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Abstract: The applications of the fifth generation in 5G communications depend on the Internet Of Things (I0T), meaning
that every person and everything will be connected to the Internet, so any tool or device in the house or in the street or any
work place will be connected to the internet, and this leads us to the term Smart cities, i.e. data is formed everywhere by any
person or any machine and is analyzed in a short time to obtain useful information in a timely manner such as monitoring
the health status of patients and the elderly, and monitoring devices and tools at home and determining whether there is a
malfunction or a lack of a substance, As well as analyzing the traffic situation in the streets and assisting and warning drivers
Non-visual risks, which pave the way towards a self-driving cars. Here, machine-to-machine (M2M) mobile
communications play a pivotal role in enabling effective and safe transfer of this information from machine to machine
without human intervention at full speed and with minimal delay. This poses more challenges for the future network that
must accommodate mobile data and the huge number of devices and sensors deployed everywhere in order to be a large-
scale network with high capacity and efficiency (16, RODRIGUEZ

In this article, several scenarios have been tested to evaluate the performance of M2M technology within 4Generation LTE /
LTE-A networks by adding an external simulated network load. The results showed that the amount of data sent by the
MMS sensors is fully received by the remote host, so we get 100% productivity. As for other applications, the productivity is
around 99% and the average delay is relatively small as long as the network operates within the available transfer rates. In

addition, the process of exchanging packages takes place almost completely (a small amount of losses).

Keywords: Performance Evaluation, Machine-to-Machine communication M2M, simulation, LTE/LTE-A, Throughput,

Delay.

Laail | LTE/LTE-A sl il SilGds (s M2M JLas¥ | elas ol pueds
adll A adl oo

Jold obue M
Ao yuly
sl e

L[| onl Enalr | 5Ly S0l5 2SI Aotil 208

DOI: https://doi.org/10.26389/AJSRP.L200420  (34) Available at: https://www.ajsrp.com


https://doi.org/10.26389/AJSRP.L200420
https://www.ajsrp.com/

£2020 saios — A 238 — gl ) slanal) - o gl Ui 8 5365 g gl o slal) Alna - la ) ik g o slall gy ) Alnal

s Sy s Kol L_;T Internet Of Things (I0T) ¢L&¥! Gl e 5G ¥ Lasyl G el el laedas dezad padelll
dl Bosay b liag o) Ay Shate 058w das 0lSe T ol gyladl @ of cadl 35k of BlaT sl cca AL Shata 5Suw
de Jsanll puad fag Llilss @iy AT 61 o pasd @ b o0 08 IS @ obldl LSS o ¢l (A8 pull gllaas
O Ol sy JALL @ las¥ly B3¥! Adlieg corudl HLSH (vdold miall Wl 281068 bl cgll (3 Basie Slaglas
s e Al s Jbolell (e @ayadoeiy cndslad) Buelung glsddl 59,0 Al Julos iy cla Bale 3 Lais of L Mlac lia
& Lys=e D595 Machine To Machine (M2M) &l ) AT (o lasall ¥las¥l cals Ly Salall 4613 oolld! gos Gaylall
Tasse (o Lo g . sl U8l Aepur adly olad¥l U5 s Oaus 63T 2T ) AT (e closlall sid (pa¥lly Jlaall Jaddl (Sas
Byl Slasluatly 83¢2¥1 oo Jlell sually Wlgadl aslodl bily caesiad of oz @I Lbdzad)l 2Sadl e b=l (e
MOROPRIGUEEN 2 e 5elaS 8asy Blasll Anely 3t 0355 1S IS 3

Bls| @b oo LTEATEA pll desedl SlSed ass M2M Jlas¥ 2485 elol eudtd clags)buw Sus jlas @3 el sda 3
JolS Ui Ldldna! piy MMS JI cilaolus B oo Aoyl liled! 28 o land) cploly adlsll (Sl aSal) oyls Jo
Lo igias %99 sedeey 095G ALYl Lo 6,51 clagdatl 2uddly Ll %100 els| e Juami ddes Remote host 3 (L& oy
1aS) Ja ded S o35 piedl Jols Tulae o WS Aol Jaull c¥aae g Jead 28adl of Wb Lawd pie w3l aslal)
(s slels

(Gl sl e ) LTE/LTE-A Sl M2M AT ) AT e alaiall e Uas¥l el ol s s bl | LT

-

CPNT-

by ades o O3lenll Budmdd 0y ae holstdl ) LS ALyl B3a¥ly Aalai¥l o liss
S5 Fasl 355 ABgige Jlasl At mes 0o Ay plall Koy ¥ Ll 2olll allas e Lolazlly LSuly
aSeidl quad 4la¥ly Intelligent Electronics Device (IED) &Sl awg ASIYl 83¥1 calise oo sles¥l
wisy Jaig ddes 9o ASA Al (e Budly (Asbliy Sl clSiad) Bldtue Caws Smart Grid 483
¥l 2p0La18¥ly doluiudly Wlaall A8ULT Aadasl M5 e e Maall ) by ST

S aSadl @ S LS on Jhas¥l e desall Jlai¥l c¥sSsigp (e dpdall lia
Gasazl sl (@ e¥lardl cleas 4855 LY Manufacturing message Specification (MMS) 5lLasl @3 139
TSP OS5I TCP /1P clasl Casyad il e IS (0 29,4 3liaiy

Bl slse pe Sl el @l Jadl 3d Ly apds A1 aassrll 2Ses RSN ASLal) asass
posdll Aes § (Sexally JYI Jaadl otue panyl LS lhgio Tuga clles @l Lblyan dejoll souzll
dalhall 3 Laadly awsdl 3 et aSs sl Blas ASAN Al 3 eLp S alasial 8:laS cl;
@ldg yushatld AlE 68T O oy @Sxally Al casllsg @ens (G Y Laid A=l 4l ol (A sl
olSadly Ethernet Jio MMS duds Jee pead dalises Jlasl olSid plasiwl oSy .ordle oy LiBgiga

[14, PARIKH.P] ..

Wireless Local Area Network a5 alaseiwl @ La Ul 2yl & JUL s (Jad 2SI
easy Jeudl 4l o cbledl Jas Juany dassill GG Sy (0 Aaliss Ll cads> @lls (WLAN)
LS SISa 8 aay e @ Sl Adoe (3 Aoeradl c¥ LAl dasd wlia p2 g8 I3 =9 .deployment
Lolsy dlaull Lol wlKeadl of el AlasM sda M5 (o WiFi radio J 8agusell adaiall Cay el
de Sadl sda Byude e oliwd Suad Liwhud Jied 5Ll 0sSiw (LTE/LTE-A) mbdl Jexll aScs
18l aalSy Wlle duBsigy adsie All Dleuby saur Hain 35l e S sds udiy oladul
LTE/LTE- sl Jusedl S see MMS 255 ¢lsl 2y 5 Eondl 1a e guastyll Bl ol o Judl 7

&IV daadl @lSad ads MM Juai¥) alai o13] a

(x4 Jan Leiall [ TE/LTE-A (35 Gl dles (Juald



22020 sasises - I 21 - gl ) Ml - i sl Lo 8 53655 eatigh o gl s = a ) il g o tall gy el Alnal

18, SMB]

bl Ja5 Aadasl Jelss daalys b oo el | ol A @ am e Sl ¥ lasl qeud A
& day e oSmtll Aee § Rosderadl c¥Las¥l elas Sley z3ges elin Liad M2M ¥ las¥l 2050 Zeelll
TR Sl tumy @ NS3 sl gtie Slall alasialy 4,801 284l
ool WS e

sda Jolg Aasbg M2M I L gladat &5sSU waall oy cbiled) Jlay) e ezl alulyudl Cdid
oo AST I Las¥) luas alaseind s 3e8s ae 1da Zleadl sLlly STy DM2M 305 juolic oy bl
5 @lon @) adelantl LY 3 abldl Jolsy wlalll Jeexty Aggually Lgpaall laghadl Jie Gudas
(LTE/LTE-A) aoall Al awbadl Jazedl il dulyud dagtll @3 Lia (e 25331 lagdaall 10T Bag e
Lgatally Agguall cdlal bl clipdas alastawl) ool et Jid oo A oda pluasial e mlll
aSadly @Sl 3,0 Ades @ Asasmiad) ASI B2¥) wlily Jas 8og> e (Sbled) Jpoms J) 28U
AS4

Sl dua

oo MM 1 3 Becscall MMS J1 285 Jes Tase o z3sed Ainba &ulys 3 Lusyatul 45 LS
User JI (e saeg MMS client Jisy gidls Remote Host cny wbbdl Jols &85> Cdlyn ooyl IS
Sy bl @ (g cn Y ASs Jie Wle Jlasl a8h ae MMS server Jies (&1 Equipment (UEs)
2ala) i1 Zalys e Hols oS T Bl il AL Z3sel ol agdia Al sda § bl
M2M Jlas¥l 4uas elol e zls Jo>

Sdl ybog Ao

Gateway J| po oty gl (olased! (o Teaty aSadl elal Jaloedd 2ullmally 2tsyzetl] Azl Lol
o2l Jo> 3929 ang 3yde Sy wbldl Jols ys Eu> Remote Host I Jiey g dlly @Sl 3850
Lociitiany G0 los¥) ol oo azay gl NS3 (Sl aluseialy 3a80adl 36les Goo (pe lldy 2Sadl e
Lsslaeg Lelol lasly lSedd) glasl oo gos (gl ely M5 (0 (Sang @llall Jgo wlddl Jlxe @ st LI
§95daS Ty s Ayt (al,e¥ly Apalall Sl 3 Bty Bygumn piieiug Aalzall Sl Lag
5o Sball lin o alusrad asus &1 dews, )l Gl oo 2006 ale § suall rsiie Sles
B S pllazll olof Alyud ALAYL (Ladsdl g3l Lalasl Jolils G laalyadl (o dae Jalazll 41K
Sl e¥oSei95m9 e z3led B ey Juuadiy

13, ns-3 Tutorial]

PPN | RCADW N |
0T ) eLed¥l i) o) Jeadd @ M2M Jlas¥l 4uas alusiwl deal Aol olulhull ey,
ol ady Cus ([ CHENI LENS] LS B3 o gl o sLamY) pwly Jlasl adgs S (e (vision
oo L8 dde Fling Liw Lawd Ayl B32¥l e gl oy bileld Jazadl Jobadl ) s Lea¥) cisis) @ M2M
Lomall Ble g allly bl pllad rass Aumdl lagdatll pskas § 1550 1o 2wl sis caals of adgall
il S Ay e el J) bl il L e SNV G 1 Ll e Loy g ASTY)

&IV daadl @lSad ads MM Juai¥) alai o13] a

(x4 Jan Leiall [ TE/LTE-A (36) Gl dles (Juald



£2020 saios — A 238 — gl ) slanal) - o gl Ui 8 5365 g gl o slal) Alna - la ) ik g o slall gy ) Alnal

ey danl) Lgalsedl GISGadl Baas Ayl wluhudl cddl co> M2M I claghad aulgll HLATYI 2o
Bl Iy suuz ity 552¥1 o S sue @iy oladl (e Sl sia §yude Lee ol 3ual
ISy a8l Jo 8oLy J) Lo (g ploinadl 1 o 91T 8T 2aiy adle a8ty adse
i e Al gl SISl ess Sbiledl Jols pa> sai adss § gwlall jmiall s)liel @3 gddly S
7 International Mobile Telecommunications-Advanced (IMTAdvanced)dlacl! adedl ¥ Lasy! dalai
oo ULl Ja5 s § Aadorll 8ol ae il Bybally LAY (o dptall skt @3 dgley O
& o J) LY Jle ol Jas Juae puas @y LTE/LTEA sl Jesedl 25 Jie Zogulsell lSeid)
13,3GPP] [6, CHANDRASEKHARV] [2, 3GPP LTE-Advanced] el sball 8yl LTy ddaial

S 83a¥ly S clulucdl oo Aegazme (s Hatus Flasl (055 M2M Jlas¥l auas oY Tl
oo Soelidl Bl Aalasl 3 Wbl el e calisny wbladl J&5 ddee patbas ol Ladlie ol L @Sl
Jas 38, Laudys J) 2alayly, M (QoS) Bl Bage clllates Basyll sy dy,ll ASLSH s
oasbasll (e degame I3 ) cilay T downlink J1 s 5ylaa (Uplink) aSiadl slasty 8 @by
small 3piie alesl bl Jlo) DM2M I 85T 3 il el tlae M2M 1 3iany 2oladl 5,4l
delay- &l zelud! ctime controlled (yo3lly @Sl cmobility 8,21 (e Baasie bleil ees <payloads
3 Lozl pulally SLIY ks g 7SI bty traffic alagze JSay cbld! Jas ctolerant
4Sed ady () gl adey M2M I dan) Suguand) paibasdl ae conlild 2udad) gl wlSed dalasl
LTE/LTE-A aluasiwl o Say 3850ad! sda (e JUieSy $oalsell 4 se End-to-End (E2E) g5 cre Lismo

lall Uy

:Smart Grid 4831 A &S -1

WlyS s Lel e &S00 asiad! —asy»%y European Technology Platform Smart Grid cwld
— elgw > e paaszially oiflaadly Sludsll- L caliatll creasiad] ppan il piad mody asas of LSy
Smart Grid J Zeuas )l Zadl P Jlas ISy BTy 2slaily Leluiue Wlb 4853 Jal (o 4S5 2oy,
S clighall gusdl (el dole (2 (@ly ce¥las¥l lSs hads cralesl § cloglall Jols (2
s eyl SN Ly S 3 ) sl S sl A on sglaal) (1) S s Al
Aalzall aladl o JLardl 7 Leal suadas c¥lasl 3804 7 s LSI 3D o W) ety JSAJ1

Energy 1.0 ‘ Energy 2.0 ‘
ONE
: ﬁ WAY : ’%
ik ” _\ h u" " 7{
e - e
R 2"
Centralised Distributed Vs

&IV daadl @lSad ads MM Juai¥) alai o13] a

(x4 Jan Leiall [ TE/LTE-A 37 Gl dles (Juald



$2020 paioes— EI a5l - ) sl - i sheal) i 5135 5 onsigh sl e - ) 53 gl ) Al

[0, FRANS.C] Alan | ASad) J) Gadant! 26, S ASadl o Jgztdl (1) JSad!

:LTE background traffic -2
3 &zl Smart Meters (SM) &S0 83¥1 o Joball wld) Aulys g cxdl i G (¥ L]a.»
Al z3gadl yushas e ¥ (S (LTE Service traffic 2841 @leus e 2sldl @bl JalssMMS traffic

., [1.HALAF]

RIE IRV £15¥1 (ye 3az=xld LTE background traffic J LéwLu&\ abled! Jols wb s awlydl 3

(1) Jouzll @ axizsllg traffic mix 59, S8, (o Aalis cud alasiwly Lied
29kl Sy e (1) Jguzd!

VOIP 30%
Video 30%
Gamming 30%
Ftp 10%

Voice over IP(VOIP) traffic model -

9 Cuasdl 1 Al A il e Wld) ol cugall 10 Wl ool dly diboluy ciguall 73903 ey
oo -(1-0) 52 0 Wl § eladl Jloas! Lo 00 2 1 Dl J) 0 Wil oo Jlan¥l adleas! dlasill 2l
(1-B) 52 1 AU G eladl Jlas! Laig Bsa 0 Dl ) 1 Ul o Jad! Jlaas| ) 5lis (531 4ol
(2) Sl mnge o LS

[8, FAROOQ.K]

Cigaall z3gais s9,bl 4y :(2) JSad!
o 20) aasdll o] Bue (2 T i 2SI 4845 Juias 929 R=1/T Juaey clipus=dl sl2] on

Voice Activity Factor (VAF) 5 1 &=l ¢l &omadl Ul § aalotll Jlais! e pay (200
VAF=P1= ——

a+pB
RTP AMR iguad! a0l ausiiin o o 00 2 1 2ialyll 0 VOIP et ciligmlye d51 o3

Silence Insertion Descriptor (SID) &e3> Jluy) @iy .ozl g LT el 40 Siguall Wgas x> e 122
easall s M5 U3y (Adgwo whlb) 8 Jolay Ls o) 160 ms S culs 15 degaza (0 098I (&I

&N il CilSad ada M2M Juaiy) alii 513 anli

il A Jaa Laial) LTE/LTE-A (38) Gl Al (Juald



£2020 paisns = GG 230 = gl 1) dlall - ila glaal) L 51 5385 g dpentig) o glad) dlina = o) i g o glall Ay jal) Alnal)

Video traffic model ™

K G bl sue e g g T o) hold day guaall (e Sloglas Jomy framelb) S hay
geudll yadie audy packet Aoy=S Lo S Jluyl o slices @il adl cpo ol sae J] o] S muends oy A0l
[AROOU pareto 93 Aoty Autapll (holsall sda aesad qis HUSY! a3 o saddll 5B ol s
Interactive gaming traffic model  ®

A paall a bl Jsls Aubee IS conend a il deliall Lt bl Jbs g 3ges
Down aluLl o) auseradl I pusell oo wbiledl Jols Gl (Up Link (UL) daclall dlosll) ausll
S 20l e muasat @i .40ms 5 Oms oy Qﬂ\ dojedl Jguog iy I ek S Jcapozzied (Link (DL)
Fisher- as395 el Uasl ca9yall) (wlaall daiall a3e5 ST plusruly suclall Aisslly dasldl Aol (0
B FAROOQA (Tippett
File Transfer Protocol (FTP) traffic model ™

o> Lea FTP I gleaas Il (el 36,80l cul8sly Aguman clalll Ja5 ldes (0 dcgazme (raiais
calald auzraldl by ladl alll Jiis 2le o o3l Juoladl (61 D Belyall gy alas @iiws sl S alll
Baclall Aoglls dayl ) dsgll (0 S e zigaidl uas daty  JWI

3Ll guylinw
Aalail (e 2l GUld! 38 Lee § Jo¥1 podl ausivg cadall (o cnesd (o dosiall aSiadl calln
eNodeB 3uasll Jo> lgde Sy Acige UEs aicg Smart Meters (SMs) dae o callis alls M2M JI
Sl Lot LTE I 2085 waind 208 3ok (o6 @Som3 S ar Aliate RRB00 M Lalad Cigmi 3505 Jlma (rasis
Background sic o walln ¢ly Background traffic dLa¥l Jell (e dasldl cliledl Jols G g4l
eeset] Lesseiad) LTE NN a8t 3oyl e paadl Luamy aa haws (Wl client/server 48 (e dsta3 (BG)
1 NPT TE release 8 alusial o3 a8y M2M I aalasi

dmige SlialWly 3Kl clyxl ol o

1(2)Jsumlly
1SVl i I LTE eNodeB &siialyls 1(2) Jsuel!
Falyl! | el
Uplink bandwidth SMHZ
Downlink bandwidth SMHZ
Transmission mode MIMO 2x2
UE transmission power 26 dBm
UE noise figure 5dB
eNB transmission power 49 dBm
eNB noise figure 5dB
Cell radius 800 m (typical urban case)

&N il CilSad ada M2M Juaiy) alii 513 anli

) Al Jas Ladiadl L TE/LTE-A 39 Gl Al (Juald



$2020 Jsali - SN ) - gl alall - e stal) Lin 15188 Lpuasigh sl Al s g lall Ll Al

i (e Bl it 30 Ja audsty Lied LTE/LTE-A I A Ges M2M 1 Aalast olol @iy
© Cum (3) Joandl ose 92 LS (aesidl YIS wae sue 8oLy Gk e ll3g traffic mix =BG/MMS #3L
Aalises dde Sumg Sl Cow Luddl 5SS
cgobiud! 3 dedsiudl MMS g BG wic suc :(3) Jsuzd!

Traffic mix

BG/MMS%
20 10
40 20
70/30% 60 30
80 40
100 50
120 60

O 1 3 pompss Aaaay Ay Ansl ) Blmsl] e iliss suclall 2oyl traffic mix J) of Lasdb

built-in- e NS3 gsi; .zl ail Jsuog Juan caipll @z e cnid¥l oy alixs wraffic load JI (aslas

Jid e Aol bl Jols 4eS b U1 (0 DLRIcstats.txt cale adss oolo¥l olidy L zawd traces

cile adn UL JI ol (e cliSy DL Jai o i3y UEs wasll (L (e deliwlly eNodeB 5uaall

ol slaiel @iadg eNodeB | UEs (o (wSlall sles¥ly lledl Jols 2eeS (resaill ULRIcstats.txt
AW e aad)

AMally Jaay g dlly (LTE I 88d pe 7l Llas on ) cbiled! 4S (e pasg Throughput eyl -1

AL
Tx—Rx

Throughput=1 -
UL ol DL cpalzs¥l ast (@ dslay 3l Jlasd a1 cpo3ld plasedl asogall Jiay gl :Delay sl -2

raLdlidly mbid!
azall sue Babisy agdi Cazey MMS Jlg BG 1 Ledieiue sae s @iew70/30% dwd Badoes Jol (oo
oo IS @ MMS Jlg BG Il puiens JS Jid (oo Aiaiaadly &l cbiled) 28 idlyig MMS 9 BG (0 JSI
A Slglasell 339 Ludl Bados @3 A8y Ayl Baeliall cuiliosl
BG Il pusiun s i -1
Ll a5sesg SEL=ll Jiaddg MMS Il pdbeius sde (pad -2
:BG/MMS deudll Clus -3
2 skl 5,859 MMS Il sue 8ol pods Lglhall dayall (e 81 el colS13) ™
2 szl 5,859 MMS Il sue Julany agas gllall Zagall (po ST 2udl o€ 13) ™
Agllall dayall (po %5 Golun of J8T Gyall I8 13) Lgllall dayall Golud euddl o (e ™
A skl 5,859 BG Il sue 83l pods ASAd) Anse ozl Solmiy o1 13] -4

&N il CilSad ada M2M Juaiy) alii 513 anli

il A Jaa Laial) LTE/LTE-A (40) Sl e (Juald



£2020 paisns = GG 230 = gl 1) dlall - ila glaal) L 51 5385 g dpentig) o glad) dlina = o) i g o glall Ay jal) Alnal)

Aeend Jlﬂ—aﬁ @-“3 BG J\3 MMS J\ﬂ\_’:_c e JSJ.& R QUL_H.N J\wgl Aeud Ja_wﬁ.’m (3) di.&dl e
L1781 @3 @I 2wl 29 Lo yas 70/30%

DL DL

245 '8

124 0.6775

) 1 oen

1’ 0. -1, 06765

3 e

% 225 % 0676
).3215

607556 51.465508 B.S87155 17.357815 25
(Mbyte)

(@) (b)

8587155 17.357815 25.52372:
(Mbyte)

UL UL

0.655

)65

j 1 oess

10

= 1 o
w»n O i

= O 0635
= @

0.345 .

063

0625

922525 15749707 23.169172 30.936845 3B.35889 46.261605 7922525 15749707 23169172 30936845 3835889  46.261605
(Mbyte) seluall il 8 Al pdl il (Mbyte) s:clall ilagh & 3k i i)

(© (d)
I Je> 2eud 2 (2).BG Jlg MMS J1 pnlic oo S b o abledl Jlay] 2eud bagre :(3) &

Uosll 3 MMS I o> 2w o(d) byl )l Aiogll § BG JI Jo> 2w 2(b) cAlayl )l dlimsll § MMS
Suelall Aosll § BG I o> 2w :(e) (Bucliall

S Ayl ]l Buclall (nilogll 3 MMS J19 BG I (e JSI Throughput 4 s¥l (4) (Sl s gy
Ll (e 3Sad Aa Jolxny @ dexdl o Wb dozedl 80l e Jas (S aldiall a5l sae sl
Jo at i psodl ol @ a6l ) i Lo Lioyds Beally Boglaado Asdizaedly 2oyl ibled) 2aS o ol
(s lelys 28)

DL DL

12
1
J os
%
= 06
«
% 04
o2 99982
0 09998
B587155 17357815 25523724 34095724 42.607556 51465508 8587155 17.357815 25523724 34005724 42.607556 51465508
(Mbyte) Aadell dla il 3 dlu jal) il (Mbyte) el dlagh b il jll il
(a) (b)
uL UL
12 9
1
:;i: 08 _’j 0999
= 06 =
L 1
s 0
s @
0 0.999
0 0
7.922525 15.749707 23.169172 30.936845 38.35889 7922525 15.749707 23.169172 36845 38.35889 46.261605
(Mbyte) s:elall ila gl 3 byl UL (Mbyte) sselall ila gl & 3yl il

(© ()
I 3zl o(b) Al 2lasll 3 MMS 31 2 i) 2(a) MMS Jlg BG JI e JSI 2Lyl 2(4) Sl

Saclall dlogll 3 BG I dua ] :(e) ucbiall Almsll 3 MMS JI 4 i) :(d) bl ]l Alagll 3 BG

@ Gl clSud yada M2M Juai) alii 61 agll

) Al Jas Ladiadl L TE/LTE-A 41) Sl e (Juald



22020 sasises - I 21 - gl ) Ml - i sl Lo 8 53655 eatigh o gl s = a ) il g o tall gy el Alnal

oo o JSo Llarw!) @i MMS I clulus i e ALl bl LS ol ek JSadl e
Slulusd! 81,8 e 2l oLl S oY ellig (%100 duslu) Jde Jyax=s 4ulcs Remote host JI 3
iy a9,me L) 515 oF ) 2Ll (6591 cladarll e 2yl o ALul5 pza

plealy Jlsde ISy bl aden asas alinbs e Hle @b &3 clighall Ludll L
oo JWby ool I clagatll s e mlll 380ad! Jos> sl J) o5 gl ¥ 2lgdey dalisa
OSr 99 guzmy 585 Lyl o) s wlaghatll sda (es Bpigall Sleluall (aay 3s2g Lasd bl
&y 381l § Beasiadl clags, bl Adlsde i BG Il cilagles 2ua ) oudl bapudl CoMsY) s
A B raus 1 Lo gl ol JSI Sliledl o Mlasly slan ¥ Jand 3804 Jo> J) 6355

a>l @ Bl dl Jlaod a1 a3l bl Tasugill Jiay (5dl9 Delay a3l Ll usgy (5) JSCAI
UL of DL cnalzxs¥

DL DL

133 1
5 1328 _
b j 1
g 12 gt
o 1318 T
= 1316 ) 3
= 1314 =
F 1312 g1
E 13 =

130 16

17.357815 25523724 34095724  42.607556 8587155 17.357815 25523724 34.095724
(Mbyte) il Ala sl 8 Al i il (Mbyte) Aaigh il sh 3 Al pt il
(@) (b)
UL UL
12 1
.1‘_ 2115 A 5
= 211 1
u L
2 ;
s, 2
S 15749707 23169172 30.936845 3835889 46.261605 7922525 15749707 23.169172 30936845 3835889 46.261605
(Mbyte) sxelaall ila gl A dbu pall i) (Mbyte) sx=laall ilaa gl 3 iyl i)
© (d)

(b) Ll dlogll § MMS I a3l psladl :(a) MMS Jlg BG J1 e JSO (a3l sl +(5) JSCad!
& BG I w3l palall () Bacliall Alumsll § MMS I sl sl 1(d) calayl )l &gl § BG I sl sl
Baclall dlsgll

Lead S e il ol 2o lil) Jadl c¥ase fes Jead 385641 of Wl a5 LoD ollabazll e
Aoyl paye o baS At J5U gaaall slaedas (¥ ¢lldg traffic load 1 oulss e 3155 BG I (gw3ll Al
TCP  uuls ¥ cUg traffic load 31 oyl s (adlidy MMS 3 el asldl ST 43l (e Gilad Wl
@l; MMS 31 sue ol3 LlSs MMS 3 (L3 e 8ol cubiledl aj oy o3 (o9 S¥1 (a3l 031y connection
(a3l s lil) bl basogill (aslity Jlallg suslall TCP I Aoy (anss Aoyl lilidl 2aS

ssosll a3 sy 1dag UL 3 Ga3dl sl (e s 01 oy J81 DL @ g3l aslall o dasdlis
ooy Axdlae § eday I 9350 Lea sl i 3 MMS (e 58T Jluoy] 28]y sucliall Ainsll § Hladiall
.eNodeB JI 3 sucball 2oyl

&IV daadl @lSad ads MM Juai¥) alai o13] a

(x4 Jan Leiall [ TE/LTE-A 42) Gl s (el



22020 sasises - I 21 - gl ) Ml - i sl Lo 8 53655 eatigh o gl s = a ) il g o tall gy el Alnal

Slo gidly ol Ll

Lele s Jo 38La) way LTE/LTE-A 3S (rasds M2M 1 Aalast elsl olidy Liad Aoyl a3
i bl ey a8lel ) )8 (oSS

ol @3 4 LeS caSad) A Solzty o Jomedl o Wls ozl 0L e dlazadl ajmdl sue 3L
Ldldiul g MMS Il lulus d ope dopll cliled) 4S o) L(3edd cilelos 30S) Jol€ ded iy p3]]
o ¥ clagdatll il Wi %100 Lxlis) Jde Juams 4deg Remote host JI (L e elS (S0
Jlo)! Adaad qa3dl sl (ol 2o bl Jasdl c¥ase e Jead 341 O Uy %99 sgumy (1555 AL
W 45T 2lasMhe LiSay ilidl oda oo TCP Aoy S s 2laoydl cililied] 2aSsy 3latiy Lo paae il
Jis el dosdl 1l 0sSud ASad) 2aws Jlme osd pdy 3Sad) e Lla) sLA obldl @ o
M2M a5 ool e Lad

e15¥1 e Bazmill dalizee BG/MMS ciudsy cilagsybuadl o dgaadl ol y] LSy alidiue olel IS5
Ads o AST alasial of sl ez of BLAN Aoy (aye Jio LTE/LTE-A AS0adl Slelyl padd LiuSasy LS
M2M 31 alasT o1l e LTE/LTE-A 3 3S0d s csleligadl ,3T 2ol Lagly ol oY e astld usl

8‘4’1‘ dasld
[1] HALA'F, Building a model to simulate the remote control communication systems in the smart grid by

using the NS3 simulator, Journal of AL Baath University, 2019, 13(41).
[2] 3GPP LTE-Advanced. Available from: http://www.3gpp.org/technologies/keywords-acronyms/97-lte-

advanced links.html. Accessed 28 May 2015.

[3] 3GPP, Technical specification group radio access network; evolveduniversal terrestrial radio access (E-
UTRA); relay architectures for E-UTRA(LTE-Advanced) (Release 9). 3GPP TR 36.806 v9.0.0, (2010)

[4] CAPOZZI, PIRO, GRIECO, BOGGIA & CAMARDA: Downlink Packet Scheduling in LTE Cellular
Networks, In: [EEE Communications Surveys & Tutorials, Early Access Article, IEEE Xplore, 2012, pp. 1-8.
[5] CHEN.K, LIEN.S, "Machine-to-Machine Communications: Technologies and Challenges, " Ad Hoc
Networks, vol. 18, July 2014, pp. 3-23.

[6] CHANDRASEKHAR.V, ANDREWS.JG, GATHERER.A, Femtocell networks: a survey. IEEE Commun. Mag.
46(9), 59—67 (2008)

[7] COX.C, An introduction to LTE: LTE, LTE-Advanced, SAE and 4G mobile communications. (Wiley, New
York, 2012)

[8] FAROOQ.K; LTE for 4G Mobile Broadband: Air Interface Technologies and Performance. Cambridge:
Cambridge UP, 2009. Print.

[9] FRANS.C; “the Role of the DNO in Smart Grid Cyber Security”, European Smart Grid Cyber Security and

Privacy, Amsterdam November, 2011.

&IV daadl @lSad ads MM Juai¥) alai o13] a

(x4 Jan Leiall [ TE/LTE-A 43) Gl s (el


http://www.3gpp.org/technologies/keywords-acronyms/97-lte-advanced_links.html.%20Accessed%2028%20May%202015
http://www.3gpp.org/technologies/keywords-acronyms/97-lte-advanced_links.html.%20Accessed%2028%20May%202015

22020 sasises - I 21 - gl ) Ml - i sl Lo 8 53655 eatigh o gl s = a ) il g o tall gy el Alnal

[10] LANER.M, SVOBODA.P, N Nikaein, M Rupp, in Proceedings of the Tenth International Symposium on
Wireless Communication Systems (ISWCS). Traffic Models for Machine Type Communications (VDE
llmenau, Germany, 2013), pp. 1-5

[11] LENA Design Documentation. [Online]. Available: http://lena.cttc.es/manual/Ite-design.htm.

[12] NOKIA, LTEM2M: Optimizing LTE for the Internet of Things. (Nokia white paper, 2014). Available
from:
file:///C:/Users/yasir/Downloads/nokia_ltem_optimizing_lte_for_the_internet_of_things_white_paper.pd
f. Accessed 5 August 2015

[13] ns-3 Tutorial, Release ns-3.18.1.

[14] PARIKH.P, SIDHU.S, SHAMIA; "A Comprehensive Investigation of Wireless LAN for IEC 61850—
Based Smart Distribution Substation Applications, " Industrial Informatics, IEEE Transactions on, vol.9,
no.3, pp.1466, 1476, Aug. 2013

[15] PHAM.T; Integration of IEC 61850 MMS and LTE to support smart metering communications [M.S.
thesis|, University of Twente, 2013.

[16] RODRIGUEZ ; ed. Fundamentals of 5G mobile networks. John Wiley &Sons, 2015.

[17] SHAFIQ.MZ, Ji.L, LIU.AX, PANG.], WANG.}, in ACM SIGMETRICS Performance Evaluation Review. A
first look at cellular machine-to-machine traffic: large scale measurement and characterization, vol. 40,
(2012), pp. 65—76

[18] SMB Smart Grid Strategic Group (SG3), “IEC Smart Grid Standardization Roadmap”, Edition 1.0, June
2010.

[19] TALEB.T, KUNZ.A ;Machine type communications in 3GPP networks: potential, challenges, and
solutions. IEEE Commun. Mag. 50(3), 178—184 (2012)

&IV daadl @lSad ads MM Juai¥) alai o13] a

(x4 Jan Leiall [ TE/LTE-A 44 Gl s (el


file:///C:/Users/yasir/Downloads/nokia_ltem_optimizing_lte_for_the_internet_of_things_white_paper.pdf
file:///C:/Users/yasir/Downloads/nokia_ltem_optimizing_lte_for_the_internet_of_things_white_paper.pdf

