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O6zpynmogana neobxidnicmes pozsumxy Geanpo-
800oaoi mexnonoeii LTE, ax mexnonozii nacmynio-
20 noxominns, Pozensnymi nepcnexmusu énpoeaoc-
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Obocnosana neobxodumacme pazsumun Gecnpo-

aodnoti mexnonozuu LTE, xax mexuonozuu ciaedy- n OC" Eno BATE" b H 0 r0

10NHE20 NOXOJdENUR. Paccuompeuu nepcrexmusyl

BHEOPEHUA ¢ MOUKY IPEHUA YNPABALHUR I Pexntus- P A 3 B M T M ﬂ

HOCMYbIO NCHOSTOIGEANUR pECYpPCA paauouacmomuoea

W
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The necessity of development of off-wire techn-
ology of LTE, as technologies of next generation, is
grounded. The prospects of introduction are conside-
red from point of management efficiency of the use of
resource of radio frequency spectrum, and also in the
context of co-operation and compatibility with oper-
ating technologies

Keywords: radio network, radio frequency resou-
rce, off-wire technology
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Beenenue Bucapenune ceTeit caeaywilero moxoacHHsa AG ma-
IpaBAeHO HAa Cco3JaHMe MOOGWHILHLIX YHMBEPCAABILX
llpi pasBuTHH cynlecTBYOMMX ceTell ¥ co3lauvu  MyAbTHMeAMIHBIX ceTel mepenadd HHQOPMALNK, T.€. Ha
HOBBIX NPEANOMTHTCALHOA ABAAETCA TEXHOJNOTHA Oec-  OKa3aHME VHHBCPCAJNBHBIX YOIYT CBIIM.
HPOBOJHOM CBA3MK.
Becnposoanse ceTH ABAAWTCS OIHHM M3 OCHOB-

UBIX HANPaBACHUH PASBHTHA TCICKOMMYIIMKANHONIIOH OcHoBHAA YacTb

HIEAYCTPHH, 49TO OOYCAOBMEHO OTHOCHUTE/NBHO HH3KOI

CTOMMOCThI, GBICTPOTON pasBepTHEAHWA, HMPOKHMH Pasedtie GeclposoiHOR CBA3M CONPOBOMAACTCH He-

(PYHKLUHOHA/ILH BIMH BO3MUMKHOCTSIMM /L 1IEPE/IaYM MHO-  LPEPHBHOA CMeHOH TexHonorui, 0CHOBOM KOTUDLLX Hb-

JKECTBEHHBIX YCAYT CBA3H. JAOTCA CTAHAADTHL COTOBOH CBI3H ABYX HAMpPABJIEHMI
CTpeMUTENbHOE PA3BUTHE CPEJICTB U cHeTeM Gecnipo-  — GSM u CDMA (pue. 1).

BOJIHOH CAA3U NPUBOAUT ¥ NpofnemMamM BIAUMOIeHCTRIS
H COBMCCTHMOCTH.
Jromy cnocobersy-
er Goiblgoe Kosxd-
qeCTBO CTAHAAPTOB
€0 MHOKECTBOM
npHiloxKeHHH. cy-

BECHPOBOAHAR CBA3b

MCCTBYUIUX T1a - - Tiepenasa mannx
CerOAHAMMHUHN ICHB, , Craszaprat:.
cMmenrautbix Gecnpo- GSM, 3G, CDMA, UMTS,

BOJAHBIX ceTell, a Tak- o COMAZ00B. -
Ke NpHMelHeHUe co-
BPCMCHHBIMUCETIMUI
PAIMUIHBIX TROTO-
KOJIOB BaauMonae#-
CTBUIH, VIDABACHU
# 00CHyMHBAHEA Puc. 1. TexHONOTMK COTOROM CBA3U

M- WCDMA-HSDPA-HSUPA
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O6heM NAKETHRIX IANHBIX B CETIX COTOBO#H castsn 26/
3G npepbinaet 06BEM FOAOCOBOrO TpapuKa, HTO CBA3AN0
¢ BHeApeHHeM TeXHOTOTHIT enefyiomero nokogenus [1).

Texnonorus cnepyionero nokonenus LTE (Tong
Term Evolution), taxsxe nassizacman Super 3G, RO3BOINT
MOJICPHHIUPOBATD CORPCMEHNHYK) PAJMUCETD 34 CUCT MC-
HOAB30BAHK PHOKUX DeKOH(pHIYDHPYEMBIX JEMEHTOB.
Takoit NOAX0A YCIEIHO PEUT BONPOCH COBMECTUMOCTH
W aJAlTalli} K HOBLIM CTAIEAPTAM.

Kposme Toro, pazpabotka rexunnoruu LTE senserca
HOBBTM PCUICHUCM TS YNIPaBRenHa A Gek THBIOCTHIO He-
HOJBIOBAHMY PAAMOPECYDCOB B YCAOBUAX UTPANHUEHTHO-
ro cueKkTpa. IlepcleKTUBe BHEADEHUA PAANOTEXHOAOIHH
LTE rakoBhl, YTO BOIMOXHOCTL BECHPOBOIHBIM YCTPOI-
cTBaM paboTars B Ka4ecTBE BTOPHYHBIX [OJhIOBATCAEH
HOJ0C CHEKTPA NOZBOAKUT PEULATH TPOGAEMY TIepepacnpe-
JICICHH A CTICKTPa.

LTE - Texnonorus, KOTOPas OTBCUACT KJIWYCBRIM
TpeGOBAHIAM, IPEILIBAAEMbIM K ccTeMaM 4G. [lepexoa
JeHCT BY IOHMX TeXHOM0rnii 2G/3G K TeXHOROPY S M HOBOIO
NOKOJIEHUA BOZMOKCH HE CKAYKOM, 4 FOJLBKO IIYTEM LIOCAE-
JIOBATESLNIOTO DasBUTHA B sanpasiaeHwu LTE ¢ yenoeuem
COBMECTHOTO HCMOTA30RAHU S NEHCTBYIOMHY ANMAPATHAY

.MIATHOPM, T.€. MEKCETEBBIM BIAUMOACHCTBHCM CETCH
GSM, WCDMA/IISPA, TD-SCDMA u CDMA. Ha pu-
CYHKe 2 [I0Ka3aHa CTPYKTYPHASN MOJAEAL PASBUTHSA apXu-
Textyps cetelt 2G/3G B Haupasnenyn LTE,

Puc. 2. Pazsurie apxutektypbl cetei 2G /3G 8 HanpasneHum
LTE

Mexona w3 paccMATPHRAEMON MOJENH, CYTIECTRYET
IICCKOMBKO BO3MOXHBIX NyTel NEpexola oncpaTopoB ce-
el 2G/3G K rexnoaoruy caegyionero noxoscuus LTE,

Oueparopsl ceteil 2G MoryT HepeiiTe Ba TEXHOAUTHIO
LTE uexona M3 Toro, KAKHM YACTOTHBIM CLOEKTPOM OHHU
PACTIOAATAIOT, 4 TAKKE OT CTEMEHY BHEAPEHUA MMM YCIYT
MOHUIBHOTO TTHPOKONIONOCHOTO I0CT Y A,

Onepartopnr cetelt 3G, RICAPHAUIAC BHCOKOCKOPOCT
noil nakeTHbLH goctyu B ceTh Internet (1I-HSPAY, umelor
ONHOYPOBHEBYK CETEBVIO APXHTEKTYPY, aHAJTOTHUHYIO
LTE, uTo n03B0AHT MUHWMH3MPOBATE JATPATH AJIA Nepe-
xogax LTE.

Onepatops cetelt 3G, umerompe cets WCDMA/
TISPA, MoryT cpasy ®ec nepeliTu na texuonornio LTE,
Cucrema WCDMA LOAAePKRBACT ¥ YAYUIIAET LIHPOKO-
nojdocHeil Jocryi, Dasupyercs na sepeun Release 5&6
crenndukanud 3GPP. Bseienue BRCOKOCKOPOCTHOTD

nakeTHoro joctyna HSPA snaduTellbHO YBeAMYHBAET
¢MKOCTh CHCTEME! | 2], 4 sepcus 7 nassanHoll cmenuduka-
UM 0BECTIeYKHBAET JATBHEHIIIME YyAYYIICHUS TEXHOMOTHA
HSPA, caMoil MOITHOH MOBUITBHOM TEXHONOTYH B HACTDS-
wee speMa. M, nakoncy, paspaborxa sepeun 8§ cnenudu-
kauun 3GPP apasieTes upesnocsakoil gan obecueuenus
spdexTurHoro BRexerus Texdoiorun LTE ¢ nocnesy-
MMM MeXaHU3MOM Biaumoneicreus HSPA ¢ LTE.

Oneparopsl ceTeit CDMA u TD-SCDMA MmoryT nepe-
WTH Ha Texnonornie LTE Tw06uM onUcaHHRM BRI CIIO-
cobom [3].

Takusm obpaioMm. onepatopb cered 2G/3G cmoryr
nepefiTit Ha TEXHOAOINW Hororo nokonenus LTE nyTem
nocreOBATELHONO PA3BMTHA 3a CHET HCIOJB3IOBAHMA
CYUIECTRBYIWY CETEBRX 3TeMEHTOB, DAATUAAPA DAHO-
YPORHEBOM APXUTCKTYPE CETU U, KAK CJARICTRUE, BEICOKOH
P DERTHBIIOCTH HCNDIB30BAHMS TACTUTHOND CLICKTPA.

OnTHMaJILHWH BapuaaT NMepexola K cHcTeMaM clie-
Ayeutero noxoienus 4G noApasyMeBaeT COBMECTHOe
HCLOJAB3UBAHKME CETH PaJMOAOCTYIIA, CLEKTPA K WJaHu-
popanus, obccnevusas omepatopan HeoOXOAHMBIE 110-
TpeBHOCTY CeTH.

B cuny TOro, 4TS NPH COBMECTHOM FONL30BAHWH ClEK-
TPOM WHKTO II¢ BAAJACCT MM HA HCKIMHETEeIbHONR 0CHOBC,
V LOAb30BATEACH MMEITCH CTEMVAbL co3fasarh adder-
TUBHBIE TEXHOAOLHY, L03BOJIAKLINE NPHMCUBATE A00VHA
AOCTYIHHBIA CHEKTD, TOIAa KAK NP ero AULUEH3HDOBAHNYE
Ha MCKJIOYHTEABHOI OCHOBE THIIMMHOH SIRTSETCA CHTYA-
U, KOT/IA JIEPHKATENE JTHIEHIM W HE MCITOIb3YET CIEKTR
CaM M HE NEPEIACT CPO HMKOMY ApyroMy. Taxum ofipazow,
HOAXOA K YHPABLCNAIG PRAHMOIACTOTHEM CICKTPOM N
OCHOBE COBMCCTHOTO UOAb30BAHUA cogeftcTByeT TeXHoN0-
THYeCKMM MHHOBALHAM [4].

LTE rexnonorus ynydIIdT 3¢ peXTUBHOCTS HCHOIb-
30BAHMA PCCYPCA PaZHOMACTOTHLIO CHEKTPA, TPH 3TOM
BoapacteT OHLOM JIAUNLIX, HEPCAABACMLIX B 3a]ANTOM
AUALEAZ0IG HACTOT. JT0 JOCTUTACTCS 3& CUET HCMOIb30BA-
HUA BLICOKMX YACTOTHHIX TIOAOC A4 LEPLAAYH MYIBTHME-
audioro tpadrka. U Bonee HU3KUX — 18 obecnedenns
WHPOKOIO HOKPHITRA. B 94CTHOCTH, WM PHHA JTOI0CH HPO-
nyckabnus s LTE cocragdT oT §,4 10 20 MT'n [5], wTe no3re-
AUT 3DCKTHRICE MCHONBIOBATH YACTOTHLIR pecypc, TIeM
TEXHOJOTHH 3-mokoaenns 3G, JdddekTHBIOCTD ONpeace-
JAETCS K0JAMYecTBOM DT Ha 1K1Y Be11eI€HHBIX YACTOT.

HeMasloBakHbIM SBJNCTCH IVIABHOC LIPCHMYHIECTHO
LTE nns norpeburens -- BICOKAS CKOPOCTh TNepenayun
JIAMHEIX, YTO 06eceYdBAeTCS 32 CYET MHPOKOH NOJOCH
YACTOT.

Cera LTE crnoco6inn paBoTaTs IPakTHUECCKH BO BOEM
AOCTYIIHOM sl COTUBGH CBA3H HYACTOTIIOM /AMalaione
— o1 700 MI'u a0 2,7 LT, wro voasonsger rubKo H3MeHATL
€MKOCTb CETH.

B ¥xpanre naa paasutuga cereit LTE npeanvxeno ue-
nOAB3OBAThE AKanason 2 I'Tn, BeleseRHRIE ceTay CBARK
UMTS, Qanako Aannwit JHanason TpeGyeT ochofink-
AeHHs MAcTOT AN TejieKOMMYHUKAUMOHHOHE oTpacay,
TG CCTL LPUBEACHUA KOHBEPCHN. B HacTomUHHE MOMERT
HeOHXOAMMUCTE BHECeHHA UaMeHeruit B Haunoransnyio
TafWIMily PAAMOYACTOT BBI3BAHA 3aHATOCTBIO PalHOCPed-
cTBaM¥ MUHOGOPOHDI, AHATOTOBOTO U nUdpoBOTo Teme-
sujienus (puc. 3).

OcHoBy paanocpeacts AMalasona 2 [Ty coctanas-
0T pandopeaeiinbie CTAHOWY FPaMAAHCKOTO M BUECHHOIO
HaszHaueHusn B nonece dactor 1.7-2,1 1Ty, cucremsl moa-
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BUXKHOH CBA3M TPeThero Noxkonedns IMT-2000/UMTS
(1,885-2,025 I'Tu; 2.11 - 2.2 I'Tu). Kpome Toro. cayxbam
MOBHJIBHO clIy THHKOBON castan MSS meisieneHbl MOAOCH
yacroT L (auanason 1-2 TTin) u S (nmuanason 2-4 T [6].

PPC
PPC sochKoro TPARIANCKOTD
HA3HAYEHUA HEIHUYEHHN
MSS
/
i
/ 4
(17 |
L
2Ma N\ £
N Hazemupit 1
CIYTHHEOBBIH CCTMCHTH
IMT-2000/UMTS

Puc. 3. PacnpegeneHue yactoT B guanasone 2 [Ty

Ocolmil mHTEpPEC IPEACTABIACT HETHUEHIHPYEMble
AuanazoHsl yacToT. Tak, ceifuac B Tabnuie pacnpe/icHns
qactoT MeXayHapoIHOro ¢olo3a 3JMEKTPOCBAIN Juarna-
sou 2,4-2 485 ITu b GoApIHMHCTBE CTAH MMpa OTBCACH
SIS MCHOJB3VBAHNA ¢BRICOKOUACTOTILLIMH YCTAHOBKAMH,
NpeAHasHaYEHH bBIMH 1A IPOMBILLICHHBLX, HaY HHBIX M Mt~
aHuHHCKUX Teeits (Industrial, Scientific, Medical - ISM).
OcobenuocTh paloTawNETe B HTOM JiHanasoHe obopyio-
BAHUS COCTOUT B TOM, YTO TIPETMONATALTCS TIePe/iada Cur-
HATA MANOH MIITEHCHENOCTH Ha IHPOKOH ITOMIOCE YACTOT.

LIp CTPOHTCABCTHC HCPBbIX KOMMCPUYCCKMX CCTCH
LTE npeniioureHHe OTIAHO BbICOKUYAUTUTHUMY AMAA~
sony 2,5-2,7 I'Ti1. B ero noAb3y TOBOPSAT HAHMEHBITAR 33-
HATOCTh BOCHHBIMHW H I'pa)KIIaHCKHMH pﬂﬂHOCpeﬂ.CTBﬂMH,
YTO GO3RO/ISACT HCIIOJB30RATE MAKCHMAABHO NIMPOKHE 110~
AOCH MACTOT, A TAKXKC 0HCCTICTUTE HAUOOMBINYID CMKOCTE
ceTd. B o ke spems noaoca wactor 2,5-2,7 I'l'u 5 nacto-
SIHAH MOMEHT OTJaHa MHOIOKAHaAbHOMH MuoroaluHeHT-
CKOM CHCTeMe PacnpeescHUs TeJeBH3HOHHBIX CHIHAIUB
W Hepeaadl gaHHEX 7).

Mockoneky cetu LTE ABAAKOTCS JaRbHEHMUM PAIBH-
TueM ceTeil 2G u 3G, BNTPOCH COBMECTHMOCTH W B3AHMO-
ACflCTEUA ABAAOTCA KAwdensiMM. Obobmennas cTpyk-
TYPa OPraHH3ALMM CETH ¢ UCIOAB3OBAHUCM TeXHONOIUH
2G/3G u LTE noxasaHa na puc. 4.

Basossie cranuuu LTE (eNodeB) ynpasasior npo-
ToXoNaMu paguonnTepdeiica HH3MUX ypoBHei, Kombu-
Bupys (hyHKIMA ¢ AoabmuHCTBOM dyaKIHT yasa RNC
— KOHTpOJAJiepa paguoceTd — cor 2G/3G.

Puc. 4. OBobuieHHan CTPYKTYPa OPraHH3auMH ceTr

B cocrase ceTs naxoautes SAE — apxuTexTypa Bhico-
xoro yposHa cucremsl LTE, nuMewonas maocky© cTpyk-
Typy ua HGase IP-npoTOKOIA AL IPOCTOTS! W e UIEBHAN
paanrepThipanua. [L1i03 SAE Bri109aeT; ceTenoit aTcMenT
yrupagaeHua Mobunsaocteio (MME); o6cayxusatonuiit
GPRS vaea aoaaepxin (SGSN), yvukiHAMK KoTOpUTU
sapistorcs pyekuny snemedta MME cuctemm LTE. Baa-
MMoneiicTrIze Ba3oBol CeTH ¢ a/ieMENTAMM W TOACUCTEMA-
mu cetu LTE ocywmectsnsercs npu nomown S-uutepdedi-
COR, B YACTHOCTH, CTaHAapTHeEH wHTepdeic S4 apagerca
crasyomuM ageHoM Mex ity 3GPP Anchor v vasom SGSN.,
Daement 3GPP Anchor vupasasier yeayraMu MoOUAbHOH
cBsau cetelt 2G/3G u LTE [8].

[epekporTue paguocereit LTE u 2G/3G ocymecT-
BAAETCA HAa KOMMYyTaTope Mobuisuoi csasm MSC. rae
peaaunsosad uHTepdenc B cropody LTE ang ynpasnenus
MCPCRAIONCHHEM MOXY CeTAMK. ADDHCHTAM IIPELOCTaB-
aseTcq monnbiii Habop yeayr, aoctymneix ¢ MSC, Jaa
[epejayll AaHHBIX MOMET OblTh HCHOAb30BAH LIIW3 lla-
kerHol ceTd [ (PDN GW). HeoOxoauMblM saeMeHTOM
sisasetca cepsep HSS — Gasa nanHpix nussaosateneit.

Jarmwoyenne

Dynxuuonuposanue GecHpOBLAHLIX CeTeR B Yelo8n-
AX 3HAUHTENBHOIO POCcTa MoGiiibHoro rpaduxa Tpebyer
KOOPAMHAIIMHA U yripapiaeHusa 3(pGeKTHBHOCTLIC HCIIOb-
30BAHMA MOTEHTIHAIE PagMUPECYPCOB W ceTell pamuoao-
cryna. [IpeanouTHTEABHEl B 3TOH CUTYAlLHH HOBLIC Gec-
HPOBOALBIC CHCTEMBL CBA3M. ITo obycaosnacuo Ooace
HHU3KHMM 10 CPABHCHMIO ¢ TPAAMUMOHHBIML CHCTEMaMH
NepBOHAYAILHEIMY KAaNHTAJABHBIMH 3aTPATAMHK, 2 TaKxke
IPOCTOTON NPUMEHEHUA U TIepeMeleHusl.

Texuonorus LTE — caepymwniuii 3HavMTe AbRBIH AT
B PA3BHTHH CHCTCM MOGHALHON DAOHOCBS3H, TAK KAK SB-
JAAETCS YHUBEPCAABIOH TEXHOJOIMER, KOTOPas COOTBCT-
creyer TpebosanuiM 3GPP u yAoRACTBOPAET pacTVLIMM
sanpocam noTpebUTEICH B HacTofIlee BPEMA: Oepegasy
NOTOXOBOro BUA¢0, MobuasHoro TB, mofimasrore Intern-
et, IP-resebOHUY € BEICOKUMH CKOPOCTAMU U KAYECTBOM
epeatiy,

PaccMoTpedsl npofieMBl UCNOAB3OBATIHA pecypea
pa,zmoqat”l‘uruoro Cl’lCKTpa, KataIgHuecs BOWHPOCOB l']f[ﬁ‘
KOCTH H 3QQEKTHBHOCTH €0 HCOUAB3UBAHUNA. AHANN3
NOKa3al, 4TO TakKpi NOAXOA IMO3BOAHT YAOBJIETBOPHTL
pazHoo6pasHble NOTPeGHOCTH OIIEPATOPOB CBA3HU, 06.1a1a-
IONTHe PA3RWYHBIME TIOI0CAMY 1IPONYCKaH MA, CIE/CTRH-
€M HCTO AB/BIETC POCT 06bCMa JAHHBLX, ICPEIABACMBIX B
33431HOM AMALIA30HE YACTOT.

Ilokazano, 4To NAABHOE DA3BEPTHIBAHMC CeTed Cite-
AVIOUIEr0 MUKOJEHMA BO3MOXKHO C UCHOABAOBAHNWEM ap-
xETEKTYpol SAE, 3a czet nogaepxku awboit [P-venyra,
& TaKxe ynponeHwod skenavatanuu. JlanHas apxutes-
Typa OO03BOAHT CO34aTh BOIIYI0 OTIDPHYIO NAKCTHYID CETh
anst GEM, UMTS, WCDMA/IISPA u LTE, c noaaepxkoil
UX 00paTHOCH COBMECTHMOCTH.
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