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Abstract

Full automation of industrial processes, distance surveillance and movement
of vehicles using autopilot are examples of use cases that can be made in future 5G
systems. They are called as use cases of the mission-critical Machine Type
communication and they require connection with very high reliability and
availability, as well as very low latency between end-to-end E2E. We can show
that it is possible to build a 5G radio interface that can provide all this.

In the future, the Machine-to-Machine - M2M communications are a new
type of services and a large part of the applications that will be provided by 5G
systems. M2M communication from the perspective of communications
technologies can be divided into two main categories: the first is the Massive
Machine-Type Communication MTC, which connects a large number of low-cost
and low-energy devices in the context of the Internet of Things - [oT; And another
is Critical MTC which is inspired to enable real-time control and automation of
dynamic processes in various fields such as automation and production of
industrial processes, distribution of energy resources, smart transport systems and
requires high reliability and availability as well as Low E2E Latency becomes
smaller than milliseconds.

Massive MTC already has standards for both 3GPP and IEEE technologies.
However, the critical MTC is still under development and there are many
challenges that need to be investigated. We took this challenge to studied the
requirements of implementation and offered solutions for critical MTC in
pursuance of all technological components and architecture of the 5G network.

The main research of the thesis is to investigate the methods of reduction of
packet latency of the next generation mobile networks. Key issues related to
reduction of delay are discussed - why it is urgent today and was not until now.
Designed the modeling of the air interfaces of mobile networks to evaluate the
latency of packets.

The main novelty in the dissertation is the hybrid adaptive algorithm in the
wireless network for reduction of latency. Discussed influence on the packet
latency of the Transmission Time Interval - TTI and size of the packet. Reviewed
Hybrid Automatic Repeat Request - HARQ Protocol. Experimental research on
real wireless high-speed WLAN network has been executed. The observation
shows an practical importence of the Transmission Time Interval and size of the
package for reducing of the latency.

The results of the experiment also shows the impact of virtualization on the
packet latency. The possibilities for the use of Software Defined Networks are
discussed, as well as the network architectural solution for decreasing packet
latency for the fifth generation mobile network. The method for measurement of
the packet delay has been developed between end user equipments of the mobile
network - End-to-End Latency.



Cellular communication radio channels are analyzed by multi beam
distribution. Cells of mobile networks are modeled to evaluate latency of data
transmission.

Conclusions are made based on the results and recommendations have been
developed. It is also possible to use knowledge and experience as a result of
research in the university study materials, namely laboratory work.
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1G — First Generation (Mobile Technology)

2G — Second Generation (Mobile Technology)

2,5G - Generation (Mobile Technology)

3G — Third Generation (Mobile Technology)

3GPP - Third Generation Partnership Project

4G — Fourth Generation (Mobile Technology)

5G - Fifth Generation (Mobile Technology)

CSV - Comma Separated Values

E2E- End-to-End

IEEE - Institute of Electrical and Electronics Engineers
IoT- Internet of Things

GRE - Generic Routing Encapsulation

LTE - Long-Term Evolution

NB-LTE — Node B LTE

M2M- Machine-to-Machine

MTC- Machine-Type Communication

VPN - Virtual Private Network

NMT - Nordic Mobile Telephone

AMPS — Advanced Mobile Phone System

TACS — Total Access Communication System

GSM - Global System for Mobile Communications
GSM-1800 — Global System for Mobile Communications 1800 MHz standard
IS-136 — Interim Standard 136

PDC — Personal Digital Cellular

IS-95 — Interim Standard 95

WCDMA — Wideband Code Division Multiple Access
HSPA — High Speed Packet Access

HSDPA - High Speed Downlink Packet Access

CDMA2000 — Code Division Multiple Access 2000
TD-SCDMA - Time Division Synchronous Code Division Multiple Access
EDGE — Enhanced Data rates for GSM Evolution

FDD - Frequency Division Duplex

TDD — Time Division Duplex

EPC - Enhanced Packet Core

URLLC — Ultra-Reliable and Low Latency Communications
KPI - Key Performance Indicator

ITU-T — International Telecommunication Union Telecommunication
Standardization Sector

ETSI — European Telecommunications Standards Institute
OFDM - Orthogonal Frequency-Division Multiplexing
OFDMA - Orthogonal Frequency-Division Multiplexing Access
INR - Interference plus noise ratio
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MIMO — Multiple Input Multiple Output
LOS — Line-Of-Sight

NLOS — Non-Line-Of-Sight

SNR - Signal-to-noise ratio

PDF — Power Delay Profile

ISI - InterSymbol Interference

BLAST — BLocked ASynchronous Transmission
Wi-Fi — wireless fidelity

ICMP — Internet Control Message Protocol
MAC — media access control

SDN — Software Defined Networks
PRACH - Physical Random Access Channel
TTI — Transmission Time Interval

ARQ — Automatic Repeat Request
HARQ - Hybrid Automatic Repeat Request
OSI - Open Systems Interconnection

PHY - physical layer

IP — Internet Protocol

TX — Transmitter

ACK — acknowledgement

NACK - negative-acknowledgement

SGW - Serving Gateway

PDNGW - Packet Data Network Gateway
NFV — Network Function Virtualization
V2P — vehicle-to-person

V2N - vehicle-to-network

V2V —vehicle-to-vehicle

V2I - vehicle-to-infrastructure

CSV — comma-separated values

GMT — Greenwich Mean Time

AM - ante meridiem Time Before noon
MS - Millisecond

DSL — Digital Subscriber Line

S2S - Site-to-Site

GRENA - Georgian Research and Educational Networking Association

IOS — iPhone operating system
®ATTY — ®azoBas aBTOMOACTPOHKA YaCTOTHI
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dmmEobo  3mbs3gdoms 953990l LoBRJoM0OL  goBGOOLS s sym3bgdol
39930609006  ®35LsBOOLom. g Immbmgzbowgdgdo  bsfowmd®mog
©53059ymxz0gdgwo ogm HSPA-UL 9fyzg@do o %960 30093 d0dobsty
93M@Y300m, Boa658 5356 2590305 51939 OLIMLOS 4G F9gdbmemaosHyg o
995 2000-056 {engddo.

4G LTE @9dbmmmyos 0030530039 3539316  9mbszgdgdos
dbsMoFgMHobmzol 993 dsgs s 3G-0LRSD  2oblbgsgzgdom 9O  2s5Bbos
5MHbgd0m 3mIMEH0MG050 bdmgsbo T9EYgmdobgdol dos390s, Losg HSPA ogym
OMAMOE  ©0953gds  (add-on), Goms OO 9OLYOWMWO  FHgdbmermyools
MBOHMB3gmggm 51939 050 bo®mobbol 35393 M0 8mbso3gdgdo. yemomqdols
3953®30 0ym BIOOMBMEMZs60 dmdowmo  Fgofigzol  dmALIbOdGdO
9353600 dmmbmgzbgdom Imbs3gdms 93990l oo LoRds®mgBg, odow
©59™3b6905%9 o oo A59BHMMBIM06MDIBY. L3gdBH®OL dmdbowrmds o
95Jb0oE MO LygONMMds FDD s TDD g05(9Y3930wgd9dL dmMol oym bgs
36003690mgs60  dmmbmgbgdo. 8goddbs slg3zg doMomoso  Jugerol (Core
Network) sbosewo s®Jo@gd@es 3bmdowo Gmameéi Enhanced Packet Core
(EPC), 6®sms 899335cms GSM s WCDMA/HSPA  39dbmemmaogddo
3990my9gbgdmwo s6OJodgddHes. LTE- ob 3o0639wo 396Los ogm 3GPP- ol
139(303035300L 8 4583900l bofoero, bmwm 3oMm3z9wo 3MIgHEoLIE A5Ts
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990995 2009 Herols dmemb, Molisg dm3ygs LTE Jugargdol biMosgo s dbmgmom
oo,

LTE-ol g6hom-gbhmo 8603d3bgemgsbo  s139d@os ghomo  GHgdbmemyools
AbMBOM  500MYdS, A5bLb3939000 [obs MoMmdgdOLYD, MMIgEMmM3z0Ls3
SOBYdMBL  ModE9bodg  3Mb3MGMIBGHO  BH9dbmemgos, bsb. 2. ghomosbo,
b5gM3IPDOIME  5V05MGIMO  3Hdbmmyos  sBJoMGdL  sboEro  LgMzoLgdol
3963005609d5L 5 593060908 boGxgdl GMmAMmOE dmdbIsMgdol slg3g Juger

M396M5GHMOOLM30U.
1S-136/TDMA
PDC 3GPP
Gsm WCDMA HSPA LTE e
TD-SCDMA HSPA/TDD FDD and TD bt
3GPP2
IS-95/CDMA  cdma2000 ( EV-DO
IEEE
@/iMAx
2G 3G 3.5G 4G 5G

Bab. 2. MLogbm Ggdbmemyngdol msgzdmygcms (3mb396Mynbaos)

2009 §eosb 3mIgME0me ©sbgMa35Lmsb ghmow LTE 9608369wm3bso
93Mm@9300mb06MH©s  dMbs3gdms  goo3gdol  LoBJsMOL, 459EHIMY6MHOSBMBOL,
139JBH®oLb  ©@o ool dmgbowrmdol s  godmygbgdol  0s35BMbOL
0350 LoBOOLOm. IMoxbogg woEabBoMgdM 3gdB®ol s3MM396EOIo
29besygd0m 20 333 LobdoMe Bemendo 300 3d0E/Hd dmbszgdms JosEgdol
3039960 LoBJoeggdom, 396MLos 13-do LTE-L g3menvyi300l 99o9deros dmen@o-
23003/00 2053990l 303mMo  LoBJoMol  TboMoFgMs  Losb@gbm
A996mma0900L, 5359 R0 0560 3MMOHPObsE00L, BGMSAIIBEHOMIdIMWwO
@5 9939 9M0(396D0MgdM 139dBHMOL JJU3WMOBHIEOOL  AOMAXMOGLYOOL
bostrxbg. LTE-ob  93m@m3osd 1939  96003690m3gbs  gosxsmommas
35002996980L 35650569980 MBdONOHO  FoOOMDBM™3960 3538060l oy,
0590005,  JooIXMdJLS  AsboMo  FobJobmEo  Bodol  3mdMbozsiool
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dbsM©oFgMs o HoMmoaobs  30MI30M0  FM[YmdoEMds-mfymdogmds
303996035309.

1.3. 5G - 9m30e60 BsM0MBMEM3z560 gmfigzol Boeas -

Jugermo Lsbmysmgds (Networked Society)

LTE @5b696p30L stz 0099 obg 50069 9@93Dgs, sdoGmad 0bmli@®mos
339 ML FMBOWMOO 35380608 IMTs35¢0 MoMdOL BBy, MMIgELs3
B39 q06M03 Igbmog omdsl 56 5G-U Mfirgdgb.

dMdONMHO  BRoOMMDMEM3Zsb0 3538060 5MOL, S 33¢e353 046909,
3600369wmgz560 bofogro dmdszseo BoFMEmo 35380650099 MdOL, TogMsd
905350 MLsEIbm Jugergdo sbgzg 8mo3395 Fodmy9bgdol 3560365980l
860936903650 MBOH™ Bosronm 13gdEBHOU.

dMd0WMOHO  BIONMDMWM3560 35300600 SMHOL S 330353 046900
935350 BoFMMo 3530600l 3603369emgzsbo bofogro, BogMsd Bmdsgzswo
MBogbm  Jugergdo  3600369m3zbs o ©@MbgHg  BmoiEsggd  sbg3y
8300996960b 356056(9980L 59305 MBOM BsMIOM B39JGHOL. sGBYdoMS, 5G
Mbs  Bsomzomml  OMAMO3  3WeBHBMOTS, OHmIgwog  MHOMBIgwymaL
90960905 g3gas  Lobol  IMBLObYYMGOLMSD, MmO  sOLYdME  Sb939
905350 X9 300093 ©360Md FMALIbHUYOHOGIMD, 5323505 MLogbm Jugergdo
3990056  8MB0WNOHO  BIOOMBMEOMZ60  39300M0L  LoBEOIMGIL  gotgod.
3939060 1BOHMb39wymzomo 046905 3M0JGH03Mws® B9gdoldoge S0l
B90o0oLdogeH MM 30LMB b MBlMbsg  a30bs.  BH9Mdobo ,,Fbgerrmo
U35 Dmzgo@m985 “ 0max g6 2590094qbgds 35906 M3s Borgdsmos olgom L3gbseby,
OMEOgLY3 dogmmgdol  JglodErgdr™mdgdO 2590056 dmdo©O
LISOGHRMBYOOL  BoDBEZMGOL oG, o3 o0 WMTS Q93 gbsl  SbgbL
LOBMYSOMGODY.

dsbmOMm0gz0  BsbJobMo-BHo3ol  3mIMbo3s305,  BMIWOol  Jogowoml
Dotmoygbl  LybbmMmeo Jugwgdo LbLemBErol  IgMbgmdsdo, GHGMsgo3olb
dmboGm®0bado s 996Mmdgd0L 303MbsErmEMo dmfYmdomdgdol ITMMGdIVI
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oG350 9MOL  9MSIMOOWIMO  BIOOMBMEM3560 IBIODOL ghHo-gMmo
G030. 9l bsOMYd0 3039w MHoado IMmombmzgbh dmfymdowmdolmzolL
doeosb 9306y g, 9bghosl, dsdob MHmas LoBJoMg s  dmbsggdgool
ImEMEmds 90  IMfymoowmdsbg dm3IMHIogdIeos. 53 IBIMGd0I6
09360 dgbsderms 99339 b F Moo 0dbsl LTE-U gobgzomstgdoom.

5M53MmdOMM0  BoOOMBMEM3560  IbIMIMYdOL  Bbgs  Bogowoml
D060 gbl Bglsodgm 3933060 B0 oym3bgdom (ultra-reliable and
low latency communications - URLLC) 3bmdoos 515939 Gmam®s 36003GH039wo
35649600 BHodolb  3m3Mbozogos. 930l Fodwomos  0bMLG®OMWwOo
533MB53H0B309, BoOE FMMbM3zbs sgm3bgdslls s LTI MMBIBY 506
8353600. 3538060 LoGMBL3MOGHM B3 gdgdl ImEol (Vehicle-to-vehicle
V2V communication) 35000 3505500300 9g30L Mbsg3MmbMmgdolbmzol sGOl 3093
90 F5POC0MO.

009b9g3500 530by, FMOOWIMHO BIONMDMEMZs60 35380600 IMBYdS
36003690356 godmy9bgdol 25056 @S  MLogbm  JugEgdol
©H306MM30L IMEMMBS 50HDMEI0S BHOIRS, 0bg OMYMO3 ImbIsMGdOL
dmemEobo  dmbsgdms  goo3gdol  LoBdoMgbg, bgudobs)Hz™AMASLS s
©59™36905%7. 9U F9RMCMGOIEO FMObM36900 51939 MBS Ws3ToYMBOEIML
5G Mbsgbm Jugends.

399396 b56M05bMdOL  2oBM©s  Joofgzs Lsdo gboo:  goBOOwo
139dGHOMo  9BIJEHMO™Mdom,  890F0EOM3gOMEo  Aobsfowgdom, o
39BOowo  b3gdB®ol Logsbom. LTE-U UL3gd@BHemeo 9x39d@«ucemds 9339
3o0o0s s doMbgszs 0dols MMA  FgbodergdgEros 3093 MIBOM
3990xMOgLgds,  BsgdsMobo  Foobz 9O ML GHGogozol  BOHOL
Q5153054MB0EIGOSQ. 51939 IMLOEMmPbYE0s MM Jugwrol EIbLOBOZS30s
(05293056935 5 35Ty dMbobergmdol LodFoEM™Z0L Qom35¢oL0obgdom)
dmbgds 965  FBMEM® BN bM05BMdOL M3 lsBMHobom, 9GsdgE
dmbs3gdoms 239005(39d0b oS0 Lohdstol bgdolsfizmdmdol
035LYBOOLOM @S FgLedErms  MHOMBZgYML 25T EHIMMBIM0bMOOL

27



3600836903560 VO, MmMbs3 ©sdsEHgdomo 96EHBYdOL dmdogdol botrxby.
139dBHM0L  FMEMEEMBOL  QOBOES  IR39bTMYds,  FoMod  LAGMbsGMC,
39909969990 13gdBHMOL  MOMEIbMdS  FMOOMHO  35300M0OL  FH030O
bmgddo 99BOMEMEos, bs3dom 306095 s 9MOL 3 9330Y. sdoEM™a
465905 535b30gdMo  oym  3MmGHIMo  MBeMm oo LobdoMvyen
B gdbHg, MMamO3 3 — 6 333 ©0535HMmbdo sn3g 6 — 30 233 O35DMET0,
Iolmzobsg LTE 56 960l 20:m35000L(obgdmwmo HmymeE s8s5@ 90000
139dBH®oL 530900l LETMoEgds.  MYI3d,  M90IBIPIE  POZMEIIdOL
3060mdgd00  Fomoew  Lobdommew  Bbmewgddo  b53wgds  BolLomgdos
R9M0MIsLI 3500560 DMbol ILIRIMSE S FMOMBMZL MBOM LEOWWYMBO
Lo96EHI6M  FHgdbMmEMA0gdl, OHMYMOOEsS Bbogol FMOToMmgds, g bmergdo
d9Lsdems  JoMOMHEIE  JALOLYOIOMPL, OMAMOE  T9dogLYdgwo  WYREOM
©505¢00 LobJomOL HMLYIME DmEgdL.

5G mbsgbm 8gmfigzs

[ LTE-b g3meom30 %: :% 3bao Msom dgmfig3zs ]

—_————————

Bab. 3. 5G 8900905 LTE-b g3cmemvy300ls s sbagmo Gawom 8gmfiggoliasb

OamO3 §obs 49bbowgosb BBl Immbmgbgdol osdsBmbo Mlswgbm
5G Jugegdobmgzgol 560l dogosh Gommm, Gog dmombmal Jugwrols domee
ddbomdsls.  5M©s  sdols  M99abss3  Bmi3gdMer  dmdgb@Bdo  d93M0
905350  BsmmMO  F9degdgE0s  4om35¢obiobgdme  0dbgl, bo3z96dm
306MdsL FoMmdMmopbl Jugarol dEaMoMds dmdsgerobmzol (Jugerds mbs
39993l 03 83035309008  IMBM353905L  MMIgwlsg  gbas 396
3360MmabMmB0MOm). 53 306MHMBMIYD Bmyogemo Jglsdwrms »bBOHMBlgEyml
LTE-b 93m993050, 85658 565 439w, Mo dmombmgls sboew ®som-39mfigzol
&996memaosl LTE-b 93memEools d9beglgds Omyme s bob. 3-Bgs bsbggbgdo.
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1.4. 5G Jugeol Dmyoghmo ms30L9dwMHgds

5G  $9dbmemaosd  goM©s  GOEOMIMbIdOL  god@sM¥bsM0sbmdOL
39BOOLy  Mbs  MBOWB3ggml  AMAgb@ow Mo BoB30Mm30L o
3903MmGH3060m30L8  LoBJoMggdo.  533™0bMLEG®mool  FoMImIswyqbargdo
©5063HgMgLgdMbo 90056 JugEEMsb 393806930 MZOMNTIMMNISPO
53¢ ™IMO0wgdol  (oMdmgdom, s3o0GHMI ghm-9Mmo godmfjzgzos Imbszgdms
39005(3990L58 oYM369d0L F9d30M900L d94560BIGOOL BYMAZs. doMOMOEO
50m3obs  0gbgds  sbg3g  gaw.  9bgMaool  AmbdoGgdol  F9d30Mgds, 6o
3600369035600 Logbgdols 0bEgMbg@olbomgol.

3o0LO3MPOGIMWo  Mo30LgdMEMGOS  SMOL Mg M3g ROV
80w0dgBHOe ©5 LIBEGH0IYBHOME O0335DMbEYDY. 0dolomzgol GMI yzqws
59m3sbols s §oygbgdmeo  BmmbMzbol  A5oFMOL oMzl mogo 5G
dmdomo  Jugero  Mbs  25085¢ml Ms30LbBsE  Fopswro  LobdoMob
©0535DMbyddo.

5G UGobIOEHOL 30093 9MH0 39bLO 3O GOMMBSS
3w E0GHIJOMMA0MOMBS, M53  3MwoLlbIMdL  yzgws  9MLYdIMWwO
A996memaoqdol - GSM, UMTS, LTE, Wi-Fi dbs6s3gesl. sdom doowfggzs
3505@bsMoLbosbo IMABsbmGgds o Juguol gob@z0Mmm30l Tglodergdemds
39OGZ060MM  m3d53090bg. D2D  BHodol  393d060L  d9d39mdoo 30
ddbdomgdol dmfiymdowrmdgdo wdmswm d9degdgb dmbozgdgdol ao3gersl
96O Iobgmb Mol 5G Jugarol dszerol o69dg.

5G Jugegdol sOJodgdGHes 993mdbgds MdMm3zsbo #H9dbmermyogdols
3900ggbgdsl  @d  935MOGHMOMWOo  MLOLYdIOL  I3IBEGHMIWODBIFOSL.
0m3s535¢m0  omdol  Jugargddo  sbggg  960d3bgemzsbo  Hmwo  5J3L
36MHMyM53M@o@ 29bLBW3OM Jugergdl (Software Defined Network — SDN),

OMIgoE 99599 9OLYdIME Jugergdmb FgEsMJd0m 5T EH039OL S MBOM
3939 06530l bols ¢gdbmema0gdol sGm3sL.
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0530 2. 353930 3gm36900L LY 8MB35¢0 MISMBOL
mMeGMoL5039M 3mFMb03530980Lm30L

2.1. 93sbryMgdols sbsewo Lsbggdo MHmIggdoa Mbs
0553054mB0emls 33535¢00 05MmdOL dmdoEM™Ts Jigergdds

AbgogLo ym3zgwo fobs Msmdobs 5G-b 305dEH03580 sBIM30L LoBdsty
@S M3905@™Mgdol  doge dobo  BmbgBoboMgdol  Fglodergdemds  0dbgds
30653000 364305 9BdEO @O b0 MMO  8sdmYygbgdol 350569 980bs
(9boE 0L F900300035HgoL. 57996 godmBobatrg 5G Mm3ges@mMmgdobmazols
153396dM 3000b3900 JOMHOMIOE GOV T9GIIQO:

1. 5 9gmdeosm  9539mmb  dmdbdomgdwgdl  Jugerdo  M™Igwos
53054mBogdl Imds35w0 omdol Jugergdol (5G) Fmmbmzbgdl s
I3 56 5OHOL JgLodegdgEo 99339 SOBYON JugEgddo?

2. 9L 3m@H9bEom©o dmdbobmgdgdo M8Ybs 0d69d0sb Imdygd0sbo?

5G-Logol  49035¢obobgdmEos sboero LgMzoLgdo @S  gsdmygbgdols
3900369960  ©5  LogoMvmmE  obobo 04690056  Egdbmemgools
350mdM5390gdo [19].

Jugol 356599BHEMO0L F0ToMmm 5MLYdMBL Lsdo doMOMsEO Fmmbmgba:
393960900l Bmeo (Throughput), ©sgm3bgds/bLoodgommds (Latency/Reliability)
©S OO Mr3MEYbMB0” B3O 9bxMAMIMBTsMgdOL Jmfymdogrmdgdo (N of
low cast devices). Dma09OM0 3sdmy96960b 35650569980 m3EH00DsE0OLIZ0L
99L5dMms IMoMbM3wHI6 ®58gbodg 356599BHEL, 35d0b Gmiss bbggdolmgol
L53856M0bo 096905 9539dEHMOMBOL TBMEM® MO 153356dM Fobz96909geo (key
performance indicator - KPI). 9m8535¢00 momdol Jugergdol  9gMm-9mmo
doM0mOEo  259mf)3935 06905  Sbgmo M35 RgOHM3s60  godmygbgdols
35003699000 3656053965 Imdboro s Lyodgm yboo.
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Bob. 4-Bg owMLEHOOMYdMEos dMbsgmbgwo 5G  ImALLbmMgd9d0L
3653500 x39MM36905. 3m@GHIb30M0 5G gsdmygb9bol 2560569980 ©s B
SbME0M9dMo JugErol ImmbMm3zbgdo s0)gMowos J3gdmo.

395356 700L Bmeo

. 230250030 {5880

3D q009™ - 4K 936560

0498585 ©5 58580
. I-Qéggbg@'('io
. 053539000 MM
3330960 Jowsdo
33896980 _. 06LEHM0s 5 1993(H).
—533MBoB0bo30s
bdol 3053995 3003030
OOmD. d
LgbLmGOYo BOPOD R6IT
Jugero 0300005003500
53()™IMmd0E0
GRTRIlY F ©59m36905;
069M3MIBIIOYOM00L L5039EMMd;
OO M30©9bmdoc bgdoLsfizmdmds

9m{ymdomdgdo

Bob. 4. 3cdlsbmEgdYdOL 3M35eRgMM369ds, 359myggbgdols 35M0sbEGIOO s dmmbmgbgdo

5OBYOMBL Ao M0 3MBAI63E0MM0 35dMY96980L 35(056(9980bs - b
SMHOL OODMDS, 51939 MBOM 3M5d3H03wo bEgbsMYdO, HMYMMOESS HotrBmgds
56 890003065, @5 ©OMBEXMZb0  LYM30Lgo0  BJIG RO YOGIS©
AH9JbmmyosHy s 5. 6. 8oy M39E30s Fgodwgds g egl HMdMEHOL
9096 HMIgELsE ITMMGIMS BoMMO3L JoMMMAO S g Tgbodems dmbgl
AbmRwomlb bbgs Ibos®0@sb. 58 GHo30lL sbshmgdo dmombmgab Gmyme;
9o05¢ LoBJoMmgls S1939 OB YM369dL, MoE 500l LTE-L 9L5degdemmdgdl
dods [11].
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2.1.1.  333™bm30oMHo 56035 (53GHM30eME0)/535300609dmmo
5330mdoEgd0

53¢ ™MIMO0gdoL  gotg  LOTYSOHMLMOL  Jogemgdol  dglodergdermdsl
903945350  5OLGIMo  Logbom  0bGFOILEHOMIEGHMOL 230G  MROM
9BIIODO @5 PLIBODbM Fodygbdsdeg. ) yHgdBY sOLYdYO Y3gws
533™8Md0wo J0gH ™m0 046905 IMAMOMIOL (2I9A0WGOOL) GMHMO0b
LoLEGHYISLMEb 35d0b olobo F9dwgdgb 03MABIMOME o300 gdoc MBOM BJsMd
5 9OHM5690096 MAIOHM sbenm olEs6305Bg MdgMGO d9dmbzgz0ol MHobzol
390909 - LEWMELE 53EHMIIGHOBOMYIOMEO 53EMIMDOEGOOM 5©5T0s60L TogH
39300™30lL 533900l FgLsdEgdEMds 3093 WIROM I3060Gds. J0Mb)I35
0dols MM sbgoo LolEggdo 56 dMoMbM3zgb Fomscr LoBJsMgl, dmbsigdms
39053990L5L bbb Bosbermgdmeo  36M3dsbgds-3oLbols ™  0dbgds
3°590y39BH0  Bomo  MLOBOObM  MIgMHOMmYGOOLMZOL,  58y39MO©  SBYMO
©65MM900 63330 s© 000bM3z96 ©sgMm3bgdsls 1 e()0-0y. ots 5ol
533MIMdOwo LOWMWIE “MddRmeEm” Mbs 0gmlb golivsgegeo 3bol by
9b53390Bg 5 FgLodsFoBOE FMoMbM3L ABOL LEWMEISsE ORIMZL Juigwrom
100% UL50390mMdoL Jobow(g39 - 0doLsmM30L OHMI 0gmb gobbm®mE0gwgdsO
59m396s.

2.1.2. %56gs33o

X 96360009 Md0L BgBMOL 2o5Bbos 09360 0ligMO IBIMMO OMIgdIs3
390dgds  0LsMRYOMb  dmdoHo  3mIMbozsogdom.  3MmIMbozszool
LobBHYIgOL  Fgmdwosm  MHOMBIgWYmb  BgwgdgoiEobs,  M™Agwog
OoLEB30M9 SHMO309gdl 3006036 K bIOMYEMIOL H335L. ol byl
MPgmdl  3obdorol  EdMIMgdGOoL  SEIMBH3MLL s b¥IgEoEOb™
ddLob®00L bgedobs(izEmdmdol 2ovdxmdglgdsl, Mg bdod d9dmbggzsdo
5O 5oL dqLlodergdgwro  JmMgMe  Legegddo. ol sbg3g  39dM0Yygbgds
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Logmabeol  20sMBabol,  30M0Bd03mmo  BOHb3zolbs s Logobygdm
Lo@s30gdoLsL.

MBogbm  Lgbbmeme  Jugwgdby  ©IxRMdbgdmEo  dmdOoEO
3009603530906  Fgmdosm  BOMB39wgmb  obgmo  356589EHMgd0L
dmboBmMm0bao HMYMM0Ess gmeol 3930l Lobdotmg s Lolbarol §bggs.

2.1.3. 3693900 mds

MBs©gbm @S FMdOW OO 3039603530900 bgds L MBOM S MROM
d9Bo 96003690 m3560  0bEMLEGHMmOMWo  IBIMMGdOLmZ0L.  Lygbgdol
dm@og0 9306005 5 3909900l d9E3es  ©93mbR0AMOHO0MIds0 ML gbm
5MHbgdom MHOL 53O0 JGLodErgd™ds 39300 0bEMLEMOOLMZOL. Mwd3s
53 30Bbol FoLoMg3950 BsFoMMs 3509em 35300601  Fdomds  ALS3LO
©59™36900m, B50TIOMMIO® S 25539908 LoBJsMOm MMM 3509osbo.
93069 ©59m3690s s doe0sb 306 TY30MAGOOL SEBIMMBS SMOL sbowo
dmmbm369d0, HMIGELog Mbs 0m35¢olHobgdwgl 5G.

399mygbgdols  Ubgs  356056@ 9005 - @mxobBHolzs ©@d  LsGzoOHmm
3905H0q3900, 3odBHow Mo 0b@HgMbgd o, Logbgdol 0bEgmbg@o s bbgs.

OMaMOE HBgdmm sOHOL S0HgOowo 35dmy9b980L 3565056998 BBl geHo-
9OmMo  yz9wsbg 96003690 mgzgsbo  AmALobu@gdsms  Lobggdol  xawR0s
3564bsndmGolo  3mdmbozszos (MTC - Machine Type Communications),
OHMdgoE me30l IbMH0Z 0gmxs olmdMOg dsbJsbsmdmMol 3316035305 o
360030379 3569565000l 3mIMbo353000. OLgMESE30580 gobbowamos
L9 9853500 FMdOEEOO 3530060l Jugol gOHM-gOHmo 356M53xEGHMO -
353930L ©o9Ym39bdy, Gdgwos 960093690 ™3560 3603030
956496500 dmMobo  358Mmbo3s30olbm30L. 39MdMm, IYm3bgds MHMyme3 Jugw by
0°49b9dmo  dmmbmgbs @y dobo dgocmg 9603369eMdOL 530D MDS
396bo0s 93EM30WME0m FoMMZ50 53¢MIMOOEGOOL Bodswomnby.
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22, 360030399e0 8564565008mMolo 338060l 30535610 LsbmBo
3505393900

360030390 85645bsmndmMolo 3930060  ©95e0BdME  Mbos 0dbgls
090920  Lsdo 356509 BHMoL  dobgzom:  ©gm3b690s,  LsoTIEOMMBY,
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VIII-PC_01 - 192.168.1.121
" Research-PC - 192.168.1.102
TL-WR840N - 192.168.1.136
VIII-PC_Teacher - 192.168.1.126
Linksys21482 - 192.168.1.1
Test_PC-192.168.1.143

bel Er)
Pel Q
) <)
o) ¥e)
se) o)
= =
Sp) H
& &
= fo)
= <
2 S

35gb. oym369ds
30b. sgm3bgds

12 35030 1542 3500

¥ Test_PC-192.168.1.143 ¥ Linksys21482 - 192.168.1.1
® VIII-PC_Teacher - 192.168.1.126 ® TL-WR840N - 192.168.1.136
¥ Research-PC - 192.168.1.102 * VIII-PC_01 - 192.168.1.121

Bob. 22. 5sdwgsemm s B0b0Bs¢ErMo ©YM369d0L 9gstgds

300GHMO@YOHO  SObJOOm  3mFNEHIE00L  Modymxzomo dbsMgs Bogwrgdo
OIEMEXMds.  ©9Ym3bgdol  domgdewo  dobodserydo  360d3bgermdol
3965606169008 d0Bbom 96 bgds Jugerdo Bmbs399990L ©OE30L Mo
999ob0Bagdol  asdmygbads,  sbg3g  Loabsrgdo  A9s0(39d0sb  AbMEME
Omdgwodg gohomo  s®Rgmwo  JsMIGEGHom, gb ®Mo  dbsGy  Fgodegds
Bo303500Mmm 303M0EYE-53GMO0 5¢EyMmMH0mMAoL bo3m3569d5.
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0530 6. 3436900l 25BMaz0L 3900MmEO drrErMEIB-deagrmBY
(End-to-End) 3c3b356(98¢093L deGols

4m3z9wo  5Hogro  dmaLobymqdolbmzgol  Jugels §ogygbgds dmmbmgbgdo
Igdlog ol Mbs  5305Y4mBoEGIIL. 3003030 BsbgsbsmBmMolio
3039960353008 (MTC) Bsgooms@ 3393580 dmyg3s60¢05 93GHM30ME0 ©
JB9msb F09OHMGdMo dMIMSZ0  93GMIMD0WGd0, MMIWOLMZ0LSE JOo-
OO0 599309090 356539 BHM05 3539G0L ©oYm369ds 1 ogofjodsdqy.

030Lsm30L MM JgbodegdgEo 2obgll ImALobmMgdgdol 89bgxdgbEo o
bs®obbol  30b6GOMe00, JMALobMHgdgd0m LoMygdmds ©s oo bmdy,
MMEOWYdIos  Fgbodergdgwo  ogmlb  3539G0L  ©oym3bgdol  aoBmags.
O MEob-dmmI®y 3539308 ©oYm3b6900lL  Lolool  Fgloxgsligdws
0999985305 goBMI30L 8900MEO S BoEIMS Fglodsdolo 9dudgmodgb@o.

©59™36900L 49BMI3d dMWMEB-dMWMmI©Y - E2E 56H0b ©sdbdotg ogs
OMIgo3 25900996905 d0M0050 0JoL F993gd0L dmbomEmobyolbmgzob.

6.1. 9Ju3g®0d9xbEHOl B0BBO s 533965

5G  Jugeol  306MH™dgddo 53¢MIMB0GdoLM30L  FM0sDBMYdS
3009960353008 9653500 JgLodEgdE™mdy, Godgbodg dsgsomo bshgzgbgdos
Bob. 23-%g.

3393590 BoBo®gdmwo  9dudgmodgb@ol  doBbgdo  Bsdmyswrods

9999b50650:

1. 3539308  ©oym3zbgdol  goblsbrg®mol olgmo dgmmeol  F9dmdsgzqds
Omdgwos  Mb03ghloc®o  0g6gds  43gems  MomdoL  dMdOEOO
JuErolmzols;

2. 800900 89093900L  490m3s  LodoOmzgermdo 9339  SOLYdM
dmd0® Jugargddy - 2G, 3G, 4G;
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53@™3mdocro-33900m0 .. 53@m3mdocro-Jugero

P

& < - =G0
Vehicle-to-Pedestrian 2 \J Vehicle-to-Network
(V2P) e (V2N)

333 33ILILE e 333 Bogo AM3%30330 5 33
30e03%) ImIMNZ0 439000 ©¥3mM700,m

53™3mBoro-53@MmIMmdocro 53@&™BmBO0-0bBGHILEHEMIHMGS

Vehicle-to-Vehicle Vehicle-to-Infrastructure
(Va2v) (V21)
.
®
.

dsy: LLxy®mbob 3983390
333:v b L 60336%
533)@3mdogmols 50dmBYB> 3 ?60?0“;‘36‘23 e H]

Bsb. 23. 53GHMIMdools 3396035300l Fsg5¢omgdo 5G Jugerdo

s1939  FgLOdgdgEo  AobYds  0bBM®Ts300L  HIMTo3900L  0d
3900m900L 9839dEHMOMBIDBY 9330603705, OMIYd0E IBIMROW0s 535 vy
00 3Mmd0EM 39dbmermyosdo.

99b3960896G0L  sFMEsbss  3H9dbozmmo  9gBHIWwgdols s  ODsobol
090999853905, 653 0my3399L  @oLEBMYWO  FoBbol JogzoL  LodMOEgBSL.
©OIoLOIMZ0L 99339 SOLYOIMOL  oYM3bgdoL  AsBMIZ0lL obgmo  LgmzoLgdo
OMAMM0E0 450k 3mIMwsyo 390 93003530900, BTG
99939mdomo3 I9bodgdg0s X0GHIMOLS S LoBJsMOL 4oBMAZs Toy.: 9O~
9600 Sbgmos https://sheamotsme.ge. 59 530035300 3553030 06EHIOTBgOLO

39Bm3dz0L 3OmEgldo b5B39bgdos Bob. 24-PBg. Lbgs ALYS3LO 9303530900
(www.speedtest.net), 459mggbgd00 do©gdwo d99ag00L odoblmzMgds s

5b65¢0Bo  Jglodegdgeros .csv (Comma Seperated Values) gsoerols Lsboo,
608m80o Bsbg9b900s 3b6M.6-do [3, 17].

Po@dmopqboe  603xdgddo  BsBgabgdo  dggagdo  sbsbsgl  Jugerols
356599900l gobmIzol 8999l dbmerme ImdbIsMd0Ed HMIgerody
LgH396M0dY, 3og. 0bEHJMbyE IMALobMgdsmMs JodfmEgderol bgMz9MdY.
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https://sheamotsme.ge/
http://www.speedtest.net/

3b®oo 6. speedtest.net-sb BsdmEH306H0v)0 sbmIZz0L 993900

IP ADDRESS TEST TIME | DOWNLOAD | UPLOAD | LATENCY | SERVER
DATE ZONE | MEGABITS | MEGABITS MS NAME

5/29/2019 -

93.177.162.23 403 AM GMT 29.11 28.47 1 Thilisi

00658  Bgzgbo  0bBHgMglos  ©oym3zbgdols  goBMma3zs  LodmEmm
dmdbomgdols Imymdowmdgdl Mol - dm@wmEsb-dmewmdpyg (E2E).

LHmOgo gl gobs B39bm30L gOm-9Mmo 250m()3935 @S Fms™bgdol
Pgotrn  Moms  8mp39830d6Mgd0bs s 8939436y 35393H0L  oym3bgdol

29BLsBEZMOL M50Tg Bo.
8080636IMdL BIFME8IBS 2
100%
89033330
® songaea o banasea -
29,72 mbps 3479 mbps

Bob. 24. www.speedtest.net-ob 30530370 06¢H5g0L0 gsHBMIzol 3GmEgldo

50 80Bbom 4508505 3MBLMEES30900 LodoMmzgurmdo 36odEHo3Mwo
39930930l IJmbg  Fomoo  335¢00x035300L  0b50bMGOMb, GOl
dmgdgo 139(3050LEGHJOMD Qo 60390LoGHYGHOL 360zl
AsLogzgdEgdmsb.
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306330 0ILOOL 3J©IB3IB0

odobmgol, @mid Gpbpom Gg30xebmm, Moedpgbop Hggbobdodgde mgsnbo obhg@bghob bokjety @o batmobbo od
d0390L, @mdgmog Bgdgbomo godgm. epgemydymos go@ebiomgm 3989 33901 Lo googtdymnn
habao.

AoamMO3DEHM3NL 20306M30b Q333630
bORII®I bORII®I 33330300 306360 ©9M36209
29.69 mbps 34.80 mbps 0% 0.6 ms 9 ms

Bob. 25. oym3z69d0Ls s BbZs 356599EHMYOOL 35BMIZz0L F9gagd0

6.2. 9du3gM0dgbEoLm3z0L sMBYMEo 35380MOL liggds

906 LoYMMJOL FmMOL gdm dmmbMm3zbol 35393900l B30
MBOHNB39LogMBI© 2obboemo oym Lbgsslbgs dgommgdo. Lsdmemme
90390000 00 ©s336sdg MHMA sbgmo  9Ju3gMTgbBHOL  Bolo@eMgOMs,
130656LmMo 439wy Q35¢B30vIX 30560, 396bmO309egd0l
035 LSBOOLOM 439moBg JoMEGH030 S JmbgObgdmwo aBs s6obL 9. §. VPN
(Virtual Private Network) &gdbmemaools 99mygbgds. 99w9gas 993w9ds3qs
JB9Eol oBs0bo, Mol dobgzomsi VPN 3e00963900l 9008s690mmab
©51539300M90oE  49dMYgbgdmeEos dMdOWE  Jugero. Jugerol oBsobo
BoB39690005 bob. 26-B.

VPN (Virtual Private Network - 306@&vey®o 39OGdm  Jugero)
&99bmEmaools 39939mdom  04dbgds IToRHIO  30MEHINMHO  sObgdO,
OMdgwog  Bodmogdsl  g35deg3l  Bbgoolibgs  ©odm®mgdme  Jugargd by
(Lbgoolb3s  B9dbmemao0m  539do  dMdOMO  ®v)  BogLOMGOIEO
Juegd0sb) Bogmmgdmewo 33560980 (Hosts) @9353530060Hm0  90»dsbgols
MBoMmMbME, MOmamOE 39gHdm  (m3zsem® - LAN) dJugerdo  BsGormero
dmdbdomgdols Imymdowmdgdo.
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J |
Omdormo

? Soborg bsaryho 2 Q

3 J bypgato 1 3

H Wi-Fi 3533060 Wi-Fi gsgBotho ﬂ

Bob. 26. VPN 30009600 900056900056 3538060l Bidgds, dmdowrm®o Jugaol
3°9mygbgdoom

VPN dJugerol 99bogdbgers  499mygbgdmeros Cisco-l doge dgJdbogro
3Om@m3mmo - GRE  (Generic Routing Encapsulation - bsg®Hom
356IOYEH0D300L 96353LvEs300), OMIGELsE dgmderos bbgsalibgs Godol
Juom@o 3OMEHM3MEOoL  353930L 063583LMEs30s TP 9306583d0. gl Jabol
3oMmIOMBHODIGHMMIO0L IO Mo g GHowgdol  geHmTsbgmmb
306 ® 3996000905L IP Jlgergdl dmeob.

30603 OH0  Jugargdol  0bGgaMoEoolsmM30L  s3owgdgwos VPN
2oLolgegeol (Gateway) dgddbs. VPN  goboligemgeol g3mbdgos 8godemgds
99oLOMWML  53GH0MJOM0  MLOBOHDBMYOOL  dMfymdowmdsd  (Adaptive
Security ~Appliance - ASA) ®50903mds 96 FoOIOYEHODIGHMEMDs.
533300900 MLIRODBMGdOL  IMYmdOwMds 930l 3OMAGMSTM
MBOWB39YMRsdo 59005690l Go0gM3MEol, T9EH93900L96 o330l o
VPN 300935@™6M0b 539969 30900.

9939603963 0Lm30L FglsdwgdgE0s MmMo GHodol VPN Jugwol 4s8mygbgds:
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*  3356dm53mMolo;
*  ©IMO70ME0o (3omdol.

B3gbl  Tgdmbggzsdo  godmygbgdyaros  dgmMg  GHodo - ITMMHGIMWO
P30™3dols VPN Jugwo.

53900 3mdols 3oMEmewmmo Jugero dbseOl 1 FgOL doBbglio-
dmdbdocmgdgol, gotg  Jugewgdol @s MmdoWMEmO  353806MH0L  JuEgdol
dmdboMgdgdol GHGMoxoll, 35d0b MHmEs 3396dmsdmMolol ©sbodbmegdss
dogwo  Jugargdol ©s393806M9ds. MM Mwo H3Emdol 30MEHMOW GO
O30 Jugeo 85dob 0ddbgds, MM@gLss SBgmo 89960900l 30bR0YMMSE0s
56 56MH0L BEOGH03MMO® ©Y)Dbgdo, Foa®sd Lobs3wm© a35dwg3l dobo
BoO™M35 @5 godm®mM30L  GgLodegdEMdsll s 0bxM®Is300L  EObITOMESE
(330 gdoL Lodw)ogdsLs. ©53mMH90)0 $30mdols VPN
PO gmgBoos 30gbH/LgO390 o 5OJoAIIHNO0®,  Lawsgy
309630 (©sdmM9do GHgMHdobswro) 0wgdl §3mdsl 3033s600L Jugarmsb
L9396 dMfymdomdOL d9339Md0m.

©33mMgdmo  igoomdols VPN  a5dmoygqbgds  dmdbdo®mgderols
dmfymdommdgdol  MLosgdmbm  §amdom  ©LY35380M9dMWIE, O®MmIgeody
656053006 JugEMsb  gerMdoGo  JugErol  as3om.  Lsdmr MM
A9M30b5¢9d0lL 063 gMHbgEb Foghmgds GmamMi Hobo Fgodwgds ogmls:
dmdomemo (UMTS, LTE) s6 gogbodgdmeo (GPON, DSL) dJugerosh,
Logbosbo 96  MLogbm. VPN  3w096@0lbs  ©@s  bgezgdol 3536060l
399563039090 bdgds Bobggbgdos bab. 27-%by.

dmd0wm0o Jugerol ImIBTsMgdGOOL LodMEMmm 3HgMTobsegdolbm3zol
OmamO3  Pobo  y39wsby FodommE 393039 gde  Android s IOS
M39M530ME LolGgdgdL 06&93M06M 900 543, 36MyM53ME0
MBOWB39YMRs, OHMIoms3 JgLedwrgdgeos om0 OHMYMOG  JwogbEob
90960905 VPN Jugemomsb. 96 9gbodangds 8so sblisFoMogom b3gaosey®o
3096¢)  93ww035300L  ©oYgbgds; MmEs  dmdbIsMdgo VPN Jugewomsb
dogmmgdmEo  GH9Mdobosrom  g3gds  IMbs39d900L  goo3gddl,  SLgmo
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(L39gEosEmo VPN 3w09b30) 93¢0035300 5808363l s dmobggbls sd
G®553030L  96353LEs305L. 9999y Imbo3gdgdo 0bEgdbg@ol d9dzgmdoom
3900503935 90dmqdol  Jugerol FbsGl  30MEHWIMOHO  IEGIwo  Jugeob
3oLOLZE 9ol 39b.

©5dm®g0meo f3mdols
VPN
0b@GH9Mbg@o

[ [ T |
(T T 11
I
VPN 3c00gbo sbgbl VPN 80fgmdomds
399600 900L 06oEgoMm9dls

Bob. 27. s8megdwymo fizmdol VPN Jugmo

6.3. 35JBHMMYO0 OHMIGOOG 393e9bsL Sb9bgb 5330603500l
990309

99b396m0dgbGHoL  dmwm  9BHI3YBY  AoOLZEsdY  IgLFogzwrowos
R9dBHMEO00, OMmIWgdoz sbgbgb 96/ Tglsdwms Imobobmb  gogwgbs
©59m3b6900L  LBoEOgHY. gb  LoFoMms oBMIZoL  LodmEwMmm 8999080
303093900l golomzswolfjobgdws.

dmdomo  Jugerol  Jgdmbggzsdo  4o3egbs  F90dwgds  Imabobmls
65996009 BogBHMOIs:

1. 3960m396M0 0o0oo LoRJsMOD o9 YOEGOOL OML - Booeo
ORS00  A999YHOGIOLIL  39bomzgmol  Lobdomg  0BM©YdY,
d9L505dobodE Fgloderms 5RO Jmbgl dg3™IgdoL MoMm©Ibmdol
35¢9gdsL;



2. Jugerol sGH30MHM3d - MEOEILO  IGHZ0MM30L  LosmTo  0BOYdS
dmmbmgbs  Jugwol  OHgbeLgdDg, o3 d0Lobgds  Lbgosolibgs
3565993909 s 3500 JmMHob oym3b9gdsHYE3;

3. bdonmo (bgenrdgdegdo) - Jugerdo dobo sOLGdMds IMS35¢0 Jobgbom
390dgds  oymlb  godmfi3gMeo,  Gog  sLggg  9BIbL  2o3wgbsl
©59™3b6905bY;

4. Jugerol ol dmbs3zzgmo MMIglsg ool 353930  9Jdu3gM0dgbEol
36MH™(3900900L dgLOIgdol MMl VPN ¢9gdbmemaools 459mygbgdols
3000 Bob. 28.

a. 9Ju39m0dxbEBHOL  Bo@9MgIOL OBy Mwo  sOJoBgdGHesdo
399mygbgdmewo VPN  Jugewol  8mddgogool  3Gobisodo
31olbdMdL  dmbs399900L Fogems30L  Fomo  bgaerymazzoboysb
©5330L 30Bbom, M3 0§393L dMbs39dms Lo FoMDdY;

b. Gmamez  Bgdmo  ogm  sebodbywo VPN 3arogb@gdo
39bLoBEzOMos  BH9dbozmeo  MbogzgdlodgBHol  LyMzgHdy,
dobogols 30  06@9MbgEH  ImALobmGgdsms  Jofimagdsls
MBEOHNb39ymRl Logo®mgguomls Lo 36096M-
LogobsbsmEgdm  3m330MEHgMmEo  JugEgdols SbMEosEos -
»30M965“ (GRENA — Georgian Research and Educational Networking
Association). gl 0dsb 6503bsgl ™I VPN 3000963 gdl dmMob
53 Ho3600 35393900 PoMs IMBOWMHO Jugaols 4503056
0d Jugeols 0bg3M5LGHOMIBH el Gmdgedos 560l
3obLsBE3GMEo VPN Lggolo. [21]

c. MBhgmo  Jugerol  EoBsobom  godmfzgmo  3ogsz gdmo
39dBHMEO0s - MO0  bsbEHMIol (Hop) ©ods@Hqos  dmdogrwm
9mfymdommdsls @d VPN 30009631 dm6Molb, 6og 393egbsl
5b9bL oym369d0L 2obloBE3MOL LBl BY;

390929006 BfmMo  5b5¢noBolmzgols  gobboerremo s dgLfageroos

439ws H90mm 50bodbmEo BodBHMOMO (390 3-3ow3g. dU9g3g [obolfet sMob
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©HNMBEHOME0 0079 ©59E9Ybo Joofsdom Mbs s3MMYIEHOMEIL LsdmE MM
3902980
99b396089bGHOLMZ0L  godmygbgdo 390  MHglOLYdo  Jm39dM0s

e
) =

Qbs6o 6-Jo.

/-4

VPN Lghgq6m0o

Bob. 28. Jgemol bsfoengdo, GmdmgdLsE 3s03m0sb 35393900 dmdogvymo Jugeol
060>

6.4. 9Jb39®m0dgbEOL 92935 s B0MYdIMEO FgGRJOO

090092900L 3935 RgM™M3bgd0Ls @S MBOM  Joeo  LOoHBYLEOL
8mbs399900L Jobomgds @o0RIRds 9JudgM0dabEOL Bodo®mgdols  Msdwgbody
b396960, (gbOMWwEs FBMEME 9OHDO - FoJLOoMHYGOIMWO,  SYEFOWIOIEXO
M9LMOLYOOL SOHMLYOIMIOL godm).
533063900l B5EIM9O0L 356055GHI00 ©sogm Lsdo doMomswo Bodbol
dobggzom:
1. 8md0w&mo &gmdobsol 50 dgdsMHIMBOL S Q99RO GIOL
LoBRds®ol dobgz0m;
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2. 3md0MmO  Mm3gMoBHMOmOL  JugEmsb  Bogmomgdol  dobgz0m
(3MobbdmMdL  9H»0s03539 IMBOEMMO  MIJMOGHMEOOL  JUgEmIb
3d096mgds  9b/@s  Lbgoolbgs dmdomHo  Mm3gMo@GMMoL  Jugemsb
d0gm9ds);

3. 3dmdowmo Jugerob @Hgdbmermyool dobgzom.
dMdOEMMMIOL  RodBHmOHby 33063900l  dobbom  (39bmzgmol

393w gbs) gs@ssgoergdols dobyoz000 gd3g6Hodgb@Eo wsogm bsd bsfowsc:

1. m6039 0mdowMo Imfigmdowmdol 3odloMgdme  damdsmgmdsdo
(35055030 gdob 35098Y);

2. 9600 Mmd0WYOHO  AMYMB0MOOL  PoOSY0WGds, brrenm  dgmdg
1304L0MGO IEAMI>MGMOST0;

3. m6H039 3md0MH0 FMfYMdOLMBOL 49I5Y0EJOOLI.

1303900l 3505M™M30L 293w 9gbol slsgbs 9du3gM0dgbEo o0YYADS
OMLmOgzol  93GHMOOMIDY,  A9o9YHOGIoL  Bbgsolbgs  Lobdsmol
399mygbgdoom.

deaBograyo  m39msdmmol  Jlgerorsb  doghogdol  Bobgyoz000
©533003900Lm30L  A53MmYgbgdeos  ,dogm03mdol“ s  ,xgmbgeol* Lod
0565m900. LG O 53 G900b3935d03 I0gM LD 35606 E)>:

1. x9mbgerol bmd®osb - xgmbgarol bmdg®by;

2. x990 sb - dog03mIbBY;

3. 05200030305b - Bog»03mdbY.
bbgoolb3s Mm39MoGMMOL Juergdol 4s8mygbgdols JoBsbos 353306090

0¥) 65 2539bsl sbgbl 353930l ©9YM369d5Hg LoBMIBL3MOEGHM Jugegdo
(Transport Networks), doMomoo dJugegdo (Core Networks) o dsomdo
0905350 3396d900:  LobOBOZIO™ 39600033 ggd0  (Border  Gateways),
»B909M3mgd0“  (Firewalls) o 0b9g39 bob@GHmIgool (Hops) ©om@gbmds
3oOIOMEBH0DBIGHMMGOL TmMOU.

996396096330 Lbgoolbgs 39dbmemyools (GSM,
UMTS/WCDMA/HSDPA, LTE/VoLTE) 0dmdowwe Jugugdmsb 8ogmhomgdol
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30Bsb0os 3539301 ©YyM3b69d0L  F9930Mgd0L  BH9bgbiool  dglfegems o
Loaboegdols 3353905 - A5s390L 08 FgNMEYOOL  9RIJEGHIOMdSBY
©533063905, OMIWgdog godmygbgdmwos sds ) 08  Ggdbmermyosdo.
bbgoslibgs  G9dbmemaoqools Jugermsb dogMmgdols dobgozoom dozowgom
99b3960896¢) 0L 99YE0 3560056 9dO:

—_

2G-2G;
2. 2G-3G;
3. 2G-4G;
4. 3G -3G;
5. 3G -4G;
6. 4G -4G.

MOM O Boeobolls s Foowo  LEGHIGHOLEH0ZWMO  LsbMMdOL
390929006 do©gdols Jobbom LolyMHz9w0s 9gldgModgbE oL yzgus 356056E0L
9mbs399990L  5©0gds 13039 doMOMsEO L3gbsoOlm3oL. Bog: BoJLOMYdIIEP
0pM36M9m05do0 VPN 300096390L dm®olb gdm 35393)900L @ogbogbs dmbogl
06039 9MmB0MMMHO  Mm39MHGMOOL  Yzgmws 00mdol  Jugwrol  godmygbgdoom.
320900L 35M056(3)9d0L X 58MO MoMEYbMdsS:

E =N, XNyyp X Np. =3 X3X6=054
Loos E 9du39g600963) 900l xs86m0 Mom@gbmdss, N =3 - 9@gds6mH9mdol
356005639005, Nynp =3 - 30m00OH0 m3gMHo@GMmMgool 3500563900, bogom
N7 = 6 30000 39dbmemyogdol 366056 900.

©bsMm 6-d0 dewm3 LJgdob Loboo MOl JmEgdmero JmIbIsMdOL
3mfymd0™dgdl ImMoL - dMEwMmEsb-dmwmdEg (E2E) symazbgdol goBmadzol
4395 dgLsderm 350096@&0. 99395 BoB3969d0 yz9as ol 398 MLMOLO GMIgero;
0965 259mygbgdyco 9Ju396H0dgbEHol dgltrargdols MmU.

50bgMo  dgomeom  (VPN-ol  a50mygbgdom) 3539¢)0L  gows39dol
©@OMOL  4obLEBOZMOLIMZOL 930w gdgo  oym VPN  bg®39Mols o
3w0963H900L 894dbs, Mog 90dmPbEs yz9wsHy Mo TgbolMyergdgwo
A9960319600  s9mEsbs, 8o ©39bdsMs  BH9dbozmeo  Mbogg®dlodgd oL
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0bxzmMAsBHozobs s  FoMmzol  LolEgdgdol  gozmw@gdo. bsb.  29-%g
dm3999wos 03 VPN 30096@0b dmbs3gdgdo, HmIgeoa godmyggbgd o ogm
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Connection properties

Connection name GTU-RVPM

Server name or address  rvpnZ.giu.ge

Type of sign-in info User name and password
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©60390L0GHYGHOL 3MMm350009M0L (GRENA) dobsdsoo - 217.147.237.NN s
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bodbsGrmo 833,0003080
bodbsGrmo X9ObIXO

390530990 Lobdgds Jsgergdols AbstsFgMs

Windows 10 Wi-Fi—2,4 233

Windows 7 Wi-Fi—2,4 233
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VIII-PC_01 192.168.1.121 100 0 0% 9 5 41
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TL-WR840N 192.168.1.136 100 0 0% 5 2 37
Test_PC 192.168.1.143 100 0 0% 0 0 2
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VIII-PC_01 192.168.1.121 100 0 0% 15 8 33
VIII-PC_Teacher | 192.168.1.126 100 0 0% 12 3 34
TL-WR840N 192.168.1.136 100 0 0% 4 27
Test_PC 192.168.1.143 100 0 0% 0 2
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Linksys21482 192.168.1.1 100 0 0% 65 38 155
VIII-PC_03 192.168.1.101 100 0 0% 62 34 144
VIII-PC_07 192.168.1.103 100 0 0% 38 21 107

android-Sony 192.168.1.106 99 1 1.00% 93 38 213
VIII-PC_01 192.168.1.121 100 0 0% 64 41 159

VIII-PC_Teacher | 192.168.1.126 100 0 0% 64 36 142
VIII-PC_05 192.168.1.131 100 0 0% 72 42 650
VIII-PC_08 192.168.1.135 100 0 0% 41 22 110
TL-WR840N 192.168.1.136 100 0 0% 44 21 108

Test_PC 192.168.1.138 100 0 0% 0 0 3
VIII-PC_06 192.168.1.149 100 0 0% 51 23 112
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VIII-PC_01 192.168.1.121 88 12 12.00% 52 37 92
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VIII-PC_05 192.168.1.131 89 11 11.00% 55 40 93
VIII-PC_08 192.168.1.135 92 8 8.00% 33 13 67
TL-WR840N 192.168.1.136 91 9 10.00% 37 21 80
Test_PC 192.168.1.138 100 0 0% 0 0 2
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VIII-PC_07 192.168.1.103 93 7 7.00% 25 2 105
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VIII-PC_08 192.168.1.117 93 7 7.00% 27 5 103
VIII-PC_01 192.168.1.121 90 10 10.00% 36 9 108
VIII-PC_Teacher | 192.168.1.126 96 4 4.00% 8 2 103
VIII-PC_05 192.168.1.131 91 9 9.00% 34 8 103
TL-WR840N 192.168.1.136 92 8 8.00% 28 4 103
Test_PC 192.168.1.138 100 0 0% 0 0 2
VIII-PC_06 192.168.1.149 92 8 8.00% 30 5 102
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300
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200
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36500 4. 93960039630 959mygbgd e 3BMYMYEo

BOHMB39wymzol 0bEghagolo
X PinglnfoView — O x
File Edit Wiew Options Help
| D N
Host Mame IP Address  Reply IP Address  Succeed Cou... Failed Count Consecutive F..  Max
1081311 RCEXEIRINECERETR M E S U R
@ VII-PC_Teacher 10.8.131.52 10.8.131.52 3 0
& BO2AA0SWADD 10.8.131.53 10.8131.53 3 0
@ 10.8.131.54 10.8.131.54 0 3 3 3
@ VIIl-PCE10-2 10.8.131.55 10.8.131.55 3 0
< >
Sent On Reply IP Address Ping Time Ping TTL Ping Status
@ 30-May-1912:33... 10.8.131.1 0 255 Succeeded
@ 30-May-1912:34... 10.8.131.1 1 255 Succeeded
& 30-May-1912:34... 10.8.131.1 1 255 Succeeded
Properties >
Host Name: |B08A409WADDT |
IP Address: (10.8.131.53 |
Reply IP Address: [10.8.131.53 |
Succeed Count: |5 |
Failed Count: 0 |
Consecutive Failed Count: | |
Max Consecutive Failed Count: | |
Max Consecutive Failed Time: | |
2% Failed: 0% |
Last Ping Status: |Succeeded |
Last Ping Time: |l] |
Last Ping TTL: 128 |
Average Ping Time: |1 |
Description: | |
Last Succeed On: [30-May-19 12:35:34 PM |
Last Failed On: | |
Minimum Ping Time: |l] |
Maximum Ping Time: |1 |
Order: |3 |
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