Al Ak Ragall 45,00 Jad) 4y ) ggand
Republic of Algeria Democratic and Popular
(—alad) Sall g lad) ailasil) 3 ) 5
Ministry of ngher Education and Scientific Research
i g3 lady Gl gal (e daala
University of Ain Temouchent Belhadj Bouchaib
Faculty of Science and Technology.
Electronics and Telecommunications Department

(@ 2 S )

s L‘,.
q&E /;_)

AIN TEMOUCHENT UNIVERSITY

k&\ Belhadj Bouchaib /jJ

Final year project
For the Master's degree in
Field: Science and technology
Sector: Telecommunications
Specialization: Networks and telecommunications
Theme

Study of SNR variation for capacity analysis of
orthogonal access networks.

Présenté Par :
1) Mr Guendouz Abdelkader
2) Mr Cherif Mohamed Cherif

Devant le jury composé de :

Dr Debbal Mohamed MCA  UAT.B.B (Ain Temouchent) President
Mme Boutkhil Malika MAA UAT.B.B (Ain Temouchent)  Examiner

Dr Meradi Abdelhafid MCA  UAT.B.B (Ain Temouchent)  Supervisor
Dr Himeur Hanane UAT.B.B (Ain Temouchent) Co- Supervisor

Academic year 2023/2024

1



Content :

CONTENTS

LIST OF FIGURES:llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll..................................9
LIST OF TABLES :llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll................................. 11

A BSTRACT  tieteeeereecereerereecesescesescessssesessessssessssssssssssssssssssssssssssssssssnssssnssssnssssnsass 12
ACKNOWLEDGEMENTS: LA AN NN NN NNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNN NN NN ] 13
D ][] [ o YN 14
DIDICAS : (A X NN NN NN NN NN NNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN] 15
GENERAL INTRODUCTION : 1eueeereerereeceseeseseesesessasesssssssssenssssnssssssassssasssssssnssssnsassnsase 16
CHAPTER I: CONCEPT OF WIRELESS NETWORKS :....cccciiiiiiiniiieiiecietenieceniosssastocassassscassasanns 17
1.1/ INTRODUCTION: ce.tuureeereneensrenseeseressensessssesssssssssssssssssssssssssssssssssssssssnsssssssssnns 18
1.2/ MOBILE NETWORKS: «eeueeereeanrenceeserassensesserssssssssssssssssssssssssssssssssssssssssnssssssassnns 18
LB Ay (o Tl (1 Te) T L= Lo 1 Y e T4 TR 18
1.2.2/ the VOIULION Of MODBIIE NETWOIKS : ...c..vveeeeeeeeeeeeeetee ettt ettt e ette e et e ettt e et taeeetee et e eaae s eataaeasesetsseasssetsaeassseasseeaseseasseesesan 19
1.2.2.1/ First-generation Mobile NETWOIKS (1G) .......c..cceeueeeeeeeieesieeiieeeeeeeetee et eeteeteeseesteetaestaesssesseessasssessessssasseasesasaesaessesssessees 19
1.2.2.2/ Second-generation MoBile NETWOIKS (2G) ......c.eccueeeeeeeieeeeeeeeieeeeeeeteeeetteestaeeetaeeeteeetsaeestassasasesteseaseseatsseassseassseasesesssesasesn 19
1.2.2.2.1/ GSM NEEWOIK (2G) vveveeeeeeeeeeeeiee ettt ettt et eteeee et ettt et teeeae e e e ttesaee e st e aseeabe et s easaessaetsesseassesaeasaeaseeseeasseaseeseeasaeasaessansseases 19
L A o s Y T= e g S 701G IO PSR 20
1.2.2.2.3/ EDGE NETWOIK (2.75G) c.vvveseeeteseieuieeeieiesteste st ettete e e stestesstastestensessessassesssasesssessensansessasseasesssaseenssnsensansensesnsnssensensensensen 20
1.2.2.3/ Third-generation 3G MODIlE NETWOIKS ............cc.eecueeceeecieeeeeeeetteeeeeeetteeetteestaeestesestseeasesesssaeaseseassseaseseassseassseasseessssesssesasesen 20
1.2.2.3.1/ HSDPA TECANOIOGY (3.5G)....ccuveiueeeeeeeeeeeteeeteeeeteetette et et ete s te et e et aae e ete et s et e e tsaets e tsesseasseaseeateasteasseasseaseeasaeaseessensseaseen 21
1.2.2.3.2/ HSUPA tECRNOIOGY (3.75G) c.vveeeeeeeeeeeeee ettt ettt eetteetteeettte et tveetaee e et e e seseataaeasesets s easssetsaesesatssesesessaesesstsseseseasseesesan 21
1.2.2.4/ Fourth-generation 4G MODBIlE NETWOIKS.............cc.ecvecieeceeieeeteeieeeeeeeeateeeseeiteeteeteeteesseesssesssessassessssssssasesssesaseessessesssensees 21
1.2.2.4.1/ 4G technologies LTE (Long Term EVOIUtion) 3.9G NELWOIK ............ccueeeeeeceeeeeeeieeeeeeeiteeeisesestesessesessssessesessssessesessesssenes 21

18 78T 22
3.1/ 5G ODJECHIVES ..ot ettt et et e ettt ettt e et e et e e st e ettt e e te s et s e st s e ata e e te s e tbaeae s e abe e e ta e e tb e e te s e bt e ettseatbaeteseatreereaen 22
1.4/ PERFORMANCE OF 5TH GENERATION MOBILE NETWORKS : veeuueeeneerennnerennesrensesennnnes 23
14,1/ CONNECEEA LrOANSPOIT : ..ot eeeeeeeeeeteeettteeetee ettt e et e et tee e et e e e tseeetes et e e ssseatsaesesetsaeassaeateaeaseseatsseaseseatsaensesetsaeseseasseesesan 24
1.4.1.1/ OPLIMiZAION QN EffiCIENCY : ...vveevveeeeeeeeeteeeteeeeee ettt et e et e e et e et e e et e te et e et e et e et e e tsesseassesseeaseasseasseaseesseasaesssessansseaseen 24
1.4.1.2/ Traffic management and CONGESEION FEAUCTION :..........ccveeeeeeereeeeeeeieeeeeeeeieeeeeeseeessesessesesseseesesessesessesessessasssessessasseesseses 25

I B Y 1 o T e O PSR 25
1.4.1.4/ IMPOItANCE Of TNE SMAIT CItY © vovevveeveeeeeeeeetee et ettt eetteeette ettt e eetee e et e eeseeeetseeeseseetseeaseseetaseseseatssesesetsseseseatsseseseasseesesn 25
B Y A 0e Y gL T=Tot (=3 I 1 1o L=k T R 26
1.4.1.6/ How mobile networks can enhance QUGMENTEA FEAIITY :.........cveeeeeeceeeeeeeiieeeeeeieeeeeeeeteeeesesesteeeeesessssessesessseessessssseeeseses 27
OB Y A [=Ts 111 o ol [ =2 27
1.4.1.6.2/ TrQINING QN @UAUCAEION : ..ot et eete ettt etteeeetteeetteeeteeeeteeeeseseetaeeaseseatsseaseseeteaesesetssesesetssesesetsseaseseasseesesen 27
1.4.1.7/ CONCLUSION : «.ceuurennerneerenseensereessensersessessesssssessssnssssssssnsssssssensssnsssansssnnes 28
CHAPTER Il : CARACTERISTICS OF WIRLESS NETWORKS .....ccoieiiiiiiiiiienieiieiieniececeeceessannes 29

1



Content :

11,1/ INTRODUCTION : .euureueeenrencrencrensencssssenssesseassrsssessssssssssssessssssssasssnssssssssesnssene 30
11.2/ BANDWIDTH: «.eeuieuerenereeeenseencrensenssssssssssssssssssssssssssssssssssssssssssssssssassssssesssssns 30

11.2.1/ Bandwidth MeasUremMeEnt METROU :.........eeeeeeeeeeeeeieeeieeeeeeeetee e et ee et tteeeeesesettvtetesesasssssbesesssassstssetesssessssrasstessssssssrasseessss 30
11.2.2/ WAY iS BANAWIAEN CIUCIAI? ; ...ttt et ettt e ettt et e et e et e et e ta e ssesaessaeaseereeassaseeasaeasaessaassasssenses 30
II-3/THE DIFFERENT TYPES OF INTERFERENCE:IIllllllllllllllllllllllllllllll........................... 31
11.3.1/ Interference can be cauSed DY the fOIIOWING: ............ccueecueeeceeeceeeee e ettt e st ettt ettt e et e et e e taeearesestsaeasesesssaeaseseasseeasesen 31
Ry A (VY [ole ] o) o) [ox &3 SRS 31
11.3.3/ EIECIICAI INTOITOIONCE: ..ottt ettt et et e ettt e et e e e aae et e e st e e taaesasetssessaeataaaaseseatsaeaseseataaeaseseatsaeseseasseesenn 32
1.3.4/ ENVIFONMENTA] FACTOIS: ....oocevveeveeeeeeeees et ettt et ettt et ee et e et tte ettt e e eaae et e e sa e e taaeasas e tsseaseseabaaaasaseataseaseseatsaeasesessaeseseasseesesan 32
II.4/ SIGNAL STRENGTH : 00000 0000000000000 000000000000000000000000000000000000000R0RRRORRRORORRRORORORORORRRORCRRRRRRNTDS 32
=3 (o T2 o) =2 S 32
11.4.2/ Problems related to proxXimity QN QiSTANCE : ............ccveecueeeceeeiieeeeeeeeeeeteeseeeteesteeeeteeestaeeesasesteeeasesessaseasesessseeaseseasseeasesen 33
B Y =) |l T4 =0 3 1 T IS 33
11.4.4/ Ideal mobile NEEWOIK SIGNAI SEFEAGER : ...........oeceeeeeeeeeee ettt e et e et tae et e et e et seetaeeateseetsseasesestsaeaseseassseaseseasseesesn 34
II.4.5/ SNR :................................................................................................-.-. 34
11.4.5.1/ WRGQLE QI the SOUICES Of NOISE? :...cccvvveeeeeeeieeeeeeeiteeeeeeetteeeeteettveettteee e easteettaseaseseatseeasaseatsaeasesassseassseassaeaseseassaeaseseassesasesan 35
11.4.5.2/ How can the signal-to-noise ratio (SNR) be determined? :...........ccocvueieeceeireeieeeeeeteesteeseeseeseeeseeeeesseeeeesseesseesseesessessees 35
11.4.5.3/ How can the signal-to-n0ise ratio DE IMPIOVEAP: .............ccueecveeeeeeieeeeeeeseeeeeeesteeeeeeestveetresesteseesesestaseasessssssessesesssesasesen 35
11.4.5.4/ Why is the Signal-t0-n0iSe ratio iMPOITANT? ! ........ccvecveeerieeieseetieieiesteseste st eteete e stestessessessessesstestesessassessessesseensensensenses 36
11.5/ TECHNIQUES USED TO IMPROVE THE PERFORMANCE OF WIRELESS NETWORKS. ........... 36
LRI Y [oTe [7] o 11 1o OO OSSPSR 36
IR B Y To oo W Lo Lo [V Lo 11 Lo £ IS 36
11.5.1.2/ MOGUIGEION NUMBIIGUE : ...ttt ettt sttt ettt a bt e bt s et et e st e e bt et s st teneeaen 37
II.5I1.3/TYPES OF MODULATION : LA NN R NN NN NNNENNNNENNENNENNENNENNNENNENNENNNLNNNNNNNNNNENNENNENNNNNENENENNENENNENRNKNENNENRNNRHN] 37
11.5.1.3.1/ AMPLIEUAE MOAUIGTION: ..ot eteeeeeeetecte et este et e te et e et e eseeese et e easaetseetseatsesseasseaseeaseesseassaaseeaseeasaesssessasssensees 37
11.5.1.3.2/ FreQUENCY MOGUIGLION: ........ooeeeeeeeeeieereeeiteeeeeeeeteeeeteeettveeeteeeeteeeeseseetteeaseseetaeeaseseatsaeasssetsaasesatssesesessseasesssseeseseasseesesn 38
11.5.1.3.3/ PRASE MOAUIGTION: ...ttt e et e ettt e e et e v e a s s ess e e s e aastaesassaassanstessaasttesaasseassanstasssssstasassseassassesnas 38
11.5.1.3.4/ Quadrature amplitud@ MOAUIGLION: ............c...ccveeeeeecieeeeeeeeieeeeeeeeeeeeeeeteeetee e et eeeaeeettaeestesesteseaseseassaeasesestseeasesessseeasesen 38
11.5.1.3.5/ AMPLIEUAE SRIFE KEY (ASK):oe.eveeeeeeeeeeeeeeteeeteeeeeee ettt ettt ettt ete s te et ete e eae e eteeta et e et e ets e ssessesseasseaaeesteasseaseeaseeasaesseessassseasees 39
11.5.1.3.6/ BINAIY ASK (BASK): c.eeeeeeeeeeeeeseeeeeee e et eeeseesseseeseaseee e e s e s e s s ess s e st eseassseaseassasseesassaesass s s st essassassassassassassassassassassassassansans 39
11.5.1.3.7/ PRASE SHIft KEY (PSK): oeveeeeeeeeeeeeeeeeete ettt e ete ettt et e tteete e tee et e et e aseeeseeata et e e st e e bt e ts et s esseaseeaseasseasseaseeaseeabaeaseessanssenseen 39
11.5.1.3.8/ BINAIY PSK (BPSK) :..eeveseeseeeeeseeeeeeeeeeeeeeseasseseeseassassesseseasess st s eassessassseassassaseeesassaesass s s st eseassassassassassassassassassassassassansans 39
II.5.2/ MULTIPLEXING AND MULTIPLE ACCESS (MAC) : LA RN R RN N NN NN NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN] 40
H.5. 2.0/ MIUIEIDICXING : oottt ettt ettt ettt e et e ettt e et e ettt e et e et e e st e e taa e st s e ts e e st s eatbaaateseateaeaseseatsaeseseatsaeseseatseesesen 40
11.5.2.2/ Multiplexing is used in a variety of applications, iNCIUGING: .............cueeeeeeiieeeeeeieeeee e eete e eeeeee e eeeaeesaeeeasesaeeeree s 40
11.5.2.2. 1/ COMUMUIICATIONS: ..ottt e ettt ettt e e ettt e e ettt e s aas e e s ettt e s e aatet e s aaas e s s aats b e s s aatet e s aaasaaseastassastssasessnnassananasaas 40
LRI 20 N A T oo Lo Lol Yo [T PSR 40
11.5.2.2.3/ PRYSICAI IGYEF MUITIDIEXING: «....vveevveeeeeeeeeie et eeteeetteeetteeette et teeeetteeetaeeesaeeatsseeseseeteaeseseetsseasesetsseaseseatsseaseseasseesesen 41
2.5.2.2.4/ DAta liNK [QYEr MUILIDICXING: .......oecveeeeiesieeeeeeeee e et e et e e e et se e et e s ete e et esteeeabeeeteeeasaseasseassessseeaasaasseesasessseenases 41
11.5.2.2.5/ EXAMPIE Of MUITIDIEXING: <...vvveeeveeeeeeeeeeeeee ettt eete ettt et tteeeteeeetee et e eetaeeeseseetseeasesebeaetesesssesesetssesessatsseaseseasseesesn 41
11.5.2.3/ Types of MUILIPIEXING LECANIGUES: ...........cccuveeeeeeeseeeeeeeecteeeee et e tte e et e ettt e e s tte et e e st eeasea e teasaseseseseaseseassaeaseseassanaseseassesasenn 41
H.5.2.4/ IMIUIEIDIE ACCESS : ettt eete ettt eetee ettt e ettt e ettt e eetae et eeetes et e e st s etaaetesetsseaae s e bt e eatesaatsseasesetsaeseseatsaeseseasseesesn 42

2



Content :

11.5.2.4.1/ EXAMPIE Of MUILIDIE ACCESS: ....eveeeveeeeeeeeieeeeeeeetee et etteeeette et tteettae et e e ste et taaeases e tsseasasesaassasessseasesessaeasaseassasseseassaesesn 43
11.5.2.4.2/ TYPES Of MUILIDIE QCCESS: ..ottt ettt sttt ettt e te s te st et e st e st et et et e s sesbe s st eatent et et e sastesaesseentensensanses 43
11.5.3/ QUALITY OF SERVICE (QOS) & ceuvrrruririmnrerennirrennereennerensesennserenssssensesenssesenseeees 43
11.5.4/ CONCLUSION :..euureuirenernneenseeneenssensessesssssnsesssssssssssssssssssssssssssssssssnsssnsssssnns 43
CHAPTER Il : ORTHOGONAL ACCESS TECHNIQUES. .....ccoiuiieieieciniiniienienienienianiaiacecsesseses 45
III-1/ACCESSTECHNIQUES:llllllllllllllllllllllllllllllll..................................................46
L1 ) (oo [V ot o o £ ST 46
111.1.3/ Introduction to orthogonal and non-orthogonal GCCESS tECANIGUES:............cueeceeeceeeeeeeiieeeieeceeeceeeseeecreeeseeesesesaeeerees 46
111.1.4/ Why Use OrthogoNQal MUILIDIE QCCESSES: ......cceeueeeeuieieieiesie ettt ettt ettt et et e et e s te s st s te s st e st et etessessassesaeeseeneensenseses 46
111.1.5/ Orthogonal multi-user ACCESS (OMA) tECANIGUES: .........ccuveeceeeireeeeeeeeeeeeeeeseeeeeeeeteeeeseeestaeeeresesteseasesesseseasesessssesseseasseeasesen 47
L T A 0 TR 47
I T 0 PSS 48
L R A o0 ST 49
I11.1.5.4/ SC-FDMA (single-carrier frequency-diviSion MUILIPIE GCCESS): ........ccueeeueeieeeeeeeieeeeeeecteeeseeeseeeeeeesveeeaseeaeeerasesrseeesenen 49
111.1.5.5/ OFDMA (orthogonal frequency division MUIEIDIE GCCESS): .......cveeererieeiesiesieeiieteiesiesese s e sttt eteete e sseste e saeeseesesesseses 50
111.1.5.5. 1/ HOW OFDIMA WOTKS: eeccooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeatet et e sesestettesssesessasetesesesassasetesesssasssasstesesssassssssesesssasasstasstesssessssanseesess 51
L. 2CONCLUSION & c.uietereeeeecererereecncecesessnsacacesessssssncasesessssscnsasessssnsssnsasassssasnsasases 52
CHAPTER IV : RESULTS AND DISCUSSION ....cccciiiiiiiniiniieiiaiienieiieieecsssssisstssiassasssssassssssssssssas 53
IV.1/PART DL ....ooieeniiieenneereenneereenneeeeenssessennseeseenssessennssssssnssesssnnssssesnssnssennnnans 54
IV.2/ INTRODUCTION ..eeuuerenenreenserennserensssesnsesessssssssssesssesessssssnsssssssssensssssnsssansssses 54
IV.3/ OMA (ORTHOGONAL MULTIPLE ACCESS) SYSTEM MODEL: ..ceevvueeeereeennnnseneseeennnnes 54
IV.3.1/ TEOANSINUSSION CAONNEC] ...ttt ettt ettt e ettt et e e ettt e s e ettt e s ettt e s ettt e s s sate e e s et e s sesastassaasteseaseassararasaas 54
IV.4/ MATHEMATICAL MODEL: eeucveeeeeeeneeennseressssesnsssesssesensssssnsssessssssnsssssnsssansssses 54
|V.5/ IMIODEL SIMULATION & .ueeeeeererarencececasessssssacasesassssasasesassssssasasassssssnsasasssasansas 55
IV.6/ CAPACITY AS A FUNCTION OF SNR: STUDY OF THE IMPACT OF TRANSMISSION POWER
-3 3 IR 56
IV .7 /P ART D2:....ieuiieiieeirenetneerenneensersessesssrsessenserssssessssnsssssssensssssssensssnsssensssnnns 57
|V.7.1/ EVALUATION OF SYSTEM CAPACITY/SNR AS A FUNCTION OF PROPAGATION DISTANCE:
57
IV.7.2/ NETWORK CATEGORIES: ...veuureerereerensereesrensersessessssnssssssssnsesssssensesnsssanssnnnes 57
|V.7.3/ COMPARATIVE ANALYSIS: ..eueeetetererencececeressssncacessssssasasassssassssacasssassssnsasasases 62
A A A T A Lol 0o R T oe L L= T 62
AV B Y U Y= gt g Lo 1T 7.de 14 o] £ R PSR 62
FA A T F A D111 e [ Lot =X 62

3



Content :

IV.7.3.4/ TECRNOIOGICAI CONSEGUENCES . ........eeeeeeeeeeieeeteietseseeeseeeears et et e ettt etsts s s s s s ss s st et et esssessssssasasssssasasstssnsnasases 62
IV.8/ CONSEQUENCES FOR OIMA RESULTS: 1euuterreerrencreseeessencesssesssssssassesssssssasssnssansens 62
IV.9/ IMPACT OF THE NUMBER OF USERS: .eeuveeueeerenceeseenssensenssesssesseassesssessensssnssansens 63
IV.10/ IMPACT OF SIGNAL-TO-NOISE RATIO: ceuuurreenneeerennneeeennnseeeensseseennsseseenssnssesnnsnns 63
IV.11/ INFLUENCE OF THE NUMBER OF USERS: ..ceucveuceeseeessenceaseesssessenssenssassenssenssasens 63
AV I 3 . 0 SR 63
IV.12.1/ EXPLORING CAPACITY LIMITS WITH VARYING SIGNAL-TO-NOISE RATIO AND
INCREASING NUMBER OF USERS (K=20, 40, 60, 80) : ....ceuvteuirerenirencrnncencrencenncencenncenes 63
IV.12.2/ ANALYSIS OF THE IMPACT OF NOISE ON TRANSMISSION: STUDY OF SYSTEM BEHAVIOR
AS A FUNCTION OF SIGNAL-TO-NOISE RATIO : «..ceuurenncrenrenncrnserenscrnserssssnsessssssnsesnsssens 65
IV.12.3/ CONCLUSION: uucreeeerrennereeneereneesesnserensssssnsssesssesensssssnsssesssssensssssnsssensssses 68

CHAPTER 05 : NOMA VS OMAL.......cccetrereererneesesneeessessssesssssesessssssssesssssssssssssssssssssessssssssssesns 69
V.1/INTRODUCTION : euevuureuereneeesrencesseeassenssssersssessssssssssssssssssssssssssssssssssssnssssssansns 70
V.2/NOMA'S MAIN FEATURES : teeuutreneeeeenserennserensssesssssensssssnsssssnssssnsssssnsssssnssssnsnns 70
V.3/DIFFERENCES BETWEEN OMA AND NOMA: .....ccuteeerreeirenrennerenresssessssensesnsnsens 70
V.3.1/ORTHOGONAL MULTIPLE ACCESS (OMA): ...cuvriireneiirieenierereeerernnseseesnsneseennns 70
V.3.2/NON-ORTHOGONAL MULTIPLE ACCESS (NOMA): .....itreerirrirnecrieeneeeeeennneseennes 71
V.4/CONCLUSION : «.eeurrurrenereneeessensssscesssessessssssssssssssssssssssssssssssssssssssssssssnsssnssnnsns 71
CONCLUSION GENERAL ...veuerenerenrencrescrnnsescrascsnsesesnnennns ERROR! BOOKMARK NOT DEFINED.
REFERENCES. .. cuuteettenirentensrascrastenssassrnssesssnssssssesssnsssnssasssnssssssasssnsssnssasssnsssnssnssnns 75



P padle

UK ) dalall e el IS (e a5 U e Yladl 5865 G cdal jiall o sall alle 3 3 Y1 &l | el AL Sl el
Ll 5 Lo iS5 i) J8 e e 3 38 ) (sl Laa uald) Juall ) Js) Jand) e senal) ciilel) el @ ol 8 dgalal)
gt Lae chapal) QLS Lyl g AW Ay ey 63 3¢ Y) 00 2all aed NG 5 Gl Al Sl £85 Caagd € Sy allal
810 5 (e Jlae 8 lan ellia J1 5 Y ol b e ol e Small Al )5 A8A el g Jaill Jie cile Uadll Calisa 8 il
lilee 48yl it e Jand Cus caainall o M) paill ) AL S0l a5 Lo gae 5 painall L3N 5 Ganll by Laa ) all
Lle L g Ulal 53

(g3 i) @laill (a pe o dalad) i e Tdle 5 Apale LIS (5 Tads YUl 53 65 G b)) gemall 3 3 ) gae 4SO Sl 22
S Aala) ala¥) e ol g of Sy il Jal (s gl dadl ) Tasad el 43Sl e jual) 5 ASuE 33 5ad s i 58
dan3 g Sl Je il Jand Jlai¥ 5353 o Jamnally (s 3 LY 38 58 et ¢ SLuDUI o 1aY) e ity 1<) 5 g
Uas a5 dlle by ¥ana e Lliall el Al el (SNR) sla saall ) 3 LY L of LS A8 31 3y 35 e Jla YY)
Jie A liiunal) il HSIM A ) g i J sanal) Calgll CS0E Jany Las cdsisal) cilindaill T g5 ga 2121 (Q0S) deaill 83 53 (paniad Auiabiia

el @15l £ Lua ) i ) g aalall Jiall

ey Cadall aladin 5 LSy Ul J8 aSa3 Cipm ASLuU) 5 ASLA) VLAY 8 4y ) gne delaiall e g dalaiall J gam sl CLyiES 228
Las ¢35 ¢ 53 gl iddl Ju,¥) <OFDMA 5 SC-FDMA s CDMA 5 TDMA s FDMA Jie caslaiall aaeiall J saa sl ol
33380 Ayie ) Gl TDMA Ganady Laby s JS15 aas 23 58 cililal FDMA Ganady ASLaOU cilual) o 1 5 o Y] oy
Ason Ledaa Lea dogilall 3 L)) 5 48U 3.1 Cilbasi OFDMA 5 SC-FDMA Ui ellas 3L JS1 83 3135 50 ) CDMA a2 5
eJa ) Jals 5 Al 30y 5 20yl BUaill i je aladiind (pead e Ol 38 Jand cale JSE Aaal) ASLOU @V Laiy) dakily
ctad) il agiial 8 Guldl JlaDl 4 W) (Ul o8

sl Jara 535 e 58 51 aa (MATLAB 3Skae A (10 (OMA) elaiall saxiall () goa sl dadail aps Ll 3lSlaall CaiSing
Ui sl Jars (g Jay 55 ) Al 1 YAl s COMA 73 508 Clalae S oy LS Y Lai¥) d dad) Gausnd e i gucall

¢ Gaiaill ALAN Aed) o (SLOU i sl Jare i3 48 (e BlSIaal) Cillee aBSH g aUaill dns a3 5k g c Il yY) Jara (5 gucal)
Ol A0 iy S5 5 Cppaaiiianall (45 i) Cililisall jedal celld ) ALY HUaill 3eliS 5 Jlu,Y1 33 s 8 andall o ) 53 a5 Laa
3ol ) o5 cale JS VLAV dadail olol Gauad (i 1l Jaxe 500 dpaal 2S5 Las cAdlite Gl 59 )l e dadl e iy gulil) Jasa
Jaant g allail) avanal o Wiy Laa ocalias Zadl g g pall (g3 il o ol Jama cpm A8l (S5 caldail) dms 33 305 ) Cpaeadiisall 22e
Agliag ol el L)



Abstract

Abstract :

Wireless networks are crucial in today's interconnected world, offering flexible and seamless communication by
eliminating the need for physical cables. Mobile networks have evolved from 1G to 5G, significantly enhancing
data transfer speeds, efficiency, and global connectivity. 5G technology aims to support numerous devices,
optimize network architecture, and integrate new wireless technologies, enabling advancements in various
sectors like transport, smart cities, and healthcare. Despite the benefits, challenges in security and resource
management persist, requiring ongoing research and innovation. Overall, wireless networks symbolize the

digital progression of society, transforming how we work, communicate, and interact.

Wireless networks are pivotal in the digital age, providing seamless connectivity without physical cables.
Bandwidth, a critical measure of network quality, is often confused with speed, but it specifically refers to the
maximum data transfer capacity. Interference, from physical objects to electrical devices, can affect wireless
performance, while signal strength, measured in decibels, impacts connection quality. Techniques like
modulation and multiplexing enhance network efficiency, and the signal-to-noise ratio (SNR) is crucial for
maintaining high data rates and low error rates. Quality of Service (QoS) ensures reliable performance for
sensitive applications, making mobile networks essential for future innovations like 5G, 10T, and augmented

reality.

Orthogonal and non-orthogonal access techniques are pivotal in telecommunications, governing efficient data
transmission and spectrum utilization. Orthogonal multiple access methods, like FDMA, TDMA, CDMA, SC-
FDMA, and OFDMA, enable simultaneous transmission without interference, ensuring reliable communication
in wireless networks. FDMA assigns distinct frequency bands to each user, while TDMA allocates specific time
slots, and CDMA uses unique codes for each channel. SC-FDMA and OFDMA address power efficiency and
spectral efficiency challenges, making them vital for modern wireless communication systems. Overall, these
techniques optimize bandwidth usage, increase capacity, and reduce interference, crucial for seamless

connectivity in today's digital landscape.

Our simulation explores orthogonal multiple access (OMA) systems' evaluation through MATLAB simulations,
focusing on SNR's impact on capacity optimization in wireless communication. OMA model parameters,
mathematical equations linking SNR and transmission rate, and system capacity assessment methods are

detailed. Simulations reveal how SNR affects achievable capacity, demonstrating its critical role in transmission
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quality and system efficiency. Additionally, varying user distances and network configurations like power
transmission and number of users showcase SNR's influence on capacity across different scenarios,
emphasizing the importance of SNR management for optimizing communication systems' performance. the

relationship between SNR and capacity varies, necessitating careful system design and parameter adjustment.

Résumé :

Les réseaux sans fil sont essentiels dans le monde interconnecté d'aujourd'hui, car ils offrent une
communication souple et transparente en éliminant le besoin de cables physiques. Les réseaux mobiles ont
évolué de la 1G a la 5G, améliorant considérablement les vitesses de transfert de données, |'efficacité et la
connectivité mondiale. La technologie 5G vise a prendre en charge de nombreux appareils, a optimiser
I'architecture du réseau et a intégrer de nouvelles technologies sans fil, permettant ainsi des avancées dans
divers secteurs tels que les transports, les villes intelligentes et les soins de santé. Malgré les avantages, des
défis persistent en matiére de sécurité et de gestion des ressources, ce qui nécessite une recherche et une
innovation continues. Dans I'ensemble, les réseaux sans fil symbolisent la progression numérique de la

société, transformant notre facon de travailler, de communiquer et d'interagir.

Les réseaux sans fil sont essentiels a I'ere numérique, car ils offrent une connectivité transparente sans cables
physiques. La bande passante, mesure essentielle de la qualité d'un réseau, est souvent confondue avec la
vitesse, alors qu'elle se réfere spécifiqguement a la capacité maximale de transfert de données. Les
interférences, provenant d'objets physiques ou d'appareils électriques, peuvent affecter les performances des
réseaux sans fil, tandis que I'intensité du signal, mesurée en décibels, influe sur la qualité de la connexion. Des
techniques telles que la modulation et le multiplexage améliorent I'efficacité du réseau, et le rapport
signal/bruit (SNR) est crucial pour maintenir des débits de données élevés et des taux d'erreur faibles. La
qualité de service (QoS) garantit des performances fiables pour les applications sensibles, ce qui rend les

réseaux mobiles essentiels pour les innovations futures telles que la 5G, I'loT et la réalité augmentée.
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Les techniques d'acces orthogonales et non orthogonales sont essentielles dans les télécommunications, car
elles régissent la transmission efficace des données et I'utilisation du spectre. Les méthodes d'accés multiple
orthogonal, telles que FDMA, TDMA, CDMA, SC-FDMA et OFDMA, permettent une transmission simultanée
sans interférence, garantissant une communication fiable dans les réseaux sans fil. La FDMA attribue des
bandes de fréquences distinctes a chaque utilisateur, tandis que la TDMA alloue des intervalles de temps
spécifiques et que la CDMA utilise des codes uniques pour chaque canal. Les techniques SC-FDMA et OFDMA
relevent les défis de I'efficacité énergétique et de I'efficacité spectrale, ce qui les rend essentielles pour les
systemes modernes de communication sans fil. Globalement, ces techniques optimisent I'utilisation de la
bande passante, augmentent la capacité et réduisent les interférences, ce qui est crucial pour une connectivité

transparente dans le paysage numérique d'aujourd'hui.

Notre simulation explore I'évaluation des systémes d'acces multiple orthogonal (OMA) par le biais de
simulations MATLAB, en se concentrant sur I'impact du SNR sur |'optimisation de la capacité dans la
communication sans fil. Les paramétres du modéle OMA, les équations mathématiques reliant le SNR et le
taux de transmission, ainsi que les méthodes d'évaluation de la capacité du systeme sont détaillés. Les
simulations révelent comment le SNR affecte la capacité réalisable, démontrant son réle critique dans la
gualité de la transmission et |'efficacité du systéme. En outre, la variation des distances entre les utilisateurs et
des configurations de réseau met en évidence l'influence du SNR sur la capacité dans différents scénarios,
soulignant I'importance de la gestion du SNR pour |'optimisation des performances des systemes de
communication. Globalement, I'augmentation du nombre d'utilisateurs accroit la capacité du systeme, mais la
relation entre le SNR et la capacité varie, ce qui nécessite une conception prudente du systéeme et un

ajustement des parametres.
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Summary

Abstract :

e Itisessential to analyze SNR (Signal-to-Noise Ratio) variation in order to assess the capacity of
orthogonal access networks. Modulation and multiplexing techniques are employed in orthogonal access
networks, such as Wi-Fi and cellular networks, to enable multiple users to share the same wireless
communication channel. The signal-to-noise ratio (SNR) evaluates the quality of the signal in relation to
the ambient noise, thus enabling us to assess the reliability of data transmission.

12



Acknowledgements :

Acknowledgements:

In the name of Allah, the Merciful Benefactor! May Allah pray over Our Lord Mohamed, his family and his

companions.

Allah be praised, much praised! Praise, gratitude and thanks to Him who made it possible for us to complete

this work! Prayers and blessings on Our Lord and Master Mohamed.

We would like to express our deepest gratitude to our supervisors, Mr. MERADI Abdel Hafid and Mlle
HIMEUR Hanane, for their invaluable guidance, availability and sound advice throughout the completion of
this dissertation.

We would also like to thank the members of the jury, Mr. Debbal Mohamed for chairing the jury and Mme
BOUTKHIL Malika for agreeing to examine my work.

Finally, we would like to express our deepest gratitude to our families for their presence, help and love

13



Dedication : Guendouz Abdelkader

Dedication :

To Mom and Dad : Ahmed and Arkia

In life, my life, you are the threads woven with love, strength and wisdom.

Every step | take, every success | celebrate and every challenge | face are a testament to the values you have
instilled in me.

Your unfailing support and unconditional love have guided me through the darkest and the brightest of times.
Through you, | came into this world, you guided my first steps, you were my first history book, you are my
school of life.

What can | say to you, who are the reason for my life? To say thank you would be too little for your rank, blood
of my blood, flesh of my flesh...

I invoke Allah to give me strength and courage to live up to your expectations...

To My Dear Brother and Sisters: Adelbasset , Ikram and Salsabil

Along the path of life, you have been my steadfast companions, my confidants and my best friends. The bond
between us is a tapestry of laughter, shared memories and unwavering support, woven with threads of love
and understanding.
Thank you for being my partners on this journey, for lifting me up when | fall, and for always believing in me.
You are my heroes, my confidants and my greatest gifts. The bond we share is a testament to the power of
family, and | am forever grateful to each and every one of you.

With all my love and gratitude

To My Dearest Friends : the groupe

In my life, you are the vibrant threads that add color, joy and richness to my days. Your friendship is a treasure,
a source of endless laughter, unwavering support and boundless love.

Thank you for being the incredible people you are. Your friendship is a precious gift, and | am endlessly
grateful for each and every one of you. You have enriched my life immeasurably, and | am honored to count

you among my friends.

With all my gratitude

14



Dedication : Cherif Mohamed Cherif

Dedication :

I dedicate this memoir to my dearest parents, my father Hadj NABIL and my mother NADIA, to my brother
ALI, my sister LINA, my grandparents CHERIF and MEZIANE, my uncles and my tent, the whole CHERIF,
MEZIANE, MAJIDI and BOURAYOU family .

Delighted to be the first to reach this level and to always evolve, to always honor the CHERIF name.

CMC

15



Chapter 01: Concept of wireless networks :

General introduction :

The importance of the Signal-to-Noise Ratio (SNR) in wireless communications is paramount, as it influences
network performance and capacity. However, for orthogonal access networks, capacity analysis is often seen as
simply a function of simplified SNR calculations. In reality, changes in SNR have a significant effect on
network capacity, leading to changes in data transmission efficiency and effectiveness. Our in-depth
communications research has taught us that capacity analysis is a versatile discipline, requiring in-depth

analysis of a variety of parameters, including SNR fluctuations.

Orthogonal access, such as OFDMA, orthogonal frequency division multiple access (TDMA) and code division
multiple access (CDMA), aims to reduce interference by allocating users different resources in terms of
frequency, time or code. Understanding the correlation between SNR and network capacity is crucial, as
fluctuations in SNR have a direct impact on the data rates that can be achieved. Maintaining high capacity in

environments where signal quality varies is crucial to network reliability and user satisfaction.

The complex dynamics of SNR variation and its impact on the capacity of orthogonal access networks are the
subjects of our study. Our aim is to clarify the impact of SNR variations on network performance, examining
both theoretical foundations and practical consequences. This study is divided into two main sections. The first

section focuses on theory and comprises three chapters:

CONCEPT AND CHARACTERISTICS OF WIRELESS NETWORKS.
CARACTERISTICS OF WIRLESS NETWORKS.

CONCEPT AND CHARACTERISTICS OF ORTHOGONAL ACCESS TECHNIQUES
The second part is practical, encompassing one chapter :

Results and Discussion.

In conclusion , the study of SNR evolution and its influence on the capacity of orthogonal access networks
highlights a complex and subtle relationship that is of paramount importance for improving network
performance. When assessing the capacity and efficiency of communication systems, our study highlights the

importance of taking SNR variations into account.
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Chapter 01: Concept of wireless networks :

Chapter I:
Concept of wireless networks :
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Chapter 01: Concept of wireless networks :

1.1/ Introduction:

Wireless networks are now essential in our modern, interconnected world, revolutionizing the way we
communicate, work and access information. They eliminate the need for physical cables and offer the flexibility

to connect devices seamlessly over the airwaves.

The ability of wireless networks to deliver reliable, efficient communications is a key determinant of their
effectiveness. Understanding and optimizing the performance of wireless networks is essential given the

growing demand for seamless connectivity.

1.2/ mobile networks:

A mobile network is a telecommunications network that uses radio signals to provide services to cell phones. It

is generally defined as a physical device that can be taken anywhere you want.

There are several steps that can be used by cell phones to use the services provided by a mobile network, but

these steps will be described in more detail below:
Mobile subscriber units initiate calls and send them to a public switched telephone network (PSTN).

Terrestrial cables are used to transfer call signals from the PSTN to the mobile telephone switching center.

These cables used to be made of copper. More often, they are made of fiber optics.

The MTSO monitors subscriber calls, locates them and sends the signal to a cell site via a terrestrial cable.
Cell sites use radio signals to transmit call signals to mobile subscribers.

The call is received by the subscribers' mobile units, such as cell phones.

Any properly configured cell phone can connect to receivers anywhere in the world via this process. Today's
mobile networks include local area networks (LANS), wide area networks (WANS) and 3G, 4G and 5G

networks. [1]

1.2.1/ How mobile data works :

Devices can communicate via radio frequencies thanks to a wireless connection created by mobile data. A
central cellular base station or macrocell, often located on a cell tower, broadcasts data uploaded or downloaded

via a mobile network.A single macrocell can cover a large area, and multiple cells can overlap to efficiently
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transmit data and provide coverage over thousands of kilometers.Mobile service providers have delivered

mobile data using a variety of technologies combined in a series of mobile networks called "generation”.[1]

1.2.2/ the evolution of mobile networks :

Mobile networks are wireless networks that enable two or more terminals to communicate with each other

without the use of a radio.

Wired cable. Mobility is the term used to describe how a user (subscriber) can remain connected to the network
while moving within a more or less extended geographical perimeter thanks to this type of network. These

networks use the radio interface as a transmission medium, and are based on a link using radio waves. [1]

1.2.2.1/ First-generation mobile networks (1G)

This was used in the 1970s. Voice calls were the sole objective of the first cellular mobile network systems
(1G). It was based on an analog mobile communications system.

Two major technological advances in the 1970s benefited this generation: the microprocessor and digital data
transmission between cell phones and base stations. The boxes used were particularly large. [1]

1.2.2.2/ Second-generation mobile networks (2G)

The second generation (also known as 2G) broke with 1G by switching from analog to digital. The standard
enables the simultaneous transmission of data and speech. Thanks to FDMA and TDMA frequency division

mechanisms, it enables users to share the same transmission channel.
The most common 2G standards are GSM, based on CDMA coding, and GSM, based on TDMA coding.

The GPRS (General Packet Radio Service: 2.5G) and EDGE (Enhanced Data for GSM Evolution: 2.75G)
networks were created to correct the low data rates of GSM (around 9.6 kbps) by using this standard. GPRS
offers an approximate data rate of 114 kbps, enabling data and voice to be transmitted simultaneously. EDGE

enables the use of multimedia applications at data rates of up to 384 kbps. [1]

1.2.2.2.1/ GSM network (2G)

The second-generation (2G) cell phone system is known as GSM. First-generation (1G) cell phone systems

were analog systems such as the Nordic Mobile Phone System (NMT) and the Advanced Mobile Phone System
(AMPS). GSM is a digital standard that uses GMSK digital modulation and time-division multiplexing
(TDMA) as its multiple access technology. [1]
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1.2.2.2.2/ GPRS network (2.5G)
The GPRS standard is an evolution of the GSM standard. GPRS is generally referred to as 2.5G, because it is a

second-generation telephony standard that enables the transition to third-generation 3G.

The architecture of the GSM standard can be extended with GPRS, enabling packet data transfer at high
theoretical data rates. Packet transfer mode allows data transmissions to use the network only when necessary.
The GPRS standard allows users to be billed by volume exchanged, rather than by connection time, enabling

them to stay connected at no extra cost. [1]

1.2.2.2.3/ EDGE network (2.75G)
The EDGE standard, also known as the GPRS standard, is an evolution of the GSM standard that modifies the

modulation type to allow the use of 8-PSK modulation, which implies modifications to base stations and mobile

terminals. It is regarded as the transition to third-generation mobile telephony (3G), also known as 2.75G.

Data throughput with reduced coverage can be tripled thanks to EDGE. In EDGE theory, fixed stations
(pedestrians and slow-moving vehicles) can achieve data rates of up to 384 kbit/s, and mobile stations (fast-

moving vehicles) up to 144 kbit/s. [1]

1.2.2.3/ Third-generation 3G mobile networks

Two families of commercially successful technologies are part of the third generation of mobile networks (3G):
UMTS (Universal Mobile Telecommunications System), which was created from GSM and is widely used
around the world, and CDMAZ2000, which was created from 1S-95 and is mainly used in Asia and North
America. Both families have radio interfaces that share similar technical features, such as a Code Division
Multiple Access (CDMA) system. [1]

3G is characterized by the telecommunications industry's determination to define a global standard. Providing
global roaming for users and reducing the unit costs of mobile terminals and network equipment through
economies of scale were the challenges. Within the 3GPP consortium, these companies, particularly those from
the GSM world, came together. The UMTS standard was created at the end of the 1990s thanks to this
approach. Release 99 is the name of the first edition of the standard. The access network, which interfaced with
the GPRS core network, was the main innovation of the UMTS system. The aim of UMTS was to increase the

system's capacity to provide voice services, but mainly to improve support for data services. [1]
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1.2.2.3.1/ HSDPA technology (3.5G)
Third-generation technology (UMTS) costs a lot to achieve GPRS-like speeds, and is rapidly being replaced by

the next generation (3.5G), known as HSDPA. Downlink speeds of this new technology exceed 10 Mbps.
HSDPA can be installed and deployed without significantly modifying the UMTS architecture. As a result,
operators can carry out this modification at no great cost. [1]

1.2.2.3.2/ HSUPA technology (3.75G)

3.75G is an HSDPA variant under development. HSUPA can be regarded as the successor to HSDPA, thanks to
its 5.8 Mbps uplink and 14 Mbps downlink, just like HSDPA. The advantage of this technology lies in the

ability to send electronic documents such as images and videos to other mobile devices, thus contributing to the

development of mobile broadband Internet. [1]

1.2.2.4/ Fourth-generation 4G mobile networks

The definition of 4G has changed in a new wave of mobile data marketing efforts to differentiate brands. The
International Telecommunications Union (ITU), which oversees the development of most cellular data
standards, recently issued a statement pointing out that the term 4G is undefined. In response, mobile operators

using advanced 3G architectures have begun to offer 4G services. [1]

1.2.2.4.1/ 4G technologies LTE (Long Term Evolution) 3.9G network
LTE . This refers to a project led by the 3GPP standardization body, which aims to develop methods for

upgrading the UMTS standard for 3G cellular networks to the fourth generation, in order to meet future
technological evolutions. LTE aims to improve spectral efficiency, enabling very high-speed data transfer of
around 50 Mbps, with greater range, more calls per cell than UMTS, and lower latency. To enhance services,
the fourth generation includes multi-technology platforms capable of supporting innovative new applications.
As with previous versions, 4G uses an access network called E-UTRAN and a core-vehicle network that only

broadcasts data packets. It is designed for this purpose with all-1P.

4G technology, also known as LTE (Long Term Evolution), is based on an IP packet-switched transport

network. Unlike 3G, which transports voice in circuit mode, it has no routing mode for voice other than VVoIP.

LTE uses radio bands from 1.4 MHz to 20 MHz, enabling a theoretical downlink bit rate of 300 Mbit/s for a 20
MHz band. True 4G, on the other hand, offers downlink speeds of up to 1 Ghit/s.

21



Chapter 01: Concept of wireless networks :

OFDMA (Orthogonal Frequency Division Multiple Access) is a modulation technique that maximizes
frequency utilization while minimizing interference. Multiple antenna techniques (already used for Wi-Fi or

WiMax) enable the multiplication of parallel communication channels, increasing total throughput and range.

[1]

1.3/ 5G:

Although the current 4G network based on the LTE (Long Term Evolution) standard has brought many
solutions, such as increased throughput and bandwidth compared with older generations of mobile networks.
4G, which uses IP technology, enables comfortable internet browsing with smartphones, tablets or laptops.
However, this network, whose frequency spectrum is fairly overloaded, will no longer be able to meet the
diverse demands of the boom in connected objects with their different categories of use. The new 5G standard

for mobile telecoms systems opens up new prospects for addressing these problems and those of the future.

One of the latest wireless technologies is fifth-generation (5G) mobile wireless telephony. 5G, also known as
mobile networks or fifth-generation wireless systems, is a set of technologies that represent the next major step
in mobile telecoms standards after the evolution of the current 4G LTE standards. The International
Telecommunications Union (ITU) and the 3GPP (3rd Generation Partner hip Project) consortium have
approved the 5G network. 5G has no specific definition. However, 5G is the fifth generation of cellular
networks in its simplest definition. It is the next stage of mobile technology, which will be used by future
phones and tablets for data. [1]

1.3.1/ 5G objectives :

Leading wireless manufacturers and operators are currently working on standards and objectives for the fifth
generation of mobile networks (5G). The standardization phase has begun within various consortia of operators
and manufacturers (3GPP, NGMN...). To ensure high-speed internet access from a smartphone or tablet, the
upstream and downstream throughput allocated to each user is the first objective to be achieved. The targeted
cell-edge throughput per user is over 100 Mbit/s in a context of little or no mobility, and the maximum
throughput per user should exceed 10 Gbit/s. Improving network architecture in highly mobile contexts (e.g.
vehicle-to-vehicle communications). In particular, improved network architecture should help reduce
communication latency. The aim is to reduce transmission delay to 10 ms. A high level of reliability will also be
required for other Internet of Things applications (telemedicine, security, etc.). To achieve these goals, current
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2G/3G/4G networks will have to undergo major changes in network architecture and integrate new wireless

technologies. To find an economically viable solution, the costs and energy consumption of the new network
components and associated mobile terminals will be crucial.

5G aims to deliver very high data throughput for a large number of users, support multiple communications

simultaneously to deploy a large number of sensors, and improve network spectral efficiency for a large number
of sensors. [1]

The evolution of mobile networks

1G 2G 3G 4G 5G
APPROXIMATE DEPLOYMENT DATE 1980s 1990s 2000s 2010s 2020s
THEORETICAL DOWNLOAD SPEED 2 Kbps 384 Kbps 56 Mbps 1 Gbps 10 Gbps
LATENCY N/A 629 ms 212 ms 60-98 ms <1lms

Figure 1.1: the evolution of mobile networks [1]

1.4/ performance of 5th generation mobile networks :

Wireless connectivity for a wide range of new applications shown in the Figure will be provided by 5G. Every
aspect of our future society will be touched by 5G, creating a multidimensional, user-centric information
ecosystem. It will break the boundaries of time and space to enable an immersive, interactive user experience.
5G will also reduce the distance between humans and things by implementing seamless integration to enable
simple, intelligent interconnection between people and all things. 5G enables us to realize the vision that
"information is at our fingertips and everything will be in touch".

Various organizations have proposed a large number of use cases. The two main market drivers for future

mobile communications development are the mobile Internet and the Internet of Things (1oT), which will
trigger a wide range of use cases. [1]
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“Tout et tout le monde sera connecté, partout, tout le temps”
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Figure 1.2: Using 5g [1]

1.4.1/ Connected transport :

As autonomous vehicles become more widespread, it is crucial for them to remain connected at all times, as
connectivity is essential to the modern world. Mobile networks are crucial to enabling seamless communication
between autonomous vehicles and the ecosystem in which they operate, due to their unrivalled breadth and

reliability. Mobile networks and autonomous vehicles work together, creating numerous opportunities.

Autonomous vehicles and mobile networks have accelerated the growth of advanced communication standards.
In this context, 5G, the latest mobile network technology, has changed the game. 5G enables autonomous
vehicles to communicate and share vital information with other vehicles, pedestrians and infrastructure in real

time thanks to ultra-high-speed data transfer, low latency and massive device connectivity.

Mobile networks play an important role in improving the safety of autonomous vehicles. Vehicles and their
environment can share important data such as road conditions, traffic updates and potential hazards in real time
through constant communication. This reduces the risk of accidents, as it enables autonomous vehicles to adapt

and make informed decisions. [2]

1.4.1.1/ Optimization and efficiency :

An essential element of contemporary urban planning is optimizing the efficiency of transportation systems.
The combination of mobile networks and autonomous vehicles offers numerous possibilities for optimization.
[2]
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1.4.1.2/ Traffic management and congestion reduction :

The potential to revolutionize traffic management and reduce congestion is one of the most important
advantages of autonomous vehicles connected to mobile networks. Intelligent algorithms can analyze patterns
and optimize traffic flow by suggesting alternative routes, adjusting signal timing and coordinating vehicle
speeds using real-time data from various vehicles and infrastructures. This could make traffic flow more

smoothly, reduce journey times and cut carbon emissions. [2]

Figure 1.3: automobile [2]

1.4.1.3/ smart city :

This is a smart city based primarily on the use of mobile networks and New Information and Communication
Technologies (NICT).

The smart city makes effective use of real-time user and infrastructure data to optimize resources and achieve
the highest possible quality of life. All areas of daily life, including food, work, leisure and travel, can be
endowed with an extra level of intelligence, enabling city dwellers to acquire qualitative and useful information
about their actions, those of other users and the city in general. In short, an interconnected world for people and

the environment.

Like the "smart city", other terms are often used: sustainable city, digital city or resilient city. [2]

1.4.1.4/ importance of the smart city :
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By 2050, 66% of the world's population will live in cities, adding a further 2.5 billion people to the urban
population over the next three decades. Managing the environmental, social and economic sustainability of

resources is necessary with this expected population growth.

Smart cities enable citizens and local authorities to collaborate on initiatives and use smart technologies to

manage assets and resources in a rapidly expanding urban environment. [2]

Figure 1.4: The smart city  [2]

1.4.1.5/ Connected homes :

Smart home appliances focus primarily on improving home efficiency and security, as well as enhancing home
connectivity. Gadgets such as smart plugs monitor electricity use, and smart thermostats offer better
temperature regulation. Hydroponics systems can use l0T sensors to manage the garden, while 10T smoke
detectors can detect tobacco smoke. Home security systems such as door locks, security cameras and water leak
detectors can detect and prevent threats and send alerts to homeowners.

Connected home devices can be used to :

Automatically shut down unused appliances.

Manage and maintain rental properties.

Finding things that have been misplaced, like keys or wallets.

Automate daily tasks such as cleaning, making coffee, etc. [2]
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1.4.1.6/ How mobile networks can enhance augmented reality :

None of the new immersive video applications that have emerged thanks to advances in mobile connectivity
have the capacity to transform augmented reality and virtual reality (AR and VR). Despite the fact that these
technologies have been around for some time, fifth-generation (5G) mobile connectivity is about to finally
unleash their full power to revolutionize everything from education and training to telemedicine, industrial

design and entertainment. [2]

1.4.1.6.1/ Healthcare :

With 5G, the healthcare sector has many options for using augmented reality and virtual reality. Instructors can
use VR in a training scenario to demonstrate a new procedure or technique to medical students, doctors and
nurses remotely, wherever they are, saving travel costs. Instructors can use augmented reality to indicate steps
and points of interest in live procedures. They can also use VR to bring remote patients into an operating or

examination room, enabling them to observe and ask questions.

From the patient's point of view, AR and VR on 5G enable healthcare professionals to carry out examinations
remotely, highlight areas of concern for patients and even accompany patients through procedures before their

appointment. [2]

1.4.1.6.2/ Training and education :

AR and VR over 5G offer the possibility of high-quality teaching and training for remote participants, anywhere
in the world. Today, teaching scenarios that require in-person instruction, such as laboratory experiments, could

be carried out using VR and AR, making education more accessible and less expensive.

By eliminating the need to bring field workers to in-person training courses or send trainers to deliver in-person
training in the field, the cost of training field staff in new products and techniques can be reduced. Industries
operating in remote locations, such as mines, drill sites and other areas without access to high-speed wired

network services, are particularly interested in using AR and VR over 5G for training. [2]
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1.4.1.7/ Conclusion :

Wireless networks are more than just a means of communication. They symbolize our society's ongoing
progression towards a merged digital age. Their ability to offer flexible, ubiquitous connectivity has profoundly
transformed the way we work, communicate and interact with our environment. However, these benefits also
bring challenges, not least in terms of security and resource management. To maximize the potential of wireless
networks while minimizing their dangers, a balanced, proactive approach is essential. By continuing to research,
innovate and adapt our methods, we can reap the benefits of wireless networks while ensuring that they remain

a positive force for society.
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Chapter Il :
Caracteristics of wirless networks
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11.1/ introduction :

Today, in the contemporary digital age, wireless networks play a crucial role in our daily connectivity. From
home Wi-Fi to cellular networks to new technologies such as 5G, these networks offer limitless connectivity,
providing devices with the ability to communicate and share data without the need for expensive cables. This
in-depth analysis examines the essential elements that characterize these wireless networks, looking at their
scope, speed, security and reliability. By grasping these essential elements, we can gain a better understanding
of the influence and consequences of these ubiquitous technologies on our daily lives and the world around us.

11.2/ Bandwidth:

Since bandwidth and speed are two measures of network quality, they are often confused. However, they differ
slightly. Network bandwidth is the maximum amount of data that can be transferred over an Internet connection
in a given time, while network speed refers to the rate at which data is transferred from source to destination.

Bandwidth is calculated in megabits per second (or Mbps) in this case. [3]

11.2.1/ Bandwidth measurement method :

Bandwidth is usually expressed in bits per second (bps), but modern network links have much greater capacity,

which is why bandwidth is more often expressed in Mbps or Ghps.

Bandwidth connections can be asymmetrical, meaning that upload and download capacities are not equal, or
symmetrical, meaning that data capacity is the same in both directions (upload and download). Upload capacity
is generally lower in asymmetrical connections, which is common in consumer broadband Internet connections.

3]

11.2.2/ Why is bandwidth crucial? ;
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Bandwidth has no limits. The capacity available in a given deployment location, such as a home or business, is
limited. Sometimes this is due to the physical limitations of the network device, such as cabling, the wireless

frequencies used, or the router or modem. In other situations, a network administrator or Internet/\WWAN operator
intentionally limits bandwidth.

To illustrate this, here's the average bandwidth used by various services: [3]

How much bandwidth do these services require?

4K Ultra HD 1080p 720p video Broadband Livestreaming, Screen VolP
HD video video calling, such suchasa sharing calling
streaming streaming as a Zoom webinar
with a service with a service meeting
like Netflix like Netflix
or YouTube or YouTube

Figure 11.1: bandwidth capacity required for each service [3]

11.3/ The different types of interference:

When planning a wireless network, wireless interference is a crucial element to consider. Unfortunately,

interference is unavoidable, but the trick is to minimize interference levels, which requires a clear, unobstructed
transmission path. [4]

11.3.1/ Interference can be caused by the following:

11.3.2/ Physical objects:

The most common sources of interference include trees, construction, buildings and other physical structures.
The number of walls the RF signal can pass through while maintaining adequate coverage depends on the
density of materials used in the construction of a building. Concrete and steel walls are particularly difficult to
penetrate. These structures sometimes reduce or completely prevent wireless signals. [4]
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11.3.3/ Electrical interference:

Appliances such as computers, refrigerators, fans, lighting or other motorized devices can cause electrical
interference. The proximity of the electrical device to the wireless access point determines the impact of
electrical interference on the signal. Advances in wireless technologies and electrical devices have reduced the

effects of these devices on wireless transmissions. [4]

11.3.4/ Environmental factors:

Weather can significantly affect the integrity of wireless signals. For example, lightning can cause electrical

interference, and fog can weaken signals as it passes through them.

Many applications can be used in the home or office wirelessly. Every office has many wireless obstacles, even

when external interference, such as weather conditions, is not a problem. [4]

11.4/ Signal strenqgth :

The strength of the connection between your phone and a neighboring tower is known as the cellular signal
strength. The decibel per milliwatt is the unit of measurement used for the connection. In general, you'll prefer a
stronger signal, as it means faster connection speeds and better quality of service. On most phone models, the

phone's status bar displays this connection rating. Therefore, fewer signal bars indicate a weak signal.

Signal strength between transmitter and receiver, also known as signal-to-noise ratio, S/N ratio or SNR ratio.
Essentially, this is a measure that compares the desired signal level with the level of background noise and

interference. The stronger the signal to carry the information, the greater the background noise. [5]

11.4.1/ example :

Imagine you're in a small room talking to someone 6 meters away to illustrate the relationship between signal,
noise, transmit power and distance. You can hold a conversation at normal volume if no one else is around.
However, you can have dozens of people in the same room, for example at a lively party, each having their own
conversation. Suddenly, you won't be able to hear the person you're talking to! Of course, you could start
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talking louder, but that would increase the "noise" for everyone around you. These people would then start
talking louder, increasing the noise and intrusion. Everyone in the room can only communicate a few meters
apart in an instant. You've already witnessed the intruding noise first-hand at a noisy party, or if you've had to
bend over to hear a conversation. [5]

lost range

Figure 11.2: proximity and distance[5]
*Ft.----- distance
*1Ft ----30.48 cm

11.4.2/ Problems related to proximity and distance :

In a situation where a receiver picks up a strong signal, making it impossible to detect a weaker signal, the
weaker signal is "crowded out".[5]

11.4.3/ Cell breathing :

Situation in which the coverage area, or signal distance, increases and decreases as a function of cumulative
noise and interference levels.

The problem with proximity and distance is that one or more loudspeakers next to you can block weaker signals

from further away. Likewise, the more conversations there are around you, the greater the interference and the
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more limited the range from which you can perceive a useful signal - breathing. Not surprisingly, all forms of
radio communication are subject to these same limitations, whatever the underlying protocol or technology. [5]

11.4.4/ 1deal mobile network signal strength :

The phone model determines the optimum phone signal strength. You should generally aim for a connection
above -85dBm. Some phone models indicate a signal strength of 0 to 100dBm. If the signal is below -100dBm,

your phone may lose the connection or have poor quality of service.

The signal strength ranges and associated strength quality are shown below.
Near 0 dBm, the signal is exceptional (close to the base station).

The signal is excellent between -50 and -64 dBm.

The signal is good between -65 and -84 dBm.

-85 to -100 dBm: below-average/bad signal. If the signal is below 100 dBm, there is almost no signal. [5]

LTE / Cellular Signal Strength

Almost no signal Poor signal Good signal Very good
Below-100 dBm  -85to-100dBm -65to -84 dBm signal
-50 to -64 dBm

Figure 11.3: cell signal strength [5]

11.4.5/ SNR :

The SNR of a wireless channel is a measure of the excess of signal strength over noise level. The higher the
SNR, the better the signal quality and the lower the bit error rate (BER), i.e. the percentage of bits corrupted or
lost during transmission. A low BER means that the signal is weak or distorted by noise, while a high BER can

lead to delays, retransmissions or data loss. [6]
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11.4.5.1/ What are the sources of noise? :

Noise is an unwanted signal that interferes with the desired signal in a wireless channel. It can come from
various sources, such as thermal noise, which corresponds to random fluctuations in the electric current in the
transmitter, receiver and antenna circuits, caused by the thermal agitation of electrons. Atmospheric noise is
natural electromagnetic radiation from the sun, stars, lightning and other phenomena in the atmosphere. Man-
made noise is artificial electromagnetic radiation from other devices such as radios, televisions, computers,
microwaves and power lines that use the same or adjacent frequency bands as the wireless network. Finally,
multipath noise is the reflection, refraction, diffraction and scattering of the signal by objects in the

environment, creating multiple copies of the signal that arrive at the receiver at different times and angles. [6]

11.4.5.2/ How can the signal-to-noise ratio (SNR) be determined? :

SNR is usually expressed in decibels (dB), a logarithmic scale that compares the ratio between two power
levels. The signal power (S) and noise power (N) of the wireless channel are needed to calculate the SNR in dB.

The formula is :

SNR (dB) = 10 * log10 (S/N)

For example, if the signal power is 100 mW and the noise power is 1 mW, the SNR is as follows:
SNR (dB) = 10 * log10 (100/1) = 20 Db. [6]

11.4.5.3/ How can the signal-to-noise ratio be improved?:

There are several strategies to consider for improving signal-to-noise ratio (SNR) and reducing bit error rate
(BER) in wireless networks. While increasing transmit power can boost signal strength and overcome noise and
attenuation, it can also increase interference and power consumption. Reducing the distance between transmitter
and receiver can reduce path loss and multipath effects, but it can also limit coverage and mobility. Choosing a
better location can avoid or minimize obstacles that block or degrade the signal, but this may not be practical for
some applications. While it can reduce interference from other devices using the same or adjacent frequencies,
changing frequency can have an impact on bandwidth, propagation and compatibility. Directional antennas can

concentrate the signal in a specific direction and reduce noise from other directions, but they can also reduce
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diversity and flexibility. The use of coding and modulation techniques enables the number of bits per symbol,
error correction schemes and data rate to be adjusted to suit channel conditions, but increases complexity and
latency. [6]

11.4.5.4/ Why is the signal-to-noise ratio important? :

The performance and reliability of wireless networks depend on the signal-to-noise ratio (SNR). A high signal-
to-noise ratio results in a higher data rate and a lower bit error rate (BER), which in turn increases throughput.
On the other hand, a low signal-to-noise ratio increases the bit error rate and the number of retransmissions,
which in turn increases latency. What's more, SNR is crucial to providing quality of service to a variety of
applications and users with varying requirements in terms of reliability, delay, bandwidth and jitter. Thus, a

high SNR guarantees a better quality of service for the network. [6]

11.5/ Technigues used to improve the performance of wireless networks.

11.5.1/ Modulation :

Modulation is the action of modifying a signal to transmit useful information. Three components can be
assigned to the modulation of a signal: its amplitude, frequency and phase. Phase describes the position of the
waveform in the cycle with respect to time, amplitude is the power or intensity of the signal, and frequency is
the frequency at which the signal is repeated. [7 ]

11.5.1.1/ Analog modulation

The simplest and oldest form of modulation is analog modulation, in which the carrier wave is directly
modulated by an analog signal, such as voice or video. Amplitude modulation (AM), frequency modulation
(FM) and phase modulation (PM) are the most common analog modulation schemes. The advantage of analog

modulation is that it is simple to use and compatible with existing systems, but it also has several disadvantages.

Noise and interference affect the signal quality of analog modulation. To transmit a given amount of

information, analog modulation also requires a large bandwidth, which limits the number of channels and users
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that can share the same frequency band. Analog modulation is mainly used in low data-rate broadcasting and
television applications. [7 ]

11.5.1.2/ Digital modulation :

The carrier wave is modulated by a discrete sequence of bits, representing digital data, in digital modulation, the
modern, dominant form of modulation. Amplitude shift keying (ASK), frequency shift keying (FSK), phase
shift keying (PSK) and quadrature amplitude shift keying are the most common digital modulation schemes.
Because it can use error detection and correction techniques, and transmit more bits per symbol, digital
modulation has the advantage of being more robust and efficient than analog modulation. By using several
levels or dimensions of modulation, digital modulation also makes it possible to increase the number of users

per channel and data rates. However, digital modulation does have its drawbacks.

Digital modulation requires more complex and expensive hardware and software, as well as greater power to
maintain a given signal-to-noise ratio. In addition, quantization and timing errors caused by digital modulation
have an impact on signal accuracy and synchronization. Most applications requiring reliable, high-speed data
transmission, such as the Internet, voice and video, use digital modulation. [7]

11.5.1.3/ Types of modulation :

11.5.1.3.1/ Amplitude modulation:

This is a type of modulation in which the data added to the signals is represented by the amplitude of the carrier

signal, while the phase and frequency of the signal remain unchanged. [7 ]
Amp“tUde I;\ / /\ A\ / M
modulation \/\ / \/\/\ W \j\/ \/ \j

Figure 11.4: Amplitude modulation [7 ]
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11.5.1.3.2/ Frequency modulation:

This is a type of modulation where the only frequency of the carrier signal changes to represent the data

frequency, while the phase and amplitude of the signal remain unchanged. [7 ]

Frequency
modulation

Figure 11.5: Frequency modulation [7 ]
11.5.1.3.3/ Phase modulation:

This is a type of modulation where the phase of the carrier signal changes to represent the data added to the

signal. Separate stages are used to represent the different information values. [7 ]

Phase
modulation

Figure 11.6: Phase modulation [7 ]

11.5.1.3.4/ Quadrature amplitude modulation:

A modulation technique called quadrature amplitude modulation (QAM) can be used to combine two

amplitude-modulated waves in a single channel to increase the channel bandwidth.
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Quadrature amplitude modulation is a modulation method that can be used in both analog and digital

modulation concepts.
There are two types of modulation: analog and digital, depending on the shape of the input signal.

In QAM, we can modulate two individual signals and transmit them at the receiver, and the channel bandwidth
increases using both input signals.

QAM can send two message signals on the same channel.

"Quadrature carrier multiplexing™ is another name for this QAM technique. [7 ]

11.5.1.3.5/ Amplitude shift keying (ASK):

The amplitude of the carrier signal is modified in amplitude shift keying to create signal elements. Although the
amplitude changes, the frequency and phase remain the same. [7 ]

11.5.1.3.6/ Binary amplitude shift keying (BASK):

Binary amplitude shift keying (BASK) or on-off modulation are terms used to describe ASK modulation with
only two levels. One signal level an peak amplitude of O while the other is equal to the amplitude of the carrier

frequency. [7 ]

11.5.1.3.7/ Phase shift keying (PSK):

This is a digital modulation method that modifies the phase of a constant-frequency reference signal to transmit
data. By varying the sine and cosine inputs at a given time, this modulation is achieved. In phase-shift keying,
the phase of the output signal is modified as a function of the input. The phase carrier signal will be transmitted
if m(t) is =1. Similarly, a phase-shifted carrier signal is transmitted if m(t) = O for the baseband signal.
Examples of applications include wireless local area networks, biometrics, contactless operations and satellite

communications. [7 ]

11.5.1.3.8/ Binary pahse shift keying (BPSK) :
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This is also known as PSK or Phase Reversal Keying or 2-phase PSK. In this method, the sine wave carrier
takes two phase reversals, such as 0° and 180°. The BPSK modulation method is essentially a double-band

carrier suppression modulation method. [7 ]

11.5.2/ Multiplexing and multiple access (MAC) :

11.5.2.1/ Multiplexing :

Multiplexing is a means of combining several signals into a single transmissible signal on a shared medium.

The multiplexer is a device used for this purpose. The multiplexer combines several input signals into a single

output signal.

The output signal is then transmitted to the shared medium. [8]

MUX: Multiplexer .
DEMUX: Demultiplexer

n Output

n Input
lines

lines

xc<
|
XCcZmo

1 link, n channels

Figure I11.7: multiplexer combining several input signals. [8]

11.5.2.2/ Multiplexing is used in a variety of applications, including:

11.5.2.2.1/ Communications:

Multiplexing is a technique for combining multiple voice or data signals into a single signal, which can be

transmitted over a shared telephone line or fiber-optic cable. [8]

11.5.2.2.2/ Broadcasting:

Multiplexing involves combining several radio or TV signals into a single signal that can be transmitted over a

shared broadcast channel.
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Multiplexing layers: [8]

Multiplexing can be performed at several layers of the network protocol stack. The physical layer and the data

link layer are the layers most frequently used to perform multiplexing. [8]

11.5.2.2.3/ Physical layer multiplexing:

This type of multiplexing merges several signals into a single signal.

This is the lowest layer in the protocol stack and is responsible for transmitting and receiving raw data bits on a

physical medium. [8]

2.5.2.2.4/ Data link layer multiplexing:

This type of multiplexing combines several signals into a single signal.

Data scaling, error detection and correction are all responsibilities of this layer. [8]

11.5.2.2.5/ Example of multiplexing:

A common example of multiplexing is the way telephone companies combine multiple voice signals into a

single signal that can be transmitted over a shared copper telephone line.
They use a device known as a frequency-division multiplexer (FDM) to do this.
FDM takes several voice signals and assigns them to different frequency bands.

Then the FDM output is transmitted to the copper telephone line. [8]

11.5.2.3/ Types of multiplexing techniques:
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Figure 11.8: Frequency-division multiplexing (FDM). [8]
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Figure 11.9: Wavelength division multiplexing (WDM). [8]
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Figure 11.10: Time-division multiplexing (TDM). [8]

11.5.2.4/ Multiple Access :

A multiple access method allows several devices to share a common medium. [8]

ess
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Multhple access

Figure 11.11: multiple access (MAC) [8]
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11.5.2.4.1/ Example of Multiple Access:

The way cell phones share a common radio frequency band.
To do this, a method known as Code Division Multiple Access (CDMA) is employed.

Each cell phone is equipped with a unique code thanks to CDMA, which allows its signal to be broadcast over a

wide range of frequencies.

This enables several cell phones to share the same frequency band without interfering with each other. [8]

11.5.2.4.2/ Types of multiple access:

Time division multiple access (TDMA).
Frequency Division Multiple Access (FDMA).

Code Division Multiple Access (CDMA). [8]

11.5.3/ Quality of service (QoS) :

Any technology that manages data traffic to reduce packet loss, latency and jitter on a network is known as
quality of service (QoS). QoS prioritizes specific types of data on the network, and controls and manages

network resources.

When applications such as voice, video and delay-sensitive data traverse a network, networks must provide
predictable and measurable services. Users use QoS to meet the traffic requirements of sensitive applications

such as real-time voice and video, and to prevent quality degradation caused by packet loss, delay and jitter. [9]

11.5.4/ Conclusion :

The future of mobile networks presents many fascinating opportunities. 5G technology promises even higher
data speeds, lower latency and greater capacity, opening up new opportunities in areas such as augmented
reality, the Internet of Things (IoT) and autonomous systems. As technology advances, mobile networks are
likely to play an important role in shaping the digital landscape, connecting more and more devices and
improving the way we live and work. Mobile networks are essentially a constant story of innovation,

modification and the ability to transform seamless connectivity.
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User satisfaction, business productivity and the successful integration of emerging technologies are directly
affected by the efficiency of mobile networks. It fosters innovation in areas such as augmented reality, virtual
reality and the Internet of Things, and enables smoother communication. What's more, companies that prioritize
and invest in optimizing mobile network performance deliver superior connectivity experiences, giving them a

competitive edge.

The techniques employed to improve mobile network performance play a key role in meeting the growing
demand for faster, more reliable and more efficient connectivity. As dependence on mobile communications
continues to grow, a range of strategies and technologies have been developed to optimize network performance

and ensure a seamless, tailored user experience.
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Chapter III :
orthogonal access techniques.
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111.1/ access techniques :

111.1.2/ introduction :

Access techniques are fundamental strategies in telecommunications and networking that govern how users and
devices connect and communicate over a network. These techniques are essential for determining the reliability

and efficiency of data transmission between devices.

111.1.3/ Introduction to orthogonal and non-orthogonal access techniques:

Access techniques are essential in the context of wireless communications, as they govern the way in which
several users or devices share the limited resources of a communication channel. Orthogonal and non-
orthogonal access techniques are the two main categories. These methods are essential for optimizing spectrum

efficiency, mitigating interference and facilitating reliable communication in wireless networks. [10]

111.1.4/ why use orthogonal multiple accesses:

Communication systems use orthogonal multiple access techniques to enable multiple users to transmit data
simultaneously on the same channel without interference. Orthogonal multiple access methods offer a number

of advantages:

Efficient use of bandwidth: orthogonal techniques ensure that each user's signal occupies a distinct set of
frequencies or time slots that do not overlap with others. This allows the available bandwidth to be used without

interference between users.

Increased capacity: Orthogonal techniques improve the overall capacity of the communication system by
allowing several users to transmit simultaneously. This is particularly crucial in situations where there is a high

demand for communication services.

Reduced interference: By ensuring that their signals are orthogonal, or do not interfere with each other,
orthogonal techniques reduce interference between users. This maintains communication quality and reduces

the risk of data corruption or loss.

Flexibility: a variety of modulation schemes and coding techniques can be used to employ orthogonal multiple

access techniques, enabling adaptation to different environments and communication requirements.

Ease of synchronization: orthogonal techniques often use simple synchronization mechanisms, making it easy to

coordinate transmissions between multiple users.
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Overall, orthogonal multi-user access techniques are essential to enable efficient and reliable communication in

multi-user scenarios, such as cellular networks. [10]

111.1.5/ Orthogonal multi-user access (OMA) technigues:

111.1.5.1/ FDMA :

We assign each signal a different type of frequency band (range) in this type of multiple access. Consequently,

the frequency band type must not be the same for two signals. Even if we send these signals in a single channel,

there will be no interference between them.

Our radio channels are an excellent example of this type of access. It goes without saying that each station has

been allocated a specific frequency band in which to operate.
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Figure 111.1; FDMA [10]

Let's take three stations, namely A, B and C. We want to access them using the FDMA method. So we've

assigned them various frequency bands.

The figure shows that satellite station A has been kept in the frequency range 0 to 20 HZ. Similarly, stations B
and C were assigned to 30-60 Hz and 70-90 Hz respectively. They do not conflict with each other.

The main disadvantage of this type of system is that it is very noisy. For dynamic and irregular channels, this

type of multiple access is not recommended. It will make their data inflexible and inefficient, in effect.
B=N/Nu

N: Total available bandwidth (in Hertz)
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Nu: Number of users

B : Bandwidth allocated to each user (in Hertz). [10]

111.1.5.2/ TDMA :

As its name suggests, TDMA is based on access time. Here, we assign a specific time to each channel. Within

this period, the channel can access the entire bandwidth of the spectrum.

Each station has a specific length or slot. Unused slots remain inactive.

Figure 111.2;: TDMA [10]

Suppose we want to use the TDMA technique to send five packets of data on a specific channel. Therefore, we

need to give them certain time intervals or time frames in which they can access the full bandwidth.

Packets 1, 3 and 4 are active and transmitting data, as shown in the figure above. However, packets 2 and 5 are
inactive as they are not involved. Each time we assign bandwidth to this particular channel, this format repeats
itself.

Although we have assigned specific time slots to a channel, load capacity can also change them. In other words,
one channel may receive a larger timeslot than the channel that receives lighter loads. The main advantage of

TDMA over FDMA is that it is more efficient. TDMA's low power consumption is another advantage.
tu="T/Nu

T: Total image duration (in seconds)

Nu: Number of users

tu: Time allocated to each user (in seconds). [10]
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111.1.5.3/ CDMA :

Each channel, in the CDMA technique, has been given a distinct code to differentiate it from the others. An

excellent example of this type of multiple access is our cellular system. No two people have the same cell phone
number, even though they are customers of the same mobile service company X or Y and use the same
bandwidth.

We decode the inner product of the coded signal and the shredding sequence in the CDMA process. Therefore,

the mathematical writing is as follows:
Coded signal = original data : \N- Time\N- Chipping\N-Sequence\N$$.

The main advantage of this type of multiple access is that it allows all users to use the full bandwidth

simultaneously. There is no interference, as each user has its own code.

Unlike FDMA and TDMA, this technique allows a certain number of stations to have a certain number of

channels. The advantage of this method is that each station can use the entire spectrum at any time. [10]

A Tode Time

'LGuard Codea

Frequency
-

CDMA

Figure 111.3: CDMA [10]

111.1.5.4/ SC-FDMA (single-carrier frequency-division multiple access):

The SC-FDMA digital modulation and access scheme is used in wireless communication systems, particularly

in the uplink transmission of cellular networks such as LTE (Long-Term Evolution) and 5G.
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In terms of peak-to-average power ratio (PAPR), SC-FDMA is specially designed to overcome the traditional
limitations of OFDMA (Orthogonal Frequency Division Multiple Access). In OFDMA, the available frequency
spectrum is divided into sub-carriers for multiple users, which are then allocated to different users. However,
OFDMA an a high PAPR, which means that signal power fluctuates considerably, potentially leading to
distortion and reduced efficiency of power amplifiers.

By combining the advantages of single-carrier modulation and multicarrier access, SC-FDMA solves this
problem. It uses a single-carrier waveform, similar to traditional single-carrier modulation schemes such as
QPSK (Quadrature Phase Shift Keying) or QAM (Quadrature Amplitude Modulation), but applies frequency-

domain equalization and offers multicarrier access similar to OFDMA. [10]

111.1.5.5/ OFDMA (orthogonal frequency division multiple access):

(OFDMA) enables access points to serve several customers simultaneously. OFDMA rules allow data to be
transmitted between several terminals or clients on one transmission medium. Any device connected to a
transmission channel, such as a computer or telephone, can serve as a terminal, and the medium can be a

wireless network.

A signal modulation method called orthogonal frequency division multiplexing uses several subcarriers in the
same communication channel. These subcarriers transmit in parallel, are closely spaced and carry data at low
data rates. The technique is resistant to selective fading and interference thanks to the use of multiple

subcarriers, while offering fairly high spectral efficiency.

OFDM is based on frequency-division multiplexing and was used in the past for cellular networks, broadcast
media and older Wi-Fi standards such as IEEE 802.11ac (Wi-Fi 5). OFDM is a variant of OFDMA. More
precisely, it is a multi-user OFDM variant, meaning that several users can access data at the same time. It's an
improvement on FDM and OFDM. [10]
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Wireless transmissions compared

How orthogonal frequency-division multiplexing (OFDM), standard frequency-division
multiplexing (FDM) and single-channel wireless transmission compare.

UL JUUL N

OFDM FDM Single-channel
Subchannels overlap Subchannels do not overlap One channel/band uses
all available bandwidth

Figure 111.4: The differences between OFDM, FDM and a single wideband channel frequency wireless data
transmission scheme. OFDMA is a variant of the OFDM scheme. [10]

111.1.5.5.1/ How OFDMA works:

Analog modulation is used in conventional multiplexing technologies. However, OFDMA uses carrier signal

waves, also known as subcarriers, to move small chunks of information in a more logical way. These can be
null subcarriers, reference signal subcarriers or data subcarriers. Data can only be transmitted via data
subcarriers. So that wireless operators can occupy and efficiently use the frequency bands for which they are

licensed, the channel is divided into smaller frequencies, called resource units (RUS).

OFDMA enables users to communicate with multiple clients and transmit data simultaneously by allocating
subsets of time-frequency resource units to multiple users (e.g. access points). RUs are allocated according to
the bandwidth required by the user and other factors, such as QoS requirements, packet size and device
constraints. Thanks to the use of several closely-spaced subcarriers and the flexible allocation of RUs, OFDMA

takes account of all user usage patterns or data loads.

Two telephones sending data over the same telephone line is an example of how OFDMA works. Each phone
can be given a time interval so that it can take turns sending its signal over the line at its allocated interval.
However, these time intervals are imperceptibly small, giving the impression that both phones are transferring

data at the same time and without interruption. [10]
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111.2Conclusion :

In contemporary telecommunications, orthogonal access techniques play an essential role in enabling efficient,
scalable and interference-free communication. Their ability to handle multiple simultaneous transmissions

without cross-interference is essential to meet the high data rates and reliability required by today's wireless

networks.
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Chapter IV : Results and Discussion
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IV.1/PART 01

1.2/ Introduction

In this chapter, we focus on assessing the capabilities of orthogonal multiple access (OMA) systems as a
function of the value of the signal-to-noise ratio (SNR) using a MATLAB simulation tool. This study takes on
singular importance in the field of wireless communications, where it is crucial to optimize resource allocation
and maximize data transmission speed. To this end, we detail the simulation set-up, the key parameters to be
taken into account, how Rayleigh effects are modeled and the method for assessing system capacity. The aim of
this chapter is to provide a comprehensive understanding of the OMA capacity evaluation process, enabling

better control of wireless communication systems.

1.3/ OMA (orthogonal multiple access) system model:

A transmission system that can support several users (K) at the same time.

K users are connected to the transmission system.

1VV.3.1/ Transmission channel:

Each transmission channel is characterized by a unique bandwidth (W) and signal-to-noise ratio (SNR)
The signal transmitted by each user is modulated on the Rayleigh channel.

The receiver is responsible for recovering the signals transmitted by the users.

1.4/ Mathematical model:

The basic equation of the OMA system is given by:
R =W xlog2(1 + SNR)

Where:

R is the transmission rate (in bits/second)

W is the bandwidth (in Hz)

SNR is the signal-to-noise ratio (in decibels(
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The above equation describes the relationship between transmission rate and SNR in each channel.

Or the SNR value of the nth user is :

SNRoma = I]jv—n

The Signal-to-Noise Ratio (SNR) is an essential parameter that measures the proportion between the useful
signal power p_n and the noise power N in a transmission system. This value is used to assess the contribution

of noise and its impact on signal degradation.

These equations show how resources are allocated and how system capacity and efficiency are calculated in

different orthogonal multiple access schemes.

1.5/ Model simulation :

Noise is a key factor in communications, as it can lead to transmission errors and disturbances in signal
transmission. To ensure reliable communication, it is essential to understand and control the effects of noise on
data transmission. This is why SNR (Signal-to-Noise Ratio) has been introduced as a critical variable for

assessing communication quality.

SNR is an indicator that measures the relationship between the power of the useful signal and the power of the
background noise. The higher the SNR, the stronger the signal in relation to the noise, meaning better

transmission quality.

SNR is also linked to a system's transmission capacity, as too low an SNR can limit transmission speed and lead
to transmission errors. A high SNR guarantees faster, more reliable transmission. On the other hand, an SNR

that is too low can lead to problems of signal distortion, which can affect transmission quality.

Consequently, SNR is a crucial factor in communications, as it directly determines the quality of a given
communication. This factor must be taken into account when designing and controlling transmission systems to

ensure reliable and efficient communication”.

Our study consists of simulating a system model using the OMA technique to study system performance as a

function of parameters such as transmission power, SNR, number of users, and system capacity.
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1.6/ Capacity as a function of SNR: Study of the impact of transmission power (pt) :
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Figure 1V.1: The relationship between signal-to-noise ratio and achievable capacity for VVarious Transmission
Power (Pt)

Using only one user in this simulation, we conclude that, the relationship between signal-to-noise ratio (SNR) in
decibels (dB) and achievable capacity (in bits per second per Hertz, bps/Hz) is illustrated by the graphs
presented for three different power transmission levels (Pt). Each graph illustrates the variation in achievable

capacity as the SNR increases for a specific Pt value.

Higher Pt values result in higher capacities: the graphs show that increasing transmission power (Pt) results in

higher achievable capacities for the same SNR value.

In all the graphs, there is a faster increase in capacity as SNR increases, suggesting a non-linear relationship

between SNR and capacity.
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Each chart offers a variety of ranges for SNR and capacity, corresponding to the specific Pt value in question.
The higher the Pt values, the wider the SNR and capacity ranges.

The bottom line These graphs convincingly demonstrate how SNR influences the achievable capacity of a
communication system at various transmission power levels, keeping in mind that this simulation was
conducted for only one user. As transmission power increases, the system can achieve higher capacities, but the
relationship between SNR and capacity remains uneven from case to case. The design and optimization of
communication systems requires this information in order to maximize data throughput under varying SNR

conditions.

IV.7/Part 02:

1\V.7.1/ Evaluation of system capacity/SNR as a function of propagation distance:

Distance between users and base station

Figure 01 (1) Figure 02 (2) Figure 03 (3)
users
Ul 5 50 100
U2 3 30 50
U3 2 20 30
U4 1 10 20
U5 0.35 3.5 10

Table 01 shows The distances between different users (U1 to U5) and a base station are compared in the table in

Table I1VV.1: Distance between users and base station

three different scenarios, as shown in Figures 01, 02 and 03.

1\VV.7.2/ Network cateqories:

Figure 01:
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A small cell or femtocell (indoors, in the office)
Figure 02:

Microcell or picocell (urban environment)
Figure 03:

Macrocell (on the outskirts or in rural areas)
Figure 01:

Nearest user: U5 (0.35 units)

Farthest user: U1 (5 units)

Range of values: from 0.35 to 5 units.

This structure offers the shortest distances, suggesting a compact network or indoor environment.

Capacity of OMA

— OMA 3 users

— OMA 5 users

Achievable rate (bpsiHz)

0 5 10 15 20 25
SNR (dB)
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Figure 1V.2 (1): Distance between users and base station D=5 ,3,2,1,0.35

The frequency of the Y axis is ~2-18 bits/Hz - The lines are fairly close, with a constant spacing.
As the signal-to-noise ratio increases, both lines increase steadily, and the gap narrows slightly.
The gap is about 4 bits/Hz at an SNR of 30 dB (16 vs. 12.(

Figure 02 :

Nearest user: U5 (3.5 units)

Farthest user: U1 (50 units)

Range of values: from 3.5 to 50 units.

Distances are about 10 times greater than those shown in figure 01, suggesting a larger area or external
environment.
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Capacity of OMA
45 | I L
: : ' ' — OMA 3 users

— OMA 5 users

Achievable rate (bps/Hz)

0 i ' | i i
0 5 10 15 20 25 30
SNR (dB)

Figure 1VV.3 (2): Distance between users and base station D=50 ,30,20,10, 3.5

Y-axis speed is ~0-4.5 bits/Hz.

The lines start out very close together at low SNR, but diverge significantly as SNR increases.

The number of users on the “OMA 5” line increases significantly faster than on the “OMA 3 line.

The difference is around 3 bits/Hz (4 vs. 1) at an SNR of 30 dB, which is considerably higher than in image 1.
Figure 03:

Nearest user: U5 (10 units)

Farthest user: U1 (100 units)

Variation in values: from 10 to 100 units.
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Distances are approximately 20 times greater than in figure 01 and twice as great as in figure 02, suggesting a

very large area or a rural environment.

Capacity of OMA
2 | | | | I
: : : : — OMA 3 users
— OMA 5 users

Achievable rate (bps/Hz)

0 5 10 15 20 25 30
SNR (dB)

FigurelV.4 (3) : Distance between users and base station D=100 ,50, 30, 20,10

The speed of the ordinates varies from ~0-2 bits/Hz.
The two lines are very close, with low SNR and gradually increasing SNR.
There is a clear divergence between them after an SNR of 15 dB.

When using an SNR of 30 dB, the difference is about 1.4 bits/Hz (1.8 vs. 0.4), which is the largest proportional
difference.
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1VV.7.3/ Comparative analysis:

IV.7.3.1/ Increase in scale :

Scaling increases steadily from Figure 01 to Figure 03, typically by factors of 10 and 20.

This indicates varying network configurations or environments (e.g. room — building — university.)

1VV.7.3.2/ User organization :

In all illustrations, U5 is closest and U1 furthest away, with U2-U4 in between. This consistent order means that

users are arranged in a spatially stable manner in relation to the base station.

1VV.7.3.3/ Distances:

In each illustration, U1 is roughly three times further away than U5. This consistent ratio suggests that the base
station is arranged in a linear or radial fashion.

1VV.7.3.4/ Technological consequences:

Short distances (Fig. 01) are suitable for high frequencies (e.g. 5G mmWave) over a wide frequency range.

For optimum penetration, longer distances (see figure 03) require lower frequencies (e.g. below 6 GHz).

1.8/ Conséquences for OMA results:

Due to lower path loss, it is likely that the closest users (U4, U5) will have a higher SNR.

In an OMA system with 5 users, the addition of these closer users could lead to a significant increase in

capacity, especially for U5.
The limited capacity of the 3-user system could lead to the exclusion of the closest users (U4, U5.(

The various scales shown in the table may correspond to the various capacity configurations shown in Figures
1,2 and 3.

Network designers need this data to optimize the location of base stations, select appropriate technologies and
guarantee quality of service over different distances. These data illustrate the complexity of today's networks,

which have to adjust to different geographical scales.
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In all three graphs, a general trend can be observed where capacity increases as the signal-to-noise ratio
increases, whether for 3 or 5 users. This is understandable, as a higher SNR implies sharper signals, enabling

more information to be transmitted more reliably.

1VV.9/ Impact of the number of users:

In terms of capacity, the 5-user system is more efficient than the 3-user system, consistently across all graphs.
This suggests that OMA is ideally suited to a larger number of users, probably due to better resource utilization

or a gain in diversity due to a larger number of users.

1VV.10/ Impact of signal-to-noise ratio:

In all graphs, a greater variation in signal-to-noise ratio results in more significant differences. This suggests
that the improvement in signal quality leads to an increase in the difference in capacity between 3-user and 5-
user OMA systems.

1VV.11/ Influence of the number of users:

The “5-user OMA” system continues to demonstrate superior performance to the “3-user OMA” system,
suggesting that increasing the number of users in the OMA system improves its capacity. This effect is

reinforced when SNRs are higher.

1VV.12/ Part 03

1VV.12.1/ Exploring capacity limits with varying signal-to-noise ratio and increasing
number of users (k=20, 40, 60, 80) :

In this section we present graphs that seem to illustrate the sum rate for different systems with a variable

number of users K as a function of the signal-to-noise ratio (SNR).
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Figure IV.5: Impact of number of users k=20 on Sum Rate as a Function of SNR

The trend is for the summation rate to increase linearly with increasing SNR.

For K = 20, the summation rate is extremely low and has a linear relationship with SNR in the range listed.

With increasing signal-to-noise ratio, the summation rate increases steadily.
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Figure 1V.6: Impact of number of users k=40 on Sum Rate as a Function of SNR
The summation rate is practically zero until it reaches an SNR of around 20 dB, then it increases considerably.
The summation rate is initially zero for lower SNR values and increases rapidly when the SNR exceeds 20 dB

This suggests a threshold situation where the system requires a higher SNR in order to achieve a significant

summation rate.

The summation rate for a value of K =40 is much higher (up to 0.8 bps/Hz) than for a value of K = 20 (up to

9x10-"5 bps/Hz). This suggests that increasing K from 20 to 40 leads to a considerable improvement in system

capacity.

1VV.12.2/ Analysis of the impact of noise on transmission: study of system behavior as a

function of signal-to-noise ratio :
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The study shows that the summation rate increases linearly with the improvement in SNR, with no apparent
threshold for a number of users of 20. However, for a number of users of 40, there is a clear threshold of 20 dB

SNR, below which the summation rate is almost zero, and above which it increases rapidly.

System performance with 40 users is higher at higher SNR values, but a higher SNR is required to benefit from

this improvement.

The graphs above illustrate how the summation rate varies as a function of the signal-to-noise ratio for different
numbers of users. When the number of users is lower, the summation rate increases steadily as a function of the
signal-to-noise ratio, showing a steady but limited improvement in performance. For a higher number of users
k=40, the system has a threshold effect, where performance remains poor until a certain SNR is reached, beyond
which the summation rate improves considerably. As a result, increasing the number of users improves overall

capacity, but requires a higher SNR to free up this capacity.

12 T

1) SRS SRS SN RS B AR S S S S 4 -

Sum rate (bpsHz)

|
0 5 10 15 20 25 30 35 40 45 50
SNR(dB)

Figure 1V.7: Impact of number of users k=60 on Sum Rate as a Function of SNR
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Sum rate (bps/Hz)

SNR(dB)

Figure 1V.8: Impact of number of users k=80 on Sum Rate as a Function of SNR

Figure 3 shows a curve with K = 60. The SNR increases approximately constantly as the summation rate
increases from 0 to 50 dB. The summation rate increases rapidly with increasing SNR when K is set to 60,

indicating a steep slope of the curve.

Figure 4 shows a curve with a value of K = 80. In the first graph, there is a linear increase in the addition rate as
the SNR increases, but at a slower rate than when K = 60. The slope of the curve is gentler, suggesting that the

increase in summation rate is slower as the SNR increases when K is set to 80.

Comparing the two graphs, we can see that the number of users K has an impact on the speed at which the
summation rate increases as a function of SNR. The summation rate increases more rapidly with increasing
SNR when K is lower (K = 60), which is reflected in a narrower curve. On the other hand, when K is higher (K

= 80), the summation rate increases more slowly with increasing SNR, resulting in a less straight curve.

It would be beneficial to use these graphs to study the performance of communication systems, or to adjust

system parameters according to the desired trade-off between summation rate and SNR for various values of K.
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1VV.12.3/ Conclusion:

In wireless networks with multiple users, SNR is beneficial for prioritizing various users and plays a crucial role
in network management and enhancement. By modifying the weights, the system can give priority to certain

users, which has an impact on the overall sum rate.
In short, the number of users or access points has a considerable influence on the sum rate in different

communication systems

68



NOMA vs OMA :

Chapter 05 : NOMA VS OMA
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NOMA vs OMA :

V.1/Introduction :

The radio access technology known as non-orthogonal multiple access (NOMA) is designed to increase the
capacity of wireless communication networks. Unlike conventional multiple access methods, such as
orthogonal multiple access (OMA), which separate users in time, frequency or code domains, non-orthogonal
multiple access allows multiple users to share the same time and frequency resources. To achieve this, signals
from different users are superimposed at different power levels, and advanced signal processing techniques

are used at the receiver to separate the signals.[11]

V.2/INOMA's main features :

Overlay coding is used by NOMA to transmit several signals at the same time. Signals from different users are

combined at different power levels.

At the receiver, the SIC is used to decipher superimposed signals. First, the signal with the highest power is

decoded, then subtracted from the received signal, and the process is repeated for the other signals.
By allowing multiple users to share the same resources, NOMA considerably improves spectral efficiency.

NOMA has the ability to dynamically adjust power according to users' channel conditions, improving system

fairness and flexibility. [11]

V.3/Differences Between OMA and NOMA:

V.3.1/0Orthogonal Multiple Access (OMA):

In OMA, users receive orthogonal resources such as time, frequency or codes to avoid interference. Examples
include Time Division Multiple Access (TDMA), Frequency Division Multiple Access (FDMA) and Code Division
Multiple Access (CDMA). [11]
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OMA users are provided with orthogonal resources such as time, frequency or codes to avoid interference.
Time Division Multiple Access (TDMA), Frequency Division Multiple Access (FDMA) and Code Division Multiple

Access (CDMA) are examples.
Orthogonal separation limits resource utilization, which can lead to under-utilization.

Implementation is generally easier due to direct resource allocation and less complex receiver design. [11]

V.3.2/Non-Orthogonal Multiple Access (NOMA):

NOMA offers multiple users the possibility of sharing the same resources at different and frequent times, by

separating users according to their power level.

Interference management requires advanced management methods such as SIC to understand superimposed

signals.
Increased spectral efficiency due to simultaneous resource sharing between multiple users.

Due to the increased complexity, it is essential to implement power allocation and SIC strategies at the

receiver level. [11]

V.4/Conclusion :

NOMA holds great promise for future wireless communication systems, offering significant improvements in
spectral efficiency and ease of use over conventional OMA methods. When implementing NOMA, careful
consideration must be given to power allocation and interference management, in order to take full

advantage of its benefits. [11]
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Figure V.3 : The difference between orthogonal multiple access OMA and non orthogonal-multiple
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Figure V.4: Capacity NOMA VS OMA
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General conclusion :

In conclusion, the continuous evolution of mobile networks has brought about a significant transformation in
modern communication, providing users with seamless connectivity and easy accessibility. These advancements
are made possible through the integration of cutting-edge technologies such as multiple access, multiplexing,
and signal-to-noise ratio optimization, which work together to efficiently manage data transmission amidst the
growing number of devices and users in the network. Various techniques, (FDMA), (TDMA), (CDMA),
(OFDMA), (FDM), (TDM), (CDM), play crucial roles in optimizing network resources and maximizing
spectrum utilization.

Ensuring a high signal-to-noise ratio is essential for maintaining reliable communication, particularly in
challenging environments where interference and noise may disrupt signal transmission. It is imperative for
network designers and engineers to have a deep understanding of these principles and leverage them effectively
in the design and optimization of mobile networks to meet the increasing demand for high-speed data
transmission and uninterrupted connectivity. By embracing these technologies and strategies, mobile networks
can enhance user experiences, ultimately catering to the needs of an interconnected world that relies heavily on
seamless communication and information exchange.

In summary, the ongoing evolution of mobile networks signifies a paradigm shift in the telecommunications
landscape, ushering in an era of enhanced connectivity, accessibility, and user-centric experiences. By
embracing and integrating advanced technologies and principles, mobile networks can continue to adapt and
thrive in an environment where seamless communication and reliable connectivity are essential for driving

innovation, productivity, and social interconnectedness.
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