D=
== 99-24-9B-1 SFEA}E| =87 '99.9 Vol24 No9B

A" LMDS Al2dlg 18 Hold
FAlE A2w Fool B AT

9 W BT, A A R Q¥

A Study on the Implementation of Point-to-Point Relay System
for Digital LMDS System

Tae-Hwa Chang*, Hyo-Chang Pang**, Chul-Jong Chul*** Won-Hoo Kim* Regular Members
2 <

LMDS A2/l de|vies} g Bsle] ATE Addhe By T4 AF A2Fe|ck LMDS Ajxgle
T4 d=dee HEE ddste AU HRe RIAe ddshs Reizkes gtk E drelde
LMDS Al4glo] wiielom o] 7lsst Aol FAR A2dg F8s9ch STM-159] AFA3E 27GHz
o) Yejrlea) tigos Apshs AAgE TR o)d digt A5S ek AY A Qeiely o
dog STM-1-& HFshe A$ o]l84ql Axld TAshe 498 & 5 Udsle, o] A2 LMDS A~
qlo] wj@elo g 23] 8 5 &S FHIcH

ABSTRACT

LMDS(Local Multipoint Distribution Service) is a broadband wireless transmission system in millimeter wave
frequency. LMDS system is consisted with relay system to connect between head-end and hub and distribution
system to connect between hub and subscribers. In this study, we develop point-to-point relay system to use
back-bone system in LMDS network. We develop STM-1 transceiver over 27GHz and analyze the system
performance. We can get the similar measurement results comparing the theoretical results and then prove that
this system can fit LMDS back-bone network requirements. This is the first system in Korea and we expect this

system can apply the various network.

fradat Ao S HAs) AR AladesA

I.ME

T 7 AR FAl¥eks thE Folell sk
vlepA] WA ARsle) firk @A A2 A
TAAe] 214719 57 AAHe] & Aelele #
el Al 48 . e Aol ¥4
Aokl slojAe olEEAlY] FEHoE 4%
wol grom, f4 felellde ATMT 2 A
Alo] A48 Al F3L gk LMDS® oldt

A7} geldta 71de] Asivhe Wellde 4
2 AL, Doy d9e] P Feleg AS
gozH fdoixel o] wle ddEL AlFd
gjrl. LMDS Al2~gle 34 dz=dxs, #y, 7))
2 s Proci PSIN® my 2273 L
FAProgtam Provider)} IMDS A|x:elg A5
71%-4 3k PSIN, QleYl, =208 TFALE
Hele] wlAld e Y ATMALE WEkEe] STMH
714 A$alEe] Pt smal=o) o] STM

* abpotta 3haAAl 3 et el happydog @mbt.co.kr)
wak (39 eln]E](cjchung @mbt.co.kr)
=YE : 082950715, A4} : 19981 79 159

Ty debgds

1601

www.dbpia.co.kr



54181 =E7] '999 Vol.24 No.9B

Az FADE B3t 3R2 ddEld). #HHel=
ATU(Air Interface Unif)o] $12)3k1 glo] F-41& s}
o FlRlAR AlEE sl JRIALERE Y
AT E Hoder Adshs 7l5E i)
@ .

'

Head—End Hub

A% 1. LMDS Al2d AR

dubd o2 ZAuke STM-139] Al57} Adsn
2 3 ARE o)gshe Ukl TS o)lgsle W
o] m=d = Qlck F|molze) HukE i AR
F Ealo] oddste gk ARe] FAe ARk
H4 ' Azle] 87’ 4= glem, B4 Algdzle] A
ol 718 Al AlIAle] ARE URIEl] A
Ho} vl Fxto] 715 = glok whHel] 4o
2 FAMe A Aol AAR R AH3
Azdlg AT 4 9des, A "ag Azt
+ 493% 4 9ol 27) Mot Fhssiche AA
o] qlct whdol FA1 Frloll] WAshe 2574 ¢
8 Aulae] o] WY 4 ke S gkw
ok =R AF7] SIM-1g¢] Al3E HaivE
HEE B8l Afdte Aagd of] AAAeR
= Fglo] FA] g2 Aol E delME 2k
o] ASIC7 &8 A=al] g STM-1F 16 QAM
Bgg o835l o Heule] HHe)] A-Lslgnh
o As} STM-1FE] ALE5E 2] oigE Eilo
Agshe Al 38l

£ =Y 2llxie o] 4]l STM-1 16 QAME]
A Aee sz 3AAde AIY Alade)
ANkl AR dgslgleh  4ellxe A A
& A, mA R sell e B A
o ti8) edFslalek

0. EHOE SAHZ AlLE

1602

YA" IMDS Aj=gle] Hod FAT Alagle
Hodzed 7t g ddshe Aadens »
% SIM1F9] 4%g FAOE APshs Alxgle]
o}
o] Alx~®le] F23 5L FAAzkem STMH
w4 AlEE 16 QAME: 53] Agsln] 44l 3
HZME & A PG Zhs oEVE o] 83l 97
Erhe Holoh A} rl&HoR SIMIF] AlEE
QPSKE Agdle WAL olF] AA oz s
o] slA E3F dAelck 16 QAM, 64 QAM S 2= A
o] 7158k QPSKE STM1F] A58 s}
' AL A9 FeHel AR o} 2% T
7Vsdl A Ao Algdck

27 GHz®| A S tellx] = f4= o)
w4 zdo] Al 94 Fug dida} A4y
L Az iG] A2AER, 1 o bleoag
A7 4 R 7R e FzEY [1]eA9)
o] A& 4 giek SalEe] gl Yigk EIRPE=
g AL Aoz FolAlr)

A7IN Petr 4417 E, P power backof,
G 4 <kl olSelh 44l AlsHe
RSL(Received Signal Level)q&: 83} ko] Zoizlc},

RSLg, =EIRP, ~FSL-P_. +G,—L, )

FSL'I?T x}'ﬁ%{@i}; P raln‘u_cl‘ Ze (}“% 71%&”’ Gr‘e‘ '_}f;
Al gkt o5, L2 ARAe] &AL ofujic) 4
Al A3 RSLEFE ENoE 7% 4 gleh

{%J =RSL,, -10log(R)+204dBw— NF

e Jr

3
R : dle]e <E[log-bits] NF : Noise figure

A HolE vR(FMyE 875 EyNoot 54l
H E/No9| 2o 2 Foixlcy,

NU ¥ ND require (4)

www.dbpia.co.kr



TEMAY LMDS A25& 43 Al FAY Aad T I 47

E:3 1. 9999%9% 7M4% BER=10% oi3l A g=
Bi3l (d=2km, STM-1)

bl 29 | PP (A3 | PP @
B GHz | 24.25~24.75 | 255-~275
A7) &9 P, dBw 0 0
Power Back-off P, dB 3 3
£41 ot o} % G| dBi 35 35
EIRP dBw 32 32
A-fFrr &4 FSL | dB 120.7 120.7
745 74 &4 Py | dBan 6.7 6.7
A=Ak &4 L, dB 6 6
24 atd} 0|8 G| dBi 35 35
T8 £ Lossyy, | dB 4 4
33 0] 5 Goe | 4B 5 5
BER=10"s] %l
G HE He|m vlA)
dB 21.248 20.225
16 QAM
EyN, = 16 [dB]
BER=10"¢1 o gk
odfE Hel= vzl
dB 25.248 24,225
QPSK
EyN, = 12 [dR]

o|Ae] AMERE] A=le] W o= miAlE
AH oz FAEW 29 29 Aok ojake] Aaje
B eabdE m2igt Asleleld STM-IFS) A&
£ 27 GHz®] Wi A= A$ BER=10°E
FrA8l= Hole mhzle] Qo] HE XA <F 4 km
& & o dsdvk wEb SAT Al A
27 Aele hop 4 kmo| W2 AL AdAsledo} &
th

Down link(STM—1)

Y —w— 160AM et
[ -4 QPSK ¢

Fade margin [dB]

01 05 08 13 17 21 25 29 33 37 431 45 48
Distance [km]

@ 3%

—
Up link(§TM-1)
Ee - cOAM |
Ears —+— OPSK |
’%‘ LT
o
; E
i
01 05 08 13 17 21 26 29 33 37 41 45 48
Distanca [km]
) A3

a7 2. STM1 A AAgle] wel= vzl

. STM-1 &3 AlAHQ 7o

I8 32 & dvelx 7% A e T
A el

Up ! 24.8b—124. 16GHz
Cown : £5.5-27.5GHz

ST
Transmlitar &
Pecalver

08 3 ddE AT A2

B G747 STML 16 QAM FAY Al
o] AAH FAL F 29} Zeon yEgHe F
A& vhgst 2k

£ d7dA FEE HAH FAY AxgS
=274 LMDS £417], LMDS £:417], 16 QAM =
Wew wAgH. LMDS $4l7]E $2iie
Ful4 7o) BT 265 ~ 27.5 GHze)
4 e dis) "A=EG. LMDS 4$A417]9)
FAAHE (WIE dAFHG o, $41 ke
= AA Aagd EAde o5 15 dBi, 90°9
N5 Ze Ay gEvE AHskgn
LMDS “417]+= 4o AGC(Automatic Gain

1603

www.dbpia.co.kr



FFEAI =27 ‘990 Vol.24 NoIB

Control)7| 3-8 A#3t3. glew &73& ON
L2 AAe] H5EA AAHAG. ealkev
= Al H4Ee AR FAdE o5 35
dBi®] A 3A] e }E o]-4-shat).

B2 5% Alad A

LMDS #4171

e Fap 950 ~ 2050 MHz
FEF A 26.5 ~ 27.5 GHz
449 0 dBw (3 dB back-off)
FA5HEIY o5 15 dBi
FAQEY W 90°

STM-1 16 QAM ¥3x2)
Wz QPSK, 16 QAM
Rk 53235?’332?&?‘?3 i /128,94,5/6
Roll-off' factor Alpha=0.35
HA) WolH 2% 155.520 Mbps
IF 29 21y 20 ~ 0 dBm
IF @850 140 Mz
HAY 4 ol | gpits WolE, ¢

LMDS 317

YHF 5 26.5 ~ 27.5 GHz
28 B 950 ~ 2050 MHz
Tt o5 35 dBi
T W ¥

STM-1 16 QAM Bx7|
Baula QPSK, 16 QAM
Eup Reed-Solomon(204,188)

Viterbi decoder(K=7)
-25 ~ -65 dBm

IF 849 44
IF 485545 950 ~ 2050 MHz
HAE &9 AE ol | gpits WoE, &9
Scrambler 1+x14+x15

Interleaver/Deinterleaver 7t

STM-1 Q1 3 o] 25 M)
IR D E STM-1 % 45 (MM/SM)
£9 SlEAol= 8bits W ol B, &¥(19.44MHz)
Arx OOF, LOS, LOF

STM-1 1E] Ho]2(T4)
A Qe el 8bits Hlo]El, 2 #(19.44MHz)
R e STM-1 % 415 (MM)
Anza OOF, LOS, LOF

STM-1 16 QAM ¥l #&7]i= Zaadea] 1Ay
T 5 glE HAEA ded 923ty $E

1604

Reed-Solomon® #HEZA R FZ dasle A}
43l9dch, wlAsA R STM-1 16QAM E-37]&
Reed-Solomon £3%.7] o ®lejv] E57]E WAk
stm glow, Aol wrste Hold Ai
2 kbt 3 EE 2] 9% S &
31718 WAsta Qlok

STM-1 16 QAM ® =712 2% IF Fulsr}
140 MHze]i. LMDS %41719] 13 Fajd
950 ~ 2050 MHzo): 2 Ab% HE7|E A3}
o Futrg WPsgrl A W on A
AE-& AAs7) 9o o3 wigulAloz
AE gk W E STM-1 16 QAM ¥%7|9] 9
4 Zyl4l 950 ~ 2050 MHzo|lmg W 5o
37 H#71E AR sttt

STM-1 QlElslo]2E STM-1 3} A&E A7
el AlZz wWaksle] 16 QAM WE7]9 9H
22 AddAY, Bzr)zreo] 7139 4l
3F A58 Hilsles 7% e,

V. &8 2

2 dFelldde 2AH @439 AgARA
AR AHe] Alge Aldgssad £ drela]
g AdA $AT Aasle] A FAARE a7 4
o Vehfigicl  Al¥e] 4gHE ASr) 2 STML
Azl Hhs) B4-g kals STML Analyzer (3
W MPLS60, AlzAk Amim), EyNooll tiak A¥&
8 A4e-& s Noise & Interference test set
(374 : HP3708A) Fo] R7= gtk

_.-1__. }_.,_
27GH2

LMDE ‘ LMDS
Transmitter | Receivar

950-205
MHz 850-2050
- o
Local Up
Qseillator convertar
+ 140MHZ
§TM-1 STM-1 P3708 8TM-1 STM-1
Intertace [ ™ modulatar [ Nm“fa;;"a’;'lmm damodulator Interface
‘} e e
_ T T 8TM—1
Kl ’ Analyzar
MP1580

38 4. HoE $AT A AR

www.dbpia.co.kr



FEMAE LMDS Al2gE A% Al A Aad 7 #8 A7

% 5@ LMDS $41719] AL vepll Azl
oled, 18 5b)= STM-1 16 QAM  ®=r] W
STM-1 QlE|Hjo] 8] FAEE vehdl Alzleld). o
¥ 5©x LMDS $4171¢] A& el Apalolw,
2% 5(dye STM-1 16 QAM 2.37)9} STM-1 9l
Hlo]29) A o]}

(a) LMDS $417]

(b) STM-1 16 QAM W=7]

(¢) LMDS #4171

(d) STM-1 16 QAM H&7]

@l 5 IMDS $4] A"

STM-1 l®7]¢ &9 IF Fulg A
71%& ol&3led 1.6 GHzo| Wijeo =z HEg ¥
LMDS $A417]1¢ sldog <lsistdct. 11 6
£ HP3708A%2] EyN,2 25 dBell4l 10 dB A}e]
o] Wz A e 949s 5T
27GHz wjHelx2] %4 RF A#EH|ch
EyNoE A 8tA 7o wet 54 &9 H4de o
AslA Rt el g Hde FUHYE B
vk ¥ 7L AHAFA el A 8lel4 LMDS 4
A1719 9 IF AdEHo|th. F4 Fase
1.6 GHzo|t}. 1% 8& 7 =Ed|A] 20 dB2] 74
E AEA AR 7S LMDS 41712 &
2 [F 29 Egolt}, 441719 AGCH 23 20
dB 7ol thgl HAke] o]Roix 3 3lgE ¢
4= alvkh

A TRt Erere B T S T T 1. )
nu LT Tl B T bl 1.F 11 RIS
X A ;Eme
- . . [T . FECEENTT) T
/-Pu L] T X
Ty - !
mearal o Tl mn‘:f B
Ay Tt ]
i L
e e Ea) AL e
M 1 NS
v “"? : NN
T
. : |
e !
i
[
\ !
[ TR ST LA S =Ky R R M) MO0 . O
MMM 1. Bl weE8V 10T Sed . O

18] 6. EyNool| whE 4] RF 4w E7]

1605

www.dbpia.co.kr



FEE2) 5324 999 Vol.24 NoIB

R [ETLC R P S YR TET T}
1. Jd@m tOaE. L OEOOM
. 1 .
T A TR R
] } i
1. WUl W s H
= = R
" ). @7 GJJ.Y:: s Lo T ||v-\¢\\‘
s Y
- | P AP (P SREPUN WA S
¥ | v N
. E Il
R w-..w" PRI W
]
L [ N
N i
: i
IR Lyl L BRI T e R A OO . DM
B T T - R W AR ST BAZ 2O, O0mn

% 7. 4 TF 2dEy

FA s 1eama

L ggem Ao,
!
PRI gt - - :
283 gt ) e tmg s | e ] ——
e i
A '

LN B : o ST
e e ey | : LY vy LY
Ay ' A T

o 2

i

He P
'—i—___... .. H - .
Ll '
SR 2L BEGRBEE T OARPAN RO . @i
BN s LRIy HVHERR LUt SWE DD, OTw

12| 8. 20dB 7k4jA] 4] TF A#EY

ol e A TAE Foled EdNooll gt STMHL
9] Af S4e 54 AAE 29 99l eligick

1E-02 —=— Coded 160AM
- Uncoded 160AM
. T —+— Measured Coded 16QAM

Probabyility of Bit En
moom
8 & =

g

i

1E-08 v
7 8 ¢ W0 11 12 13 14 15 16 17 18
Eb/No [dB]

T2l 9. 315 STMH 16 QAM A)2-4¢] BER

a5 99lA B nie} o] B dTelA] At
AR FAHEIMD A Al2Ee o]8Aq 16

1606

QAMS| A5 Mehe $sb%t 83} 058 2
Ae 16 QAMS] o)24d Ayurke As9e o
S 9giek ol 4% Aelh AR AL H 7
A 89 E & Aok Aol R A% Welo
WAk Aol, AW sk &4 Sol
2 Qo] Heh oleit 24 ol AT Fada
SE es, A Asde g5kl & 994
slAAlE g

Aoz ¥ o, & @7l THG STV 16
QAM % Azge deloleist dele Faje 2
FH1o) FH e UehiRee ¢ 4 slals

V.28

£ delis LMDS Al adle] wiEpod g
o] 7Fedt A AW AxdlE 7R A
28 Ag Ad 2 A2 IMDS A1 A
Fog FE5) Y8 s 4 Folud B
Ayolla] Y AAwe IMDS A]Ag] Euk o
2t ThE Alagle] A iRl Fom gie] F
T g Aoz gl @ slelA AEe AY
Aol Zgs]e} Y=gl onz ¥ AP A o}
2 8109 &) Al=rl AFe] A} A=k

dozE o] AaglE VAN 4sle] LAs)
£ 7Sl iRt 148 8E CiReln HeEvit]
o] Alzglvke] AdF-g Fale] A Mu|AE A
F8hs Al2adE TF5E Agolrt

#oEs

[1] Roger L.Freeman,Telecommunication Transmission
Handbook, Wiley series in Telecommmications,
1991.

[2] AAR Townsend, Digital Line-ofsight radio links,
Prentice-Hall, 1988.

[31 Kamilo Feher,Telecommunications Measurements,
Analysis, and Instrumentation,Prentice-Hall, 1987,

[4] Kamilo Feher, Digital Communications : Satellite
/Earth Station Engineering, Prentice-Hall ,1987.

[51 2% o, cJxg rlo]lzzZy} T REEAL
1989

[6] B.Comaglia, MDi Lascio, L. Ordano, “Wireless

www.dbpia.co.kr



=&Y LMDS Al2dE A A FAT A28 T g 47

CATV: general system overview and radio coverage
plamming” , Proc. 5th ECRR, pp.63-68, Bologna-
Italy, May, 1996.

[7] H-PPetry, “Desigh Aspects of Next Generation
Broadband Flexible Fixed Radio Access System” ,
Proc. Sth ECRR, pp.51-56, Bolognaltaly, May,
1996.

[8] C. Mattiello, “Visibility estimation for urban
radiolink design” , Proc. &h ICAP, pp952-954,
Edinburgh-UK, Apr. 1993.

[9] C. Mattiello, L. Ordano, “Mltipoint radio systems
: Planning tools using temain data based derived
from satellite remote sensing” , Proc. 4th ECRR,
pp.204-209, Edinburgh-UK, Oct. 1993.

[10) ez} £ 3], “Cix|d LMDS A4S $1%F A
A FA Alad] pel B A TSR
%3] shAgrE 3] =23, pp. , 1998.7..

[11] DAVIC Specification 1.1, Part 8 “LMDS  Speci-
fications” , Seoul, Mar, 1996,

A} el #KTac-Hwa Chang) 34
Lo 1991 24 gkl ehal
gyAAFe 24
199313 29 : =iapFe et
BF-AAF A AD
199313 14d~&1A] « ez}
i

19959 89-94) ; VFgTAFE ekl PFHA
T35 AR ER)
<34 Fob B4 Ay, Fold BpAA

Z2134
19883 24 : =R

At £
199213 24 R=EkEE A

A AT AD
19974 24 : Y=FFEw
gzl
(F=hAD

* ){&
A T AAgal s
<FHA o 2¥EY g4l B4l Fdq 74 ¥
Al Al2H, o584 Alxd

& & F(Chul-Jong Chung) 3|4

198413 129 : Canada, McGill University <

19873 64 : Canada, McGill University (284D

199213 54 : Virginia St (FPAD

1992+ 79~1994'd 5% : Canada, Alberta 9374

Al 7l
19943 69~197 8Y . tfFAA|gATE HY
Giw il

1997 94~&) : (P o)A}

<FRA Fol FuY T4 7l8aL A", FAE
CATV A|2=Hl, 253 Fof

2 Z(Won-Hoo Kim) 339
19594 © RsHerETst S AT (TP
1075 ¢ Qokiel AAEE} (TR
10894 © ZAS|AieE AAFE} (b
19649 ~2A) : TR del PPAAT 4

e
(G Bop 2MEY WA B4l TASA, P
IS

1607

www.dbpia.co.kr



