIIHI CMYTH ITiJ] 4ac BUOOPY CIIEKTpa.

4. BinOyBaeThcs niepeiaBanHs qaHux kopuctyBadamu CR.

CkaHyBaHHsI criekTpa ||  MOHITOpPHHT sSIKOCTI
< Bussnenns noxii
[lepenaBanus gaHuX v
Menemxep pecypcis
Po3nonin ciektpa — Bubip cnekrpa

Puc. 5. Aneopumm pobomu modeni KoeHimusHoi mepexci
Tabauys 4

IHapameTpn AKOCTi MOJeTIOBAHHSA VISl PI3HUX TUIIB MOCIYT

VmoBipHicTh . Cep. WIBUKICTD
. . Cep. yac mepenadi
Tun tpadixy Ipiopurer reHepyBaHHs nepeaBaHHs
Tan C .
Prr gen C., Koéit/c
Service 1 0.5 1 64
Real-Time 2 0.15 300 2048
Best Effort 3 0.35 60 512
Tabauys 5
IMapameTpu AKOCTi 1J151 PI3HUX TUIIB MOy AL
Tun Momymsmii FEC SINR, n1b IM, nb Dax, KM
QPSK 12 2 25 3
16QAM 3/4 12,2 3 14
64QAM 4/5 18,6 4 0,7
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BigHomieHns curHai/mym 1 piBeHb MEPENIKOJ PO3PAXOBYEThCS JUIS KOXHOTO BTOPHHHOI'O
KOPHCTyBayda 3aJIOKHO BiJl IXHBOTO MiCIsS pO3TallyBaHHsS. ToJl BU3HAYAIOTHCSA TEXHIKA MOIYJIAIIl, THII
kopekii nomuwiok (FEC) (ta6n. 5 [13]) i KiIbKiCTh Ta HOMEPU YaCTOTHHX KaHANTIB, IO MPU3HAYAIOTHCS
KO)KHOMY BTOPHMHHOMY KOPHCTYBady Ha MOMEHT TMepelaBaHHs. 3aBeplIajbHHN eTanm — pPO3paxyHOK
3arajibHOI TPOIMYCKHOI 3[JaTHOCTI Ui BCiX KOpHCTyBadiB. MopenroBaHHs Oyiio MpPOBEACHO ISt Pi3HOI
KUIBKOCT1 YacTOT B OJHOMY CEKTOpI 3 HasSBHICTIO NMEPBHMHHHMX KOPHUCTYBadiB OJHOIO, JBOX a00 TPhOX
orepaTopiB MOOLIBHOIO 3B’ s13Ky. EKCIIepUMeHTaIbHI pe3yabTaTH MOJCIIOBaHHS BimoOpaskeHo B Ta0id. 6 i
rpa¢ivHo Ha puc. 6.

390,00
Nop=1
370,00 = = Nop=2
e N TPy Nop=3
.~
350,00 "* ~
..'“T - \
330,00 T -...__. < —_—
.__g_ ....'- ....... -hc-____-_.-
> 310,00 = -
§ et
290,00 =
270,00
250,00
1 2 3 Nex 4 5 6
Puc. 6 Ompumana 3a pezyromamamu MOOEIOBANHS 3ANEHCHICTD
NPONYCKHOL 30amMHOCII Mepedci Osl Pi3HOT KIIbKOCMI Onepamopie
MOOLILHO20 36’ 513Ky 610 KIIbKOCMI pOOOUUX 4aACmom
Tabauys 6
IIponyckHa 31aTHiCTH 3a Pi3HOI KiTBKOCTI pO60YHMX YACTOT
C, Moit/c
Nch=1 Nch=2 Nch=3 Nch=4 Nch=5 Nch=6
Nop=1 364,31 346,2 335,99 330,49 327,15 324,36
Nop=2 359,57 338,88 326,16 318,13 312,26 306,95
Nop=3 354,69 331,42 316,19 305,64 297,23 289,42

BucHoBku. Y po0oTi TpoBENEHO OIIHKY MPOMYCKHOI 3AaTHOCTI KOTHITHBHOI pajioMepexi, o
npaioe Ha ocHOBi mepBuHHOI GSM wmepexi. [IpobGiemMu HM3BKOI MIBHAKOCTI MepelaBaHHS IaHUX Ta
HeeeKTUBHOIO BHUKOPHUCTAHHS JIO3BOJIGHOTO  JIIIGH30BAaHOTO Jiama3oHy dacToT wMepexi GSM
BUPIMIYIOTHCSL OPTaHi3alliclo BTOPUHHOI KOTHITUBHOI pamiomepexi. s MOKpamieHHS WX TOKa3HUKIB
3aMpONOHOBAHO BUKOPUCTOBYBATH TexHOJOr0 nepenaBans OFDM. 3aBnsku cBOIM MOMKJIMBOCTSIM ISt
CKaHyBaHHS Ta BHOOPY CIEKTpa, pa3oM i3 THyUKicTIO Ta agantuBHicTio, OFDM 6e3yMOBHO BU3HAYAETHCS
K HaiKpaia TexHoyoris nepemaBanHs s cucreM CR. OTke, TEOpETHYHO PO3paxoBaHy MPOMYCKHY
3MATHICTh CHCTEMHM MOKHa 30imbimta 10 moHax 400 M6it/c, 3 BUKOPHCTAHHAM ITU(PPOBUX MOIYJISIIIi
BHCOKHUX TOPSIKIB. 3amponoHOBaHO MOJIeNb B3aeMoii mepBUHHOT Mepexxi GSM Ta BropunHoi CR Mepexi,
0 CKIAJa€ThCsd 3 IMEPBHHHOI Ta BTOPHMHHOI pPajiOKOMIPOK. 3MIHCHEHO MaTeMaTH4yHE IMiTallifiHe
MOJICJTFOBAHHS JIUISl TOYHIIIOI OIIIHKHM IMPOINMYCKHOI 3AaTHOCTI CHCTEMHU 3a OJAHOYACHOI poOOTH aOOHEHTIB
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TPHOX MOOUIBHUX OIEPaTOpiB 13 PI3HOI KUIBKICTIO POOOYMX 4YacTOT NMEpBHHHOI Mepexi. Ha ocHOBI
pe3yabTaTiB MOJCIIOBAHHS BU3HAUYCHO, 110 Y pa3i MaKCUMaJIbHOI 3aBaHTaXKEHOCT1 aOOHEHTAMU MTEPBUHHOT
MepeKi cepeiHs MPOITyCKHA 37aTHICTh KOTHITUBHOI paaioMmepexi moxe cranosutu 290 M6it/c.
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