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COTOBOM CETU CTAHAAPTA LTE
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DEFINITION OF THE SPATIAL AND TECHNICAL PARAMETERS
LTE NETWORK

IIpennoxeHa MeToaMKa MOCTPOEHUS CETHM HayajbHOro mnpuoamkeHusi craHgapra LTE. M3noxeHbl
OCHOBBI METOJIa BBEIOOpA KJIACTEPHOM CTPYKTYPHI M 3KCIPECC-aHaln3a CeTeBOM KOHMUTypallny Ha COOT-
BETCTBUE TPeOYEeMBIM ITapaMeTpaM 110 eMKOCTH W TIPOITYCKHOM CITIOCOOHOCTH CETH.

IIJIAHUPOBAHUE CTAHIAPTOB CBS3U YETBEPTOT'O ITOKOJIEHUS; YACTOTHBIN KJIA-
CTEP; ITPOITYCKHAA CITOCOBHOCTb; ABOHEHTCKAA EMKOCTDb; BIOJKET ITOTEPD.

This article contains methods of planning the initial approximation LTE network and choosing the
cluster structure. All main problems of RF Planning are inside the initial approximation LTE network. This
network requires the accurate calculation of capacity, subscriber capacity and cluster structure. We have
offered the system of mass service for calculating the subscriber capacity. Spatial and technical parameters
need clarification too. They will depend on MAPL when using the selected MCS and equipment parameters.
Therefore the planning procedure can be started only after defining these parameters. This article presents

the algorithm for generating the initial approximation LTE network.
LTE RF PLANNING; CLUSTER 4G; LTE RADIO LINK BUDGET.

HUctopusi coTOBBIX cuUCTEM MOOWJIBHOM
paguoCBSI3M HACUUTHIBAET YK€ HECKOJIbKO
necaTwieTuii. PazpaboTaHbl OOIIME TPUHIIU-
bl TOCTPOEHUS CeTell MOOWJILHOM paauo-
CBSI3M, BKJIIOYasl IMOATOTOBKY MCXOAHBIX JaH-
HBIX, TIOCTPOEHNE HayaJlbHOIo IPpUOJIMKEHUS
U CTPYKTYPHO-TIApaMETPUUECKYI0 ONTUMM-
zaiuio [1, 2]. PemeHue 3amauMd MOCTPOEHUS
ceTu MoOUJIbHOU cBsA3M ctaHgapta LTE npen-
roJiaraeT MCIOJIb30BaHUE METoAa IpUOJIMXKe-
HUI B COOTBETCTBUU C aJIrTOPUTMOM YaCTOTHO-
TepPPUTOPUATILHOTO TUTAHUPOBAHUSI [2].
AJITOPUTM pacKpbIBAaeT MOCIEIOBATENLHOCTD U
colepKaHUe ATAIlOB MOCTPOEHMS HAYajJbHOIO
NPUOMIKEHNST M UTECPATUBHON ONTUMU3ALN
CeTU IIpU ILIMPOKOM MCIIOJb30BAHUU CPEACTB
MPOTPAaMMHOTO O0€CTIEYEHUS, MOAAEPKUBAO-
X (pYHKIMU CHMHTE3a CeTU M aHajau3a KC-

TUTyaTallMOHHBIX XapaKTePUCTUK.

CrnenyeT OTMETUTb, UTO Ha CETOAHSIIHUI
J€Hb BOIPOCHl YaCTOTHO-TEPPUTOPUATHLHOTO
IUIAHUPOBAaHMUSI B CETSIX MOOWJIBHOM CBSI3U
crangapta LTE saBastoTcs HauMeHee pa3pabo-
TaHHBIMU U TPeOYIOT HaJbHEMIIIEro UCCIea0-
BaHMs. B yacTHOCTM, BaXHO pelleHME 3aaa-
YU HA4anbHO020 NpubAudCeHUs, KOTrIa BCs CETh
JEKOMITO3UPYeTCSl Ha OJHOPOAHBbIE (DparMeH-
Thl, IPUMEHUTEJIbHO K KOTOPBIM HaXOISITCS
pacmopeneieHusT 0a30BbIX CTAHILIMIA MO 30HAM
0oOCITy>XKMBaHMSI, TapaMeTphl 0a30BOM CEeTHU M
pacmpenejeHue 4acTOTHOro pecypca. Ilnanu-
pOBaHME HAYaJIbLHOIO IPUOJIMKEHUS CETU MO-
ounpHOM cBsA3M ctaHmapta LTE mMeer MHOTrO
O0lLIeTO ¢ TUIAaHUPOBAHUEM ceTell MOOMJIbHOI
cBs13u ctaHmapToB 2G/3G, MOCKONBKY TaKKe
MpeacTaBisieT coOOM IOIIaroBoe OoNpeaesieHue
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ee TMPOCTPAaHCTBEHHO-TEXHUYECKUX TapamMe-
TpoB. B TO ke BpeMs MOoCTpoeHue Ha4yaabHOTO
MPUOIKeHUS 1JIsI OOJBIIMHCTBA CTaHAAPTOB
coroBbix cereil 2G/3G ocylecTBIsIeTcs IS
«TOTaJIbHOI» YCIYTU, KOTOPOI1 SIBJIsIETCS Tepe-
nada peun. HalineHHas B mpoliecce iaHupo-
BaHMS CETh MOOMJIBHOM PagnoCBI3u OyAeT pe-
1IEHVWEM, OTHOCUTEIbHO KOTOPOTO MPOBOISITCS
OLIEHKM MO 30HE IOKPHITUS, aOOHEHTCKOM
€MKOCTU, KayecTBY PaIMOCBSI3U, CKOPOCTHU
nepenayu, MPOMYCKHOM CIIOCOOHOCTU U T. II.
JUISL IpYyTUX BUIOB yciayr. B omiuuume ot ce-
teit 2G/3G ceT MOOMJIBHOM CBSI3M CTaHAApTa
LTE sgaBasiorcs ceTs MU Ilepenadyd IMaKEeTHOTO
TpadyKa, a KayeCcTBO YCJIyT Ha 3Talle IJIaHu-
pOBaHUSI CETU OILIEHMBAETCS JOCTYITHOW st
MoJIb30BaTejIell CKOPOCTHIO Tiepeaadyu JaHHBIX,
JIOMTYCTUMbIM BPEMEHEM U HaJEeXHOCThIO J10-
CTaBKM MaKETOB JAHHBIX, KOTOPHIEC 3aBUCST OT
COCTOSIHMSI KaHajla paauoCBsI3U, TOMEXOBOM
00CTaHOBKM M MapamMeTpoB Tpaduka.

B Hacrosiiieit cratbe B MOCTAaHOBOYHOM
IUIaHe OOCYXIarlTCS MMEHHO 3THU BOIPOCHI
MPUMEHUTETBLHO K 3ajJaye MOCTPOEHUs CeTU
HAYaJIbHOTO MPUOIMKEHUSI.

Bbi0op Tna yacroTHoro Kiacrepa. [Toctpo-
eHue cetu LTE uenecoobpa3HO OCYILECTBISATh
Ha OCHOBE YaCTOTHBIX KJIACTepOB, MpeIcTaB-
JIIOLIMX CO0OM TpyMIly MPUMbBIKAIOIINX APYT
K JIpYTY COT, B KOTOPOU MpU MCIMOJb30BaHUU
BCET0 YaCTOTHOTO pecypca CeTH OAHO3HAYHO

Knacrep

«[lanbHAA» 30HA

&
«BbAnXKHAA» 30Ha

MOXET OBITh pellieHa 3a7a4a JOCTUKEHUS MaK-
CUMAJbHOW €MKOCTU CETU TPU COOJIOAECHUU
MPUEMJIEMOIO YPOBHSI BHYTPHUCUCTEMHBIX T1O-
MeX. B ciiydae ycrnenHoro peleHus 3aaauu mno
(bopMUpPOBaHNIO TAKOI TPYIIIHI COT, €€ MOXHO
HCIIOJIB30BaTh KaK HEKOTOPYI0 MUHUMAJIbHYIO
CTPYKTYPHYIO €IMHUILY TP ITUIAaHUPOBAaHUU
cetu LTE. CeTp HayalbHOro MHPUOIMKEHMS
OyleT CTpOUTHCS IMyTeM IOBTOpA OAHUX U TeX
K€ YaCTOTHBIX KJIACTEPOB B TIpenesax 30HbI
obcnyxuBanusa. KoHdurypaysi 4acTOTHOTO
Kjactepa OyneT HEeNmOCPeACTBEHHO BIUAThH Ha
TaKyle BaKHEWIIIMEe TapaMeTpbl CUCTEMbI, KaK
YPOBE€Hb BHYTPUCUCTEMHBIX IIOMEX 1 peaausy-
eMas ceTeBasi eMKOCTb. IIpy 3TOM 3HAUMTEIb-
HO ympolllaeTcsl 3ajaya yBeJIUYEHUS EMKOCTU
CeTH, T. K. KaXIblil YaCTOTHBIN KJIACTEp CETH,
OTBEUaIOLINI TPeOOBAaHUSIM IO YPOBHIO BHY-
TPUCUCTEMHBIX TMOMEX, SIBISETCS OINTHUMANb-
HBIM I10 3TOMY ITapaMeTpy.

YacToTHBIN KjacTep BBIOMPAETCS MCXO.s
M3 0XHJaeMol aOOHEHTCKOM Harpy3kud U 3Ha-
YEeHUSI BEPOSITHOCTU TIOSIBJICHUSI BHYTPUCH-
creMHbix nomex P(C), rme C — pa3sMepHOCTh
YacTOTHOTO KJjactepa. MeTonuka BBIYMCIICHUS
BepositHoctu P(C) omnucana B [1]. B kauectBe
npumepa Ha puc. 1 npuBeneH GparMeHT HECEK-
TOPUPOBAHHOTO YaCTOTHOTO KjacTepa C Apo0-
HBbIM TIOBTOPHBIM Ha3HauYeHUEM 4YacToT. Bcs
1oJjioca 4acToT, BblI€JIEHHAs! CUCTEME, COCTOUT
W3 4eThIpex paBHBIX nojyoc f1, 12, f3 u 4.
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Puc. 1. ®parMeHT ceT HA OCHOBE HECEKTOPUPOBAHHOTO KitacTepa pazmepoM C = 3
C IpOGHBIM TTOBTOPHBIM Ha3HAY€HHWEM YacTOT
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Ilpu Takoii cCTpyKType Kaxnmass Oa3oBas
CTaHLIMS, BXOASIIAs B KJIACTEP, UCIIOJIb3YET 0
50 % dvacToTHOTO pecypca CeTH TIPU TTOJTHOM
HCIIOJIb30BAaHMU BCEi IIOJIOCHI YacTOT B KJja-
ctepe. ITogpodbHO mpoleaypa NOCTpOESHUs ya-
croTHOro Kjacrepa B ceTsix LTE nipu npodHOM
U MATKOM Ha3HAYeHWU YacTOT pPacCMOTpeHa
B [2].

OCHOBHOM CJIOXHOCTBIO TIPU TTOCTPOSHUU
CTPYKTYpPhl YaCTOTHOTO KJacTepa IIpU 3aJaH-
HOI BEPOSITHOCTU TIOSIBJICHMUSI BHYTPUCHUCTEM-
HBIX TIOMEX SIBJISIETCSI MaKCHUMM3allus €MKO-
CTU U TMPOIYCKHOM CIIOCOOHOCTH KJIACTepHOM
CTPYKTYPbI, UCXOSI U3 JOCTYITHOTO YaCTOTHOI'O
pecypca cetd. DTa 3amada, MO COCTOSIHMIO Ha
CEeTrOMHSIIHUN JeHb, TPeOYyeT NOIOJIHUTEIbHO-
To UCCIIeI0BaHUSI.

Onpenenenne NPOCTPAHCTBEHHBIX IAapame-
TpoB ceTH. B Tipoliecce ompeneneHus Ipo-
CTPAaHCTBEHHBIX I1apaMETPOB CETU IIPOU3BO-
OUTCS OILICHKA OIOMXKETOB IIOTEpb, PaauyCcoB
«OnVKHEW» U «JajdbHel» 30H, omnpeaeseHUue
MOIIIHOCTE! IepeAaTUMKOB ST «OJIVDKHEW» U
«JanpHeil» 30H U ompeneiaeHue yucia bC B
OMHOpPOAHON ceTu. BromKeT IoTeph ompene-
JISIeT MaKCHMAaJIbHO-IOIyCTUMbIE IIOTEpM Ha
Tpacce pacrpocrpaHeHus pagnoBoiaH (MAPL)
IJIT KOHKPETHOTO BHAA CUTHAJIBLHO-KOIOBOM
KOHCTPYKIIMM TIPW 3aJaHHBIX ITapaMeTpax
IprueMo-Tiepeaaloiero o0OpyIOBaHUS CETHU.
Bromxer morepbh He 3aBHCUT OT BBIOpaHHON
MOJENIM TOTEeph paclHpOCTpaHEHUs] CUTHaja,
HO JOJDKEH YYMTHIBATh HAIlpaBJIeHUE CBSI3U T10
JUHUU <«BBEPX» W JIMHUU «BHMU3», TTOCKOJBKY
B COTOBBIX CHCT€MaX MOIIHOCTb IlepeaaTuyu-
Ka abOHEHTCKOM CTaHUUU OOBIYHO MEHBbIIIE
MOILIHOCTU IlepeJaTynka 0a30BOM CTaHLIMU.
PesynbraThl olieHOK O1oakeTa rmorephb [2] mpu
pa3IMYHBLIX KOHMUTYpaLUUsSIX 00OpYydOBaHUS
U MHCIIOJIb3YeMBbIX CHUTHAJIbHO-KOIOBBIX KOH-
CTPYKIIMII II0KA3bIBAlOT, 4YTO OrpaHUYMUBAIO-
e 110 JAJbHOCTU CBSI3U SIBISICTCS JIMHMS
«BBEpX», T. K. MOOMJIbHAS CTAHIIYSI, B OTJINYNE
oT 06a30BOi, 00JaJaeT MEHbIIEW MOLIHOCThIO
nepegaTyMka M MMeEeT HEHANpaBICHHYIO aH-
TeHHy. [lpu 3TOM HOMyCTHMMBbIE IOTEPU IIpU
YBEJIMYEHHNH TTOJIOCHI pa0OYMX YaCTOT CUCTEMBI
MajgamT, U VISl COXpAaHEHUS DHEPreTUYECKOro
OajaHca MexXIy KaHajlaMM HeoOXOIMMO orpa-
HUYMBATh KOJIMYECTBO PECYPCHBIX OJI0KOB,
MPUXOASIINXCS Ha aDOHEHTCKYIO CTaHIIUIO:

npu Imojioce yactor kKaHaiaa 10 MI'u mo-
MyCTUMbIE TIOTEPU HAXOAITCS B TIpenesax
125,8—148 nb u uenecoobpa3HO OorpaHUYUBATh
KOJIMYECTBO PECYPCHBIX OJIOKOB, BBIAC/ISIEMbBIX
A0OHEHTCKOU CTaHILIMM, J0 YETHIPEX;

IIpy IIMPUHE II0JIOCHI 4YacTOT KaHajia
15 MI'q gonycTUMBIE TIOTEPU HAXOMATCS B TIpe-
nenax 121,8—144,2 1b u uenecoobpa3Ho orpa-
HUYMBATHh KOJIMYECTBO PECYPCHBIX OJIOKOB, BbI-
JeJIsieMbIX aDOHEHTCKOM CTAHLIVM, IO BOChMU;

Ipy IIMPUHE II0JIOCHI 4YacTOT KaHaja
20 MTI'u pomycTMMble MOTEpHM HaXOASTCS B
npeaenax 117,8—139,9 nb u uenecoodpaszHoO
OrpaHMYMBATh KOJMYECTBO PECYPCHBIX OJIOKOB,
BBIIIEJISIEMbIX A0OHEHTCKOMW CTaHIMU, 10 16.

YyBCTBUTENHPHOCTU IPUEMHUKOB 1 YPOBHU
MaKCHMAaJIbHO JOITYCTUMEBIX ITOTEeph Ha JIMHUM
pPaanoCBI3M CBSI3aHBl C TUIIOM MOIYJSIIIUA
(BUIOM MCIIOJIb3YEMOM CUTHAJbHO-KOAOBOM
KOHCTPYKIIMM) M TOJIOCOM YacTOT, 3aHMMae-
MOI CUCTEMOIi. YBEIMYEHUE TOJIOCHl YacTOT
B mBa pasza (¢ 10 mo 20 MI'nm) nmpuBomuT K
YXYILIEHUIO0 YyBCTBUTEIbHOCTU Ha 3—35 nb u
YMEHBIIEHUI0 MaKCUMaJIbHO JOITyCTUMBIX I10-
Tepb Ha Tpacce paguocBsI3u (OroaKeTa IMoTeph)
Ha 6—8 1b.

OueHka Olojxera MoTepb HAUMHAETCS C
KOHKpeTHU3aluuu TpedyemMoro (IOmyCcTUMOro)
OTHOLLIEHUS C/II Ha BXOIE IPUEMHUKOB B
JIUHUSIX «BBEPX» U «BHU3». 3HAYCHUS OTHO-
1LIEHWS C/11I B 3aBUCUMOCTHU OT UCIOJIb3YeMO
MOAYJISILMOHHO-Koaupytomeit cxembl (MCS),
yCJIOBUIA TIpHeMa, YPOBHSI CETEBOM 3arpy3Ku U
KOJIMYeCTBa MPUEMHbBIX aHTCHH IPUBEACHBI B
tabnuie [3, 4].

ITonyuennoe 3HaueHue MAPL ucnonb3y-
eTCd B JaJbHEHIIeM UIST HaXOXICHUST MaKCH-
MaJIbHOTO paavyca COThl (MaKCUMAaJbHO BO3-
MOXHOTO PaCCTOSIHUSI MEXIYy HMPUEMHUKOM M
repegaTiuKoMm).

[Ipu mnaHupoBaHUM CETH OKOHYATEILHOE
3HauyeHne MAPL omnpenensercss ¢ yueToM 3a-
MacoB Ha uHmepepeHyuo, 3amenenue N npo-
HUKHOGeHUe B 3[aHKe/aBTOMOOWIbL. 3amac Ha
UHTEpdEPEeHILIMIO 3aBUCUT OT YuUCJa TOBTOP-
HO MCIIOJIb3YEMBIX 4acTOT W 3arpy3Ku B COTE
[2]. 3anac Ha 3aTeHEHUE YUYUTHIBACT 3aTyXaHUE
CUTHAJIa BCJICACTBUEC IBUKEHUSI aOOHEHTCKO-
ro TepMUHaza, T. K. IPU 3TOM 4YacTO TepsieT-
csl TpsiMasi BUAMMOCTh MEXIy aOOHEHTCKOI U
0a30BOU CTAHLIMSIMU. DTOT 3arac rapaHTUpPyeT
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| .
TpeOyemble 3HaueHus c/m B 3aBucumoct oT MCS
MonynsLuoHHO-KOAYPYIOLas YcnoBus CereBas Tpebyemoe
cxemMa npuema, ' 3arpyska, % 3HauyeHue c/ui, 1b
EPA, 5 30 —3.,6
QPSK 1/3 EVA, 5 30 —-2,5
ETU, 70 30 —-2,3
EPA, 5 70 0,3
QPSK 1/3 EVA, 5 70 1,8
ETU, 70 70 2,1
EPA, 5 30 -
16-QAM 3/4 EVA, 5 30 5
ETU, 70 30 -
EPA, 5 70 11,6
16-QAM 3/4 EVA, 5 70 12,4
ETU, 70 70 —
64-QAM 5/6 - 30 -
EPA, 5 70 19,4
64-QAM 5/6 EVA, 5 70 19,6
ETU, 70 70 —
BapuaHTHI ycioBuit IpreMa:
Extended Pedestrian A (EPA) — UE HaxomuTcs y meliexoma;
Extended Vehicular A model (EVA) — UE HaxoauTcs BHyTpU aBTOMOOWJIS;
Extended Typical Urban model (ETU) — cTtanmapTHass MoAeiIb TOPOACKON 3aCTPOMKH
MPOLEHT JIOKAJbHBIX 30H B Mpeaeaax MOKphI- 3aBUCMMOCTh MAaKCHUMAaJbHOTO  pamuyca
BaeMOii TEPPUTOPUM, TAE€ YPOBEHb CHMIHaja R =~ =~ OT WUCIOJb3YEMOH MOAYJISLMOHHO-

OyzneT BhIlIe TpeOyeMoro 3HaueHMs. 3amac Ha
NPOHUKHOBEHME IPUMEHSIETCSI II0 OTHOIIIE-
HUIO K 3MaHUSIM, aBTOMOOWJISIM U T. O., TO
€CTh K TeM 00BbeKTaM, BHYTPHM KOTOPBHIX He-
00X0AMMO IIPOU3BECTHU OLICHKY YPOBHS CUTHA-
Ja. BeanunHa 3amaca OymeT 3aBHUCETb OT IIO-
TJIOLIAIOIIMX CBOMCTB MaTepuaia 00beKTa, ero
KOHCTPYKTMBHBIX OCOOEHHOCTEl M pabouero
Jrarna3oHa 4yacToT cucTteMbl cBsa3u. Kak mpa-
BUJIO, 3aI1ac Ha IPOHUKHOBEHME O€PYT paBHBIM
8 n1b mpu ucmoab30BaHNM A0OHEHTCKOI CTaH-
uu BHYyTpU aBToMoouasg u 20 1b u Gonee —
pU UCTIOJIB30BAaHUM B 37aHnu [1, 2].

Huxe B KauecTBe MpuMepa IIPeaCTaBICHbI
HEKOTOpble pe3ybTaThl aHajiu3a, B YaCTHO-
CTU:

rpapuKu 3aBUCUMOCTH MaKCHMAaJIbHO I0O-
nyctumbix moreps MAPL (1B) u panuyca
cotel R (KM) IIpU PasIM4YHBIX BUOAX MO-
IYJISALIUA OT YMCJIA PECYPCHBIX OJIOKOB N, B
nuanasone 2,6 I'To (puc. 2, 3);

10

Koaupymollei cxembl (puc. 4) ipu pabote cetu
B auamna3oHe 2600 MI'l 1 BBIICIEHHBIX I10JI0-
cax 1,4 (6 Pb) u 20 MI't (100 PB).

PesyabpTaThl aHaIM3a MOKa3bIBAIOT CIEAYIO-
1ee:

e C POCTOM IIOJIOCHI YacTOT, BBIPAKEH-
HOIl B KOJMYECTBE BblAeJeHHbIX cucteMme Pb,
ymeHbinaetcs MAPL U, COOTBETCTBEHHO,
YMEHbIIIAETCS MAaKCUMaJIbHO AOMYCTUMBIN pa-
JIUYC COTHIL;

e IIpu paboTe ceTM B AMANa30HE YacTOT
2600 MI'u npu 6 Pb u 100 Pb orHomeHue

RQPSK1/3
R64—QAM5/6
CKM HE€ MEHSETCSI C YMEHbBIICHUEM 4YaCTOThI
CBSI3U.

ITonyyeHHOe 3HauyeHUe OrOmMXKeTa IIOTEPh
WUCMOJIb3YETCS B JAJIbHEUIIEM IJI HAXOXIe-
HUS paINyCOB <«OJMKHEW» U «IaJlbHEe» 30H.
3agaBasiCh YaCTOTHBIM IUAIla30HOM M KOJIM-
YEeCTBOM PECYPCHBIX OJJOKOB, MOXHO OLIEHUTH

MPUMEPHO paBHO 3,5 M MpakTuye-
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Puc. 2. 3aBUcMMOCTh MaKCUMAaJIbHO AOMYCTUMBIX TToTepb MAPL, nb
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Puc. 3. 3aBucumocTts paguyca coThl R

JIJIsT BCero Habopa CUTHAJIbHO-KOJOBBIX KOH-
CTPYKLIMK pacIIpeieICHUE CKOPOCTEH Iepena-
YM B COTE MPU Pa3IUYHBIX YCIOBUSIX MpHeMa.
IIpn ompeneneHN MOITHOCTU TIEPEIATYNKOB
B «OJMKHEl» U B «JajlbHEW» 30HAX MCIIOJIb-
3yIOTCSI CTAaTUCTUYecKMe M IudpaKIIMOHHBIS
MoOJAEIM pacueTa CpeJHMX IIOTepb Ha Tpacce
pacripocTpadHeHus. bymem momarath, 4TO OT-
HOILLIEHME MOIIHOCTHU U3JIy4eHUS TepeaaTynKa
0a30BOIl CTAaHIIMU B «OJIVKHE» 30HE K MOIII-
HOCTU B «JajJbHei» 30HE MPOIOPLUMOHATBHO
OTHOIUEHUIO

P. Y
w63 _ | T 1
o [R) : (1)

W3J1.13

——QPSK 1/3
—8—16-QAM 3/4
64-QAM 5/6

75 90

KM

COTBI max’

rae r — paguyc «OJuKHei» 30HBI COThbl; R —
paauyc cOThbl; K — TapaMmeTp, XapaKTepus3ylo-
LM yciaoBus paguocBsidu (kK = 4 B yCI0OBUSIX
ropojga, 2 — B YCJIOBHUSIX OTKPBITOM MECTHO-
CTH).

Ha ocHoBe mosyuyeHHOTo 3Ha4eHUsI MaKCH-
MaJIbHO JOMYCTUMOTIO pPaaMyca COThI IIPOMU3-
BOJUTCSI pacyeT IUIOIIAAX COTHI U HAXOIUTCS
YKCJIO 0Aa30BbIX CTAHIMI B OMHOPOAHOM (par-

roe S

ceTn

MEHTE ceTu Ny = Sy ,
COThI

30HBI OOCNYXUBaHUSA CETH, S

00cTy>kBaHUsI 0a30BOM CTAHIIUM.

Takum o6pa3om, Ipu OMpeaeJeHUU Mpo-

CTpaHCTBC€HHLIX I1apaMETpPOB CCTU HeobXxoau-

— Iroliaab

— IIoIaab
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MO 3aJaThCS YACTOTHBLIM JMAIa30HOM, KOIU-
YeCTBOM PECYPCHBIX OJIOKOB, pacrpeacicHueM
CKOpPOCTei mepegauu B coTe, KOHdUrypaluei
000pYyIOBaHUSI U YCIOBUSIMU (DYHKILIUOHUPO-
BaHug cuctembl LTE.

Onenka cpeaHeil MPONyCKHOH CIIOCOOHOCTH
H eMKocTH. [Ipy olleHKEe cpenHeill CKOpOCTH
nepegadyu JaHHBIX B IIPSIMOM KaHaje Oyaem
mojaraTh, 4YTO pachnpeieieHue aOOHEHTCKUX
TEePMHUHAJIOB B 30HE OOCIY:KMBAaHUS 0a30BBIX
CTaHUMIA paBHOMepHO. ba3oBele CTaHLUU
OpeaoCTaBIsSIIOT abOHEHTaM  MAaKCUMAaJbHO
BO3MOXHYIO CKOPOCTh INepeJayd B COOTBET-
CTBYIOLLIMX CETMEHTAaX B «OJMKHEW» U «dajb-
Hel» 30Hax [2, 5]. B obuem ciyyae cpemHss
CKOPOCTb TepeIavyu B «OJVKHEN» U «IadbHei»
30Hax B IMPSIMOM KaHajle HaxoJauTcs To ¢dop-
MyJie
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Vo = 2 PV )
P
rme i — HOMep BHYTPEHHEro CerMeHTa B CO-
otBercTByOIIE 30He (maa LTE i = 1...15);
P — BEpOSATHOCTb HaXOXAEHUA abOHEHTa B
[-CETMEHTE COOTBETCTBYIOLIEH 30HBI, V  —
CKOPOCTH Tiepedaum, obOecrieunBaeMasl B
i-CeTMEHTE COOTBETCTBYIOIIECI 30HBHI.

CpenHsst CKOpOCTh Mepenadyn B COTe Ipej-
CTaBJIIET CYMMY CPEIHNX CKOPOCTEH Ieperadymn
B «OJIIKHEM» 1 «JabHei» 30Hax. CpeaHsIsl CKO-
pOCTh nepeady JaHHBIX 3aBUCUT OT pacIipejie-
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JIeHUs1 a0OHEHTOB B 30HaX 0OCITY>KMBAHUS CETH.
B cBoo ouepenb, cpemHss TMPOIMyCKHas CHO-
COOHOCTb CETU 3aBUCUT OT aITOPUTMa pacrpe-
JEJIEHUS PECYpCOB MPsIMOTO KaHana (aaropuvr-
Ma paboThI IIaHMpoBIIMKa). Kak mokassiBaloT
uccaenoBaHus [2], aaroputM paboOThI IJIaHU-
pPOBIIMKA CYIIECTBEHHO BJIUSET Ha Mapame-
Tpbl KauvecTBa oOciayxkuBaHugd. B cersx LTE
BOMPOC BBIMIOJIHEHUST 33JaHHOW AUCLUITIUHBI
00CITy>KBaHMS, HAIpUMEp, Y4eT MPUOPUTET-
HOCTM aOOHEHTOB WJIM a0OHEHTCKOTO Tpadu-
Ka, MPEeNOoCTaBICHUSI PECYpCOB IJId abOHEHTa
B TOM WA WHOM OOBbEME W Jp., BO3JIOXEH Ha
TlaHupoBiKa cetd. [lmaHupoBIIMK Mpesd-
CTaBJISIET COOOM MPOrpaMMHBIN MTPOAYKT, TIPO-
W3BOSIILIMA B PEXMME PEaTbHOTO BpPEMEHU
yIpaBJeHWEe YaCTOTHO-BPEMEHHBIMU pecypca-
MU cucTeMbl [2, 5]. Hanpumep, miaHUpOBIINK
0a30BOIi CTAHIIUU MOXET YIPABJISITH PECYPCOM,
WUCXO[d U3 aJropuTMa IpOIMOpLUHUOHAIBHO-
CIpaBeyTIMBOro HazHaueHus pecypca. [Ipu ta-
KOM ajroputMe paboThl B KaxaoM cyOkaape
TUITAHUPOBIIMK Ha3HA4YaeT MPUOPUTETHI TMOJb-
30BaTEIbCKUM TPa(hMKOBBIM KaHaJlaM W, CJe-
JIOBATeJIbHO, MPUHUMAET pELIeHUE O Hayaje
nepeaayu Tpaduka TOro MM MHOTO abOHEHTA.

Jnsg obecriedueHUsT MaKCUMAaJbHOM TIpO-
MYCKHOW CITOCOOHOCTH MOXHO HMCITOJIb30BaTh
aJTOPUTM BBbIIEJIEHUS] pecypca Ha OCHOBE
MaKCUMAJIbHOTO I10KAa3aTelsl YPOBHS IIOMEX.
JaHHBIN aJrOpuUTM TMO3BOJSIET CYIIECTBEHHO
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MOBBICUTHh MPOMYCKHYIO CIOCOOHOCTBH, T. K.
YUYUTHIBAET ITOKAa3aTesb KauecTBa KaXIoro Ka-
Hajia 1 00CIy>XKMBAET B MIEPBYIO OUYEPEIb MOIb-
30BaTesieil ¢ «xopolnM» KaHajaoM. K ocHOB-
HOMY HEJOCTAaTKy 3TOT0 ajropuTMa MOXKHO
OTHECTU HerapaHTUPOBaHHOE MPeIOCTaBIeHE
PecypcoB IIpU BBICOKOM Harpy3ke Ha ceThb abo-
HEHTaM C HU3KUM cooTHolleHueM c/ul. Ecnu
TpeOyemasi IpomyCcKHasi ClOCOOHOCTh MPEBbI-
1IaeT JOMYCTUMbIC 3HAYCHMS, TO HEOOXOIUMO
nepepacnpeneaeHue Tpadprka Mexxay COCeaHM -
MU 0a30BBIMU CTAHLIMSIMU IIOCPEICTBOM 3CTa-
(eTHOIT mepenayn aOOHEHTOB, HAXOMSIIIUXCS
Ha I'paHUIIE 30HbI OOCTYKMBaHUSI.

Metoauka OLEHKM 4YKMCIa PaBHOMEPHO
pacmpeneeHHBIX II0 30HE OOCIyXXHUBaHUS
nojab30oBaTesieil MoouibHOro MHutepHeTa (Tpa-
(UK npencraBiasgeT coOOi IMyaCCOHOBCKUIA MO-
TOK) B YCTAHOBMBIIEMCSl pexXumMe (QYHKIIMO-
HUPOBAHUS CETU TIpUBeAcHa B [2].

Bapuant cranpapta LTE, ocHoBaHHBII
Ha YaCTOTHOM AYIUIEKCE, MCIIOJb3yeT CUMME-
TPUYHBIC IOJOCHI YacTOT, MpeaHa3HaYeHHbIC
IJI Tiepedadyyd JaHHBIX Ha JIMHUSX «BBEpX» U
«BHU3» COOTBETCTBEHHO. YUUTHIBasi TOT (PpaxT,
YTO B MOOWIBHBIX CETSIX Iepedayd daHHBIX
noiast Tpayka Ha JIMHUM «BHU3» COCTaBJIsIET
okosio 80 % mepenaBaeMoro B ceTu Tpaduka
(cuTyauust aCCUMETPUYHOro Tpaduka), oLeH-
Ky TOTEeHLIMAJbHBIX Bo3MoxHocTel cetu LTE
Mo OOCHy:XKMBAaHUIO TIOJb30BaTeNEl ClemyeT
MIPOBOAUTh C YUYETOM KOJMYECTBa aOOHEHTOB,
B3ITBIX Ha OOCIYyXXMBaHWE MO MPSIMOMY KaHa-
oy [2].

C yyeToM CIOXHOCTU Tpoduiis Tpaduka
cuctembl LTE cpegnee Bpems 3aHATUS KaHa-
Jla ofHUM aboHeHToM T mpeacTaBisieT cOOoM
BEJIMYMHY, KOTOpass MOXKET OBITh MOJydYeHa
TOJILKO CTaTUCTHUYeCKUM oOpazoM. [Ipu mpen-
BapUTEJbHOM IIPOSKTUPOBAHUM IUISI TIOIyYe-
HUS OLEHOYHBIX PACYETOB CJIEAYET 3a4aThCs
psimoM 3HaYeHUil 7. M ypOBHEM 3arpy3Ku
6aszoBoii ctanuuu B YHH. BennunHy Harpys-
KM MOXHO OIIpeAeIUTh, UCXOAS U3 3aJaHHOTO
YPOBHSI OTKa30B B coeauHeHuu. st MHOTO-
kaHajnpHBEIX CMO ¢ orpaHUYe€HHOI o4yepeabio
JUTMHOM M BEPOSITHOCTh OTKA30B OIPEACIsIeT-
csg no gopmyie (cM. Hampumep [2, 6])
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— BEPOSITHOCTb TOTO, YTO BCE KaHAJIbl CUCTE-
MBI CBOOOIHBI; # — ynciio kaHajgoB CMQO; m —
JUIMHA OYepenu; p — Harpy3ka OJIHOTO KaHa-
Jna.

3amaBasich JOMYCTUMBIM 3HAYeHUEM BEpO-
STHOCTH OTKA30B, HAXOIUM COOTBETCTBYIOIIICE

. A=
el 3HayeHue p =—7,, rIe A — IOTOK 3asdBOK

ot Bcex aboHeHToB B YHH. Yucno aboHeH-
TOB B 30HE OOCITY>KMBAaHUS MOXHO OTIPEACIINTD
Kak
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rae A, — NOTOK 3asBOK OT OIHOIo0 abOHEeHTa
B YHH.

Hanpumep, ecam B cucteme 3HauyeHuUe
p =0,3 mpu 100 pecypcHbIX O0Kax (IIycTh Ha
OIMH KaHall TpaduKa IPUXOIUTCSI OOUH pe-
CYPCHBII OJIOK), A, = OIHOW 3adBKE€ B 4ac U
T. = 1/12 4, To 4ucao aOOHEHTOB, B3SITHIX
Ha obOciyxuBaHue 6a3zoBoii ctaHuueii B YHH,
paBHO 360.

OueBUOHO, YTO 3aJaya OLIEHKU CpeaHei
MPOITYCKHOUN CIIOCOOHOCTM U €MKOCTH CETH
MOXET OBITh pellieHa [JIs1 3aJaHHOTO MPOoduUIIs
abOHEHTCKOro Tpaduka M ajJroputMa padoThl
IUIAHUPOBIIMKA, a B YCJIOBMSIX TpaHchopMa-
MM Tpaduka OT IyaCCOHOBCKOTO MOTOKA K
CaMOITIOJ00HOMY TpeOyeT OTAEIbHOTO HCCe-
JOBaHMS.

YacroTHoe mianupoBanue. YacTtoTHoe Iia-
HUPOBAaHWE BKIIOYACT pEIICHHE CICAYIOIIMX
3a7ay:

1) Ha3HaYeHME MOJIOC YACTOT CEKTOpaM Oa-
30BbIX CTAHIIUIA;

2)pacopenenenue unaeHTUukaropos PCI
(physical cell identity — ¢usnyeckuiti uaeHTU-
¢duKaTop COThI);

3)mmaHUpOBaHUE IIpeaMOyJIbl IIPU  CIIy-
yaiiHoMm poctyne B KaHajie PRACH (Physical
Random Access Channel — ¢u3ndyeckuii Ka-
HaJ CJIy4aiiHOIO AOCTYIIa);

4) IuTaHMpPOBaHKE MWJIOTHBIX CUTHAJIOB.
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Ha3znaueHue mojioc 4acToT cektopam 06a3o-
BBIX CTAHLIMI MPOU3BOOUTCS B COOTBETCTBUU C
YaCTOTHBIM KJIACTEPOM, MCIMOJIb30BAaHHBIM TPU
MOCTPOCHUM OTHOPOAHOTO (PparMeHTa CETU IO
aHaJIOTMM C YaCTOTHBIM Ha3HAYEHWEM B CTaH-
napre GSM. B crannapre LTE onpenenexno 504
YHUKaIbHBIX UAaeHTU(duKaropa cotbl PCI, ko-
TOpHIC PACCUMTHIBAIOTCS HA OCHOBE IIEPBUYHOTO
Y BTOPUYHOIO CHUTHAJIOB CUHXPOHU3AIUU. AJ-
roput™ npumeHeHus P-SCH ananoruden mexa-
HU3MY pacrpeaesieHus] CKpeMOJIMPYIOLIETro Koia
B cuctemax WCDMA [2]. BropuuHblii curHaji
CHHXPOHU3AIMU SBIIETCI MIASHTU(PUKATOPOM
cotel. Ilpu mmaHupoBaHMU CeTU IS 0a30BBIX
CTaHIIMI, 30HbI OOCTY>KUBAHUSI KOTOPBIX HAXO-
IATCSI PSIIOM WIM TIepeKpHIBAIOTCS, HEOOXOIu-
MO MCHOJIb30BaTh Pa3IMYHbIC UACHTU(UKATOPBI
JUISI CHYDKEHMSI YPOBHS B3aMMHBIX TTOMEX.

Bompochkl 4acTOTHOrO TIUIAHUPOBAHUS B
o0I1IeM IIaHe pacCcMaTpUBAIOTCS B psae pa-
00T, OIHAKO B HUX OTCYTCTBYIOT KOHKPETHBIE
METOIUKUA U PEKOMEHAAIUU 10 IPUMEHEHUIO
[2, 7, 8].

B crathe paccMOTpeHBI BOIIPOCHI OMpPENE-
JICHUSI TIPOCTPAHCTBEHHO-TEXHUYECKUX Ila-
pamMeTpoB coTtoBoil cetu ctaHmapta LTE Ha
OCHOBE CJIOKMBILIMXCS IMOIXOI0B K PEIICHUIO
3a7a4y TUTAHUPOBAHUS COTOBBIX CHCTEM MO-
OWJILHOIM CBSI3M M OTMEUYEHAa HEOOXOAMMOCTb
pa3paboTKa METOIUK:

MOCTPOEHMSI YAaCTOTHBIX KJIACTEPOB IIpU
3aJaHHOU BEPOSTHOCTU IIOSBJICHUSI BHYTPU-
CHCTEMHBIX ITOMeX, 00eCIIeUrBaIOLINX MaKCH-
MU3ALMI0 €eMKOCTH KJIACTEPHOM CTPYKTYPHI;

oIlpele/ieHrs] IIPOCTPAHCTBEHHBIX IIapa-
METPOB CETU, MCXOAS M3 KOJUYECTBA BBIAE-
JICHHBIX PECYPCHBIX OJIOKOB, pacIpeicaeHUs
CKOpOCTEe# Tepenadu, KOH(Urypanuum odopy-
JOBaHUS U YCIOBMIA (PYHKIIMOHUPOBAHMS;

OLICHKM CpEeIHE MPOITYCKHON CIIOCOOHO-
CTU U €MKOCTU CETHU IJIs1 3aJaHHOTO PO
aOOHEHTCKOro TpaduKa U airOPpUTMOB PadOThI
IUIAHUPOBILMKOB;

YaCTOTHOIO IUIAHUPOBAHMS M COOTBET-
CTBYIOIIIYX PEKOMEHAALIMI 110 YACTOTHBIM pa3-
HOCaM.
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