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ABSTRACT

In this paper, the DMR(Digital Microwave Radio) system-based OFDM(Orthogonal Frequency Division
Multiplexing) scheme in microwave channel environments has been proposed and system performances have been
evaluated. The existing single carrier DMR system has a complex system structure due to using high-level
QAM(Quadrature Amplitude Modulation) modulation scheme and so channel capacity is limited by sensitive
" effects from fading. Therefore, in the proposed DMR system, it uses that the OFDM scheme for enhancement of fading
distortion and also uses that the band-limited pulse shaping filter instead of windowing for no additional data such as
GI/GB and for using efficient of IFFT/FFT block. The performance of OFDM/QPSK-DMR system and single carrier
DMR system are analysed by computer simulation using two-ray model under the microwave channel
environments. The computer simulation results confirm that the fade margin of the proposed OFDM/QPSK-DMR system

is highly increased as the number of sub-carriers is larger.

I.ME Pltfe] xu]xo] ogo] Fofdd wet F4 FA
A2de dhgs 25 A A2 s =g
w5k A Al A|ae) fae) ookl gE o,

* (FYERHA (ban@steokn), ** $E7IERSUGE, o YT
E=EHE 1 040107-0308, AR 120041 39 9

1219



52183 =FA) 049 Vol.29 No.9C

olol we} 7 Al vEHax FrA F BAY
(SONET : Synchronous Optical NETwork)>.2 18}
A G, oleidt 53 FAlwelx walsid 3 A
% e}l aE FHlo R sl T4 AP Alawe
732 AlZpath layer)olA payload®] AsA e A
B AFE 2% 5 glofof jhc) ool At £A1
A% U2 DMR Al&ge] gol AMEZ glon
dubg oz tiel whkiuyhalg Apgs) gl

aeht 7]Ee] @ ukgalE: AMSS DMR Alx
Hlol A= highlevel QAM W3 HMAE A}83)7] o
Foll Alz®] FAo] EAlsl, ol Adel v
A B4 2] dEe) Agga A A
et oloh AL FAHE FE3P| 3 uiklez
DMR Alzdlel]l 33 dlole]  Agd] AR
MCMMulti-Carrier Modulation) 2]2] 92 OFDM
o] g sl AU

OFDM "2 74 Al el w4 dlolE
AF Al A 5 Qe Fa A9A Folded o
g AlgE 7144 °33KIST : Inter Symbol Interference)2-
o7l A3 Af dGEE o) Ao # Ad=2 ¥
galo] FAlell A3l wfioll ASLFE A
A & e Axdelth =F baseband oA
IFFT/FFT(Inverse Fast Fourier Transform |/ Fast
Fourier Transform) AMS-o2 w-ExaAg st
T 0em, 7 A Abelld Hlelde] ks A7
A717] $l8 AHeElE BEplE s 7t &
T e TR S sz Ul oE@
OFDM A9 EAlg o]43l= DMR Alxgle
ACK(Adjacent Channel Interference)?] <33F& Zo)7|
A o32) 7R " A% (waveform shaping)” &
AREHe, FA 5 A wpaleEg et AA,
band-limited Orthogonal ¥#]ell 213}  band-limited
MCM "o |t

o] HRAl IFFT §iHwhe g Bojo= zhzte] A%
off a4 baseband filter2 B AL Fasiod
HAEES P 5 YRS T wjelrk 2y
IFFT Z7]9)| #g3le filter 571 S757] wie
Al2gle] F3lo] Halglh wixlo) EAic) F Wise
time-limited MCM A2 2 Jubdel OFDM HHAlel|
A AHEEl= windowing 71l ei7)el] ERicilotd
o] W2 GKGuard Interval)$} cyclic extension 7]
& AH3l] AlW(time variable)Ad S0 <13
PAY 2 9 HI3ASDF ICIAnter Carrier
Interference) 5 £+ U=F ek 2t Yo
dlelele] A gog Hfado] Woixle whdo] &

1280

g} w3k IFFT 31y ol GB(Guard Band)yZ-
g o3 ARl(zero insertion)3} windowing 71H-& AHE-
3lo] [FFT £29] o]&RES 747 d9E 2
Hae} oo} o] & dlofe] A4S 43 DMR
Axde]] odubdel OFDM HAlS A48 A%
GIGB 59| Ao o8] Alxgle] "d4a8 Y o]
L-a-80] Woxle o] ExRIL). ulebr] B =+
o4 OFDM 4] o]43h= DMR Al2"lellA A
FEEE FaATle d9 dielele] AR Aokt
3 AlaE o] 488 AL S HkEeE
microwave Ad Aol Z§%t OFDM/QPSK-DMR
A 2eE Akl o] Aladle) A58 HAMic) &
=59 742 Al 2 AellA OFDM/QPSK-DMR A2
do] fe] o EAle dls) Awry Alxg 325
AL A 3 Aolde U9REE AT
3] A=l BL-PSF] EXE& A9l Al 4 Al
A AGsHs A2E 5S4’ A 6 Al
Al Aees AFAE 59 288 dert

Il. OFDM/QPSK-DMR AlAH|

AAe A Alxde F Ag wWAI DMR Ala
o upao] Ale neby FHAIE fx|shwiA LA
sith ofoff DMR Aladle Al 24, fxHg &
Helld F AF wkARch pU4E AYx gle
71 ol me vhE ARl W el Ags
Hhol Al2dle] A we 7HM-S(availability)7} o
Ex wgo] 9lrk of2i’t DMR AlAdle o5 Al
Aol ¥ digital radio A~Eo 2 WS 53}
Gorn, multilevel QAM, multi-carier ¥WHAS F2
A3l  SDH(Synchronous Digital Hierarchy)-2} #
%+ &28 8312 ik

M-QAM BL- DiA
Mapping PSE Converter Qs zer

Channet

A M-QAM AD Matched “ BPF
De-mapping Converter Filter Y

Carrier (£)

231 1. WU st 942 DMR A2Y $E
Fig. 1. Block diagram of single carrier-DMR system.



=¥ Mictowave #3317 oll4} BL-PSFE #-43}= OFDM/QPSK-DMR A|~ele] AJ5-54

a3 12 = vk uhale] DMR Al2E BES
viehd 7o 2 waubrlef ofs) wix wiy =
F o Ak A3 A" e E A3k DA
W AL AH o 2~18 GHz 9 Hkes) S}
T5 ol83ld deleE AHEIh diHoR
QPSK DMR AJ2~®l-& so|e] 5-5-& $3] 13TAP A
x| S3E A3 =FolAe BLPSF A
A¢| fading 52 ¥A37] 8l £ EZelA 53}
715 AH| sk

I3 2+ windowingg AHEske  dukAQl
OFDM/QPSK-DMR A|2H] E-8-5 vehdl Holr}
Wb 22 OFDM/QPSK A| AL Hlo|g) T2 93]
FFT $5tell 1ITAP 53P7|5 AMsht & el
53171 §lo] fading A58 B3] S8 £ £l
Al 53P1E A Flsich

Cartier (&)

37 2. Window %49} OFDM/QPSK-DMR A|~®l &2
Fig. 2. Block diagram of OFDM/QPSK-DMR system using
window method.

7|& OFDM ]2 windowing¥} cyclic extension
A3l GYGB 58] A% dlole] o]9]9 olo] do]
HE #A53l7| o] DMR AlAHS 71E£ OFDM
WAl AEE 34 A" Zfo] Faske BAA
o] ®HA3IA st
oo} e AFTEE TAE FE3] M 7l
Z OFDM WMol AM-=|9lY windowing Al
ukpal wpalofld ARS-E|4Y BL-PSFE o]-43itid
oJo] dlojee] AMg-g Aok & qlvh ¥ 32
BL-PSFE A-£31= OFDM/QPSK-DMR A]~E]] E-
EF2E vehd Zloltk 7 B2 MedAE =k

AR, DMR Al2=Hl o2 qlHEE 271 vjEY
Ax QPSK Wz wid A& B3 wixd ¥ A
g W& ANl NAGRFT =7)e] Al 48
Wy 2 wHIAzich IFFT 855 58l 7 ¥ 4
Eoll ¥ uikgur} FaAL Fui & AblAe 7
Ao] P17 A=E FAst v Ac) o]} 3H2
Az e 7|83 OFDM A48 IFFT A4 3+
A7 gl &, A5 583 99 588 3

7171 Y& Hxe] GI®} cyclic extensiond 418314
@dgten, ACIE #7171 A% 4 AMsl(zero
insertion) & 34| edgkeh o9k AL A2l AL A
A AZe opdao Wz y v Fae2~18
GHp)E M43l 741 A= AgsA €t

Cames ()

AWGN

A 1T e ) T o |
| sz, | e Erhe AT Mached || > -
i Demappiog | | Cenverter P Converter [ {Converter [T Fee 1 i
il B il >= O B L. \T

Caner (1)

12| 3. BL-PSFE #-83k= OFDM/QPSK-DMR A" &
=2

Fig. 3. Block diagtam of OFDM/QPSK-DMR system using
BL-PSF.

13 394 DMR AlagleR of¥Es 24 v|E
A(A=a[nT]bnT] e[+1])> QPSK HZE i AL
E4l dnT) AEE Wxdch dnT] AES okl
AlF} zho] 2344 A3 H(real, image)E Ze HAi
(complex)Al&o] T, o] AlEA|ZHsymbol time)S 2E
=t

dnT)=anT])+H{nT,] (D

A Alge sp g A4S AA IFFT A4k 3
&A =} old] IFFT YJHESE GBE $13 % A9l
2 sl W3 IFFT 458 OFDM X%l =5
Al AlaEle] o8 &S AL =7
microwave AdL A4 o Zo vla] olFa} =
AlZke] w27 el 71E OFDM Al&wlel] A}
45199 GI9} cyclic extension WM AM31A] oF
=} Gl 3 Jle] AE ARt Boje 2oy g8
Ak B =Feld AlE AIZRE 12592 Msps =
38.58nseco| 2 AR QAL 6.3nsecE W7
of g zbo} ALFEE Fol7] Hsl GIE AHA
algict. olell wE ISIE 53718 AHgsle] AlA st
oJof st B =9 BAlL S3PE AL o
org 739 QPSKS} OFDM/QPSKS] u|we|nz 53}
7)9] AR 3] erect

IFFT 9] £33 (kTS Belehd oa3t 2ot

N-1
kT ]J= Zod[nTs]eﬂZ"f"kT‘ ,

1281



B3 =FA4] 049 Vol.29 No.9C

k=0,1,2,...,N—1 @
fa=n/NT;= n/T,,

714 N2 IFFT Z7)°ol9 n, kv ZZt IFFT
ol- 23 9] A)7kA)(time index)E UlERAch 23
Tm & OFDM A2 7{symbol time)ol| Tl 5]
A7+ oujglel. OFDM #WzE E84IE PfS
WS 7|4 BL-PSF fHo2 Eoi7} Ay
9] A7t Swl(impulse response)d!  AkT]}
Convolution HAH®)& 53514 dcp,

WET )= kT QI kT ] 3)
= 5 Am(T/ MUK TM) ~ m(T,/10]

3 Aol M FdE(over sample)Rolc). &
EdolMe 2dERY] FAhe o} AfhdE A
st $57 24ASDE 7AA7)7] 413 BLPSF
= maised cosine filer £ AHE3ICL o]9} L HElE
% A% Tl DA 49 LPRlow Pass
Fite)E 713 2~18 GHz®] Wkeakn2 H4=ich
AF AZ s otele] A3} o] viebd 5= Qlrk

s(f) = Re[ y(He ~ 2] @

ojgA A= $AXS
HolPz} 3 59 F¢E b A=A Ho) £
Al BAS 7 Ad9shd, baseband TellA] FFT
o) "ol matched filter 2} A/D W)L Eaf Y~
H%(wavefmn shaping)® TIA|" AlZolA 44141

2] AE-S(sample rate = R)F} FA3}A| vlolg]E
23 W3, FFT 347 QPSK B w1 AXS
3 A ASE B JAo) o, A AZE A
gt ] <jzke] gl Agoll oiFF J3E T4
Pk Al VR Bl 44 A3 s
BPFBand Pass Filter)S- £3 73 &
Aetst B Fags f2 7] A%E S F
LPF #4-& £3) baseband A1F (B 323 Jch
a3 e PAIES] maiched filter2] A7t
h(-02} Convolution ¢34He S=83}n] AD #HE-S 9
& T e AE-E A F T o AES
F3le oJAbHQl dHlolE] & &} ol WiFt
THA Ao b} 7o) A

°Fﬂ A ot |

1282

(1) =), " A O@H(— ®)

HATI= 3 AmTIR(-mT] ©
A7V R (k= m) T=H T JQH - mT,JE
Shiel, chesh e A B4 7R

, k=m ?

ojdl A7t Frie} T BU)= gsltia 1A
o, A @ FEe 23 ofl2(time/frequency
offset emor)7} EA) 31X W] wlEel 4 Als=
ALl 28l A r7] & A BY € 9l
o} Alcte) BT #AE Aosi Al e
OPDM wrAle] 2a BEAS o)g3le] Y] A4
AlE-& B3 ok

,a[ nTs] _ x[ kTs]e 2nfinT,
_ { NZ—Old[nTs]e —ﬂnfnkT,]e Raf T,

= ivz—:d[%Ts]éf(n—k)Ts] ®)
=dn], (k=n)
o]e} zo] BL-PSFE 43= OFDM/QPSK-DMR

AlaEe  odubdel OFDM  HMlel  AMgEIgH
windowing ™4l BL-PSFE AMS3IRZ ACI WA &
A3t o As(zero insertion)e] BR3HA| 47| wEo
TERAeR wg stk a2a GI®F cyclic
extension 7|*-& AM3IR] §47] d¥el dleje] M
&L 3 A 5 ik =3 ke S5
R IFFT 5 2719 71 94 € 4 slew,
IFFT 32 OFDM =9 A3 Al 100% &
& = gle] Al2w o) Ffo] T AHo] Qtt

lil. BL-PSF %4

B =allde 4 AdE 53 dlele] A 4,
2¥ERS Ey Yz A= YAAYPE
(pulse shaping filten) & AMH83t) H2AJYPe]o] o
3 (transfer function)®] el square root raised
cosine filter®] Hej2 viellin], M= Haol o)



=¥ | Microwave A'4%74¢llA] BL-PSFS #-43}= OFDM/QPSK-DMR | 2¥1¢] A524

GZg AREEA 5 2 ZHAashY e Eo
Fe 95 ok olHd dYE A ojakdal
Ao v} EAS Z= "erh sl e Al
A TR oAl A ou} XS Ads
£ Zo| B7lsslng AA A glojxe] dE
ZAE 78 o, Yo|H2E A 1278 s 9
HE o]4dich Wolf2E A 12718 IS 2
B F 71 HFAR] A0 raised cosine filtero]?] ©]
BH= rolloff factor o] thh 28BS EAE 7}4|
I iek B =M o]z’ "ee] Ful &

S4< s 2 wie] FUEover sample : T /2)7kE
AHgslg o, Zhzt maised cosine Filer?] A)7F 35
o) Fale A g Vbl oes 2,

sin(rt/ T coslant/T)
at/ T, l—4(art/Ts)2

W)= ®

T, (- a)
H(W= %‘[l—sin[%(W—#‘)l] S Fa-omEG+a
0 . » . elsewhere
(10)

0.8r
0.61
0.4
0.2

apnijdwy

(=]

Timel(sec) 107
@ AT $F 5 q =01)
(a) Time Response( ¢ = 0.1)

1%
> 0'81 : :
g 0 5 z
S 04 ;
® i

02! 1 I
N il L L.
3 -2 -1 0 1 2 3

Frequency(Hz) 107

®) Fo &5 A ¢ = 01)
(b) Frequency Response( ¢ = 0.1)

.

0.8 !
> i
g 06 ;
£ 04
& |
@ : |
0.2 HEEE !
0feeeceecscesete Ié : I:-‘lv... cee .».v.‘v.]‘
-3 —5 -1 i 0 ) 1 2 WS
Time(sec) 107
© AT &F BN 2 =05)
(c) Time Response( ¢ = 0.5)
1 |
0.8
> *
g 0.6 ,
£ 04 ;
o ; i
0.2 ‘ [
0 {T .......... f'-
3 -2 -1 0 1 2 3
Frequency(Hz) 107
@ F3r &% 5N 2 = 05)
(d) Frequency Response( o = 0.5)
1
0.8
g
g 0.6}
€ 04
o
0.2
-3 -2 -1 0 1 2 3
Time(sec] 107
(& A &% B4 ¢ =09)
(e) Time Response( o = 09 )
i}
. 0.8‘L
2 061 ;
04! k
(-] i 5 Y
|l I
| .
ot xII WIillill II:
3 -2 -1 0 1 2 3
Frequency(Hz) 107

0 FoAF 3% 58 a =09)
(f) Frequency Response( o = 09 )

% 4. Raised cosine filter?] A3} ¥ Ful= 35 B4
Fig. 4. Time and frequency response of raised cosine filter.

1283



PEAI 3] =4 "04-9 Vol.29 No.SC

g Al 4 = rolloff factorS lehiio,
/@1yl #3shs velfae Fay 7 )9 7]
£& 2l AHase 20 Fexces
bandwidth)oll T’ HE-E-& vepd HALZ [0~1]A}
]9 & Zerh
£ E=FolAe 51.84 Mbpsell 3l QPSK HEE
etz T, = 3858 mec o]H, UelF2E F}
f, ) 1287 MHz 7} ®th 29 4= §ish 22
7ol sl roll-off factor7} ZH2t 0.1, 0.5, 093] 7
, raised cosine filter®] A7t 5 A% Fu5- &
HEAL ekl Aoz 2 e I P52 3 A%
of g Zlelch ¢ I¥EES TR rolloff
factor Fto] AE5F o]4AQ LPFY Tl A4S
Zhethe g o 4 9l

+

o}-}lj\)

.{

™

(@ W27)9) IFFT 3% 9 %3719 AD 2% 413 Fals
2HEY

(a) Frequency spectrum of IFFT output signal of modulator
and A/D converter output signal of demodulator

() BL-PSF ¥4 4139 Fo5 ey
(b) Frequency spectrum of BL-PSF output signal

T8/ 5. AUSHE DMR A 8ol o Foiee 2ot
S

Fig. b. Frequency spectrum of proposed DMR system
block.

I3 5% 8FFIS Z=OFDM/QPSK-DMR A]AE
o] IFFT 2% Al3d] d’ Fu Ademys
BL-PSFE EHA7] Foll gt Fig= Adledyg
vepd 7otk olu) roll-off factors 0.5 o2 2 w2
3 BFHover sample)E HIF Aol 1 50w
7t 3 dbgle] Fed(main lobe)3t F33 Ao ¢
A" ele] Fal g5k BAoE Qe Af oy

1284

o] Agk=le] ACI} HAISHA] e AL o 4 gtk
windowing¥He= Fe] 1¥50)F AA AER s}
AAle]e] Fuldal= ol o] o &A%
< & F ook w=by 7 Hukbsle] s HYL
2% 7 Hch B BxAd: MEFueg A
& 3] diol aliasinge] A71A €rl o] aliasing
o2 Qs FRAlR]e] 7 Fukgvhs e Yulds
712l Yz AL a3s5@et 2ol Yok £xE 3
Al H Ao] Aot

o]9} o] BL-PSFE 383+ OFDM/QPSK-DMR 4]
2818 a7 59} o] WiBE ~HEF EXo] 9lo
™ pulse shaping$ w2 4-3Y3}7] wiEol] windowing
< ] 43 9 Alsle] "askx| ol oo dl
oEle] AH-& XY 4= rh.

V. Alg2old 2t

Microwave A'd 7 54L& 2 Rummlerd]
three-ray A'd 2d& ARGl sAgict ol 4]
of oleigt Ade] Fulg THE Aok

H(w) = a[1— be "~ *) an

714 wy= notch FaE uFtE =144
, b=—pf/(1+ a1 p = AAL AF goz
[0~1]Ale]9] & ZETh Micowave  AdS
LOS(Line Of Sight)ol $4lkmE Afshe A2
HAggolck o] Adelrle] o] F Az uha}
7329l o] HA microwaved ek ukx] 7}
o] A Ao} 23[degld = ¥l =R et} uh
Ahe flAde] 180[deg)Atol7} = Frenel zoneol] of
3 AE 3 o] AL Ag Al dia ek
o] &5 wiEx 30MHz H9Ed 3¢ B4 1
138 A= 74x] sej’ich Microwave Adeild A3
Aoz F%E AN pe r=1/(6BW) A +4
A #AE 7R ohke Zlo] 484 gles, B4
Ao 2 30 MHz el gt A DAL 63 nsec 2
Hej=o] Qo' wapy B E=RelliE 51.84 Mbps
9] £%o) w8 QPSK HMEE 38led 2592 Msps
2] A E-82 OFDM ¥HRE 37| wFol 2592 Mz
o] A4 dIdZ3 dB HYHE derh old £+ A
% 93-S o 30 MHzS] dge2 A3l 63
nsec °f gk QRS A4]ch AxHe] As
AL 9% Ad 2de A 129 4 @& 1= A



=¥/ Microwave #'d373 i+ BL-PSFE 2-4-3H= OFDM/QPSK-DMR A|2El9) A5£4

3 mormalized) A7) tworay Ad =& Apdsld
(129} 2
H(w)=1[1—be " "1 12)

A9 A AL THAT e E A §
o] glom, i A(group delay : D(w) )5 A
FEA I olHgl 2ol

A(w) =—20 log 1| H(w)!

D(w)= d 13
w
Micrawave radio link channel property for a=1 x 107
19 - - 4
Amplitude
A =-20log(a)
H
T R
8 3
= g
3 3
¥ 2
5 2
8] T
LA
0
r Hwy=1-beRX-1)% for =5 3 neec
L " s L B
-5 0 ES 10 15 202

o [Hz] 10
a3 6. ;I‘véo-ray Ad mdle] Fa 4 BT F Ao
.;A

Fig. 6. Frequency response and group delay of two-ray
channel model.

a9 62 £ =EolA AE3 tworay Ade] o
T AY 2HEedy] YTl delay-time o WHRF F A|
(group delay)54-& viepd Zlect,

E 1. AlEHel4 sAelnle
Table 1. Simulation parameter.

QPSK-DMR System

Target System
OFDM/QPSK-DMR System

Bit Rate STS-1(51.84 Mbps)
Symbol Rate 25.92 Msps
Channel Model | AWGN+two-ray model
(delay time) (6.3 nsec)

PSF(roll-off factor) || Raised Cosine Filter (0.3)

Target BER 0.001
Eb/No 50 dB

FFT size 2" | n=23,4,5,6,7,89,10,11

Al (129 HF Ade] dEx 35 Fr(impulse
response function) & 2} spd ofeis} Ay

D=0 — bo(t— D)™ (14)

2} AlollA] o2r = notch FI $IAE Uehile
SA st grom o 2 Aol (<2 B
o] W9)E ZEE 3} noch T XS AP A
7 A28 fading margin AES FHHR & e
B4 JAGignatre curve) S T¥ 4 Sich & 1ol
B ERolA AHeR Al Bl Tebulels Aels)
Ack.

a8 73 8e ol ukem WAls) Akl
OFDM/QPSK-DMRA| 2819 B4 Z4< vehdl 7
olck. OFDML AWGNe| tidt A% Sdsicin
gd2A Qe weh B X EHelAL fadings]
o dis] Alg#Hle]lAdg sidck

Signature Curve

=== Single C:
- 4FFT
wm 1+ 16 FFT
64 FFT
== 26F
-, o 5wy | —— 1024 FFT
¢
2 o
15 Tty L AR
17
3 1)

T

(gplyida( ape.,

-
[ — s o - e

&
[ o o e o e e e e e

s E] 1 5

05 0s
Normalized notch Frequency

32 7.BL-PSFE  Aesis=  wd "kl 9
OFDM/QPSK-DMR A]=®l¢} B4 34

Fig. 7. Signature  curve of single camier and
OFDM/QPSK-DMR systems using BL-PSF.

Algeeld FollA] Target BERS 1)7° 22
AR e A% HgHFo2 A3} ¥ noch T}
“(normalized notch frequency)2} fade depth o 2%
sleldd <3t vehlly] fl84 EyNot= 50 dBE
AR 3hge e FAEch B 3
noch F35¢} fade depths 7PHAIF|AA] Target
BERE 1 A7) #Ho]99] fade depth [dBISAS
vepd Ao FA Adel didt A2l A @
7] 8 LAY Qe RE dold s B
A3 Zlolct. #AFHAL B4 FAe aaeir]
Hpeak)ite] &8 so]Poll 3t A5-g et

1285



51 = F2] "049 Vol.29 No.SC

it

27 ‘MARe] FeR el ] widoll M<curve
glas Eel $ed, o] cuver 31719 fading &
BEA BN o] et} B =E% T3 M4
3 ¢ BLPSFRt AM38lgS o QPSKe}
OFDM/QPSK<] fading 548 Mcurve2 #4338 7o)
c}. Fading depth’} 4% BER| ¥4 J}oA €
t}. =3} notch fading®] 1= FoollA] AR
uwlz} BERAGo] tharh £ signatwre curves fading
A3%50] BER=103Y o notch F35o WE fading
depthE 78l =2 vjehd Zolch

~ Signature Curve

(apiyideq spe,

p="1500 FFT Size

s

Normalized notch Frequency

23 8.BL-PSF& #43= OFDM/QPSK-DMR A|AHle]
B 314

Fig. 8. Signature curve of OFDM/QPSK-DMR systems
using BL-PSF.

of| & E°] Single carrieroll 4] center F3}ll -22dB
2| fading depth”} 48719 BER=10-30] &3S Roj
Z} AAlE noch FI7L ojt]d] HR1¥R] 2=
7] WEel B4 signature curve2] HuiX|Ql fading
dephE A& viehdch ol 4FFT Al2dlo]
fadingol] 78kl 1024FFT AJ2Hlo] fadingel] |
$+538 Jehdcl =% Single Cariers} 16FFT Al
262 §ARE fading A5S YERE & 5 Qrh
12]3L 104FFT oo 2 e kst A=
1024FFT9} AR A& vebde & + ek

I3 8allA Al ok ukga) wh2le] DMR A
23} OFDM/QPSK-DMR A)AH1¢] FFT =74 ©f
3 H(peak) fade depthi= ¥ 29} 2t}

F 2E& A9 uy OFDM/QPSK-DMR A2} FFT
717} 44 7359} Gl ukba) wiale] DMR A&
del sl M2 Akt eSS viehdch 18
v BT 2717} 2718 Adso) 3d=ln, BT =

1286

717F 1024 o 74 e ukga} wprie] Adgite]
=27 dB AX AR}

B 2. B4 34 AEdeld A
Table 2. Simulation results of signature curve.

Target System Fade Margin

(Fade Depth)
Single Carrier DMR system -13.2 dB
OFDM/QPSK-DMR system (4 FFT) -11.9 dB
OFDM/QPSK-DMR system (16 FFT) -13.1 dB
OFDM/QPSK-DMR system (64 FFT) -145 dB
OFDM/QPSK-DMR system (256 FFT) -15.4 dB
OFDM/QPSK-DMR system (1024 FFT){ -15.9 dB

wzb4] OFDM/QPSK-DMR A|A®2] FFT Z7]& )
< =74 Fchd ByNo 50 dBollA = ksl wiA
B} g} 3 dB J =9 ¥& fade margind 7 5
7] ddol| sl Ao s Ay dsE A
A & 9lck

v.d B

2 =T micowave Ad Z7HA
BL-PSF(Band-Limited Pulse Shaping Filter)& *}-8-3|
OFDM/QPSK-DMR(Digital Microwave Radio) |28
of o] QA-Tslsich

71&e] wd ukpel wkale] DMR ARl
High-level QAM HZE W& AMS3p7| dffe] Alx
g FAdo] Balsle, so|dd Andel| w9 W &
Aol glo] M gaFo AL LA ulebd o)
olyd Ad BAoE g A AL} I8
817] 13 Hikle] Hasicl oo £ =®ellx Algt
= DMR Al2®E #Hold Ad e 73t
OFDM HZHMAlg o]gsled wial uigal whale]
DMR Al~dle] FAE-E SE3l4ch 12l 7|&e
OFDM HRAl#h= 2] microwave A'd 73] A3
g A" F2E $)8) windowing ¥}] 4] BL-PSF
2 Ag3lgin) ol2dt Heje] |42 GIGB 59
oJo] dlofe} AME-g Asled HEEFE WY A
4 QlT IFFIFFT £89 o|488¢ VM &
o, Alad AL zhdsA 7 ¥ 5 9e
o] ik

AlggolAd Az, BA FAe A5E FFT =7)7}
10249 739, =kl wked) wiAje] DMR Al2gEc)




=%/ Microwave #2874 ¢ll4 BL-PSFE A48l OFDM/QPSK-DMR A A &9 Al5#-4

o 27 dB X2 fade margind Zhe=th webA
OFDM "WHAl9] A48 #4319, micowave Ad F
7ol AEs el A%s =4 2d 5 3l
of ol ukiul whalol DMR Al2Ele] slo]) <3
of o3t A4-8=e] IS I8 & 5 ok

@ ukw} 9hAlS- OFDM 7)4ke] DMR A|28lo
2 g3 A9, o dolele) AM-& R 4 9l
3 A-43h= BLPSFS] 5402 <3 7|& <y wt
T3 whelx] AMSE o] BAl Alad] FREGE
FAY 571 FRE 192 8 5 sl7] dE
A|2~g] gAo] vfg- Bolqh Ae] gct.

FuE2d

[11 N. Morinaga, M. Nakagawa and R. Kohno, New
concepts and techmologies for achieving highly reliable
and high capacity mmltimedia  wireless
communications systems,” IEEE Comm. Mag., vol.
35, no. 1, pp. 3440, Jan. 1997.

[2] T.P. Cameron, J. C. B. Saw and M. S. Suthers,

Applications of saw technology in a
SONET-compatible high capacity digital microwave
radio,” Proc. IEEE, vol. 1, pp. 237-240, Oct. 1992.

[31 M Borgne, Comparison of high-level modulation
schertes for high-capacity digital radio sysiens” IEEE
Trans. Comm., vol. COME33, pp. 442-449, May 1985.

[4] T. Noguchi, Y. Daido and J. A. Nossek, Modulation
techniques for microwave digital radio,” IEEE Conm.
Mag., vol. 24, no. 10, pp. 21-30, Oct. 1986.

[51 R Li G Stette, Waveform shaped MCM for digital
microwave radio,” [EEE Conf., vol. 3, pp. 1695-1699,
June 1995.

[6] M Engels, Wireless OFDM Szstems : How to make
them work?. Kluwer Academic, 2002.

[71 B. R Saltzberg, Performance of an efficient parallel
data transmission system,” JEEE Trans. Comm., vol.
15, pp. 805-811, Dec. 1967.

[8] R Maruta, A. Tomozawa, An improved method
for digital SSB-FDM modulation and demodulation,”
IEEE Trans. Comm., vol. 26, pp. 720-725, July 1978.

[91 B. Hirosaki, An orthogonally multiplexed QAM
system using the discrete fourier transform,” IEEE
Trans. Comm., vol. 29, pp. 982-989, July 1981.

[10] S. B. Weinstein, P. M. Ebert, Date transmission
by frequency-division multiplexing using the discrete

fourier transform,” IEEE Trans. Comm., vol. COM-19,
no. 5, pp. 628-634, Oct. 1971.

[11] A Ruiz, J. M. Cioffi and S. Kasturia, Discrete
multiple tone modulation with coset coding for the
spectrally shaped channel,” IEEE Trans. Comm., vol.
40, no. 6, pp. 1012-029, June 1992.

[12] R Li G. Stette, Time-limited arthogonal muilticarrier
modulation schemes,” IEEE Trans. Comm., vol. 43,
no. 2/3/4, pp. 1269-1272, 1995.

[13] B. SKlar, Digital Communications. Prentice-Hall,
1998.

[14] T. S. Rappaport, Wireless Communications.
Prentice-Hall, 2002.

[15] W. D. Rummler, More on the nmitipath fading
channel model,” IEEE Trans. Comm., vol. COM:29,
no. 3, pp. 346-352, Mar. 1981.

¢t # Hi(Jun-bae Ahn) A3
199143 24 : ¥=3Euist &
FAAFEEHEAD

1993\ 24 : =33 o
3 3 ARE-shEEdAb

2002+ 2% : =3 o
Y SRS}
FB)

19931 d 1€ - 1999 59
(FEAVIAAL A7

19991 59 - 2002 8Y : (Do Mg

200241 8Y - dAl : (D Ee|EHA ANLHA

<Pl Hop FAEAL o] FEAl, FHde

2t &| Zl(Hee-jin Yang) 314

2002 24 : 3k 3
T AT (FHAD

2004 29 : FsEbEdiztw
ekl SgEAlA vgsta)
(FFA4p

20034 124 - A (PE
ez Aty Q7Y

£ OFDM, Microwave

1287



PFEAN 3 =F2] "M4-9 Vol.29 No.9C

2 & #(Chang-heon Oh) A3
- 19883 24 : jEEoR) &

FFAFNFEPD

19900 24 : F=3)EoiE) o
el A vk e
AAh

1996 24 : g o
9 PRI YD

19903 24 - 1993+ 94 : ¥

AP 71edT4a oF

199313 10¥ - 19993 24 : AMIARKD
CDMA /&4 <%

199914 3¥ - A : IrleasiEa Hrrle
TR 2aT

<A Rop o]5-EAl, FAEA, A "evudiolE

Al

= A Z(Sung-joon Cho) ' A5

1969'd 2% : F=FFHIE
FTSAE A FEAD

1975 29 ;. PiEe o
AT Ah

1981 39 : 2ARAE )
AF-ghatah

19723 8 &A : T8

skm Az} - AR EAl - A 2y

<PAEol o]F3A, FAFA, WAHAFE, o]
FFAE L

1288



