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Abstract

This thesis deals with the description and study of the performaieairod mit-
igation techniques on the availability of 5th generabackhaul links.

Chapter 1 introduces 5th generation wireless networks, theirlaygtied archi-
tecture, basic concepts, and applications. In Chapter 2, the basic architecture of back-
hauling, the Radio Access Network (RAN) Backhaul 2G design procdgb@evolu-
tion of technologies aimed at meeting the requirements for LTE RAN Backhaul design
are presented and discussed.

In Chapter 3, an analysis of the challenges for the backhaul network during its
design evolution is carried out. The main researobéctons of network service pro-
viders' solutions concerning the optimization of RAN backhaul design to alleviate net-
work congestion and the two traffic models that measure backhaul throughput are pre-
sented.

In Chapter 4, the experimental part of the thestsarried out The characteristics
of rainfall, which is considered the dominant propagatiawbackin microwave fre-
guencies through the I8 recommendations, are modelled and the time, space and
multiple antenna diversity techniques amalyzed Then, through simulation in
MATLAB and taking rainfall data fogreek cities, the resultf exceedancprobability
due to rainfall and theutagecapacity using the diversity techniques are plotted.

Finally, in Chapter 5, proposals for future research on 5th generation backhaul

networks are presented.

Key Words

Backhaul communication, 5G, backhaul architecture, network backhaul challenges,
fading mitigation techniquesxceedance probabilitputage capacitysystem perfor-

mance, terrestrial networks.
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per cell site 341 462 34 467
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Link/network ATW/ IPML-

Physical TIEY -

interface /E /E1 TI/E1 TIE1 TIE T1/E1 [l Ethernet
GSM

3GPP- 3GPP-R5 3GPP-R6 CDMA  1xRTT  EV-DO EV-DO
R99/R4 (HSDPA) HSPA IS-95 Rev-A

1 Estimation based on 5,5,5 configured BTS (fifteen 200KHz carriers)

2 Estimation based on 1,1,1 configured Node B with 60 usable codes per 5 MHz carrier

3 Estimation based on 2,2,2 configured Node B with peak downlink rate of 1.8 Mbps
(category 12 terminals); dedicated carriers for voice and data, voice = 3.1Mbps (CBR),
remaining BW for data (VBR)

41n lieu og broadband interfaces, typically AT-IMA is used to achieve peak data rates above
1.5/2 Mbps

5 Estimation based on 2,2,2 configured Node B with peak downlink rate of 3.6 Mbps
(category 6 terminals)
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7 Estimation based on 3,3,3 configured BTS with 24 codes per 1.25 MHz carrier

8 Some vendors provide IP over Ethernet interfaces for EV-DO Rev. 0
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513 EPC, e6rvjad U (taUsU o2Uss0hllaaldylgd ¢ @
9 9 Ubadkeauli c s ¥gessy U R Ud dydd HSR. zU byYld
FecegU6 (a) oaUs (b), GUa30U0Us HBecuriysU i ad
Gateway) UsU Ui GaUOUUs GUd dyGd HSR.

W < ®

o Co _8 m
() Co
Co ¢

(@)
Co

263 TUUUs @se hBd Fyyc poasliafyd

Bs RATs “e6g bUGasesUUs GU "~ hUg U 3GPP U
U0Usi Urs GUUdRNEsbYBdd UgUaiv¥e oaUsUsgy oo
Uphtdd TeBD g Yy c6Us d UsYooad g eGUeysazdd Usg
eyaU aUsyysU, f{ ¥vd:

¢ yOUs Ue LTE aUsUecgjoUa GU aUsmmg; oalU s

Co ™

Co

Division Duplex
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9 yUU3s UBaylbse " esdeyse Us MI MO "gaaU a1 3 6}y

aed UsUay UG ( d-FegueneyDivigich DdpleX) F D D
9 yUUs UsU Ui GG0O0UUs g dj UaU gU00yusldd Ug.
ceed G0U UasaUge &9 Ud Miltgasts Bydadtast §ingld MBS F N

Frequency Network).

j3YaeoU U UU GeytsU Ushd "Uyfheeg 30U g’ a
3y 99U, 6 Ggocyesslehd GYaUx¥ys e 63 Ua 30 dU0r,
ahd.

yUOUs UU UaaUgU backhaul bUGase3UUsz GU ac
"Usol 3 /ioaWiiws Giocyesadd ydqisUesed sUj3 Ujcal
Gy e390ehd vU0Us UstGrveUUvyeysaed GUs g eoalUacUs.
bUGd U UUecseeasoalUd eUUUGey ¥Yd bUGslGeysUd G
Uds Us¥Yoad 025U Fa3teUUBdgosfhUBPGde  D¥sligUt 3 Uxa
cjJe3o0elais Udipe 6 h3aeg UsUlGey ¥Yd GUesgd GUUdEe
"6yd, 695 UWBcimmemmsadwgdl s9a6o0yd "6g UgedUaci
Us Giocyje3e EShyachenon o6y nhlEGhaesrthlelis) d lseg ) f
G.8261 Udd | TU aUs Ue '} ¥Ridpisian&FimaProibeo))ab Us Ud
"e6g bUGasUUUs GUs "~ hUg e 1588v2 Udd | EEE.

g8 Ui ocye3e Ethernet UsUsyeUs Usd “~ady el
ceollgiosoed Us U UDwyg g aEtUme rUneth. G Uds UVUGU) esgoe
Gd00d g etUeysazd €U gesafh (hardware). q@UR
cUs (Ggoecyeaslielh GYddd aUs U UsUUa hHUs oa¥dU
Us SyncE U YeUld (gdddasigaldlssmdd BU aPem
slgg3 U Yo UUUs GdeUsUsoayd U UsitiaUsd UsUbYd:s

¢ P¢gA UsUsyeUs Ue3s UGgoecyaeasleh Gges3hUd!
bytGd Ue “~UsyUe eUUUzi ohebys eU U aosz3xvid U
aUae Uz el Gagdlblesh. B AUU g et Ud) ae & UBiIded Ggoa6)y
aUs UU3s g YyjeUs d U UaUdGd 30U gas e8sddUa Gl

~

hardware 29U 63Je390yd e¢UUjetUsd aUs dq U  fu

¢

sUGefh Ueg g eeio lascalBiasegy (g lisae
KaszUs Ui Gesas 3U g e0GUdyazUs oaUsUad HUs

e 83 Ua 30U saU3ze 69ellUs Usd "eossaald UszyYoal
3¥3 UsoaUi¥vs backhaul. zU bYGd),dgleyvyedsailUeg kK
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gby) slisbljgdxeesstiesdi ~6g UsUutUsoesi Us UlUs¥Ylcy !
G 5

UGUe UosaUieg backhaul

Co

GoUUU0dmcoeiSRaWasUPe Ua ¥vd PTP sl ave oUs ¢
0dge3ahUqUU eylay Usg SyncE o0sU UU Gglhoesa¥Y Ggs3
b)-(d), Ue HSR UsUj;oU0a vd UlUjyjseecgasgodUed PTP,
GUecstpo he beagd 6} diosec IRmicastii&yg U0 gp®Qdd e b

FeceelU 2.7: @obsceégcecafhddlegsesdtls (Rradd Uz URld
CSR UsUjoUa vd PTP slave oaUs usUbsbyYsUs Uc
SyncE 86U y¥3U0 GgsuUuUeyse eyly Ethernet eNb
U sa6oe (b) B WBd = Nd yahlB G@SRO oy tGexU agoave YUx
A eeysvyd, 6 Ogocjessltehd U h Us CSR GUs eNt
TDM. qd Use Uesi Usg, 6 Ggocyesstehd U K Us
UseyU TDM. ¢gyaasad, d U sasoe (d)e gejelioy BUb f
Us Uy osldbveo &k 3 U aUeby¥YsUs URlGe Usd ~adyaeliasy ald
aUs (GYGdd. B "Yjyeced € 6} Ua 3l dg)ldmsess e el
UoaYlie; U ey d Uesg UsaUiesg U bYad Usd Ugs3UU
3 UWBe3 ohebs oaUs GUsd Ues 6dUlBaUd sagyUal 3.

AKaUhd U R Ue SyncE aUs Ue PTP, Ue YUosah
(GPS-Gl obal Positioning System) "~ UjpycUs U ad
aUdi d aUs UGgocjes3sleh 6) haaeg/ Gyvdigidhy glide -Ug
3UUs GUd tsUltsaUBaU e0UYDBUGdd GUe LTE eU b
ceags ~aUessyalUdeU, aUdtd UU RAN “@gaalU aed
(CDMA) wyeegs os0Ues)9aY UGgocyesstiUUa U0 Udq
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