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Mall High speed Downlink Packet Access Laag LS iV Lat¥) & ol oS5i0 3 gad (0 3 ¢ eyl e
e Aoyl e o)l Sl High Speed Uplink Packet Access s cddalgll dhasll e depudl Jle o))l
Q) o B el ek e L S Gl (Sass JWCDMA sl e sy (53l caeLall dliagl

[5] (1-2)
3G Evolution
2.6 3.5G
GSM ,| GPRS ) EDGE | | . '
HSCSD 170 kbps 473 kbps EDGE Ph2
15.2 kbps GRAN
473 kbps
TDMA TD-SCDMA
CDPD TD-SCDMA | Ph2
43.2 kbps 284 kbps '| 2 Mbps
JWCDMA TDD 2 Mbps]|
PDA/PDC-P WCDMAFDD
14.4 kbps 2 Mbps " »WCDMA HSDPA 10 Mbps |
CDMA2000 1x | "IXEV-DO (HDR) 2.4 Mbps |
cdmaOne T,
76.8 kbps 307 keps 4 IXEV-DV (HDR) 5.4 Mbps
HyperLAN2 | - ed
54 Mbs — armonize
WLAN P % HyperLAN2
IlElEl\EIbSOZ-“b EEE s02.11ah | | AndIEEE 802.11a
2 54 Mbps

G Jaall skt (2-1) ISl

il Glialgal) gt allall elad) a8 A Y Lai) g Uadl Lkl Clgally Gdald) 3sga ol ol
Glaxd Go ("G din' 6f) wan din ) est JUE) 3iaS die Gapad) OIS () ALl dashaial o3a (il
s b 2seall 028 Cuna dg caanl Allall b IS Dsliiia iy lajlady derdivudl by dslall YL
O YAl &l aay ldle uleal sda amg 6l Ll V) el s e dulie puledd cila sk
AL IS Lile) Jast e et 808 bl Gl oIS S8 Jaall Gl (g3l Jal€) Jlann)
S OEN) 06 o Aoy el Jaal) claadl daels A e ST alad e Gilal gya 1N cculKuall Al
aa sl Laahll dgeall Cjiuly Sen 2 2 LG G Ll cplidall (Kar Gusy by GIEN Q)
Algadl cV L) cileglaial 4l claalgal) aung (pivies bl Gfiga Glasiul ) Lalle uledl

aui dga 45 <"'Third Generation Partnership Project (3GPP) <l Jaall 4S5 g5 pia & (5Y)
Cilgall aal lgilalias b ol )liy WS claill aliiall cilgal) o cplian ¢ YL cljagail daicadl) @l (5)<
LYY g Uadl Aadalil) das€all 5 dnans)l

028 iy AUl elial e e IS paidS Al Clialsally (3T dlaie Gluagi dgall sl
O o) @lKeall Juin Gand) il dsslally calas Al sl dua el cilgall hajidn Ladie duany dba Sluagill
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o Balall Cluagll loladn il Al uleall Glse 48N &3Sl 8gaY) L) 5 (uSidall Glasdll ydg
L) loshia 8 Lesd) DA b ausi db)la g oo Uggasal dgall Lad 3GPP Jiss .3GPP
Capilg VL) e bl daad) ilad claialse ) Ysaagy il Jaad) alasy Tyg 30 «GSM iy Teay ¢l
Baseie "Clacal’ duenty Al B Gn Adalad) s3a Sadi g 5V EBEN Aleel) DA ladll L) sk
Lol agstl) jang A0AD) (ga d8jie ela Aajiball Cilipanil) (g degena lgie IS Jaiy «buagill "Releases”
Jaii Sl ETSI L) plaal (956Y) dgaall J8 (e Cpra il Al dbaddl claalsll US o) S
e Gl Al Sluagll (e ek Gjlia 5« 3GPP U8 (e g 5y 8 «GSM-Phase2+ 4l GSM wiljlaa)
A ylaca) daslie
"Third Generation Partnership Project ¢ (Ludl 138 8 WSS jaay Al Aslll dgal) L
Aylal pagy sl sa e i g " LaDU ) i) skl A5 AL Al ol 2(3GPP2)
G loas g saatall sl 4 dniddl cdma-one deshaie e WUl cVLaW) cilaghiia gkt dalall
Badate sl 8 ! Lgils ke S dgall o3l LApgiad) LysS 5 oLl
rclaghaiall (g Glad (pdic gaae "GEN Jaall' et Jads ¢ o Lo ) Jalid
Ll Lkl clsil) Jualdi Cus e oplii g 3GPP Clias lelatis Al cilashiall & JsY)
"Universal Mobile Telecommunications s 5 ¢! aelad) mclhadl faca dalal) sda U z)am . (gl
o il pans b ciloshiall sda ciadie) g . Y Jaal el il e maal (31 ¢Services (UMTS)"
Al Jsa IS 3 Ledy hlim) <8 85 (GSM als
Lok Jiar 5 3GPP2 clsasi ce (5l « 'CDMA-2000" & (s sty Aoshaio Jodi (ol Ll
Ol Ty a8y 13 L deshiall o2 lgde Gags I hlall 3 Y) Dlaml 3h ol 1Y S0yeY) CDMA-One plail
3GPP U (e dagusyall yushaill dajla aaiad ) caabll dond) bl L) pust Gass Jeliay 3GPP2
Al suaa Ak pladil 8 3GPP Alyla 33s SN Jall ) SE ) e e sd) JUY) Jis S8l
cide JS Ul sty (o3 (205l Blaill (aje Aangd (A 5 ASEl Gleddg dlge ) (pSdall e S 2ae A
)= A L) Gag ks paa — dear (gl B (e clblaaall J&5 Jase ) dseasl) (8 @lld acle 8
.2Mbps
3GPP-Release 99 aub iy (s 5 il Jaad) i A1 HlaaY) e fsolid) 030 A5 (9n
tob Lo bl o3a aal jsae IS A 5 ¢ V1 @blacall i)y sase £yds Gl Lgiad Ny
el dead b ) cblall daas @l (e sl JESYL el 5 calSll) Jads IS (ais -
Ll Ll L Lo LS A0l el Q) 138 Jady Camy
Gaa bl Jaail daaiia bl sl elldg ccilianall Jolil lan dadipe cVana ) Jsmagll dal) -
Slo Aabia) Al alsall il s Aullad ai)l Lanad c<a) T sl calaill ciyla
BLEY) dallad 5skia cullud ) d8la] ¢ (gl Jad
alael @y 5 40Mbps yslati ad ) ldard) Jols Jaees Jsmal) — dadine —laye 5 il oda conlil 33
ooy Ally « ""High Speed Packed Access Evolution (HSPA+)" aul 485 yaall cleaddl declall clyal) e

-Release 7 laay)
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o Bshall 5 diadl plaill e ANA 375G 5 3.5G lalhias axiivg S Jiall o Liwad) alilly soud
5 KAl slide Wpein ( JoY) daalls daiises AN Glallaadl 3 Jasy 5 (UMTS alail J6Y) oyl
Glalaiiny LaSlall aclall e uleall g dinall clgall (o 3855 lia Gl 3 clgy Lalal) clygail) saiias
cbuandll 22
4G ) daadl 4.2.1

Ol bl Jall JUEYL ads 631 e clgad Sl aae alig Allall e Lasy) e alhll 35 as
s A o Lise aabl) Jaad) 0oy (i AUy Adle Baga pe (SR paeal AEIS UL B S e
(il Als xie 1 Ghps Jag A5 Al 3 100 Mbps diye (e depud Jgeagll 4lSaly IP i) JoSsig 0
s 4ie S S el MAGIC e B a5 ¢ ushailly Gadaill o Lo bl diall (8 Jead) Jlika
Global Al LSall dle sy «olSay by gl & <Mobile multimedia A&l saseiall Lailusll jlaial
Qlhll Cua Addle duadd 4y dntegrated wireless solution JalSie SLY ds «mobility support
.Customized personal service
5 «OFDM, MC-CDMA, LAS-CDMA alasinly ¢llyg saall 4l ae dlall ladll s alyll Jaadl callay
AT L e JEY) Ja b las (ol Jpean p2es A5a dun e S Jaf e @llds <Network-LMDS

(LTE) Y1 aumy skl g8 Jo¥) cmubid (pand ) lgasnss (Sasg 4G ke i il o2 s
Wi-MAX Worldwide allall e dadally g Slall il ;8 SGI udlly cLong term evolution
duall 389 8 GHz (a5 700 MHZ (e mll il Jlaw Xiayg ¢ Interoperability for Microwave Access
(4-1) Jsaall b o 2 LS [6] (a1 ulaas 48 3ahaall ) g Wi-MAX sl LTE deriiual

&bl daal) ciliualsa (4-1) Jgaald)

. Starts Data L I Main
Generation from Capacity Technology Standard Multiplexing | Switching Network Hand Off Frequency
LTE IP broadband MC-CDMA Horizontal
4G 2010 200 Mbps . Packet Internet . 2-8 GHz
to 1 Ghps Wi Max LAN/WAN/PAN OFDM & Vertical

Gl Ja g ¢« guadll J& e multimedia saaatiall Jailugll caliidat clalia) Ll )l Jaadl JE) 5
dadl b pasindll Lojall (imge Gags Jon sad Clinlill o3 guny LIS oy cppually Cipualls Ao len
& by s Y Jlsad ) Upemsll gl dindl e ) gy ) i b ST e o Lea e
Aliie £ il e Hle gl Gl muas uass seamless a1 ) 3G G Jl)
dalal Baas Al adiey o3 (Release 8 laaYl dalid) dudll Gluagll 2008 sl & 3GPP (e cyva
sl Ll e @pdall 5 A G Glhaedl)
ehasul ) ™Orthogonal Frequency Division Multiplexing (OFDM) aul <ajes Al 4@l s2a a5
g3 Gl pladind lgaal sase (a0 it ae = Tasall 138 ity 5 dsaahl) HLEY) Ja saalaia 035 Jalss
Sl zlhual 38 5.100Mbps sla ad ) clidaeall Jalis eV ey Jsaasl — 20MHZ ) doay cilidasall Jolal
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"Long Term s sala A& o) cand clld "]l il laghiia’ 5 sanal) Zaml) oda adiad Al Glaghiall dans
Aejlide g &fia ads 5 Sbsh lae) et Lglall e La) e of e A2 Jasy 531 CEvolution (LTE)
.(1000Mbps) 1Gpbs Y clested) Jai ¥ ana Jsmasll 5o il (gyohae Cora of @lly o aSBll iS g

Mobile four generation structure gl Jaal) 4<ué 425, 3.1

lelais radio LSLO A<l Juass o Alggualy access network zslsll A<us (e gl o) 305 alls
KA B mage oo LS L ASLON) Ldasil) (shalie Genia padiosall Jleaill sia IS5 ccore LSl 4508l L)
asti Al backhauling network Juasil dhay 4<us e L3Sl A0l (zolgl) 4SS c dua gl 2 ¢(3-1)
Glasall Joag e Lol Aggunes A3l <0l ) base station duae &l 2l controllers cleatic Juagiy
Zsbsl) ASa e \gileSaia ga e

bbbl Al gyl cilily J& s (3885 ae callall e augill L 8yaiae JUE Citlgd) s )y L
Ll danyl) 205 (pe Agigll e LESH by Laa edibiaal) Judall S8 (e Aadial) caleadlly calinlail) g jis
A Glasall (e Tan dganae dae Auac ) llasall (e Taa juS sae Lap Al

Access Backhauling
@» Network Core Network

LS5l A8 ga deagll (3-1) J<a

Access Network gsigh 4<ua 1.3.1

Ll duglladl) Cgall et g cells WAL il BIA (e Ldhaall didasil) AN o2 (e
-EU Equipment User sl sjgat Aoy Slgil) aadiudl ae dualgill cilna il

alls )y (Base Station Subsystem e ) aasall el sl G Jiall 8 2S00 o3a Cue
¢us «Base Station Controller (BSC) 4aclall dasall cul&atiag «Base Transceiver Station (BTS) cb—.ﬂ e
Z) (e Slaglaall Jlsy) duny o5 (pag cJah axiiusall 13 Audaiiy aghs (M) 2l Alauslgy adiasall ) oSl oy
(1-4) JSE (B e 9o WS ASall cllaadll )
o Bl o3 L) Cmpal Cus L) ) A<us (UTRAN o o5 Aeall 038 conpal Gl Juall 8
LAl fawe o S cRadio Network Controller (RNC) o3 casval 4L 403l o3a culaSatiag <Node B
(1-4)
053 el A2 e 8yle LIS e 5,080 Lepad ) Comaly Tae cptitil) e o5 58 )l il 3 L
(4-1) JSall e 2 LS eNodeB - o5 ciapaly (leSatia ) dalall
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BTS BSC 2G Access

Network

RNC 3G Access IP/GE
G’l’ﬂm ‘n)‘m Network Network Core Network
N W
UTRAN A\ /
W\

(Gﬁiu-g
o
LTE/ (\U\«‘“‘ i)

eUTRAN 4G Access
I m Network
)

\U\*““A"M

BSS

Node B

eNodeB

el a<us Jabads (4-1) J<all
Core Network 4Sall 4<uill - 2.3.1

Jiaglly circuit switched )l diadl) en Lee Cllilly B daall & & Sa) Aal) calls
-packet switched ),
3= )l das A< Wl RA el cupl Al ol uiilgd) deadl] Llid )l doasll yoes s
Agilerds (P L) A0k aadiad) Jags ) a5 «GPRS
«Evolved Packet Core (EPC) 8shall cuililud) 4<0s o lly 5aaa 0350 A8 ad o5 o)l Juall G b
2 WS P 4 o L LlS lasdll casual ¢um (Data bl voice @igeal) dasdd asly o) padis Al
[2] -(5-1) ISl 3 (e

Mobile Networks = Access Networks + Core Networks IP Networks
2G/3G Circuit core network =
R4
IP/GE
Network
2G/3G Packet core network =
GPRS
Internet,
Intranets
____________________________________________________________________________________ IMS, etc.
EPS :
4G !
i (LTE then l\JZ\iﬁk 4G Packet core network = i
\LTE-Advanced))! ePC or SAE 5
i\ or eUTRAN /! |
‘AccessNetwork |  CoreNetwork

L3Sal) Al el (5-1) il
& U2 s LS .GPRS, EDGE, W-CDMA, HSPA, HSPA+, LTE, WiFi (e JS 2035 ePC J) Ciaal Gua
(6-1) U<
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S . Access I Network

GPRS : General Packet Radio Service
R ———— = EDGE : Enhanced Data Rates for GSM Evolution,

""""""" - W-CDMA : Wideband Code Division Multiple Access
HSDPA : High Speed Downlink Packet Access
HSUPA : High Speed Uplink Packet Access
OFDMA : Orthogonal Frequency Division Multiple Access
SC-FDMA : Single Carrier FDMA
R ePC : Evolved Packet Core

R - IMS : IP Multimedia Subsystem

Non-3GPP 7_,_‘.‘ ‘‘‘‘‘‘‘‘‘‘ e EVDO : Evolution Data Only

Access”

AV daall 55 A<l Lgae s ) cleadl) (6-1) J<a
sl daall A QY ey 4.1
o) JoSsign o Al g b sadine CilSed Gadsi allall (i o JLad¥) St glitia ansy
0o dngad Jaa ) Jidie S aaw as Dla Gl Jgladia ( Blnd) e call-IP 4G ex Lo gl Lo IP
e e Jan pase elhuds Gl Ay )l disl) pe Bablgial) Bgay) aaiiy 4l daliall Bgully (:Saial)
@l Ll 1TU ¥ Ladd Joall slasy) 0 (e upiel LTE 5 ¢HSPA+ (WiMax (e 8,Saall geasl) o (e a2
oeils 8yshia IMT yulaa (335 agasarad 23 iy i fiel daallall YLt daliia o ¥) Pre-4G wyll daal) Zlay
tsts YT ¢ aind) )l Jiall ilillaia (gl
Wireless desiiall LSLI Gaall Sty Ll 485 50all5 IEEE 802.16m s <Mobile WiMax 2 & o
.MAN-Advanced
paits o AS a5 (LTE release 10 gl dsall (g 8yilel) d5.al) a5 3GPP LTE Advanced iss
.FDD, TDD o3l alaaiulsy a3l aladiuly Caslall
By 2012 ple Ay & olad JCh aajleiad i o JE skill e aall ) dslas il ool e IS Ik
Gl i A (GAY) Cliitl) paans LTE 5 WiMax ¢se IS e 4G duans ITU Gaallad) ¥ LatV) &3 Cinaicl
2Dl daal) il ol g
idlly 39anall 253 a4l V) (LTE-FDD (serdion sy Jon 3508 11 dae e 2011 ple b o5 sl
TDD el apsill e adiad cllile al clially cIASGEN 4 caks (LTE-FDD &) Gaslially 2Dl Cailall
Gl pexs g Lol A ol pal 8 Jaalls iy ) Ball a )l Jonl) @B S IS e Gl
ead) Adbide Ala 46 & Jrda 113 Ty Guall 3 Bagale (i LBUaily (ol 7lad ang ¢2.3 GHz, 2.6 GHz
oS ada) ae 3 G o) 138 lgade Janlly by o5 Al Glad) pes aladind Tasg el Jaal) G gulasy
Ay b AN ISl slitia Jhle Cum 2015 Hle b ide (ale 422 ) 2011 ple b it (5ile 18 (e
) DY) Jal e agal€ul daall Aadl oy Alaalll sda s Oyman @bl diall ) oy S ol ) bl
D daall (Shde sae 8 Al Babiy ae (53l (bl Jaad)
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JEN) e dal o dlld e D) ) litiag IS selus A Slaglailly mabl) (o el el LS
Lads « Total cost of (TCO) e (o S ey aglee Jlae o ayiby Al dadl ks 4S5 LTE )
WIROI 4G 4Slas cilgal alasiul Return of Investment (ROI)

LTE-TDD b Jual) cl€ods 1yiis Jahas 5.1

S IS8 ity ¢l ikl e a3all e Jseand) e Jled UG bl dall cBliie QIS e
Se SV el laiidy AY) AGE ae Glall Jal e ol deall @l il b skally el b
Jaal) At o lalaiel mbl) diall ae ddilsie Beal LoSite 2g 5l s GG 03 abine of Cus ¢pStal)
t b LS Lpadl oKy g Ghalid) el 8 58 i)l

KDDI «lSss ol Verzion Wireless i< & Jall 8 LSEVDOReVA, or B 4y e sadieall LTE @

LTE

LA Jaall Jladd) diassal) lSis HSPA+ 5 (W-CDMA (e skaill e sadiaddl LTE o

Jal Cilgll cleadl Wi-Max cl€usl dba) LTE o

peinl e DB (mas 53hl) )l deal) Dl il dilai) s allall b AN ol el
S ) A Gaills sl alasinls abll dasll of G sl o Gaill zenall Syl alasiuls mbll il
4l asie 2y (535 <(EVDO, TD-SCDMA, and Wi-Max 4 adiivn oIS el yile gk (e 4oty Ll Ludle
220 5lk sl
oase sl 2l Gun gl Caalall al (e Joall 3 cilasSa cilllaie pe Aadle Gajlly asaiill A of LS
Jdiall wlilliia by (635 <2.6 GHZ 235l e 50 MHZ dajs (e 5 2.3 GHz 2351l e 100 MHz 4ajs
P
A(5-1) Jsaad) 8 damgal) claasill g )l Jiall jléiad o5 Aasdlly ddladd) 1S5l 3 o3

LDy Aledl) 1Kyl 8 deadiadl) clasjdl (5-1) Jsanl)

COUNTRY MOBILE OPERATOR SPECTRUM BAND DATE
us MetroPCS AWS 1.7/2.1 GHz 2010
us Verizon Wireless 700 MHz 2010
us AT&T 700 MHz 2011
us LightSquared L-band 1.6 GHz 2011

Canada Rogers Wireless 700 MHz 2011
Canada Bell Canada/Telus AWS 1.7/2.1 GHz 2011
Mexico America Movil 2.6 GHz 2011
Colombia UNE EPM 2.5 GHz 2011
Chile Entel PCS 2.6 GHz 2011
Brazil Telefénica Movistar AWS 1.7/2.1 GHz 2011
Argentina Telefénica Movistar AWS 1.7/2.1 GHz 2011
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1(6-1) Jsaad) B dnimge 8 b)) dial) ISaa) Aartiad) classill Gl Augys¥) Jsall b Ll

Lgssl (B bl daall @l€ed 8 desdial) Sl (6-1) Jsaad)

COUNTRY MOBILE OPERATOR SPECTRUM BAND DATE
T /Tel
Sweden elgnor Tele2 2.6 GHz FDD 2010
TeliaSonera
Norway TeliaSonera 2.6 GHz FDD 2010
Austria Mobikom Austria 2.6 GHz FDD 2010
CenterNet/Mobyland 1.8 GHz FDD 2010
Poland
Aero 2 2.5GHz TDD 2011
France Orange 2.6 GHz FDD 2011
Vodafone 800 MHz FDD
Germany T-Mobile (DT) 2.6 GHz FDD 2011
Telefonica 02 2.6 GHzTDD
Italy Telecom ltalia, Wind 2.6 GHz FDD 2011-2012
) Telefonica
Spain Vodafone 2.6 GHz FDD 2011
Czech Republic Telefénica 02 2.6 GHz FDD 2010

(7-1) Jsaad) 8 die ahl) daal) las g olb Ll b L

Ll (& b)) Joal) K & deadiusal) cilaasill (7-1) Jsaad)

COUNTRY MOBILE OPERATOR SPECTRUM BAND DATE
NTT Docomo 2.1 GHz (FDD) 2010
Japan Emobile (eAccess) 1.5 GHz (FDD) 2010
P Softbank/Willcom 2.5GHz (TDD) 2011
KDDI 800 MHz (FDD) 2012
South Korea SK Telecom Not yet allocated 2011
China China Mobile 2.3 GHz (TDD) 2011
2.6 GHz (TDD)
ST, CSL Ltd. 2.6 GHz (FDD) 2010
g rong PCCW 26GHz (FDD) = 2011
) Chunghwa Telecom
Taiwan 2.6 GHz (FDD) 2011
FarEasTone
Maxis
2.6 GHz (TDD
Malaysia Celcom 26 GHz EFDD% 2011
DiGi ’
Reliance Infotel, Qualcomm,
India Aircel, Bharti Airtel, Tikona, 2.3 GHz (TDD) 2011
Augere, MTNL, BSNL
Australia Telstra 2.6 GHz (FDD) 2011
Optus 2.1 GHz (FDD)

L el Auae A Jly) A O ua )l daall ) QD dpasil) Callsal) (8-1) Jsaad) G
gl alaae ddaail Aledl AASH) Aaadle Karg ¢ Vsd Osile 5Mg Aanly Ailanss BHARTI say aaly dacial
Y50 Osale Gpmamay dagg By )lle InfoTel 525 Ladé aaly Jalials
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gl b el el i Y JUesdU dupuoinl) Cadlsall (8-1) Jsanl

RELIANCE | BHARTI | BHARTI | \\pop| | AIRCEL  QUALCOMM — TIKONA

SERVICE AREA IN;SVTAEL AI;;I;EL AI;;:L LTD 3¢ BWA BWA BWA
Delhi $502 $743 $502
Mumbai $514 $727 $514
Maharashtra $205 $205
Gujarat $138 $138
Andhra Pradesh $237 $308 $308 $237
Karnataka $346 $354 $346 $354 $0
Tamil Nadu $463 328 328 463
Kolkata $117 $117 $122
Kerala $58 $70 $58
Punjab $74 $74 $72
Haryana $27 $27
Uttar Pradesh (E) $32 $82 $32
Uttar Pradesh (W) $41 $115 $41
Rajasthan $22 $72 $22
Madhya Pradesh $28
West Bengal $16 $28 $28 $16
Himachal Pradesh $5 $8 $5
Bihar $22 $45 $45 $22
Orissa $14 $22 $14
Assam $7 $9 $9 $7
North East $5 $9 $9 $5
Jammu and Kashmir $5 $7 $7 $5
Total in USD (Millions) $2,877 $2,753 $742 $1,455 $770 $1,100 $237

Dashi (b gpaion bl daall lslidia 1) Leg 2l 8 uSidall sae Gl daitpll CalSH s3a a2y
2 W i Cus (7-1) JSA G Ome oeSRal 83b) e dils LTy el el AN sl it
2015 ale N 2011 ale (o (pSudall

500
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0
2008A 2009A 2010E 2011E 2012E 2013E 2014E 2015E

=WiMax Total =LTEFDD  LTE TDD

2015 Jng 2011 ale (e (pSindall dae abujl (7-1) J<a

MIMO gz laall a3 [ Jalaall aad 43U 6.1

0o o) ) ) cAnelill Al bl Jaall LTE R8.0 8 dedkall bl aal an (e &3l 038 e
b llsgll 038 12t (e 2 D8 1AL (inlly Juyall o IS 3 ililsn Bae aladinl ga cililsgll sda aladiiul
Al oda (e BalEuY) sl axdil) o terminal 4kl cUasdlly Base station duae )l clbaall (e JS
.down link ddailgll Alaslls uplink saclall dhasll e JS

Al o3V aa g (355 e e ST e gstia ) (3aiaT ga Baasiall lilogl) sl (pe Cangl)
S ghaiall
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Al Cua 2 X 2 e Jlanay) gﬂ Cilsag JLayY) gﬁ Cntiloa (e dalge daghiia Hliel (8—1) Jal Lfc..ayﬁ LS o
Aoty ) O] 2t 535 ) gl Low a8 o s Lgmsant o s S (e ke ilasben Ol
N PA |

Transmitter ’ Receiver

MIMO 2 X 2 cilsls (8-1) Sl
Sloell HLE) (e Juia) aialg creference symbol casyall el (e 82UV L Jiiall & cililall Josd 2
7] s pals xmse ey Aghad) sda (G Sl JSB RV
A 7.1
cibllia e GlEl S lily Ji depm o 2l daad) cldlie o 55 xe daglall JLal) el G &
Al Clolegll Ay moys Y laall Baaxie s ananail dsllaall cilaslly Raal) ikl
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Introduction daags 1.2

g Sl ol gyl chaa sl e Laysay aaiad g ARl Y LatV) ke Zpulul) dgalsll culilogl) i
gra abe S elogl (& JED ddajeS dage ) Lised)y ilieS 5L digats ook 53 eaial) by Slsl) Cipa
((IEEE) <l 5Ny (L)) usigs
all saaies Jladd) diane clilsgll e allall o)y Jladll dae ekl Mg Al cYLa) ol aa
G Al @l g e clillie e o WS Jlail) dashia lgllan A dalad) G il AnlSa) aa cdpaa il
(S Lo el aatiedl  Hsgll G5 o JLail) Slaghiie araas
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ol 335l (K2 0.5 MM 22 o)l 20 Jal (30 (Sl ¢ Slsall Jaal) laas (B 53 (26-5) J<all (g
A(27-5) J<AN 3 (e 8 LS T7.8 GHz 225l lae Lo ALl laa gl

0.00 XY Plot 1 HFSiE:s;?:'l e
e b
-5.00
~-10.00 —
&
9 .15.00
.20.00 —
-25.00
1.00 2.60 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

req [GHz]
0.5 MM el Jal (pe A5 e(gimill dlayal Spp (27-5) J<al

e ol (2l Gage aa il L (5-5.2) 5 (5-5.1) oilalaall Gavs  Jlsgl) slad s adais Wil
(28-5) JSills (e 98 LS Syp U< euad 0.71 (ol i Ay (5l 2.18 MM zuad 3.08 mm
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XY Plot 1 HFSSDesign? .é~

0.00 Ture Info
e,

-2.50

-5.00
-7.50

_ dB(S(1,1))

_._._‘
=]
(=] 4] o
o o o

N

~

4]

=]
|

-20.00

-22.50

1,00 200 300 400 500 600 7.0 800  9.00 ' 10.00
req [GHZ]

0.71 (ol Ssell ypieci Apusty A58 o gial Alsyal Sy (28-5) J<all
18 dB ) Jeas OIS 4l n 3 -205dB ) Sy ke Jead 5.5 GHz 2251 wie Wngale Tias Jaaly G
0.1mm sas il aels dal e S egimall dajad i) Al

(29-5) J<all & (e 5.5 GHz 20l die e ladyl hladdll (45<
dB{GainTotal)

-3.2889e+000
-5.2605e+000
-7.2320e+000
-9.2035e+000

-1.1175e+001
-1.3147e+001
-1.5118e+801

-1.7090e+801
-1.9061e+001
. -2.1033e+001
| -2.300%e+001

[-2.u97se¢aa1
-2.6947e+001
-2.8919e+001
-3.0890e+001
-3.2862e+001
-3, 4834%e+001

5.5 GHz 235l xie ¥ Alayall ela) bl (29-5) J<al)

(30-5) JS&ll & miase sa LS 0.1 MM oylske 2l dal oy egiaill o EEN dlsyall ol (e
[ 3

0.1mm ae Ly ZEN Al jal) e sl JHsgl) (30-5) ISl
0.1 mm e iy EEN dlsyal) (e Araill Slegll dalsall Sy (31-5) <& cug
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5.00 XY Plot 1 HFSSDesign’ 4.

] _auﬁ'?k‘.ﬂ;
-0.00 —
5.00
2 1

=

1000
@ 1
© -
-15.00 |
-20.00 —
-25.00

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 " 10.00

req [GHz]
0.1 MM o))3ie 2oLy sgyaall LN syl Syy (31-5) ISl
iy AN Ayl (o o3l Cuann @lldg 3.1 GHZ 2053 () 5.5 GHZ (e Jaall 2053 7Ll (31-5) J<a
OsSd 1 mm aelall e of e Gus e lal) ke 13 o Ll Aol claagll vie duhll sale) Jla b Akl

(32-5) JSall (A e sa LS

XY Plot 1 HFSSDesign1 wt-
0.00 — Curve Info
] sl

o

(=1

=1
|

-7.50

dB(S(1,1)

N
=4
o
=1

I N FRE N A

1.00 2.00 3.00 4.00 7.00 8.00 9.00 10.00

5'2‘3“. [GHSz']b 0
1mm ojlaie 2ol egiaill e 2N dls yall Syy (32-5) <
sl )3 3.08 MM e Liase 1.83mm @il (e zaand (6-5) Alabeall Ty (shaall slad s alels

/(33-5) J<all 8 (e g0 LSSy U5 580 0.6 )l

XY Plot 1 HFSSDesigni ...

0.00 s
1 s,

-7.50

dB(S(1,1))

-10.00

-12.50

-15.00

-
(=4

0 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
req [GHzZ]

0.6 colis lsgll st Aoty BN (gjaall dlayal Syy (33-5) IS

5.5 GHz 235l xie Jlsell e laiy) Llaadl (34-5) <&l (g
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dB(GainTotal)
-2.7835¢+000 .
l -4, 6845e+000
-6.5855e+000
-8, 4864e+000
. -1.9892e+001
I =2.1793e+001
! ~-2.3694%e+001
I -2.5595e+001

-1.0387e+001
-2.7496e+001
5.5 GHz 235l yie ¢(gymll Ml dlsjall e leiy) Lbad) (34-5) J<al

-1.7991e+001

-1.2288e+001
-1.4189%e+001
-1.609%e+001
-2.9397e+001
-3,1298e+001
-3.3199¢+001

O oAbl PIA e 5 LS aulia ehaly Lnasana Cilialge (e 4 Slia Ll uled Jiad Jloa sk & S
e el Ly Hsal dlal s L) ok e leale lial) 5 lsel) 138 Jeae @ilangi 8 dal) ) 535 ssnd)
Y] lbaiing pusbedd) Asatll Slogl) gy o Aaldll cliladll 3 sl sl lasie Jaall qugllaall cilas il
SV uleall

B.9GHz 56.8 GHz ;29 3] a)n 20 5.5 GHz 585 Jlsell culil) Jaad) 2355 o ALdladl o5 Cum

el & Laap clilainl) jde o Jgaall dahll egiaill dayn e 82l g JSE aaje Jujad Jlsa sk o
ol 1388 53gasall ikl Ciidd] Jeell (435 1 t0 10 GHz (e

iSlaws H = 1.6 mm sac ) aSlaw Wi 0.019 3 Jeles 4.4 &djle ey aeli o dand Jlsell 138 aana’
W =3.08 mm 30l Jall bad e 058 ADS zalin A Linecal duals alasiuly .t = 0.55 mm Jsll)
(5-5) dnareail) Alslaall e oy lldg (Zg = 50 Ohm dailes a3 Jal

Ayl Siay (53llg (35-5) JSall e s LS 52cll Lo alS i (ggina pa TOX 7O MM? 8 B2l slad )
gl Jlidly (HFSS zaliy ddauls 43lSlaag autocad galin B (Alsel) a2 - Alsgll 1] e(giaill e daill)
sl gi€ally Al aslall Jall agaal) juia pe Oslailly die lasll

i)

bl wsall il Jsel (35-5) Sl
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5 d8lue e duwgly (<Al cﬁ]@f@ﬂ\ Jaa d&\éwzw\eﬁwj ‘C—,’J“?“')gsj‘: ;L\-\e’-’\géb@!\ \'AAe:m.uAE
aall Hhlie 31y mge ) o dolgdll g cclann 5 (a ghsall Al (S (sSs ¢ a) ppall (u5) oo
o LS Jsell 13g) egiall e 6V Aasall 03 (S aeDlal Caaia (o 4ldly pape g i) 2y ¢ alal)

+(36-5) J<all & (e

sl e (A1 Ala sl (36-5) ISl

/(37-5) UKl & Spp Jaadls Y1 dlayal) 8lSlaasg

XY Plot HFSSDesign .
T Curve Info

N Beieh

2.50

5.00

-7.50

1,1))

=.10.00 |

B(S

=-12.50

-15.00

-17.50 —

-20.00

1 .:JD 2.00 3.00 4.00 5'lg|9eq [ Glfi?o 7.00 8.00 9.00 10.00
gl (e (A1 dlayall Sy (37-5) J<al)
(5-5) Jsaall 8 dsiiage 25 110 10 GHZ (e diall JalS o dnas eV lae g Baadl Gus

el o A1 Aaall Zsaill Yl (5-5) Jsaal

No. | Frequency (GHz) | BW (MHz)
01 3.2 150
02 4.1 100
03 5.1 250
04 5.9 220
05 9.1 260
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R S VWS ) EFRUNEQg PN] [ (FG I RN W g PR K [P YOV . NSO W [ (P I R

6 Janalls graeail A&l (sl Al e 83aly Aau uFn Ghsal) &gk of V) ¢ a5 ke qpal) gy 00

ahiieg oalal) mopall lalinall aopally dlsjall s Algil) g daphall Gty JAT S gyl 3 (g ccilayo
/(38-5) JSall b e 98 LS egiatl (o Al sl @l (o€l aedlnl Chiaie o AT aye e

sl (pe Al Alssall (38-5) (<Al

(39-5) JSall 3 dlajall sgl Syy s LS

XY Plot 2 HFSS0esigni 4

Tore e
m"ﬁ‘?é‘.;lﬂgl

1.:uu 2.00 3.00 4,00 5.00 '_Wu 7.00 8.00 9.00 10.00
req [GHz
el (e Anl Al yall Sy (39-5) J<all
(6-5) Jsaall (3 e a5 el (gaull Jlaall 8 a3 ¥ lae uad @llia ol

sl o gjaill dlayal Ll Y lad) (6-5) Jsaal

No. | Frequency (GHz) | BW (MHz)
01 1.5 50
02 3.1 10
03 3.5 180
04 4.5 185
05 5.9 200
06 6.7 220
07 9.2 470
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095y 08 pas 5 ke dusgdy 2ail oaal) aupall Ja13 aipe ansy sale s Ladl eegiatll (e 2N Al yall o
aniy AT poye adais daphll ety cilagy 7 desall (B sl Baaly dapn ke 25 g Aughg ald (3l)
cegyaall (e AU s jall @lldy ()83 (40-5) AN 8 Cne 58 LS SN (65l apally His

&0 gmm)

sl (pa A dlsyall (40-5) J<al

XY Plot 2 HFSSDesignT &

By oan

1._im‘ S 200  3.00 400 "r’]gpeq'[elfi?d 700 800 9.00 10.00

syl (e A s yall Sy (41-5) J<al)

(7-5) Jsaall 3 Line (g paal) o) e dpa 5 el e il Ll raal 4l Jaadls

B e gial) Al el Byl cYladl (7-5) Jsal

No. | Frequency (GHz) | BW (MHz)
01 2.6 70

02 3.8 60

03 52 175

04 55 100

05 6.3 250

06 7.2 200

07 9.1 310

08 9.8 360
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Cra spg (a8 sl Ll sy ¢ gaall myall ugsy o a5 Liad el ddlal) i Aad )l Alayally o
.(42-5) J<all,

da) ) ;L_SJ'.;Z\S\ >IEGW (42-5) J<al

s jall 22g] Sy (43-5) J<aN G

XY Plot 2 HFSEDeegnT L.

dB(S(11))
Setupl * Sweep

dB(S(1.1))

1.00 2.00 3.00 4.00 7.00 8.00 9.00 10000

5 bl[;req [GHS] %
sl (e )l Alsyall Spy (43-5) J<al
(8-5) Jsaadl 3 dise a2 oo Bpde Ssell onal i
el ecgianll s pal 02l i laall (8-5) Jsaad)

No. Frequency (GHz) BW (MHz)
01 1.9 20
02 2.5 50
03 4.3 15
04 5.4 200
05 6.1 190
06 6.7 180
07 7.1 10
08 8.5 200
09 9.1 300
10 9.8 380
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(44-5) IS & o) g latY) Lalaae (DA (30 Slsall oy Alasdle (S

abs(GainTotal)

4.4732¢-001
. 4.1966e-001
3. 9200e-001
3.6435¢-001
3.3669e-001
3.0903e-001
2.8138e-001
2.5372-001 z

| 2.2606e-001
1.9841e-001
1.7875e-801
1.4399¢-001

1.1544e-001
8.7779-002
6.0123-002
3.2466e-002
4. 8092¢-003

shaall il wsall sl g last) Labia (44-5) il

Gigadl Jadl sgrall e 3 110 8 GHZ (e Jlaall b o)lialy (45-5) JSAl b cse Slsell 138 gins
- sell 13¢] (46-5) USal) b ddanl) ikl (pasis 8 GHZ 235l s jeiall dpagand llhy sl

ee Lshadl) el aupall Slsell (45-5) J<all
O dasanad e calidy lee o2y Jlsell gaiad (Y @iy Lulaal) peilially sSLaall il (p iR 25m9 Jaadls
.substrate 5.5,0) dlles o ulail) oliig calady) 483 G

1-10 (o Jlaall o dpapll anlan ) goiy degtiy cdalide Gkl sae o Jaall o 45y Jlsel) 1a (e JaadU
-GHz

23/08/15 10:52 —B—
Trace: Clear/Write
10 dB  Suppr: Off
-24.56dB 1.49GHz -19
-14.12dB 293GHz -
-19.45dB (6] 5.97GHz -2

Span:  7.999 GHz

"Delete " Select '
Marker Marker Mode

gl el Laall JLaaY) il (46-5) J<al
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Uyl e gl @Ry Cliaiie ooy il daplll o oo b Baaie Jabe s eegiaill Jsmagll (Sas
Lsell 138 L) deasil 5 ) il e ()l Y il cogiatll (pe A

O 4 (Ajad (Alsp 45

(H=1.6mm 52l dSLaus Ll <0.019 3 Jales 4.4 Adjle Culiy 5acl o Jandd Ssgl 138 maanal
(W =3.08 aihall Jall Jad (e (35S ADS zalin b Linecal duals slasinly .t = 0.55 mm S8 aSlew
(5-5) Laasaaill Aslaall e oy clldg (Zg = 50 Ohm dxilas Gatad Jal o

A jall Jias (s2lg (47-5) JEL Gase 9o WS B2 ) e WS ggji (S5e ae 70 X 70 mm? R sacldll bl o)
- sl 13gd el (e AAIG

& Opme US il egiall Ao 058 (JKAIL (s s WS Blaliall e climal JS5 slaiel 23 ¢ Jlsgll 1aa
Glimall Gagh) ouad Bl Al Gliedd) Juags &b sginall dlaje Dl Ay 50% Lty 4l (521 (el
LAl al)

Opme 4d el Jlsa (47-5) J<all
L) e Jgdue cpnall 138 o Cus ¢(48-5) Sl 8 el el 3k e KA 138 (b i)
oa Gldl LSS ik e o) e (S gl an) LS (i (49-5) JSAD 8 5 (45 5.7 GHZ 23l &
/(50-5) ISl b e sa WS ) daadle o ey (aliad) aaal)

sl sgrad Alase Cpes dand Sjad e (48-5) J<al)

AV aladl Gl sluse Ladaal ¢ il cpliliie Gaie e Bl s aaall J<aN Alaadle 2
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Al ecgiad Alaje pne 4ud Ajad Jlga (49-5) J<al

60-) JSal (3 e 58 LS Slal) Cami 385 AR Al (uin LSS s egiatll (g AAEN syl ) JE
(5

G et Alaye (e 4ad Jujad Jlsa (50-5) J<al

& e Cse sa LS Caaialls (53 s e pgaiish o ms S Bye 12 JSA 138 LS5 i «Spp aias sl
Gl aadl 58 Slsel 13g) Ansatll ael) Cluad OB melin Gk oo Al Buka ¢(47-5) ISl
((51-5) Ul (mae 58 LS Ly 0.05 Jss sl Uad G a0 1.95 1 (glane

Fractal dimension, Df = 1.95 +/- 0.05395

2D box-count

e T e T

=

[ 4]
T T
I I

I
2]
T
1

-dInn/dInr, local dimension

r, box size

Ol 4ud sl Slsell Assail) aadl (51-5) J<al)
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ey Sl Gagd) G 2 Jlail 3539 2o cpii ¢(52-5) JSEN B (e oo LS Llee lsedl 138 1D vie g
i el al

e O o Jujad Jle (52-5) J<al
e leball (e LIS s IS5 el Gugsy o I Juadl aes o (52-5) KAl & cae 5o LS daulls
cbendl HLEAY) 8 g daiidl) (S5 ol (Alaal) Al
slals Aol sl Gagd) Om @S diast Gub e (S ol ASE o2 e il
e S e oo Alaiad G Jlsgl) el Akl dalill (e af Cum (53-5) <Al e 58 LS B8 Gl
Slo T g lee Lhee cileedlall 28 Zugaa s of ¥) .8 GHz 225lly <7.0 GHz 235ills 5.7 GHz 235
B 2 o Jgean) 8 Al Juagill ) Ulad QIS casgidag elaf (e Slogl) pda LEY)

M) pgm Ay cilehall e alall 16Y) dayylall (53-5) J<al
o e g AYlaw p e Joeanl) 5 S (54-5) JSAN B e sa WS dna g Dlaia) damll calSy
.(9-5) Jgaall

Refl(P1) Scalar 27/12/15 13:16 ~B—
Ref: 0.0 dB RBW: 10 kHz Trace: Clear/Write
10dB  Suppr. Off
1.96GHz -14.20dB 2.17GHz -11.74dB
3.86GHz -19.73dB 41GHz -28.78dB
442GHz -14.02dB 7.23GHz -23.67dB

Manager

S Al Ssell &3l <N ) (54-5) (<4
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(9-5) Jsaall & dall ¥ laall Jaadlg
By had olasly lsed sl Jaagil) ks (9-5) Jsaal

No. Frequency (GHz) BW (MHz)
01 1.9 35
02 2.1 33
03 3.8 55
04 4.1 70
05 4.4 43
06 7.0 184
07 7.2 168

lan (0 (HFSS zaliy & optimization (sl duals (385 dine da)ay Glieall e a5 400 4)kl) Ll
+(55-5) J<aL e g LS (and)

el A pladinly gl ggus e il 3 A5 Ayl (55-5) JSa

aatiul 3uh e JeadY) A G Gy eV Cabisal slSlas Jee (385 gadll Casi iy madll o

138 et & ey Glimal) G meal) dusty Jasipe yaaie ellaelh HESS zaliy & optimization awsill duals
(56-5) J<all b dunally ¢ Hlsell S1y s e ol g Joaial)

Refl(P1) Scalar 27/12/15 1257 -B-
Ref: 0.0 dB RBW: 10 kHz Trace: Clear/Write
s Att: 0dB : 10dB  Suppr: Off
1.61GHz -12.70dB 351GHz -21.41dB
4.79GHz -20.30dB 547GHz -13.82dB
5.87GHz -15.28dB 6.31GHz -13.02dB

Manager

s sel) sk B Al daall S11 (56-5) J<al
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Gin ) A3l eVl axe alidil aas ua (10-5) Jsaad) b Lna il laiul) o ddaadle (Say
lgmns e lgad o5 1 adadl A 30 - Ll Jasdl LS el Lmylal) 550l gl Al phane culS llg Y lae
Can ¢ uadl) ) Crail) (e Cilisnal) o preail) A i 5 4] LS cgmeall daal B a0l # L) caiag
Coall o dldlad) 5 Jls 8 400 Al yall adll o Cus i Guadll Javas (9AY Alsje (0 paal) aliil 5
daalgll Slal) sy dllia OIS N el e Tl fgas A8y 5V cpilayall 5 e 4pd o
L sl 13gd Spy b
gl dag Jlsell Al <Vl (10-5) Joand)

No. | Frequency (GHz) | BW (MHz)
01 1.6 53
02 3.5 75
03 4.7 69
04 5.4 83
05 5.8 74
06 6.3 193

A i (Agad (Algd 5.5
ay i ) Aagidl) Aakadll Josas Tase o Yoy 4l V) (a8 sk oa (I (bage e Slsel) 100 il
(57-5) UKl ce 58 LS cape () Aasiiosall daadll Jigas

]

e GBS (57-5) <l

:(58-5) JSall b cpsall Jsell e Jomnil (5500 IS okl 138 gad i o (e

S e S A (58°5) S
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:(59-5) JSaN & die Alsell 13gd S1y 0150

Refl(P1) Scalar 27/12/15 13:17 -
Ref: 0.0dB RBW: 10 kHz Trace: Clear/Write
sAtt: 0dB : 10dB  Suppr: Off
451GHz -12.06dB 5.07GHz -11.29dB
5.47GHz -15.34dB 5.96GHz -15.15dB
6.44GHz -16.55dB 6.72GHz -20.04dB

Center:4.0005 GHz Span:  7.999 GHz
EWTT T Marker 7 Delete© Select " Marker
Marker Type Marker Mode

A g S Jsgl Sut (59-5) J<al
sell 138 Sl (11-5) Jsaadl (adlig

A1 e U85S Jlgp @il (11-5) Jsal

No. | Frequency (GHz) | BW (MHz)
01 4.5 32
02 5.0 28
03 5.4 44
04 5.9 90
05 6.4 78
06 6.7 73

sl ¢ Jamsis AR 8530 ) Jal (e e lsal) 130 pn e ds¥) Ayl o Ao Aoyl el
4.1‘)\_9‘4 E)A\Jj SlOt 431...4\ (a.i M)H\ bJ.g.}_g c)M\ JLUL’ 4.\&;‘.3 E)‘J ) eJ\.c\_g 4\.\;_)\;3\ g).s\.ﬂ\ ‘; i s (..1
@Al Jladl (mje Cpueat JaaMliy (60-5) JSEIL (e g8 LS Lelaly (33 ae dunplal) sl

sl Ga (sl Alsje 38 e @3 gupe JsS Jlsa (60-5) <l
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(61-5) JEL dina ‘é_‘a\)gl\ Jagl Sgp Jaadls

Refl(P1) Scalar 27/12/15 13:23 -
Ref: 0.0dB RBW: 10 kHz Trace: Clear/Write
s Att: 0dB : 10dB  Suppr: Off
376GHz -12.21dB 443GHz -12.60dB
5.16 GHz -20.82dB b 6.12GHz -2352dB
6.81GHz -18.45dB 7.76 GHz -25.05 dB

Center:4.0005 GHz Span: 7.999 GHz
TUUTEWTT T Marker 7 Delete 7 Select ' Marker
Marker Marker Marker

S5l #(3a5 dayd (ke (5515 auye S Jlse! Sy (61-5) J<all
Su1 g (12-5) Jsaad) Cus

Gsiidia (I3 iy S Slsel naill ¥ sl (12-5) Jgaal

No. | Frequency (GHz) | BW (MHz)
01 3.7 22
02 44 27
03 51 72
04 6.1 44
05 6.8 63
06 7.7 180

Laif )l 30 gaspall gl iy 5510 pas) oy i sgiall o LB Ayl ) S

JSAD B ome s LS ey lall 50l 8 ARl el e dldladll 5 s 8 Lo QBT L] saes 5T ol
SR s o V) Al yall Aald) Laa ) Blan WY B salys Gue b dladl) B A (s ¢(62-5)
M) Sy Jladl) s (Sl oy cilide 20355 a3a p—aw 6 GHZ 235lls 4 GHZ 2330 G Jsel) @lasgs
e ) o deadll diaadl 3l Gllain¥) juiad ae ccilgll (udly 5aastiag daie Glankily many Las (2K

JAahaa Loop dais
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2 > Gshie Hshe (10 aape E55S Jlsa (62-5) <)

:(63-5) JSall & L LS Slsgl) 3¢ Sy Lual iy clilee  Jlog) 13a ylaslyg

Refl(P1) Scalar 27/12/15 13:00 -
Ref. 0.0dB RBW: 10 kHz Trace: Clear/Write
sAt: 0dB TGAtt: 10dB  Suppr: Off
511GHz -21.64dB 549GHz -19.69dB
598GHz -27.30dB 6.41GHz -14.52dB
6.76GHz -14.32dB 7.07GHz -10.00dB

NN YAV VAN N PN I | 3
I M 0 A YIS PWATY W TN Y Y
[N N I I - I
[N N I I R I I A 0
[ N N I I I

NN

Center:4.0005 GHz Span:  7.999 GHz
TTTEWTT T Marker 7 Delete 7 Select ' Marker
Marker Type Marker Marker Mode

27/12/15 12:58 “B—
Ref: 0.0dB RBW: 10 kHz Trace: Clear/Write
0dB TG Att: 10dB  Suppr: Off
3.4GHz -11.88dB 406GHz -13.35dB
422GHz -19.49dB 453GHz -16.38dB
488GHz -19.40dB 549GHz -19.69dB

Center:4.0005 GHz Span: 7.999 GHz
IO I — I I

Save Recall

Manager

Al a0 sk (513 goye UBSS (lst S (63-5) U
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& dayl) Al o Y] (13-5) Jsaalls dine &35 CVae e (sa) ) (Slsall Ji) S Ll cpiy

Al Ayl i &) il 2020 daluall Ml ogintl (pe Aadiie dalye ) JUENT Ligna s (Hsell 138

ol ol 5l lasie (il Cagllaall oyl sSail) (S cctlindaill alinal Gapalls iy Ll duaye dlae
csthaall 33l e Jgeanll ¢ IS 50 5l i e BSH Sl it e cdalyall G scale aaal)

el (a Al dlayall A gpe (35S sl A3l N aall (13-5) Jsaal

No. | Frequency (GHz) BW (MHz)
01 34 23
02 4.0 25
03 4.2 31
04 4.5 104
05 4.8 44
06 51 50
07 55 34
08 5.9 55
09 6.4 81
10 6.7 77
11 7.0 17

ouadd) e By Zaate clima Hlp 6.5
il (e ke e S Uaball o HLEY) il Aol Bl oY) € i Lo izl Alie 5 )
22 e Glnd auy & ey danlad) Cilimall (ugh) pe Lenads 8515 au) Gk ae Slsel) sk &3 eV alaas
2 LS Jlsell 1 (1 Aglhaall Claapll (e jujeal Lsld 810 auy Bale) o5 (g A yie ey ASLaww By
(5-64) J<alb (s
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2l Jladll 585 8 GHZ iny 1 GHZ (e Jlaall JelS e dejsall Jlsgll Sy (65-5) JSall (e oSl LS
L kEas

Refl(P1) Scalar 27/12/15 13:12 =B— Refl(P1) Scalar 27/12/15 13:13 =ZB—
RBW: 10 kHz Trace: Clear/Write - 0. RBW: 10 kHz Trace: Clear/Write
- 10dB  Suppr: Off o Att: TG Att: 10dB  Suppr: Off
1.02GHz -11.38dB [z) 1.51GHz -13.28dB 6.25GHz -16.32dB a 7.02GHz -17.97dB
4.23GHz -18.18dB 431GHz -22.93dB 7.86GHz -21.00dB
5.05GHz -23.64dB 6.27GHz -16.79dB T

Center:4.0005 GHz Span:  7.999 GHz Center:4.0005 GHz Span:  7.999 GHz
W———— T F—————

Save Recall

W
Manager Marker Type Marker Marker Mode

el alie g calineall 9_‘1\}@1 S1 (65-5) J<ad)

d}&;]\ ‘_g C_.AJ\ ds_uu (e 989 7.86 GHz &51\ Yj_AAj} 1 GHz (e c\A.u\ 4_1) YIA.A 4_\.1\.«.1 J};}J:;)\.l
(14-5)

No. | Frequency (GHz) | BW (MHz)
01 1.0 25
02 15 27
03 4.2 32
04 4.3 36
05 5.0 53
06 6.2 81
07 7.0 73
08 7.8 98

Calanal Gl gla lpase (35S (AT linea e Joay Sy Cilineall Tase e ana Jloa maanal 23 LS
BN (g duasill dig ¢ (555 5412 Eise g_gj g;é"""j Cbledl) e JSiy aany Agaasay ‘@)&‘ Oanall

V) cegnl (e gl dssdl b bl G Gl QJ}J\ Aajall b )il Gee e WY G dilud
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(8 (67-5) S & (e 58 LS Akl pgms Cum (a Aplil] Apally Ailie JSE (e 4 OIS Leal) 2kl

7 GHz e 5a¥) cilaa sl & O 9 LS s ajmag ) jre A AVl G e Jgaand) il

shaally 3 3eall i) JSlsa (66-5) ISl

(67-5) JSal) b Al Syy e Lha (el Gugh )l Aussdla 8 il egms )

Refl(P1) Scalar 27/12/15 13:21 B~
RBW: 10 kHz Trace: Clear/Write
10dB  Suppr: Off
4.69GHz -11.44dB 4.83GHz -11.73dB
6.91GHz -14.69dB 7.64GHz -15.63dB
78GHz -17.45dB

N A VANV s = e/ P O B S
T T e [ NV
R N N N T AN WA

Ll

Manager

Dhaally 3)aall ciliseall Slsel Sp (67-5) J<al)

Sll XY eeg (15'5) d}‘lﬂ\ Oﬁ}

No. | Frequency (GHz) | BW (MHz)
01 4.6 31
02 4.8 35
03 6.9 47
04 7.6 89
05 7.8 93

Gob oo Jalall daagilly dalall Clpeall muals Sy @llyg Gilall Jlsell ook o5 cllil dais
cuaiiall e Wiy daags ugdn 8)me Bl Jama () oynid &3 (A g sally Brua Cilises
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(5-68) JSAlL Cpe 58 LS 8313 Jana oludls dsagill 29 Al 433 aladinl i

s i i (66-5) U<

Wsanall 52! Jlal b Wls sl cliadatl) Cabise e Janll J4l5 asl 2l Gl Jlsgll Sy adaadlay
LB bl daall cilalia) Ll cilppdatl) Cabide e 350 50355 Jlae [12/ Al Cam (AT il

Refl{P1) Scalar 27/12/15 12:43 “B—
Ref: 0.0dB REBW: 10 kHz Trace: Clear/Write
s Att: 0dB TGAtt: 10dB  Suppr: Off
446GHz -10.34dB 462GHz -9.77dB
495GHz -16.98dB 7.28GHz -17.86dB
BGHz -13.61dB -9.31dB

Span:  7.999 GHz
———

RBW: 10 kHz Trace: Clear/Write
TG Att: 10dB  Suppr: Off
852MHz -12.74dB 915MHz -10.09dB
1.21GHz -8.53dB 2.17GHz -15.40dB
3.44GHz -13.27dB 401GHz -11.22dB

Center:4.0005 GHz Span: 7.999 GHz
CTEWTT T Marker " Delete " Select ' Marker
Marker Type Marker Mode

e Clime lsed Syp (5-69) U<l
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sl Wxie Jeall Q1 ozl o8 (5-16) Jsaadl (e LoDl

Dkl il JSlogl 03l c¥ladl) (5-16) Jgaal

No. Frequency (GHz) BW (MHz)
01 0.82 26
02 0.91 24
03 1.21 29
04 2.17 41
05 3.44 38
06 4.01 31
07 4.46 28
08 4.62 25
09 4.95 26
10 5.10 30
11 7.28 80
12 8.00 60

ladd 7.5
23all Gl b i edbd) Binail) el ) e Y Aisatl) clilegl) e saas sl Ay Juadll 128 8
o daall Labld G dumaall lubal) & cililsgll ge Cipa clilsell oda sl o s uglally GlaY (e
clilsgl) (e s 038 Gaa A e Adbide A3 5 YV lae gas (e S
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Results & Future Works dsldicall Jlee¥y didlially giliil

aally il lgalanas ae sana JIKETy 3 @l Ll clilsell claias el dulall sda 3
W el Dglal) AN 8 derdiusall Zpaa 5l

Tden) lneS Ll Lgaalsn dlaie) o il clilsell Znal) Limasal) Cilublall (o dage degene G o

Al e Cagaglly da siaal culsilsgll (alsd 43 )lae

ookt 8 asaill 13 (e 50l lg Adiniatll cillsell omlsy 2 3gad aimgy Aubilat Ay Al el &
LS 59 LS clagas Aijailly 5340ally daiad) cililsell il dad) Clumy maenat Jagul Lo ass daa)yled

e geilil) CulSy Aingan cililsed Al aladinly Wa)lia) ae dae) lsall o3g) Canliall aliydl

ade Jaai (3 (5335 Jlaall (s (410 — 480 MHZ) Jadll o oy &ajal) ane St Hp aanal
i) A &5 (e el gilall Jlsally (35S A e Jlsall 138 sk 5 Lages iial) cililsgl
Sl G B i) il ililsel) (e il 13gd Linasall Slubyall (g dae e 3l A5liay Slsel) 3¢ Laa il

Aall 038 (17-5) Jsaadl Cpug clgumpe s Lnapll il laall axe G (e daliy Lo a8l gy - siad) gl

Lo Sl e Sgilall (i< Jlsa Jlae (aje 43laa (17-5) Jsasd)

sl gy | ol Gag sell g5

[1] 2012 23.5 MHz ke L_',A-;‘b'& zic-zac L:_‘,\_,a

[9] 2011 | 39 MHz b izl il

[4] 2013 42.5 MHz uLLéiﬂ\ Saaaie Ala)yie 2‘-_‘-‘_9)13 QL_&G\_}Q

[10] 2013 | 53.5 MHz Jshe Koch Jisa

cradl Jlsgll | TOMHz Gespal gl

2 HFSS &) Cronainl Cum ddg prall dijatl) il dpadil) sl (e ddlidag 8anas &diias o 158
53LS FR-4 g5 (e Substrate (sl aladinls i 2y WS dyijatll cililsell dabias gyl 4l Jidaty apanas
. tand = 0.019 % culis 6,44 ijle culh cld Luns 2K 4Ly 550 ke
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B3l A iaall sl Ll (alsil) Jeadd adle (18-5) Jsanl) (s

da kel Ayl Clilsel) Galsa (18-5) Jsaal)

a0 il YL aae (GHz) 4= _yidall cull sl 1y Hll <ilaa 3 sl

sl wosall gl

10 5 2l 1.9,2.5,4.3,54,6.1,6.7,7.1,8.5,9.1,
Aoy OVl 98

48 )50 5 _plall 3l o8
Ay Hhally ) shaall
Ve 7 53 S5
403

19,2.1,3.8,4.1,4.4,7.0,7.2

i sl ‘;‘1\}&,
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Ly aY¥las 6 90

SREHI O
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Lﬁad_)ﬁ Jas

Cu b S sa
shal gl
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400 5 Yl
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Gilimall ) g8

D)9 A o sadall q r)
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function [n,r] = boxcount(c,varargin)
error(nargchk(1,2,nargin));

if ndims(c)==
if size(c,3)==3 && size(c,1)>=8 && size(c,1)>=8
¢ = sum(c,3);
end;
end;
warning off
¢ = logical(squeeze(c));
warning on
dim = ndims(c); % dim is 2 for a vector or a matrix, 3 for a cube
if dim>3
error(‘Maximum dimension is 3.";
end
if length(c)==numel(c)
dim=1;
if size(c,1)~=1
c=c
end
end

width = max(size(c));
p = log(width)/log(2);
if p~=round(p) || any(size(c)~=width)
p = ceil(p);
width = 2"p;
switch dim
case 1
mz = zeros(1,width);
mz(1:length(c)) = c;
c =mz;
case 2
mz = zeros(width, width);
mz(1:size(c,1), 1:size(c,2)) =c;
c =mz;
case 3
mz = zeros(width, width, width);
mz(1:size(c,1), 1:size(c,2), 1:size(c,3)) =c;
c =mz;
end
end
n=zeros(1,p+1);
switch dim
case 1
n(p+1) = sum(c);
for g=(p-1):-1:0
siz = 2"(p-9);
siz2 = round(siz/2);
for i=1:siz:(width-siz+1)
c(i) = (c(i) || c(i+siz2));
end
n(g+1) = sum(c(1:siz:(width-siz+1)));
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end
case 2
n(p+1) = sum(c(:));
for g=(p-1):-1:0
siz = 2"\(p-9);
siz2 = round(siz/2);
for i=1:siz:(width-siz+1)
for j=1:siz:(width-siz+1)
c(i,j) = (c(i,j) || c(i+siz2,j) || c(i,j+siz2) || c(i+siz2,j+siz2) );
end
end
n(g+1) = sum(sum(c(1:siz:(width-siz+1),1:siz:(width-siz+1))));
end
case 3
n(p+1) = sum(c(:));
for g=(p-1):-1:0
siz = 2"\(p-9);
siz2 = round(siz/2);
for i=1:siz:(width-siz+1),
for j=1:siz:(width-siz+1),
for k=1:siz:(width-siz+1),
c(i,j,k)=(c(i,j,k) || c(i+siz2,j,k) || c(i,j+siz2,K) ...
[| c(i+siz2,j+siz2,k) || c(i,j,k+siz2) || c(i+siz2,j,k+siz2) ...
[| c(i,j+siz2,k+siz2) || c(i+siz2,j+siz2,k+siz2));

end
end
end
n(g+1) = sum(sum(sum(c(1:siz:(width-siz+1),1:siz:(width-siz+1),1:siz:(width-siz+1)))));
end
end
n =n(end:-1:1);

r = 2.M0:p); % box size (1, 2, 4, 8...)

if any(strncmpi(varargin,'slope’,1))
s=-diff(log(n))./diff(log(r));
semilogx(r(1:end-1), s, 's-");
a=axis;
axis([a(1) a(2) 0 dim]);
xlabel('r, box size"); ylabel('- d Inn/d In r, local dimension";
title([num2str(dim) 'D box-count]);

elseif nargout==0 || any(strncmpi(varargin,'plot’,1))
loglog(r,n,'s-";
xlabel('r, box size"); ylabel('n(r), number of boxes');
title([num2str(dim) 'D box-count]);

end

if nargout==0
clear rn

end
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For more efficiency
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R &S@ZV H When it comes to the installation or maintenance of
antenna systems for mobile radio, broadcasting or
radiocommunications, the R&S®ZVH cable and antenna
C b I d A -t analyzer performs fast, reliable and highly accurate mea-
a e a n n e n n a surements. Even in its basic configuration, the R&S®ZVH
detects cable faults, measures the matching of filters and
A n a | Z e r amplifiers and checks the loss of cable connections — the
y three most important tasks involved in setting up transmit-
ter systems and putting them into operation. For further
At | measurements such as the isolation between transmit and
a g a n Ce receive antennas or the output power of output amplifiers,
suitable options are available to the RF service engineer or
maintenance team.
The R&S®ZVH is a rugged, handy cable and antenna
analyzer, designed for use in the field. Its low Weighing only 3 kg, the R&S®ZVH is a handy instrument.
weight and simple operation make it indispensable ~ Frequently used functions have their own function keys
i : and are within fingertip reach. The built-in wizard lets users
for anyone who needs an efficient measuring werfory evemid el tost manmencastast ey flawlessiy
instrument outdoors for the installation and Using the R&S®ZVHView software, test reports can be
maintenance of antenna systems. generated in just a few simple operating steps.

The brilliant color display is easy to read even under poor
lighting conditions, and it has a monochrome mode for
extreme conditions. The capacity of the R&S®ZVH bat-
tery enables uninterrupted operation for up to 4.5 hours.
The battery is changed within seconds. And if it rains? No
problem — all connectors are splash-proof.

Key facts

1 Frequency range from 100 kHz to 3.6 GHz or 8 GHz

1 100 dB (typ.) dynamic range for filter and antenna
isolation measurements

1 Factory calibration over entire frequency range

1 Built-in DC voltage supply (bias) for active components
such as amplifiers

1 Power meter option

1 Saving of measurement results on SD memory card or
USB memory stick

1 Easy operation with user-configurable test sequences
(wizard)

1 Easy-to-replace Lithium-ion battery for up to 4.5 h of
operation

1 Rugged, splash-proof housing for rough work in the field

1 Easy handling due to low weight (3 kg with battery) and
easy-to-reach function keys

~e-to-fault measurement at a mobile radio antenna s

e R&S®ZVH
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R&S®ZVH

Cable and Antenna
Analyzer

Benefits and

key features

Installation of antenna systems

1 Distance-to-fault measurements (DTF)
1 One-port cable loss measurements

1 Reflection measurement

1 Transmission measurements

1 Built-in DC voltage supply

1 Position finding using GPS receiver

1 Factory calibration of the R&S®ZVH

> page 4

Maintenance of antenna systems

1 Two-port vector network analysis

1 Vector voltmeter

1 Terminating and directional power measurements
1 Pulse analysis with wideband power sensors

1 Internal channel power meter

1 Spectrum analysis measurements

1 Spectrogram measurements

> page 6

Easy operation

1 Test report in just a few steps using the R&S®ZVH wizard
1 Channel tables for frequency setting

1 Optimal reading of measurement results in any situation
1 Operation in different languages

1 Easy-to-access, well-protected connectors

> page 8

Documentation and remote control

1 R&S®ZVHView software for documenting measurement
results

1 Remote control via LAN or USB

> page 12

Easy-to-replace Lithium-ion battery for up to 4.5 h of operation
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Installation of
antenna systems

Free Run

Trig:

Threshold:
Span: I.BSESE!Z

-45.00 dB
Start: 0 m Stop: 1Z2m
| q T Cable
DTF List Config

Center: 4.00005 GHz
| Distance to il -l T=Part"
S11 Cable Loss

List display of cable faults that e predefined threshold.
13:58
[Threshold -45.00 dB
Peak Distance Return Loss
1 1819 m -22.94 dB
2 8.724 m -23.62 dB
3 10.61 m -4.65 dB

Center: 4.00005 GHz  Span: 1.63013 GHz Start: 0 m Stop: 12 m

Threshold Exit

The R&S®ZVH masters all measurements required for the
installation of antenna systems: distance-to-fault measure-
ments on cables, one-port cable loss measurements and
measurement of antenna matching.

After an antenna system has been installed, the next step
is to ensure it provides the coverage specified by the net-
work planner. The installer must perform an acceptance
test to verify that the antenna cable and the antenna are
functioning properly. For this type of work, the R&S®*ZVH
provides all of the necessary test functions in its standard
version.

Distance-to-fault measurements (DTF)

Pinched cables and loose or corroded cable connections
severely impair the transmission of the transmit or receive
signal. The distance-to-fault function measures the exact
distance to the location of the fault. A threshold value de-
fines which cable faults are out of tolerance and are to be
added to the list of faults. This considerably simplifies the
evaluation of the measurement.

One-port cable loss measurements

The R&S®ZVH makes it easy to determine the cable loss
of already installed cables. Simply connect one end of the
cable to the R&S®ZVH test port and terminate the other
end with a short or leave it open.

Reflection measurement

A reflection measurement measures with high precision
the matching of antennas and amplifiers. The measure-
ment is based on vector system errar correction. Results
are displayed either as return loss (dB) or as VSWR.

Transmission measurements

The R&S®ZVH-K39 option is used to measure the transmis-
sion characteristics of components such as filters and am-
plifiers. The R&S®ZVH delivers insertion loss or gain char-
acteristics in just a few operating steps. The high dynamic
range of typically up to 100 dB enables the user to mea-
sure the isolation between antennas.
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Built-in DC voltage supply
The built-in DC bias supplies power to active DUTs such as
amplifiers at both test ports via the RF cable. This function
is especially useful for tower-mounted amplifiers (TMA).
The voltage of the internal DC source can be set in steps
One-port cable loss measurement as small as 1 V in the range from 12 V to 32 V. The maxi-
13:4 mum current is 500 mA. If the power delivered by the
?‘ﬂ poms e Sf;;ﬁﬁ” ®l internal source is not sufficient, an external voltage source
of max. 50 V and 600 mA can be connected to supply
active components, usually amplifiers.

Position finding using GPS receiver

By using the R&S®HA-Z240 GPS receiver, the R&S®ZVH
documents where a measurement is carried out. The dis-
play indicates the longitude, latitude and altitude of the
site. If required, the position can be stored together with
the measurement results for documentation purposes.

Factory calibration of the R&S®*ZVH
Center:900 MHz g @ H H - H
T smr S Channel | The R&S®ZVH \s'dellvered facton.r calibrated and rgady to
Freq Stepsize measure. There is no need to calibrate before making mea-
surements such as return loss, VSWR, DTF and one-port
cable loss in a base station cable and antenna system.

16 Power: Trig When using an RF jumper cable or an adapter to connect
the R&S®ZVH to the DUT, the easy one-port normalization
technique compensates the introduced attenuation. The
easy one-port normalization is applied on top of the factory
calibration and does not require a calibration standard.

Center:  2.06 GHz

Fault

Tra Clear/Write

1.8 GHz Stop:
Auto Scale

Ref Pos
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Control elements

RF input

Ci for headph

External trigger input
External reference input
Bias input

Connector for GPS receiver

LAN/USB interface

for remote control Toseie

Remection  Transmozsion

Simple menu-based

I— Tracking generator output

Connector for power sensor

SD memory card/USB interface
Color LCD (640 x 480 pixel), can be switched

to high-contrast monochrome display in
extreme sunlight

Selection of operating mode (cable and

operation via softkeys

Function keys

lock

Wizard for calling up user-
defined test sequences

The R&S®Z th terminating po
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Specifications in brief

R&S*ZVH4 R&S*ZVHS
Frequency range 100 kHz to 3.6 GHz 100 kHz to 8 GHz
Standard measurement functions reflection measurement, distance-to-fault measurement, one-port cable loss
measurement
Qutput power (port 1, port 2) 0 dBm to —40 dBm (nominal), in 1 dB steps
Maximum permissible spurious +17 dBm (nominal)
signal level
Number of points 101, 201, 401, 601, 631, 801, 1001, 1201
Distance-to-fault (DTF) measurement
Display modes return loss (dB), VSWR
Resolution in meters (1.58 x velocity factor/span)
Horizontal display range 3 mto 1500 m
Reflection measurement
Directivity 100 kHz to 3 GHz (nominal) > 43 dB (nominal) > 43 dB (nominal)
3 GHz to 3.6 GHz > 37 dB (nominal) > 37 dB (nominal)
3.6 GHz to 6 GHz - > 37 dB (nominal)
6 GHz to 8 GHz - > 31 dB (nominal)
Display modes S11, return loss (dB), VSWR, one-port cable loss
vector network analysis 511, 522, magnitude, phase, magnitude + phase, Smith chart, VSWR,
(R&S®ZVH-K42) reflection coefficient, mp, one-port cable loss, electrical length, group delay

vector voltmeter (R&S®ZVH-K45) magnitude + phase, Smith chart
Transmission measurement (with R&S*ZVH-K39 or R&S*ZVH-K42)

Dynamic range (S,,, S,,) 100 kHz to 300 kHz > 50 dB (nominal) > 50 dB (nominal)
300 kHz to 2.5 GHz > 80 dB, typ. 100 dB >80 dB, typ. 100 dB
2.5 GHz to 3.6 GHz = 70 dB, typ. 90 dB = 70 dB, typ. 90 dB
3.6 GHz to 6 GHz - > 70dB, typ. 90 dB
6 GHz to 8 GHz - > 50 dB (nominal)
Display modes transmission measurement Sm, magnitude in dB (loss, gain)
(R&S®ZVH-K39)
vector network analysis S$21, $12, magnitude (loss, gain), phase, magnitude + phase, electrical
(R&S®ZVH-KA42) length, group delay

vector voltmeter (R&S®ZVH-K45)  magnitude + phase
DC voltage supply (DC bias, port 1 and port 2)

Voltage range internal voltage supply +12V 1o +32V, in 1V steps
Maximum output power 4 W (battery), 10 W (AC supply)
Maximum current 500 mA

Maximum voltage external voltage supply 50V

Maximum current 600 mA

General data

Display 6.5" color LCD with VGA resolution
Battery operating time R&S®HA-Z204, 4.5 Ah upto3h
R&S®HA-Z208, 6.75 Ah upto4bh
Dimensions (W x H x D) 194 mm % 300 mm x 69 mm (144 mm)"
(76in x 11.8in x 2.7 in (6.7 in)) "
Weight <3 kg (6.6 Ib)

" With carrying handle.

Page - 121 -



Ul galdl Appendix B

About Rohde & Schwarz

Service that adds value The Rohde & Schwarz electronics group is a leading
supplier of solutions in the fields of test and measurement,
broadcast and media, secure communications, cyber-
security, and radiomonitoring and radiolocation. Founded
more than 80 years ago, this independent global company
has an extensive sales network and is present in more
than 70 countries. The company is headquartered in
Munich, Germany.

Sustainable product design

1 Environmental compatibility and eco-footprint

1 Energy efficiency and low emissions

1 Longevity and optimized total cost of ownership

1S0 9001 1S0 14001

Rohde & Schwarz GmbH & Co. KG
www.rohde-schwarz.com

Regional contact

1 Europe, Africa, Middle East | +49 89 4129 12345
customersupport@rohde-schwarz.com

1 North America | 1 888 TEST RSA (1 888 83787 72)
customer.support@rsa.rohde-schwarz.com

1 Latin America | +1 41091079 88
customersupport.la@rohde-schwarz.com

1 Asia Pacific | +65 65 13 04 88
customersupport.asia@rohde-schwarz.com

1 China | +86 800 810 82 28 | +86 400 650 58 96
customersupport.china@rohde-schwarz.com
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Abstract

This thesis presents the improvement in multiband fractal antennas then applying these fractals using
the available practical substances with a suitable cost, where the substrate is formed by FR-4 with €,

=4.4, and tané = 0.019.

After survey of the recent researches in this field of study, important group of antenna has been chosen
to be analyzed and consider them as standards for comparison purposes, through proposed antenna

features, number of bands, and the form of the frequency response for each antenna.

Algorithm is suggested for the pre-design of fractal antenna, converted into code, and tested through
practical samples, and the results are good based on easiness and accuracy.

Wideband fractal antenna has been designed and executed which is improved from logarithmic and
Koch antenna to work over UHF frequencies and the results has been compared with other recent

studies.

New eight fractal antennas structure were designed that have superior performance compared with the
classic structure designs with changing the initiative elements and the way they iterating and their

dimensions.

The results of the design are suitable in reference to the recent researches where some of the designs
have eight to eleven working frequency bands that differ between 1 to 500 MHz which make it suitable

to support 4G applications at least.

All the designed antennas were simulated via HFSS, and executed with the local resources that
mentioned above.

These antennas have been tested using a Vector Network Analyzer, where the results were complied

with the local resources and available executing accuracy.

Keywords: 4G, fractal antenna, multiband, wideband, HFSS
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