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mobiluri kavSiris LTE teqnologia IT -sferoSi

jemal beriZe, ia cqvitiniZe

saqarTvelos teqnikuti universiteti

reziume

ganixileba telekomunikaciuri qselebis ganviTarebis ZiriTadi koncefciebi da mobiluri

kavSiris uaxlesi tqnologiis LTE-s (Long Term Evolution- axali Taobis mobiluri kavSiris

sistema) danergvis amocanebi da problemebi.  cifruli mobiluri kavSiris me-2 (2G) da me-3 (3G)
Taobebma SeiZleba iTqvas, rom amowura Tavisi SesaZleblobebi gadacemis siswrafis mxriv- 2G –
2mbit/wm, 3G- 20 mbit/wm. gadacemis siswrafis Semdgomi zrdis uzrunvelsayofad amJamad

ganviTarebis procesSia mobiluri Wimax. (Worldwide Interporability for Microwave Access)
globaluri informaciuli infrastruqturebis IT sferoSi bolo aTaswleulSi Seqmnilia

Wimax (Worldwide Interporability for Microwave Access) da LTE teqnologiebi. amasTanave ukve

cnobilia, rom LTE teqnologia Tavisi momavali SesaZleblobebiT, ganviTarebis, gadacemis

siswrafis mixedviT mniSvnelovnad aRemateba Wimax-s, amitom uaxloes aTwleulebSi mobiluri

telekomunikaciis ganviTarebis aqcenti gadatanili iqneba LTE teqnologiebze. ukve cnobilia LTE
teqnologiis standartis bolo versia_Advanced. am teqnologiis realizaciisaTvis  gamoiyeneba

sixSiruli zoli 20 mghc, xolo kodirebis Tanamedrove meTodebisa da MIMO (Multiple Input
Multiple Output) teqnologiebis gamoyeneba saSualebas iZleva gadacemis pirdapir arxSi miRweuli

iqnas speqtraluri efeqturoba 5 biti/wm/hc, rac sabolood gadacemis siswrafes zrdis 100

mbit/wm-mde. moyvanilia LTE sistemis konkretuli sqemebi da mosazrebebi gadacemis siswrafis

Semdgomi gazrdis mimarTulebiT.

sakvanZo sityvebi: LTE(Long Term Evolution). mobiluri kavSiri. sistema. MIMO (Multiple Input
Multiple Output). Wimax (Worldwide Interporability for Microwave Access). sabazo qseli (Core Network).

1. Sesavali

telekomunikaciuri qselebis ganviTarebis axali epoqis dasawyisad miCneulia me-20 saukunis

70-iani wlebi, rodesac daiwyo kompiuteruli teqnikis swrafi danergva da saWiro gaxda am

teqnikuri saSualebebis gaerTianeba – qselebis Seqmna. es procesi grZeldeba dRemde Tanac

zvaviseburad. yovelive aman gamoiwvia is, rom Tu 50 wlis win telekomunikaciuri qselebis

trafikis 100% Seadgenda bgeriTi (satelefono) trafiki, amJamad arsebuli statistikis Tanaxmad

[1] satelefono trafiki Seadgens mxolod 20%. telekomunikaciuri qselebi TandaTan gadaiqca

multiservisul qselebad. trafikis danarCeni 80% modis videoinformaciisa da monacemebis

trafikze, romlebic momxmareblisaTvis warmoadgenen an qmnian momsaxurebis axal saxeebs. es

procesi kidev ufro Rrmavdeba, rac, Tavis mxriv, iwvevs sainformacio nakadebis ganuxrel zrdas

da am nakadebis saboloo momxmareblamde (saabonento terminalamde) miyvanis aucileblobas.

sainformacio teqnologiebis (IT) industriaSi telekomunikaciurma qselebma daikava

umniSvnelovanesi adgili da asruleben informaciis mitanis funqcias wyarodan mimRebamde saWiro

siswrafiT, garantirebulad da usafrTxod. nebismieri telekomunikaciuri qseli SeiZleba

warmodgenili iqnas ori ZiriTadi qselis erTobliobiT – sabazo qseliT (CN-Core Network) da

miRwevis qseliT (AN-Access Network). multiservisuli telekomunikaciuri qselebis ganviTareba

cvlis rogorc sabazo, aseve miRwevis qselebis agebisa da ganviTarebis ideologias. ase,

magaliTad, arxebis komutacia qselebSi, romelzec ZiriTadad satelefono Setyobinebebis mimocvla

iyo orientirebuli, icvleba paketuri komutaciiT, razec orientirebulia monacemebis gadacema.

momsaxurebis momxmareblis survili da uflebaa momsaxureba miiRos dedamiwis nebismier wertilSi

(zRvaze, xmeleTze da haerSi), stacionalurad da nebismieri siswrafiT moZraobisas. am yvelaferma

ganapiroba IT teqnologiebSi iseTi momsaxurebis Camoyalibeba, rogoricaa momxmareblisaTvis

monacemebis gadacema mobiluri terminalebisaTvis garkveuli siswrafiT da monacemis am nakadiT

momsaxurebis sxvadasxva saxeebis miwodeba.

mobiluri teqnologiebis evolucia maTi Seqmnidan dRemde SeiZleba gamosaxuli iqnas 1-el

naxazze moyvanili sqemiT [2]. rogorc sqemaze moyvanili teqnologiebis, aseve Semdgomi kvlevebi

4G mimarTulebis teqnologiebisaTvis mimdinareobs 3GPP (3rd Generacion Partnezship Project) proeqtis
farglebSi [3]. am proeqtis ZiriTadi idea mdgomareobs mobiluri teqnologiebis evoluciur

ganviTarebaSi, axali qselebis ise agebaSi, rom uzrunvelyifili iqnas  teqnologiebis,

infraqtruqturebis da a. S. maqsimaluri gamoyeneba. 3GPP proeqtis Camoyalibebidan (1998w.)

dRemde Seqmnilia mobiluri teqnologiebis ganviTarebis 8 varianti. (Release). amJamad mimdinareobs
variantebis – Release 9 da Release 10–is damuSaveba.
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nax.1  evolucia UMTS – ken

yvela teqnologia iTvaliswinebs mobiluri qselebis monacemebis siswrafis TandaTanobiT

gazrdas 2mgbit/wm-mde 3G qselebisaTvis da ufro zeviT Semdgomi generaciis qselebisaTvis.

2. ZiriTadi nawili

2004 wels daiwyo mobiluri kavSiris axali Release-8 standartis Seqmna, romelmac

safuZveli Cauyara axal teqnologias – LTE (long Term Evolution). ZiriTadi principi, romelic

ganasxvavebs am teqnologias arsebulebisagan imaSi mdgomareobs, rom miRwevis qselSi

radiointerfeisad gamoiyeneba ara W-CDMA, aramed ufro progresuli teqnologia OFDMA
(Orthogonal Frequency Division Multiple Access).

LTE-m Semdgomi ganviTareba hpova Release-9 da Release-10–Si. am ukanasknels, romelic dResac

damuSavebis stadiaSia, ewodeba LTE-Advanced. teqnologiebis ganviTarebis bolo variantebi (2008

wlis Semdeg) da maTi SesaZleblobebi moyvanilia me-2 naxazze.

nax.2. LTE-s ganviTarebis variantebi (Release)

teqnologia LTE-Advanced aris revoluciuri naxtomi mobiluri kavSiris qseluri

teqnologiebis ganviTarebis gzaze. igi warmoadgens 4G standarts da uzrunvelyofs:
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 gadacemis maqsimalur siswrafes mimarTulebiT `qveviT~ (Dowlink) -1 gbit/wm-mde;

 gadacemis maqsimaluri siswrafe mimarTulebiT `zeviT~ (Uplink)-0,5 gbit/wm-mde;

 gatarebis zols `qveviT~-100 mghc, `zeviT~-60 mghc;

 sixSiruli speqtris gamoyenebis maqsimalur efeqturobas – gadacemis xvedriTi siswrafe

`qveviT~ 30 bit/wm/hc, `zeviT~ 15 biti/wm/hc;

 LTE-is sruli Tavsebadoba da urTierTqmedeba  3GPP-s arsebul standartebTan

(GERAN/UMTS – GSM-EDGE Radio Access Network/Universal Mobile Telecommucation Sistem, EDGE –
Enhanced Data GSM Environment).

am amocanebis gadasaWrelad gaTvaliswinebulia:

 ufro farTo sixSiruli zolis radioarxis gamoyeneba (100mghc-mde); sixSiruli zolebis

asimetruli dayofa `zeviT~ da `qveviT~;

 kodirebis ufro srulyofili meTodebis gamoyeneba;

 OFDMA da SC-FDMA (Single Carrier-Frequency Division Multiple Access) hibriduli

teqnologiis gamoyeneba mimarTulebaze `zeviT~;

 MIMO saanteno sistemebis gamoyeneba.

LTE-teqnologis danergvis gzaze umniSvnelovanesi problemaa saWiro sixSiruli speqtris

gamoyofa-gamoyeneba. me-3 naxazze naCvenebia 1700-2200 mghc sixSiruli diapazonis gamoyeneba

LTE/UMTS qselebSi.

nax.3. sixSiruli zoli diapazonSi 1700-2200 mghc. LTE - teqnologiisaTvis

ITU –s mier LTE– qselebisTvis damatebiT gamoiyofa sixSiruli diapazoni (23002400)mghc,
(34003600)mghc. gadacemis siswrafis gazrda (1001000) mbit/wm-mde SesaZlebelia moxdes

etapobrivad konkretuli qselisaTvis 1,4; 3; 5; 10; 15; 20; 100 mghc sixSiruli zolis gamoyofiT.

LTE- teqnologiis Taviseburebas qselebis agebis sxva variantebTan SedarebiT (Release 8-mde)
warmoadgens paketuri komutaciis gamoyeneba. amasTanave LTE qseli Tavsebadi unda iyos arsebul

qselebTan. me-4 naxazze naCvenebia LTE – qselis gamartivebuli sqema, romelic Sedgeba ori

umniSvnelovanesi komponentisagan: miRwevis qselisagan E-UTRAN (Edvanced-UTRAN) da sabazo

qselisagan – SAE (SYSTEM Architecture Evolution – sabazo paketuri qselis arqiteqtura, romelic

Seicavs axali Taobis paketuri sistemis sabazo qsels da marTvis sistemas).

am sqemis mixedviT sabazo sadgurebi eNB (Evolved Node-B) asruleben radioresursebis

marTvis funqciebs, e.i. iTavseben UMTS qselis kontrolerebis funqciebs. qseluri elementi

MME (Mobility Menegement Entity – SAE –qselis mobilurobis marTvis moduli) anawilebs

gamoZaxebebs sabazo sadgurebisaken, marTavs terminalebis identificirebis procesebs,

uzrunvelyofs qselis usafrTxoebas, marTavs roumings da a. S.
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nax.4. radiomiRwevis (E-UTRAN) da sabazo qselis (SAE) urTierTqmedeba

monacemTa gadacemis marTvis qseluri elementi UPE (Uzer Plane Entity) axorcielebs IP
paketebis TavsarTebis SekumSvas, monacemTa paketebis terminacias da daSifrvas, monacemTa paketebis

komutacias momxmareblis mobilurobis (gadaadgilebis) dros. 4G standartis qselebis moTxovnebs

garda LTE teqnologiisa nawilobriv akmayofilebs agreTve WiMAX, kerZod am teqnologiis

varianti WiMAX 802.16m. am teqnologiebis nawilobrivi msgavseba da konkurentuloba

ganapirobebs orive teqnologiis swraf ganviTarebas. magram maT Soris arsebobs mniSvnelovani

gansxvaveba, rac ganapirobebs LTE teqnologis upirates ganviTarebas. kerZod, LTE qselebi aigeba

arsebuli GSM da UMTS qselebis bazaze, ukve Camoyalibebuli struqturiT da milionobiT

momxmarebliT, rac rogorc teqnikuri, ise ekonomikuri TvalsazrisiT xelsayrelia.

3. daskvna

WiMAX teqnologia moiTxovs axali qselebis Seqmnas, ZiriTadad maRali siswrafis

internet-momsaxurebis uzrunvelyofisaTvis. amitom igi warmoadgens karg instruments DSL
momsaxurebis gafarToebisaTvis fiqsirebul qselebSi.

arsebobs mosazreba, rom WiMAX da LTE teqnologiebi garkveuli wlebis ganmavlobaSi

iarsebeben erTdroulad, SeiZleba iTqvas Seavseben erTmaneTs, magram LTE, TandaTanobiT

srulyofili teqnikuri bazis Camoyalibebis kvaldakval, Caanacvlebs WiMAX teqnologias. amis

safuZvels iZleva sxvadasxva analitikuri kompaniebis mier mobiluri bazris kvlevis Sedegebi [4].

kerZod, 2010 wels msoflioSi eqspluataciaSi gaSvebuli iqna 14 LTE qseli, 2011 wels gaiSveba

31 LTE qseli da moemsaxureba 23 milion abonents, 2013 wels navaraudebia 32 milioni

momxmarebeli, 2014 wels 87 milioni LTE-momxmarebelia mosalodneli. 2020 wels 4 miliardi

prognozirebuli momxmareblidan 80% iqneba LTE qselebis abonenti, xolo 20% WiMAX qselebis.

LTE teqnologiis Semdgomi daxvewisaTvis amJamad mimdinareobs intensiuri samuSaoebi am

qselebSi bgeriTi servisebis-satelefono signalebis gadacema/ adaptaciisaTvis. am mizniT

msoflios wamyvani telekomunikaciuri kompaniebis (Alcatel-Lucent, Ericsson, Huawei, Cinete Wireless,
LG Electronics, T-Mobile, ZTE) mier Seiqmna forumi VoLGA (Voice over LTE via Generie Access). am

forumis kvlevis sagania 2G da 3G qselebis SesaZleblobebis maqsimaluri gamoyeneba LTE qselebSi

bgeriTi signalebis efeqturi mimocvlisaTvis. amasTanave, WiMAX da LTE teqnologiebis

TanaarsebobisaTvis mobiluri qselebis aparaturis mwarmoebeli kompaniebis mier iqmneba saabonento

terminalebi momuSave erTdroulad  2G/3G/LTE da WiMAX teqnologiebiT. iqmneba orive

teqnologiiT momuSave hibriduli mikrosqemebi. yovelive es uzrunvelyofs LTE teqnologiis

miRwevebis gafarToebas maTi funqcionaluri SesaZleblobebis, axali momsaxurebebis danergvis,

ganviTarebis SesaZleblobebis da eqspluataciuri SesaZleblobebis mimarTulebiT.
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LTE TECHNOLOGY OF MOBILE CONNECTION IN IT SPHERE
Beridze Jemal, Tskvitinidze Ia
Georgian Technical University

Summary

Annotation: In the report there will be discussed the basic conceptions of development of telecommunication
networks and tasks and problems of introduction of  LTE (Long Term Evolution – mobile connection system of new
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generation) newest technology of mobile connection. It may be said that 2nd (2G) and 3rd (3G) generations of digital mobile
connection expired their possibilities from the side of transmission speed s- 2G in 2mbit/sc, 3G – 20mbit/sc. In order to
provide the further increase in transmission speed Wimax (Worldwide Interoperability for Microwave Access) is being in the
process of development. In IT sphere of global informational infrastructures there is created Wimax (Worldwide
Interoperability for Microwave Access) and LTE technologies. Besides, it is known that LTE technology with its future
possibilities according to its transmission speed exceeds Wimax, that’s why within the future thousand years the accent of
development of mobile telecommunication will be passed on LTE technologies. The last version – Advanced of LTE
standard technology is already known. For realization of this technology there is used frequency strip 20 mgh, and the usage
of modern codify methods and MIMO (Multiple Input Multiple Output) technologies gives opportunity to reach spectral
effectiveness 5 bite/sc/h in transmission direct channel that finally increases speed to 100 mbit/sc. Concrete schemes and
considerations of LTE system are presented in the report to the direction of further increase of transmission speed.

LTE ТЕХНОЛОГИЯ МОБИЛЬНОЙ СВЯЗИ В СФЕРЕ IT
Беридзе Дж., Цквитинидзе И.

Грузинский технический университет
Резюме

В работе рассмотрены основные концепции развития телекоммуникационных сетей и задачи и
проблемы внедрения новейшей технологии мобильной связи LTE (Long Term Evolution - система
мобильной связи нового поколения). Можно сказать, что второе (2G) и третье (3G) поколения цифровой
мобильной связи, исчерпали свои возможности с смысле скорости передачи - 2G - 2 мбит/сек, 3G - 20
мбит/сек. Для обеспечения дальнейшего роста скорости передачи в настоящее время в процессе
разработки находится мобильный Wimax (Worldwide Interoperability  for Microwave Access). В сфере IT
глобальных информационных инфраструктур в последнее тысячелетие созданы Wimax (Worldwide
Interoperability for Microwave Access) и LTE технологии. При этом уже известно, что LTE технология
своими будущими возможностями, развитием, скоростью передачи значительно превосходит Wimax,
поэтому в течение ближайших десятилетий акцент развития мобильной телекоммуникации будет
перенесён на LTE технологии. Уже известна последняя версия стандарта LTE технологии - Advanced.
Для реализации этой технологии используется частотная полоса 20 мгГц, а использование современных
методов кодировки и MIMO (Multiple  Input Multiple Output) технологий даёт возможность достижения в
прямом канале передачи спектральной эффективности 5 бит/сек/Гц, что в конечном итоге увеличивает
скорость передачи до 100 мбит/сек. В докладе приведены конкретные схемы LTE системы и
соображения в направлении дальнейшего увеличения скорости передачи.


