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IHocranoBka npodeMu

HeBnuHHMI po3BUTOK 1H(MOPMALIHHUX TEXHOJIOTIN MPU3BOJAUTH A0 IIOPIY-
HOTO 3pOCTaHHs 00cAriB Tpadiky i BUMOT 10 1HQOKOMYHIKaIMHUX Mepex. Lle
CTUMYJIIOE€ PO3pOOKY HOBUX TEXHOJIOTIH, sIKI B 3MO031 3a/I0BOJIBHUTH Cy4acHI MO-
Tpebu aboHeHTiB. Ha cyyacHOMy eTari pO3BUTKY CBITOBUX TEJIEKOMYHIKAI[l-
HUX TEXHOJIOTIA B 00JacTi MOOUIBHOIO 3B’A3KYy aKTyaJlbHUMH € pOo3poOKa i1
BIIPOBA/DKEHHS CTAaHIApTIB 4eTBepToro mokomiHHs (4G), ski 3abe3meuyroTh
OUIBLI BUCOKY IIBHJKICTh NEpenadl AaHMX, 1, BIAMOBIAHO, MIJBUIIECHHS SKOCTI
MOCIIYT, TIPU 3arajlbHOMY 3HM)KEHHI BHJIATKIB Ha €KCIUIyaTallll0 TeJIEKOMYHIKa-
miHOro obmamHaHHsa. OJHIEO 3 HAWOUIBIN aKTyaJbHHMX TEXHOJOTIM € Long
Term Evolution (LTE), sixa € po3sutkom mepexk UMTS TpeThOro mokoJiHHS.
Hapasi icaye crangapt 3GPP LTE-Advanced, sikuii € okpalieHHsIM CTaHIapTy
LTE Tta odimilinuM 0€3apOTOBUM CTaHAAPTOM 3B’S3Ky 4-TO mokosinHA. s
OuUThII eEeKTUBHOTO IUIaHyBaHHS Mepexi y cranmapti LTE-Advanced
3 ssunncs perpancistopu (Relay Node, RN) [1]. Komu y mepexi LTE nani me-
penaroTbea y HanpsMKy Bij MoOutbHOI craniii (MC) go 6a3oBoi cranuii (bC),
MOYTh BUHUKHYTH MpOoOJIeMH, TIOB’sI3aH1 3 THM, 110 NOTYXHICTh nepegayui MC
oOMeXeHa MOTYXKHICTIO 11 akymyJnsTopa. SIKio aOOHEHT 3HaXOJUThCS, HAMPU-
KJIaJ, Ha MEXI CTUIbHHMKA, MBUAKICTh Hepenadi maHux y kananmi Uplink (UL)
MoOke OyTH ayke Hu3bkoro. OIMH 13 BaplaHTIB BUPIIIEHHS L€ TpoOieMu —
BHKOpHUCTaHHS TpoMikHOT BC, sika mincumoBaTtuMe curHai Bijg MC 1 mepenaBa-
TuMe Horo fgami. Lleit npuHmmn 1 Ha3uBaeThCs peTpaHcIsIIieto, a mpoMixkaa bC —
peTpancnaTopoM. Bukopucrtanus perpancisaropa 3amicts 3Buyaitnoi bC mepen-
Oadae nesiki mepeBarn. OCKITBKH PETPAHCISITOP HE PO3MONUISE PECYpPCH 1 HE
B3a€EMOJII€ 3 OTIOPHOIO MEPEKEI0, BIH € MPOCTIIIHUM 1, BIAMOBIAHO, JACHICBIINM
npuctpoeM, Hixk BC. J[o Toro &, BCTAHOBIIOBATH peTpaHCISITOp Jerie, Hix bC,
JOCTaTHBO 3’€THAHHS 3 MEPEKEI0 CIEKTPUIHOTO KUBJeHHs. [Ipyu BCTaHOBICHHI
pEeTpaHCISITOpa BUHUKAE MUTAHHS MIOJ0 HOTO ONTHMAIBHOTO PO3TAIlyBaHHI.
OTxe, BHU3HAUEHHS ONMTUMAJIHLHOTO MiCIISI BCTAHOBJICHHSI PETPAHCISATOpPA B Me-
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ax cTutbHUKa LTE Mepexi Ta oIliHKa Moro BIUIMBY Ha pOOOTY CTLIBHUKA € aK-
TyaJIbHOIO 1 BaXKJIMBOI HAayKOBO-TIPUKJIAAHOIO 3ajadero. OnTuMizalliio po3ra-
IIyBaHHS PETPAHCIATOPA JOIUIHPHO MPOBOJIUTH 3a IMapaMeTpOM HaJlaHOi aboHe-
HTOBI MPOITYCKHOT 3JaTHOCTI Y BUCXiTHOMY HaINpsIMKYy, sSIKa HalpsAMYy 3aJIC)KHUTh
B1JI KUIBKOCTI BUIIeHUX pecypcHux 0jokiB (PB). Pb — rpyma 3 aqBanaamsaTu mi-
JHECYYHX YaCTOT TPUBATICTIO B OJIMH YACOBUH CIIOT.

Buoip onTuMaIbHOI0 Miclisi pO3TALlyBAHHSI PETPAHCJIATOPA

[cHye kinbKa NMUISIXIB BIPOBAHKEHHS PETPaHCIIIIT B Mepexi. TyT Oyae pos-
ISTHYTO oAuH CTUIbHUK LTE 1 oqun petpancmstop tumy | (BHYTpIIIHBOCMYTO-
BUW HAaMIBAYIUIEKCHUN) [2], JUIsl SIKOTO PO3PaXOBYETHCS ONTHMAJIbHE MICIIE
BCTAHOBJICHHS. {711 YMOB T'yCTOHACEJIEHOI0 MICTa pO3paxoBaHe 3HAYCHHS pajli-
ycy crinbHuka ckianae 400 m (it yacosoro aymiekcy (Time Division Duplex,
TDD), kondiryparii kajapy 2, mupuHu yactoTHoi cmyru 10 MI'm). st pospa-
XYHKY paJilyCy CTUIbHHUKa BUKOPHCTAHO MOJEINb PO3IOBCIOKEHHS PalIOXBUIIb
s MickKkoi Makpomepexxi COST231 Hata 3 3GPP TS 25.996 v9.0.0 [3]. Pospa-
XOBaHE 3HAYEHHS MaKCUMAJIbHO TONMyCTUMHX BTpaT ckinanae 124,05 nb, koedi-
I[IEHT BTPAT IPH PO3MOBCIOKEHHI CUTHANIB @ = 3,93 (U1 MiCBKUX YMOB).

Cxema muianyBaHHs BUKOpHcTOBYe aaroput™ Fair Work Conserving (FWC)
[4, 5]. Hotyxnicts MC 200 mBt (23 nbm). llupuna yactotnoi cmyru 10 MI'm,
o Bignoigae 50 pecypcHum 6i10kam [6]. Po3mip daitny, skuit nepegae MC, 1

M6. AGOHEHTH MiAKITIOYAIOTHCS 0 CTUTBHHKA 31 MIBUAKICTIO 4 | sIKa MOYKE 3Mi-
HIOBATHCH.
Mopenb CTUTbHUKA MOKa3aHO Ha PUCYHKY
wom | cet1op 1. Jlna copomieHHs po3paxyHKIB CTUIbHUK
MOAIJICHO Ha YaCTMHU — 30HU 1 CEKTOPH.
[lepeTuH 30HM 1 CEKTOpa — IE€OMETPUYHUUN
CEKTOD.

MC po3TaioBaHo B T€OMETPUYHHUX CEK-
topax. [1[06 MaTh MOXJIHUBICTH BHKOPHCTO-
BYBaTU PIBHOMIPHUN PO3MOALT JJisi pO3Ta-
myBanHd MC, Bci TEOMETpPHYHI CEKTOpHU
MarOTh OJHAKOBY ILJIOITY.

Puc. 1 —MOHCHB CTUILHUKA Paﬂlyc 30HU X HpHﬁHﬂTO plBHlM Tx, Pa'
I[IYCH 30H pO3anOByI'OTB HaCTynHI/IM yHu-
x4
[ 2zrdr=cC, (1)
x
ne ro,=0,m; C — moma oxniei 30HU,

2

Tr Mxi1i— C ()

Ix
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2 2
7~ 7r=C
3 popmynu (2):

/C 2
Mx+1= ;+rx )

[Ilo6 orpumatu 3HaueHHsa C, TIONII OAHIET 30HU, TpeOa PO3AUIUTH IUIONTLY
CTUIbHHKA Ha 3arajibHy KiJIbKICTh 30H (£total ):

2
C= 7Z-rcell (4)
Ztotal

Po3paxynok ans crinpHEKa paaiycy 400 m, moginenoro Ha 10 30H HaBeneHO
B Tabmmi 1

JInst mpuiHATTS MOOUIBHOKO CTAHLIEI0 PIIICHHS, Tabmuus 1
70 4oro ciij miakiaouutucs — a0 bC um mo pe- P03P3XYH9K BI/ICTaHI BiJ
TpaHCIIATOPa, TpeOa BU3HAYMTH, KA 31 CTAHIH 3a- HCHTPY CTIIbHIKA 210 301
Oesredye BUINY IMIBUAKICTh Nepenayl nanux. [11Bu- 30Ha TaHBBII\I;C'
JKICTh Tiepeaadl € PyHKIlI€ro, sika 3aJIeKUTh BiJ Bi- 1 i26
ncrani mixx MC ta BC a6o perpancisatopoM. Takox 2 178
Tpeba BpaxoByBatu, 110 Tpadik aboHEeHTa, KUl 00- 3 219
CIIyTOBYETBCSA PETPAHCIITOPOM, CIIOYATKYy Iiepena- 4 253
eThes Ha perpancisaTop, a noriM Ha BC. BC posra- 5 283
IIOBAaHO B LEHTP1 CTUIBHUKA, PETPAHCISATOP TAKOXK 6 310
Ma€e MEBHI KOOpAMHATH (30Ha Ta CEKTOp) (AUB. ! 335
. . . . 8 358
puc. 2). SAxmo Bigmoma Biactanb mix MC Tta BC i 9 379

Mk BC Ta perpaHcisTopoM, MOXHa pO3paxyBaTH
IIBUKICTH Mepeaadi Janux [7].

Biactans mixk BC 1 MC — 11e BiicTaHb Bij] IEHTPY CTUIbHHUKA JIO TEBHOT 30-
HU (Tabn. 1). Po3paxyHok Biactani Mixk MC Ta peTpaHCIsTOpOM 3I1HCHIOETHCS
3a ¢opmysioro (5) [8]:

2_ 2, .2
d =ri+r2—2rir,cose, (5)

ne d — Bincranp mixk MC Ta peTpaHCIATOpOM, M; |, [, — BifcTani mix bC i
MC, BC i perpaHCcisITOpOoM BIAMOBIAHO, M; @ — KyT Mik MC 1 peTpaHCisTO-
pOoM.

Tenep, 11100 BUBHAUYUTH, KOJIU CJI1J MIIKIFOYATUCS J0 PETPAHCIATOpa, Tpeda
po3paxyBaTH, 3a IKUX yMOB peTpancistop ompkue 10 MC, Hix bC:

r2+r3—2r,r,cosp<y? (6)
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[5—2r.r,Cosp <0

i

2C0s @, (7)

cosp >0

| s pospaxyHKy  e¢deKTUBHOI

' MPOIYCKHOI 3J]aTHOCTI y BUCXITHOMY
nanpsmky (Uplink, UL), xopucty-

_ ) 10Tbest Teopemoro lllennona-Xaptri,

— 3T1IHO 3 SIKOIO, IIPOITYCKHA 37aTHICTh

>

Puc. 2 — Ilpuknan posraurysanus bC, R KaHally, sika € TEOPETUYHOIO BEPX-
MC i perpancnsropa HBOIO MEXKEI IBUAKOCTI Mepenayl

JaHUX, 10 MOXYThb OyTH TEpenaHi 3
33JIaHOI0 CEPEAHBOIO MOTYKHICTIO CUTHAY, JOPIBHIOE:

S
R=Blog. (1+-Y), 8
g,0+) ®)
ne R — mpomyckHa 3/1aTHICTh KaHamy, 0iT/c; B — cmyra mpomyckanss, Kl
S — MOTYXHICTh KOPUCHOTO cuUTrHaiy, BT; N — MOTYXHICTh ITyMOBOT'O CHT-
Haiy, BT; N CIIBBIJIHOLIEHHS cuTHA/yM [9]. 3 dopmynu (8) BUIHO, 1110

30UTBLIEHHS BIICTaHI MK Iepe/aBadyeM 1 NpUiiMayeM CHUTHajdy Bejae 10 3HU-
YKEHHS BIJHOILEHHS CUTHAJ/IIyM, came 4epe3 L€ Maja€e MBUJKICTh MPUHOMY 1
nepenadi iHGopmariii. Tomy onTumizaliis MiCIs pO3TallyBaHHS PETPAHCIISTOPA
Mae OyTH MPOBEJCHA caMe 3 TOUKH 30py 3a0€3MEeUEeHHsS] MAaKCUMAJIbHOI IIBUAKO-
CT1 mepeiayl JaHuX.

IToTyXHICTh NPUHHATOTO CUTHATY P, € GYHKIIEIO, KA 3aJIEKUTh Bl BilC-
Tadi 0 Mixx MC Ta perpaHcIATOpPOM i HOTYKHOCTI IEpeNaHoro CHrHamy P, .

Mopens COST231 Hata BcTaHOBIIOE 3B’ SI30K MiX BIJICTAHHIO 1 BTpaTaMu:
L(d)= L mapL +1Oa|0g10(d), 9)

n€ | papL. — MaKCHMaabHO JOIyCTUMI BTpaTH, Ab.

Buxozasuu 3 (9) mOTyXHICTh NPUMHATOrO curHany P ., B Ab po3paxoByrOTh
3a (10):

Px=Pux— L(d) (10)
a0o B JIiHIHHOMY MacHITaOl:
Lvaee ., 1
L(d)=10 »© -d"=—-d (11)
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_ Py
Prx_ L(d) (12)

[Ipu BukopuctanHi TexHosnorii LTE makcumanpHa mpomyckHa 31aTHICTh HE
nocsraeTbes, ane, 3rigao 3 3GPP Release 11, mBuakicTh mepenadi JaHUX y Ka-
Hami UL mpomopiifina MakcuManbHIA MPONMYCKHIN 31aTHOCTI 3 KO€(iliEHTOM
npomnopuiiinocti 0 =0,4 [10, c. 43]. 3 ypaxyBaHHSIM BTpaT IPH pPO3MOBCIO-
JODKCHHI CUTHAITY OTPUMYFOTh:

R=0,4-N RB-180-|ng(1+%), (13)

ne N gg — KUIBKICTh BUALIEHUX aboHeHTOB1 Pb.

[Tpuitmarouun 10 yBaru Te, U0 PETPAHCISITOP 3MEHIIYE €(DEKTUBHY MPOMYCK-
HY 3JaTHICTh B/BIYl, HEPIBHICTH (7) MOKHA NPEICTAaBUTH SIK (14):

1
5(0,4- N re-180)l0g, @+ -

> ‘Nre- s 14
(r))-N-N RB) 704N 180)'092(1"' L(r,)-N-N RB) )
['padik 3amexxkHoCTI onTUMaIbHOI BifcTaHl Big BC 10 Miclsl BCTaHOBICHHS
peTpaHcsTopa 3ajaekHO BiJ KUIbKOCTI PB, siki MOXXyTh OyTH BUALIEHI aOOHEH-
Ty, IOKa3aHO Ha PUCYHKY 3 (pe3yJbTaTH MOAEIIIOBAHHS HAaBEAEHO IS CTIIIbHU-
ka paaiycom 400 M). 3 rpadika BUJIHO, IO BUKOPUCTAHHS OUIBIIOT KIJTbKOCTI Pb
st HagaHHs nocayr MC Bezie 10 301IbIIIEHHS 30HM 00CITyrOBYBaHHSI PETpaHC-
nsTopa. BpaxoBytoun Te, mo TpeOa BU3HAYMTH, K MICIIE BCTAHOBJIEHHS pe-
TPAHCIATOPA BILIMBAC HAa MIBUIKICTH Iepenadi ganux i, mo S(r) =P, (r), 3 (8)

OTPUMYIOTD:
drR _ —B € Pti< (15)
dr € Ptx ra+
1+=—-%)In(2)
rN
J{ns moTpiOHMX 3HAaYeHb I Mae MicIie HacTyITHE:
€Py >1 (16)

(24

r

3 1IbOTO BUJIHO, 1[0 3MIHEHHS IMIBUJIKOCTI TIEpeiayl JaHuX MPaKTUYHO HE 3a-
JIEKWUTH Bl Py, . 30Ha 00CIyroBYBaHHs PETPAHCIATOPA OLIBIIE, KOJIU KOPHUCTY-

BauaM npu3HavaeThes O0arato PB, Tomy mo HeBenuka kiabkicTh Pb 3a06e3neuye
BHUIIY MIBHJIKICTh TIepenayl JaHuX Ha oauH Pb, Hixk Benmka.

JocizkeHHs BIVIMBY PeTPAHCJSITOPA HA 3arajibHy NPONYCKHY 3JaTHICTH B
kaHaJai UL i eMHicTB cTIILHUKA

JI71s1 OLIIHKY BIUIMBY PETPAHCISATOpPA Ha poOOTY CTUIBHUKA CIIOYATKY Te€HEPY-

€THCS CaM CTUIbHHK, PO3PAaXOBYETHCS MIBUAKICTH Mepeaadl JaHUX JJIs1 KOKHOTO

r€OMETPUYHOTO cekTopa. [licias 1poro 3amyckaeTbesi MPOrpaMHUi IIUKII, B KO-
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My KOJKHa iTepallis BUKOHYETbCS ]I TIEBHOTO iHTepBaidy yacy. Ha koxHOMY
4acoOBOMY 1HTEPBaJi J0 CTIILHUKA J0Ja0ThCsa HOBI MC, sKi MiIKITIOYAIOThCS 31
MIBUJKICTIO A [HaaxokeHb/c]. Komu MC notparuise 10 30HH 00CITyrOByBaHHS
CTIJIbHUKA, 1M MPU3HAYAIOTHCS KOOPJAWHATH 1 po3Mip (ailny aisa nepenadi, sKui
30epiraetbcs B 3MiHHINA. [loTiM 1711 KOKHOI 1Tepallii po3paxoBYIOTh T00YTOK
IIBUKOCTI TIepeadl TaHUX 1 4aCOBOTO 1IHTEPBAITY 1 BiIHIMAETHCS Bl 3HAUCHHS
3MIHHOI.

Komu 1muki 3akiH49y€eThCs, 1T pO3paxyHKY MPOITYCKHOI 37aTHOCTI 3araiib-
HUW 00CAT TepeaaHuX TaHUX
IUIATBCA HA 3arajbHUA 4ac

i
puiry

546

fa CUMYJISIII.

% 36 Pe3ynbTaTn mMonentoBaHHS

31+ . . .

3 | MPOMYCKHOI 3JaTHOCT1 CTJIb-

§ HUKa JUIsl PI3HUX MICUb BCTa-

Fu HOBJICHHSI PETPAHCIATOPA BiJI-

= ! .

= "1‘ . : . HocHO bC 3anexHo BIJ IIBUI-
100 150 200 300 KOCTI HAJXOJKCHHS HOBHUX

BiacTans, a0OHEHTIB  HaBEJIEHO  Ha

Puc. 3 — I'padik 3anmexHocTi Bigcrani Mixk bC ta
PETPAHCIATOPOM Bija KibkocTi Pb

puc. 4.

8.5

e
= W O

o
[5,]

—— B3 POTRAHCARTORY
w{l— R= 100 m4

&

U
w

—i—R=200m

Lr]

——R=300m
e = O 4

=3
-
(al

MNponycxHa 2aaTHIETE crinsHuka, MBIt ¢
.

3.5

1 2 3 4 5 & 7 8
A, HEOXOQHEHLSC

Puc. 4 — I'padik 3a51e:KHOCTI TPOIMYCKHOT 3/1aTHOCTI CTUTHHHUKA BiJ] IIBUIKOCTI
HAJIXO/KEHHSI HOBUX a0OHEHTIB 3aJIe)KHO B1Jl pO3TAllyBaHHS PETPAHCIIATOPA

Sx BugHO 3 rpadika (puc. 4) BUKOPUCTAHHS PETPAHCIATOpPA J03BOJIsAE 301-
JBIIUTH NPONYCKHY 3AaTHICTh CTUIbHUKA 710 10%.

Jloku 3aranpHa MPOMYCKHA 3/IaTHICTh CTUIBHHUKA 3pOCTA€E, CUCTEMa MOXe Oy-
TH BUKOpHUCcTaHa Ouibil epektrBHO. FWC-cucrema mosxe OyTu Oubin eheKTHB-
HOIO, TUIBKM KOJIUM OJTHOMY a0OHEHTY npu3HadaeTbes Ounbiie 1 PB, e moxiuBso,
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KoJK KiIbKicTh MC, sK1 BINPaBJISIFOTH JaH1, MEHIIIA BiJl KUIBKOCTI BiIbHUX Ph,
TOOTO cHCTEeMa € CTiiikoro. TakKuM YMHOM, MOYKHA 3POOMTH BHCHOBOK, IIO JIS
FWC-nnanyBanbHHKa MIBUAKICTE HaaxokeHb MC, 3a SKO1 10CATAa€ThCS MakK-
cUMajbHa TPOITYCKHA 3/IaTHICTh, JOPIBHIOE MaKCHUMAaJbHIN IIBUIKOCTI HAJIXO-
JUKEHb, TOOTO, EMHOCTI1 CTIJIbHUKA.

BucnoBku

VY naniit po6oTi OyB poBeeHni aHaii3 ocoonmmBocter Texnonorii LTE cra-
Haapty 4G, sika MICTUTh B 001 peTpaHCISATOPH JUIsl OUIbII €(DEeKTUBHOTO IJIaH Y-
BaHHA. B sikocTi anroputmy mianyBaHHsa oOpano ainroputm FWC, mo mpaigoe
3a MIPUHIUIIOM PO3MOAUTY pecypciB MOpiBHY Mk aboHeHTamu. Ha ocHOBiI Mo-
JICJIIOBAHHS BIIEpIIE OTPUMAHO ONTHUMAaJbHY BIJCTaHb B peTpaHCIATOpa 0
6a3o0Boi cranuii LTE mns crinbauka 3 paaiycom 400 M. 3 oTpuMaHuX pe3yibTa-
TiB BUILIMBAE, 110 YUM OUIbIIIE PeCYpCHUX OJIOKIB BUALILE Oa30Ba CTaHIlis a00-
HEHTOBI, TUM OJIMKUE 710 HET Tpeba BCTAHOBIIOBATU PETPAHCIISATOP.

OTpumaH1 HOBI pe3yJbTaTH sl OL[IHKH BIUIMBY PETPAHCIATOPA HA 3arajibHy
MPOITYCKHY 3/IaTHICTh CTUIbHMKA. AHaJI3 MOKa3aB, 0 BUKOPUCTAHHS PETpPaHC-
JATOpa J03BOJSIE 30UIBIIMTH MPONYCKHY 30aTHICTh CTUIbHMKA Yy KaHami UL
1o 10%.

JloBeneHo, 0 BCTaHOBJIEHHS peTpaHcisaTopa Ha Biactadl 300 m (abo 75%)
BiJl 0a30BOi cTaHIii 3a0e3neuye HABHUINY MPOMYCKHY 3AAaTHICTh CTUIbHHUKA, 1,
BIJIIIOBIAHO, HOTO €EMHICTb.
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Boponaesa B. A, FOwxesuu FO. O. Ouinka éniugy pempanciamopa Ha NOKA3HUKU pooomu
LTE cminbnuka. Ilposeoeno ananiz ocoonusocmeti mexnonoeii LTE-Advanced, sixa ons 6invwu
eheKmusHo20 NIany8amnHs micmums 6 cooi pempaucismopu. Ha ocnosi mooentosanus 0
CMINbHUKA 0OpAHO ONMUMANbHE 3HAYEHHS GIOCMAHI MINC PempaHcIsAmopom ma 0a308010
cmanyiero LTE 3aneocno 6io xinokocmi pecypcuux oaoxis. Ilposedeno 00cniodcerHs uwooo
BNIIUBY PEMPAHCIAMOPA HA 3A2ANbHY NPONYCKHY 30amuicmb cminvruka y Uplink nanpsivxy.

Knrwowuosi cnosa: 4G, LTE-ADVANCED, cminbnux, pempanciamop, paodioinmepdgeiic,
paoiyc, nponyckna 30amuicms, Uplink.

Boponaesa B. 4., FOwkesuu IO. A. Ouenka e1uanus pempanciamopa Ha noKazamenu
paoomut comut LTE. [Ipoananuzuposanvi ocobennocmu mexnonoeuu LTE-Advanced, komo-
pas oaa bonee d¢hhexmusHo2o NIAHUPOBAHU PecypCco8 sKIouaem pempanciaamopsl. Ha oc-
HO8e MOOenUpo8anus 0l COmbvl 8blOPAHO ONMUMANbHOE 3HAYEHUE PACCMOSHUS MeHCOy pe-
mpancaamopom u 6azoeoti cmanyuei LTE 6 3as6ucumocmu om xoauuecmea pecypcHuix 010-
k08. IlposedeHvl uccnedo8anus OMHOCUMENbHO GIUAHUSL PEMPAHCIAMOpa HA 00Wyio npo-
nYCKHYI0 chocobnocms comwl 6 kanane Uplink.

Knioueswie cnosa: 4G, LTE-ADVANCED, coma, pempanciamop, paduounmepgelic, pa-
ouyc, nponycknas cnocoonocms, Uplink.

Voropayeva V. Ya., Yushkevich Y. Estimation of the LTE relay influence on the cell.

Problem definition. Information technologies are constantly evolving. This process leads
to an annual traffic increasing. Also requirements to infocommunication nerworks are in-
creasing too. It stimulates the development of new technologies that will be able to satisfy the
growing needs of users. At the present stage of evolution of world telecommunication tech-
nologies in mobile communications development and implementation of the fourth generation
standard (4G) networks are relevant. This type of networks provides a higher data rate and
high quality of service with an overall decrease in operating costs of telecommunications
equipment. One of the most relevant technologies is Long Term Evolution (LTE), which is the
development of the third generation UMTS networks. Now there is a standard of 3GPP- LTE-
Advanced, which is an improvement of LTE and the official wireless communications stand-
ard of the 4th generation. Relay Nodes has appeared in LTE-Advanced networks for more
effective scheduling. Relay catches the signal from a Mobile Station, amplifies it and transmit
it further to a Base Station.

Selecting the optimal location of relay. In this paper we consider one LTE cell and one
repeater type I (in-band, half-duplex). For this type of relay we calculate the best position of
installation. The calculated value of the cell radius is 400 m for densely populated city. The
type of division duplex is TDD, the frame configuration is 2, the width of the frequency band
is 10 MHz. To calculate the cell radius COST231 Hata s 3GPP TS 25.996 v9.0.0 model for
urban macro network is used. Scheduling scheme uses an algorithm Fair Work Conserving
(FWC). FWC relates to such type of algorithms that operate on a resource allocation equally
between the users. Users connect to the network at the speed of 1, which may be various.

Estimation of the LTE relay influence on the cell. From these simulation results, we can
conclude that the larger amount of resource blocks allocated to the subscriber leads to a
smaller distance between the Base Station and Relay Node. Also the influence of the Relay
Node on the overall throughput of the cell is investigated. Using Relay Node can increase
Uplink cell capacity to 10%. The obtained results can be used for LTE network planning.

Keywords: 4G, LTE-ADVANCED, cell, Relay Node, radio interface, radius, throughput,
Uplink.
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