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Beenenue. [lpumeHeHUe K OLIEHKE pPa3BUTHUS TEXHOJIOTHI
CBSI3M TIOXOAAa, OCHOBAHHOTO Ha TMOHSATMHHOM armapare Ha-
YUHBIX OCHOB OMOCHCTEM, CTAHOBUTCSI BCe OoJiee BOCTPeOOBaH-
HBIM B YCJIOBUSIX (DOPMHUPOBAHUSI HOBOTO ITOKOJIEHUS TOI-Me-
HE/DKEePOB, NAJIEKUX OT MHXKEHEPHOTO MMOHUMAaHUSI CeTell CBSI3U,
CHCTEMHOIO TIOIXOAa K aHAJIM3y M TEOPUHU CIIOXHBIX CHCTEM.
YpoBeHb 3pesiocTU 3KOCUCTEMbI OMPECJIEHHOM TEeXHOJOTUU
MOOUJILHOM CBSI3UM MOXET CTaThb OTHOW M3 MPUYMH 3aMeIeHUS
ee BXOXIECHUSI Ha COBPEMEHHBIN PHIHOK TEJICKOMMYHUKAIUN U
NAJIbHEUIIErOo BHEAPEHUS.

Drarnbl, yepe3 kotopbie npoiiia rexHonorusi LTE ¢ BpemeH-
HbIM pasaeneHueM KaHaioB (TD-LTE) ¢ MomeHTa ee mosiBieHus
B 2008 1. (Texaumueckue cneundukanun 3GPP, Release 8) u mo
HacTtosero BpemeHu (B utosne 2012 r. 3GPP 61 OTKPHIT yXe
Release 12), a TakKe ycmexu BeoyIIMX ITPOM3BOIUTENICH abo-
HeHTCKoro u ceteBoro obopymoBanus TD-LTE [1] mo3Bons-
0T TOBOPUTH O TOM, YTO 3KOCHCTEMA ISl 3TON pasHOBUAHOCTHU
texHosnoruu LTE (puc. 1) yxxe chopmupoBana. M kak, Hampu-
Mep, MOpCKasi 3KocHcTeMa (PaCTUTEIbHOCTb, PbIObI, KOPAJUIbI U
Jaxe BOOHAs cpefa) BIMSIET Ha XKM3Hb BCEX ee oOuTaTeNeil, Tak
n skocucteMa TD-LTE (opranbl craHmapTu3aldy 3JIEKTPOCBSI-
3u (ITU/3GPP/ETSI/CCSA) u rocynapCTBEHHOTO PETyJIMpoO-
Banus (National Radio Administration, NRA), npounsBogurtenn
YUTOB, a0OHEHTCKUX YCTPOMCTB, 2JIEMEHTOB CETH PaavOmOCTy-
na E-UTRAN wu 6a3oBoii cetu EPC, cucteMHbIe MHTEIPaTOPHI,
CepBUC-TIPOBAlIepbl, TMOCTABIIMKK IMPOrpPaMMHOrO obecreye-
Hus, npoaaBubl ycayr ceteii TD-LTE, a takke pa3pa®boTuYMKu
KOHTEHTA, Kacalollerocsl pa3IMYHbIX aCMeKTOB TexHoaornu TD-
LTE) BausieT Ha pa3BUTUE OTAEIbHBIX €€ 2JIEMEHTOB.

I'maBHO#T ocobeHHOCTBIO TexHosormu TD-LTE sBnsgercs
HCTIOJIb30BaHUE OTKPBITON apXUTEKTYpPhl CETU, KOTOPasi, B CBOIO
oyepenb, ocHoBaHa Ha apxutekrtype All-IP, mo3Bonsiomeit 3a
CYET MEXTEXHOJOTMYECKOTO POYMHUHTA OCYLIECTBISITh JOCTYII
K 6azoBoii cetu EPC uyepe3 cetu paguonoctyrna 3GPP Broporo
u tpetbero nokonenuii (Hampumep, UTRAN, GERAN), gepe3
cetu pamuonoctyna He-3GPP (Wi-Fi u WiMAX), a Takxe 4de-
pe3 ceTu IOCTyIa, UCIOoJb3yIolue MpoBoaHbie [P-TexHomoruu
(ADSL+, FTTH u ap.).

Texnonorus TD-LTE xapakTtepusyercsi, KpoMe TOTO, BbICO-
KOI CKOPOCTBIO Tepeaauu JaHHbIX (10 386 MGuUT/C), MajleHbKU-
MM 3a7epXKaMM Ipu nepenade gaHHbIX (10—20 mc), a Takke 60-
Jiee BBICOKOI CreKTpaibHON 3(h(EeKTUBHOCTHIO 1O CPABHEHUIO C
texHoJiorueir FD-LTE ¢ yacToTHBIM pa3aeieHueM AyIIeKCHbBIX
KaHaJoB.

BpemeHHoe paznesieHue AyTUIEKCHBIX KAHAJIOB CIIOCOOCTBYET
JMOCTUKEHUIO ONTUMAJIBHOTO OalaHca Tpaduka MexIy MpsMbIM
U1 00paTHBIM KaHAJIOM, YTO TMO3BOJISIET 3 (PEKTUBHO MUCIOIb30-

BaTh BBIIEJICHHYIO TOJIOCY PAAMOYACTOT ISl YCIYT U MPUIIOXKE-
HUIi C aCUMMETPUYHBIM ITOTpebeHrueM Tpaduka.

Okocucrema TD-LTE: okpyxawmas cpena u rpanunsl. JTlrooast
9KOCHUCTeMa XapaKTepr3yeTcsl TpaHUIIaMU 1 OKPYXKalollleil cpe-
TIOM.

I'panurist axkocucteMsl TD-LTE onpenensior:

® ynentudunupoBanHble 3GPP nuamazoHbl 4acToT It
texHosoruu TD-LTE;

® cereBble Tpoduian TexHoaorum TD-LTE;

® peryIsaTOpHbIE Oapbepbl BHEAPEHUS TEXHOJIOTUN Ha TeJle-
KOMMYHMKAIIMOHHOM PbIHKE, BKJIIOYasl UCIIOIb30BAaHUE PAIio-
yactoTHOTO criekTpa (PUC);

® DBIHOYHBIN CIPOC HA YCIIYTH IIMPOKOMOJIOCHOTO 6ecrpo-
BOIHOTO OCTYTIA;

® opraHu3alMOHHBIe (OPMbI, OOBETUHSIIONIME OOUTATENICH
akocuctembl TD-LTE.

YacrtorHble mpodwim 3kocucTeMbl TexHojormu TD-LTE,
orpenessieMble YaCTOTHBIM JWAMa30HOM Y IITMPUHOM ITOJOCHI
KaHajia, PeryJiupyloTcsl MOJMTUKON alMUHUCTPALIMI CBSI3U Ha
HaIlOHAJIbHOM YPOBHE, TPOBOAVMMOI B OTHOIIEHNUM JOCTYITHOC-
™™ PUC 1151 3T0M TEXHOJOTUH.

Texunueckumu crienmdukammsamu [lapTHepckoro mpoekTa
3GPP st texnonmorunm TD-LTE omnpenenensr 12 nuara3oHoB
yacToT cymmapHoi mmpuHou 1059 MI'1 (ta6n. 1). PaGoter B
3TOM HaIlpaBJIeHUH MPOIOJIKAIOTCS, U B TIEPCIIEKTUBE KOJIUYECT-
BO IMATNIa30HOB OyIeT yBEJIMUNBATHCS.

CeteBbie mpodwmm TexHosnorun TD-LTE (SAE/Evolved
SAE/EPC) taxke mpeoOpa3yioTcsi — OT MOAAEPXKKHM TOJIBKO yC-
ayr niepenaun naHHbIX (Release 8) Kk okazaHMIO peyeBBIX YCIYT
VoLTE (Voice over LTE) u ycmyr M2M (Release 9—12).

Bynymee akocuctemsr TD-LTE B Poccuu 3aBucur ot menoro
psiia peryJsiTOpHbIX (PaKTOPOB, OMpPeEISIONINX €€ TeKYIIUIA Pbl-
HOYHBII MOTeHIMa. B nx yucio BXoasr:

® COBEpIICHCTBO CHCTEMbI PEryJIMPOBAHUSI U WCIIOTb30Ba-
HUSI CTIeKTpa;

Opranbl
CTAHIapTU3ALMU U
PEeryIMpOBaHuUs

IMonb3oBaTenn bazosas cetb

DKocucrema
LTE-TDD

Yeinyru, KOHTEHT

M TIPUITOXKEHUS CeTb paaronoCTyIa

ITonb3oBaTenbekue
YCTpOMCTBA

CermMeHTbI PBIHKa

Puc. 1. OcHoBHbIE 31eMeHTBI 9KocucTeMbl TexHOI0run TD-LTE
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Puc. 2. Perynsropnas ocHosa pa3putus 3kocucrembl TD-LTE B Poccun

® Y HBECTULIMOHHAS TIPUBJIEKATEIbHOCTh CO3MaHUSI CeTeid
TD-LTE, oGycnoBieHHass MUHUMU3alME KamuTaIbHbIX 3aTpatT
OTepaToOpOB MO OTHOLIEHUIO K APYTUM TeXHOIoTusIM 4G

® BO3MOXHOCTU COBMECTHOTO UCIOJIb30BAHUS CyMMAapHOM
rojiockl PYC 1 ennnoit apxutekTypsl ceteit TD-LTE mist nByx u
0oJsiee ornepaTopoB;

® pycnosib3oBaHue quamnasona 700 M I nos cereit TD-LTE,
MOBBIIIAIOIIMX 30HY OXBaTa MOTPEOUTEICH U CHUXKAIOIIMX 3aTpa-
ThI Ha CO3/IaHUE CETeH;

® yIpollIeHNWEe TPOLEeAYPbl MCIONIb30BAHUSI MaJIOMOIIHBIX
0a30BbIX cTaHIMi ((pemTocoT) B mranazoHax yactoT TD-LTE.

CosznanHas B Poccuu peryisitopHasi OCHOBa, Orpeae/isitolias
rpaHuibl ¥ pa3sutue 3KocucteMbl TD-LTE (puc. 2), BkiouyaeT
noctaHoBneHust [IpaBurenbctBa PO, pemenust TKPY u npuka-
361 MuHKOMCBs13u P®, BBOISIMMeE TIpaBWIa IPUMEHEHHs abo-
HEHTCKoro obopynoBaHusi U 6a30Bbix ctaHuuit TD-LTE Ha ce-
TSX TIOJBMKHOM pannoTenedOHHOI CBSI3M 00IIETO MOJIb30BAHUSI.

Poccuiickue opraHbl rocyaapCTBEHHOTO DPEryJUpOBaHUS B
00J1aCTH CBSI3U MOCTOSTHHO COBEPIIIEHCTBYIOT HOPMATUBHYIO 0623y
C LEJIbIO MIPOABMXKEHUSI COBPEMEHHBIX YCIYT CBSI3U U TMOBBIIIE-
HUS MX KauecTBa, YTO JOJDKHO O1aronpusiTHO cKa3aTbCs Ha pas-
Butuu 3kocucteMbl TD-LTE B Poccuu.

Cucremnoe ooopynosanne TD-LTE. CuctemHo-ceTeBoe 000-
pynoBanue skocuctembl TD-LTE pa3pabarbiBaercst KJII0UeBbIMU
BEHIOpaMM PBIHKA MOOMJIbHOM CBsI3M (Tabj. 2), CTAHOBSICH BCE

Taoauna 1. Iuanasonsi yacror Aus rexnojornu TD-LTE

0oJiee JOCTYITHBIM 10 1IeHE ISl ONepaTOpPOB IIUPOKOIIOJIOCHOM
MooubHOM cBsi3u B cermeHTe TD-LTE. IlepBast kommepueckast
cuctema TD-LTE, pa6otatomas B nnanaszose 2,3 I'T11, Obl1a BBI-
nymeHa Bo 11 kBaprane 2010 r., a cuctema TD-LTE, pat6orato-
mas B auanasone 2,6 I'T1, — B 111 kBaprae 2010 r. Ha Texymmit
MOMeHT 10 KpymHeHIux BEeHIOPOB IMpeiaraloT CUCTEMHO-Ce-
TeBoe obopymoBaHue Ha ocHoBe TpeboBaHuit 3GPP Release 8 u
HIECTh BEHIOPOB — OO0OpYyIOBaHWE, TMOJHOCTbIO MOIAepPKUBA-
foiiee TpeboBaHus 3GPP Release 9. B 2012 r. Ha pbIHKe Takxke
MOSIBUJIOCH CUCTEMHOE o0opynoBaHue 1jis1 Auana3oHa 42 3GPP
(3,5 I'T), BemymenHoe kommnanueit ZTE.

Hnst BHenpeHust U akcrutyaraiuu ceteit TD-LTE, momumo
OCHOBHOT0O 000pynoBaHus ceTu pangvonoctyna RAN u 6a3oBoit
cetu EPC, a Takxke cepBUCHBIX IUIaT(GOPM, BaKHO HAJIMYKUE Ha
PbIHKE KOHTPOJIbHO-U3MEPUTENbHBIX MPUOOPOB, KOTOPbIE HUC-
TOJIB3YIOTCST IS TECTUPOBAHUSI PAIMOYACTOTHBIX MapamMeTpoB
RAN, otcnexuBaHusi MPOTOKOJIOB OOMEHA, TECTUPOBAHUS a00-
HEHTCKUX YCTPOWCTB U JIP.

Ilo nanHbiM I'oGanbHOTO anbsiHca omnepatopoB TD-LTE
(Global TD-LTE Initiative, GTI) [2], mo cocTosiHU1IO Ha eKabpb
2012 r. Ha pBIHKE OBUIO IIPEACTABICHO CleAylollee KOIMISCTBO
MPOU3BOAUTEIEN KOHTPOJIbHO-U3MEPUTETLHOTO 00OPYI0BaHUS
nst cereit TD-LTE:

TecTepbl paTvo4acTOTHBIX TAPAMETPOB . . . . oo\ v v v ... . 7
AHaTM3aTOPBI TIPOTOKOMOB .« o vt ve e eeanennn 6
I'eHepaTOpbI KAYAIOIIEHCS YACTOTHI . . o v oo v e e ee e 7
BexTopHbIe reHEPaTOPBI CUTHAMIOB & . . o\ vt o vv e v en . 3
YcrpoiicTBa MOHUTOPUHTA PATMOUHTEPDEICOB . . . . . . . 2
VYerpoiicTBa 1St IpaliB-TeCTUPOBAHUS . . . o\ o v v v o v .. 7
CpencTBa MOIETMPOBAHMS CETU . . o v v e eeeeee e 7
CeTEBBIC TECTEPDBI « v v o v e e ettt e ee e e e e 7

Aoonentckue Tepmunaisl TD-LTE. OcHOBOI cOBpeMEHHOTO
a0OHEHTCKOT0 O00OpYIOBaHUS SIBJISIETCS] YUIMCET (MUKpPOCXEMa),
B KOTOPOW peasu3yloTcsi BCe IMPOIecChl MPeoOdpa3oBaHuUsl CUT-
HaJIOB JIJISI COOTBETCTBYIOLIEH TEXHOJOTUU MOOWILHOU CBS3U.
B miporiecc co3maHust YMTICETOB IS 9KOCUCTEMbI a0OHEHTCKUX
yctpoiictB TD-LTE BKIIOUMIOCH YK€ KaK MUHUMYM 17 KpyIi-

Taoauna 2. Cucremno-ceresoe ooopynosanue TD-LTE, Boinyckaemoe
BeyIIMMH MUAPOBbIMH NOCTABUINKAMU

TlonnepxuBaeMble
3GPP penusbt

Bubl ceTreBoro 060pynoBaHus

IMpowussoaurens TD-LTE

Alcatel-Lucent Release 8—10 RAN (2,31 2,6 I'T), EPC,

Homep nuanaszona JlyanasoH 4acTor, IupuHa auanasoHa, IMS (VoLTE),
(3GPP) MT M1 TecTepsl U Apyroe 000pyLoBaHKe
B, 1900—1920 20 Datang Mobile Release 8 RAN(2,3u 2,6 ['Tu), EPC, IMS,
TECTEephI U IPYroe 060pya0BaHue
34 2010—2025 15 Ericsson Release 8—10 RAN (2,3u 2,6 I'Tu), EPC,
35 1850—1910 60 IMS (VoLTE),
TeCTepbl U APYroe 000pyn0BaHNE
36 1930—1990 60 Fiberhome Release 8 RAN
37 1910—1930 20 Huawei Release 8—10 RAN(2,3 12,6 I'Tu), EPC,
IMS (VoLTE),
38 2570—2620 50 TeCTephl U Ipyroe 000pynoBaHKeE
39 1880—1920 40 NSN Release 8—10 RAN (2,31 2,6 I'Tu), EPC,
IMS (VoLTE),
40 2300—2400 100 TecTepbl U Ipyroe 000pynoBaHNE
41 2496—2690 194 Potevio Release 8 RAN, rectepsl u npyroe obopyzosanue
Samsung Release 8, 9 RAN (2,31 2,6 I'Tu), EPC,
42 3400—3600 200 IMS (VOLTE)
43 3600—3800 200 ZTE Release 8—10 RAN (2,3;2,6 u 3,5Tu), EPC,
IMS (VoLTE),
44 703—803 100 TecTepbl U Apyroe 060pynoBaHUE
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HeWIMx mpousBoauTeeii. B HacTosiiee Bpems: MpOM3BOAUTENN
yurcetoB Wit TD-LTE ncnonb3yioT TeXHOIOTHIO MPOX3BOACTBA
40 1M, a B OmKaiiineM OymyIneM IUTAaHUPYIOT IIepeiTH Ha 28 HM.
Takoit epexo MO3BOJIUT YBEJIUYUTH TPOU3BOAUTETLHOCTD MPU
OIIMHAKOBOM YPOBHE 9HEPromnoTpeOIeHusI U CHU3UTh TeOMETPU-
YecKMe pa3Mephbl YATICETOB.

M3 ananm3a xapaktepucTuk (Tabi. 3), aHOHCUPYEMBIX
BEYIIUMU MMPOU3BOIUTEISIMU, BUIHO, YTO KOJUUECTBO UMII-
CeTOB M MX (PYHKIMOHATBHOCTb TMOJHOCTHIO COOTBETCTBYIOT
3arpocaM pblHKa, obecreynBasi BO3MOXHOCTb MPOJIBMXKECHHUS
texHosiorun TD-LTE. OcHoBHBIE HalpaBIeHMST UX Pa3BUTHUSI
B TEPCIIEKTUBE — CO3JaHUE MYJIbTUPEKUMHBIX U MYJIbTUIU-
ana3oHHBIX (Multi-Mode Multi-Band, MM-MB) uumnceron
C YJIYYIIEHHON NPOU3BOAUTEIBHOCTBIO M YMEHbBIICHHBIMU
pazMepamu. CTOUMOCTb YUTICETOB, KOTOPAasi CETOIHS JIEXKUT B
npeaenax or $5 no $25, B Gnukaiiue aBa roga OyaeT JUHA-
MMYHO CHUXAThCS.

CornacHo JaHHBIM BcemupHoOI#i accolManu moCTaBIIMKOB
MobmbHbIX pemneHnit (Global mobile Suppliers Association,
GSA), Ha MUPOBOM pBIHKE TTOTPEOUTEISIM TOCTYITHBI GoJiee 166
MHOTOAMATNIA30HHBIX YCTPOUCTB [3], MOAnepKMBalOIINUX TEXHO-
norutro TD-LTE (USB-MomeMbl, MaplIpyTu3aTopbl, BCTPOEH-
HblE MOMYJIX, CMapThOHBI U TJIAHIIEThI). AHAIN3 a0OHEHTCKUX
yctpoiictB TD-LTE nokassiBaer, UTo MO CBOUM TEXHUUYECKUM U
1IEHOBBIM XapaKTePUCTUKAM OHU OJIM3KHU K yCTPOMCTBaM, KOTO-
pble mpeiaraloTcs Ha pbiHKe 1151 paboThl B ceTsix 3G u 4G (FD-
LTE).

Crnpoc aOOHEHTOB ¢ HHU3KUMHU JOXOAAaMM Ha MOAEMBI U
cmaptdonbl TD-LTE moka cmepxXuBaioT pO3HMYHBIC IIEHBL OT
$100 mo $500. C uenpio 3axBaTa HU3KOIOXOIHOIO CETMEHTA MOT-
pebuTesneit yciyr 6ecripoBOAHOTO AOCTyMa Ha peiHKax Kuras u
Nunuu npousBoautenu aboHeHTckux ycrpoiicts TD-LTE Benyt
MePCIEKTUBHbIE pa3pabOTKU, HATIPABJIEHHbIE Ha CHDKEHUE 1IeH
Ha monembl TD-LTE 1o $5, a na cmaprdonsl — 10 $30.

Kak mokasbiBaeT pacripenesnieHre KoJauuyecTBa aDOHEHTCKUX
ycrpoiictB TD-LTE 1o BO3MOXHOCTSIM MCITOJIb30BaHUS Yac-
TOTHBIX auarta3oHoB 3GPP (tab6n. 4), B skocucreme TD-LTE
JOMUHUPYIOT aOOHEHTCKME YCTPOMCTBA, MCIIOJb3YIOIINE aUa-
nazonsl 2,3 I'Tu (67,5% ot obmero uncaia MM-MB-yctpoiicTB

Tao6auna 3. Yuncers! 11 abonenTckux ycrpoiicts TD-LTE,
HAXOJSIIMECS HA PHIHOYHOM CTAMH, M KOMIIAHMU-TIPOM3BOUTETN
(nmo nanubiM GTI TD-LTE)

IMpoussonutenr  Tum aGOHEHTCKOrO MyabTUPEKUMHOCTh
qurcera yCTpOiicTBa 1 MyJIBTHANAIIA30HHOCT
Qualcomm MSM8960 [ectb pexxnmoB?
Hisilicon Balong710 TIsTh peXXumMoB'
Innofidei WD5000 TIsiTb pexXumMoB'
Leadcore LC1761 TIsTh pexxumoB!
Spreadtrum SC9610 Tpu pexxuma, Bkimouas TD-SCDMA/
GGE/TD-LTE
SC9620 ITsatb pexxumoB!
STE M7400 TIsiTb pexXumMoB!
Intel MM7060 Tpu pexxuma, Bkmodass GSM/WCDMA/
LTE FDD. Oxunaetcsi osiBJI€HUE TSITH
pexumoB B 2013 1.
Altair FG3100 Tpu pexxuma, Bkmodass WCDMA/LTE
FDD/TD-LTE
IIpumeyanus.

1. ITatb pexxumoB, Bkiovast texHosoruu GSM/WCDMA/TD-SCDMA/LTE
FDD/TD-LTE.

2. IllecTb pexkMoB, BKItovasi rexHosornn GSM/CDMA2000/WCDMA/TD-
SCDMA/LTE FDD/TD-LTE.
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Puc. 3. IlnnaMuKa BbIYCKA KOMMePYECKHX A00HEHTCKIX
yerpoiicte TD-LTE

¢ TD-LTE Ha psitke) u 2,6 I'T11 (74,1%). B 10 Xe Bpemst Hame-
YyaeTcsl MOBOPOT PhIHKA K MPEUMYIIECTBEHHOMY MPOU3BOICTBY
ycrpotictB TD-LTE ¢ monnepsxkoit nuamazona 2,3 I'T'1t, yto cBs-
3aHO C akTUBHBIM pazBuTueM ceteii TD-LTE B aToM nuamnazoHe
TaKUMU ollepaTopamu, Kak Kutaiickas Kommnanust China Mobile
n uHnuiickue Aircel, BSNL, MTNL, koTopble 00CIy>KMBaIOT CO-
THU MUAJUTMOHOB aOOHEHTOB.

JluHamMuKa pa3BUTHUSI 9KOCUCTEMbl aDOHEHTCKUX YCTPOMCTB
TD-LTE (puc. 3) [3] cBUmeTeabCTBYET O TOM, YTO MEHEee YeM 3a
IIBa rofia KOJUYECTBO IOCTYITHBIX HA PhIHKE aOOHEHTCKMX YCT-
poiictB TD-LTE BrIpocio 6ojiee yeM B 18 pa3, mpu 3ToM od1iee
KoJiMuecTBO aboHeHTCKUX ycTpoiicTB LTE — B 5 pas.

OxunaeTcsl TOSIBIEHHWE Ha PBIHKE OOJIBIIOrO KOJWYECTBa
MM-MB-MOOMIBHBIX YCTPOMCTB, OXBaThIBAIOIIMX U TEXHOJIO-
riuio TD-LTE. B despaie 2013 r. Ha 6-m dopyme GTI komma-
Hun HTC m Quanta aHOHCHpOBajid MOOWIbHBIE YCTPOMCTBA,
criocobHble pabortarh B wmectu pexumax (TD-LTE/FD-LTE/
HSPA/EDGE/SC-CDMA/Wi-Fi) u B 12 4acTOTHBIX AMAaIia3o-
Hax, a MTK — ycTpoiicTBo, momaepxuBaloiiee MmsiTh peXXKMMOB U
10 auana3oHOB.

VYeayru cereit TD-LTE. [lis nuHaMu4HOTO pa3BUTHS U Mac-
COBOTO MCTIOJb30BaHUSI HOBBIX TEXHOJIOTUI CBSI3W TPOBAiiEephl
TTOJDKHBI TIpeIaraTh MOIb30BaTe IsIM COBEPIIIEHHO HOBBIE YCITYTH
WJIY CYILLIECTBEHHO YJIy4yllIaTh KAYeCTBO y3Ke UMEIOIIMXCSI HA PhIH-
K€ CEepBHUCOB.

KitoueBble ocobeHHocTH TexHojoruu TD-LTE oTkpbiBa-
10T BO3MOXHOCTH ISl TIEPCIIEKTUBHBIX YCIYT M TIPUIOXKEHU.
Biiaronapst BBICOKMM CKOPOCTSIM Tepenavyu JaHHbIX OymayT pas-
BUBAThCSI TaKW€ YCIAYTU, KakK BHUICOKOH(EPEeHIICBS3b, MHOTO-
MOJIb30BATEbCKUE OHJIANH-UTPBI, COLIMATIbHBIC CETU, CUCTEMbI
MOHUTOPUHTA W BHUIEOHAOTIONCHHUS, a TaKKe COIMaJIbHbIE YC-
JIYTU: yIaJeHHOEe MEeIUIIMHCKOe HAOIIoIeHNe U TUCTaHIIMOHHOE
obpa3oBaHue.

Hu3zkue 3HaueHus 3aepKeK Mpu rnepeaave JTaHHBIX B CETAX
TD-LTE, comocraBuMble CO 3HAYEHUSIMU B (PMKCHPOBAHHBIX
CeTsIX Tepenavyu JaHHbIX, MO3BOJISIIOT CO31aBaThb HOBBIC MPU-
JnoxeHnss M2M 1711 KOHTPOJISI, CUTHAW3aluU U YIIPaBICHUS
MPOMBIIIVIEHHBIMU CUCTEMaMU, YYBCTBUTEJIbHBIMU K TAKUM 3a-
NepKKaM.

Taoauna 4. Konmmyecto abonentckux ycrpoiicts TD-LTE, pacnpenenen-
HbIX 110 BO3MOKHOCTSIM HCIOJIb30BAHMSI YACTOTHBIX TUANIA30HOB M HOMEPaM
nmnana3onoB 3GPP (nmo nanneiM GSA)

YacToTHbIif 1uanazoH

3GPP(HOMep 25702620  1880—1920  2300—2400  2496—2690
JAManasoHa) MIu@38) ~ MIu@9)  MIu(40)  MIu(41)
KonuyecTBo ycrpoiictB 123 30 112 31
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Puc. 4. Poct MoOMIbHOTO TpacduKa nepenayn JaHHBIX

Eme onaum npenmyiiectBom texHonaorn TD-LTE gaBnger-
Cs1 BO3MOXHOCTb MPOJO/DKUTEILHOTO CYIIECTBOBAHUSI HA PbIH-
Ke, TaK KaK OHa HaXOIUTCS Ha CTapTe CBOETO XKM3HEHHOTO IMKJIa
— ee KOMMEepYecKoe MPOJIBIKEHKUE TOJbKO HauMHaeTcsi. BBumy
toro uto TexHosoruss TD-LTE pa3pabarteiBacTcs ¢ TIEpCHEKTH-
BOIi aKTMBHOTO UCITOJIb30BaHuUs B Ommkaiiimue 10—20 Jet, orne-
paTopsbl M pa3pabOTIYMKU KOHTEHTA MOTYT TpeiaraTb CEPBUCHI C
JUTUTETbHBIM KU3HEHHBIM LIUKJIOM. Tak, MHOTHME TPAHCTIOPTHBIC
1 DHepreTuyeckre KOMIMaHuM HyxnaatTcs B M2M -nipunoxeHu-
s1x Ha ocHoBe ceteit LTE co cpokom cityx0b1 6osiee 10 serT.

Peanuzanug B aboHeHTcKux ycTpoiictBax TD-LTE nmomne-
pxku yeayr nepenadu peur VOLTE ciayXut Toquykom 1jist ObICT-
pOTO pa3BUTHS 3TOI TEXHOJIOTUH, TTO3BOJISIS TTPEIOCTABISATh a00-
HEHTaM YCJYI'M, KOTOPbIMU OHU aKTUBHO TMOJIb30BAIKNCH B CETSIX
2G/3G. B asrycre 2012 r. komnanuu Samsung 1 LG aHoHCcHpO-
Basu TiepBble cMapTdoHbl Samsung Galaxy S 111 u LG Connect
4G c mopnepxkoii peueBbIx ycayr VOLTE.

ITo mporuosam Cisco [4], k 2017 r. 06beM MOOUIIBHOTO Tpa-
¢uKa Tepesayn JaHHBIX B MUPE YBEIUUYNTCS OoJiee 4yeM B 12 pa3
mo cpaBHeHuto ¢ 2012 r. (puc. 4). Y1 ogHUM M3 CTUMYJIOB ISt
TaKoro pocra Tpacduka CiIyXuT riiodaapHoe pa3putue ceteit TD-
LTE. K2017 r. 10% coenrHeHMit OyAeT OCYIIECTBISITBCS B CETSAX
LTE, koTtopble K TOMY Xe OyayT nepeaaBath 45% Bcero tpaduka
JTAHHBIX MOOWJIbHEIX ceTeii [4].

Passutne cereit TD-LTE B mupe u Poccun. Teppuropust ox-
Bata cetsimu TD-LTE noctosiHHO pacteT. Ha puc. 5 mokasaHbl
CTpaHbl, B KOTOPBIX CETU 3aMyllleHbl B KOMMEPYECKYIO SKCILTY-
aTalMIo WM HAXOASITCS Ha CTaMSIX UCCIIeIOBAHUIA, UCTIBITAHUI
WJIU pa3BepThIBAHUS.

ITo manubiM GSA, 1o cocrossHuio Ha ssHBapb 2013 1. [5] B
KOMMEpYECKyI0 aKcIutyataumio 3amymeHo 13 cereit TD-LTE,
OHU paboTaloT B 12 cTpaHax mupa (Taoi. 5).

Eme 23 cetn B 14 cTpaHax Mupa HaxomsITCS B ITpoIliecce 3a-
nycka. Takue MpoeKThl peajin3yloT CIEAYIOIIMe OnepaTropsl: 3
(ABctpust), Xplornet u SaskTel B Kanane, Orange (Ppanius),
E-Plus (I'epmanus), 21 ViaNet Group (I'onkonr), Aircel, BSNL
u MTNL (Mumms), MaxyTel (Mpak), Nawras (Oman), «Oc-
HoBa Tenekom»,  «BaiiHax Tenekom» (Poccus), Chunghwa,
FarEasTone, Global Mobile u Fitel (TaiiBans), AIS-TOT (Tau-
naunn), Dedicado (Ypyrsait), Xplornet (CILIA), Movilmax (BeHe-
cyana).

ITo manusiM GTI TD-LTE [2], B konue 2012 1. BO BceM
MUpe HacYMThIBAJOCh Oosiee 1,3 MJIH aboHeHTOB M Oojiee 50
Thic. 0a30BbIX cTaHuuit ceteir TD-LTE. B 2013 r. Kk ux yucay
nob6asres eme 200 Tic. 6a30BBIX cTaHUM B KuTae m okoo
100 teic. B Muguu u Snonuu. IIporHosupyercs, uro B 2014 r.
obiee KonmmuecTBO 6a30BbIX ctaHmii TD-LTE mpessicut 500
TBIC. U UX MOKPHITHE 00ECIEUUT YCIyraMU CBS3U TEPPUTOPUIO,
Ha KOTOPOW MpoxXuBaeT 2 MJpA uyenoBeK. Takxke oxumaercs,
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Puc. 5. Teppuropus oxsarta cersimu TD-LTE

qyT0 K 2016 T. 061Iee ynciao aboHeHToB B ceTsix TD-LTE mpe-
BbICUT 175 MUTH.

MaxkcumanbHble TeMnbl BHenpeHus texHosorun TD-LTE
nemoHcTpupyeT Kommanusi China Mobile, koTopass K KOHILy
2013 r. mmanupyeT pa3BepHyTh ceTb TD-LTE B nuama3zone 2,3
I'Tu 6onee uem B 100 ropoaax, moctpous 6osee 200 Thic. 6a30BbIX
CTaHIWiA [2].

OcHOBHBIM JipaiiBepoM pocTa peiHKa ycayr TD-LTE B 6nu-
>KafIMe Tofibl CTAaHET a3MaTCKUil PIHOK MOOWMJIBHOTO Gecrpo-
BOJHOTO JIOCTYMa — 3a CYeT yBeJMYeHUsT aOOHEHTCKOU 0a3bl
TaKMX oIepaTopoB cBsI3M, Kak China Mobile (Kwurait), Softbank
(Anonus), Bharti (Munust), no 2,5 mapn yenosek. [lo mporHo-
3aM, K 2016 r. Toapko y China Mobile aGoHeHTCcKast 6a3a cereit
TD-LTE nocturnaer 110 muH monb3osareneii [6]. TToreHmuan
€BPOTIEICKOrO PhIHKA OLICHWBAETCSl aHAIMTUKAMU HE CTOJb OTl-
TUMUCTMYHO — B OCHOBHOM M3-3a SKOHOMMWUYECKOTO KpU3uca B
peruvoHe.

CKeNnTUIIM3M OTIAETbHBIX POCCUINCKUX aHAIIUTUKOB OTHOCH-
TeJbHO PBIHOYHBIX TtepcreKTuB ceteit TD-LTE u3-3a Hepa3Bu-

Ta6auna 5. Ceru TD-LTE, 3anymenHbie B KOMMEPYECKYIO IKCILTyaTAIHIO

HOMep YaCcTOTHOIo

CrpaHa Omneparop

nuanazona 3GPP
T'OHKOHT China Mobile HK (FDD u TDD) 40
IMonbiua Aero2 (FDD and TDD) 38
CaynoBckast ApaBust Mobily 38
CaynoBckast ApaBust STC 40
Bpaszwnus Sky Brasil Servicos 38
SAnonust Softbank Mobile XGP/TD-LTE 41
ABcTpanust NBN Co 40
Wnnus Bharti Airtel 40
IIBerus 3 Sweden (FDD u TDD) 38
BenukobpuraHus UK Broadband 42,43
Poccus «Meracdon» (MockBa u MO)* 38
Poceust «Pocrenekom» (39 perroHoB 40
Poccun)*
Poceus «OcHoBa Tenekom» (Bcst Poc- 40
cust)*
Poccust MTC (Mocksa u MO) 38
Ipu Jlanka Dialog Axiata 40

* Cetn TD-LTE roToBsTcsl K Hauasly KOMMEPYECKOIi SKCIUTyaTallnu.
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TOCTU 2KOCHCTeMbl aboHeHTCKUX ycTpoiictB TD-LTE u Head-
(hbeKTUBHOCTU pa3BUTUSI CETEN ITON TEXHOJOTUU HA TEPPUTOPUU
Poccuu Henb3st Ha3zBaTh 00ocHOBaHHBIM. B Poccum yactotsl u
auueH3uu Ha co3nanue ceteii TD-LTE nonyyunu nsite onepa-
topoB: MTC u «Mera®on» (MockBa 1 MocKoBcKast 001aCThb,
nuamna3soH 38), «Poctenekom» (39 pernoHos, auanas3oH 40), «Oc-
HoBa Temekom» (Bcsg Poccmst, muamazon 40), «BaitHax Tenekom»
(YeueHckas pecniyosinka, nuamna3oH 40), 1 oHU yxKe MPUCTYIUIN
K CTPOUTEBCTBY M ONIbITHOM aKcIutyaTauuu cereit TD-LTE.

3akmouenne. Dxocuctema TexHosoruu TD-LTE mnepenuia
M3 CTaJAMU HAPOXIAIOUIETOCS PbIHKA B CTAAMIO Pa3BUTHS, YTO
MO3BOJISIET YIOBJIETBOPUTH IIMPOKUIA CIIPOC OMEepaTopoB U abo-
HEHTOB 3THUX CETeil Ha BCe YCIyTu OECIPOBOAHOTO IOCTYMA MPU
MOMOIIIM JIMHEHKN aOOHEHTCKUX YCTPOMCTB B 166 TUTIOB.

bypHoe pa3BuTHE 3KOCUCTEMBI A0OHEHTCKUX YCTpOicTB TD-
LTE nponosXutcst M B TEKYIIEM TOAY, UTO OOECIIEYUT CTPEMMU-
TeJIbHBII pOCT BO BceM MuUpe nokpbiTus cetssmu TD-LTE, B Tom
yucie B Poccuu, a Takke yBeluueHue yucia o0CTy>KMBaeMbIX
aboHeHToB. Haubonee nuHamuyHo cetu TD-LTE Gynyt ctpo-
uThes B nuanasone 2,3 I'T, Tak Kak JOKOMOTUBOM UX Pa3BUTUSI
BBICTYMAeT KPYIMHEHIINI B MUpE OrepaTop MOOWUIILHON CBSI3U
China Mobile.

OCHOBHBIM TPEHIOM B 00JIACTM aOOHEHTCKUX TEPMUHAIIOB
JIJIST MOOMJTBHOTO OECIPOBOMHOIO IOCTYIA CTAaHET UX MYJbTUPE-

SKUMHOCTb U MYJIBTUIMANa30HHOCTh. Peanusaiusi peueBbix yc-
J1yT Ha ocHoBe TexHojioruu VOLTE B aboHeHTCKUX ycTpoiicTBax
TD-LTE craHer omHUM M3 OCHOBHBIX (haKTOPOB IaJbHEMIIIETO
pPa3BUTUST ITOU TEXHOJIOTMU U €€ KOHKYPEHIIMU C MOOUJIbHBIMU
cetsamu 2G/3G.

Oxunaemblie ycriexu TexHosoruu TD-LTE moryt npusectu
K ee OyaylieMy TOMUHUpPOBaHMIO 1o oTHolueHuto K FD-LTE B
MHUpe, TaK KaK a3uaTCKUil phIHOK MOOMJIBHOTO OECIIPOBOIHOTO
JIOCTyIla, OPUEHTUPOBAHHBIM Ha ucnoyib3oBaHue TD-LTE, ot-
JnnyaeTcs 0oJjiee BHICOKMM MOTEHLIMAJIOM POCTa, YeM eBpoIielic-
KW U aMepUKAHCKUI PBIHKUA B COBOKYITHOCTH.
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