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Abstract

In this paper, we propose the time synchro-
nization module on fiber optic repeater to use optic
line delay for obtaining time synchronization be-
tween up-link and down-link, in the 2.3 GHz
WiBro network using TDD/OFDM (Time Division
Duplex/Orthogonal Frequency Division Multiplex-
ing)

Generally, when we use fiber optic repeater to
remove the shade area, it occurs transmission delay
which is caused by optic transmission between
RAS (Radio Access Station) and fiber optic repeater
and inner delay of fiber optic repeater.

Because the WiBro system is adopting a TDD
method and there exists the difference of switching
time which is caused by these delay between up-
link and down-link, it occurs ISI (Inter Symbol
Interference), ICI (Inter Carrier Interference). These
interference results in the reduction of the cover-
age. And the inconsistency between Up-Link and
Down-Link switching time maybe gives rise to the
interruption of communication.

In order to prevent these cases, we propose
synchronization module using analog optic line
delay as the one of synchronizing up-link and
down-link. And we propose the consideration
factor for the designing time synchronization mod-

ule and the feature of optic line of analog method.

The measurement result of optic line time syn-
chronization module of structure proposed is as
follows, the delay error of 0.54s and the insertion
loss value below maximum 4.5dB in range of 0 ~ 40
us. These results fully meet the specification of

WiBro System.

Keywords:
WiBro, TDD, OFDM, RAS, ISI, ICI, Optic

Repeater, Synchronization, Delay
LA =2

42 24 dolge ols4e] BE 277 A&
B, fASA) Hstel AA) Fol4, FARFY
4 B9 FUAN FUE 82 D8 24 4o
B A% 2 GUEE A$71ee 977 B ool
% A ol 52 x%:& g

FE I B %J%FJ gom, A
Phase 1 7tZ¢] WiE gl we} BAHQ Alge] g3t
1A A" g FATY o] o A=
Ed7t olEEAT, 49 A7718S V19 B2 B
opell Al Aok Agule o] o] FofA|aL itk

WiBro AHl2e AEZht PCSe} 22 FDD/CDMA



2)
-‘f;o £ WiBro $77] Al&¥2 &%
= }\]7]-/\]-0§ FE&}7] Wi %8 TDD “J ok
HE Radio Access FHl= Azl
#loF 3k Radio Access AH|IE9 4 Ald
Guard Times @A ¥4 18I ICI 7} HA=A =,
R A T $40] ] B 4
o 3

> 2 o
mxo o
r[r

~

Stk TOD A"l Fule) & AL g AH9 A
So 2 A8 BN B BE gulel E715
& 9 Zasith o8 93] Wibro A7 A2 o
A Analog 4] F A A7 571 FAE ol
Hom, o] F A& 0~ 40 ps7tA ‘éﬁﬂola 248
k. B =RAME o AR A Do) AR 7
AAn FAPEel e £ AN
I 7|x|=e| o]
WiBro %7715 TDD/OFDM WA& AM&3ic)h 1

#g) TDD ¥e FDDYARE wa] slekgast AFsk
FAE Az Al met 2YAske WAl o1
d3 A5 Addde 1&g dzrh g &
T g3 Az Ayt ojFAL A 4FHA F=e
A57} QA e = sl slekga Azr) AekE
a0] G A YES s} Yok APY3 A5 A
Aol olsh el $24¢ st

5 ms

A

S woize g ( i

— 1

a8 HOI{QE 2

28 1. WiBro ZH 7%

8§ Aotk 28d Yetsel @ zade s
I g e E uHY, YAt €
AMAF Azt AREe AR Alolds RS
A7k TTG(Transmit to receive Transition Gap)Z} 43
g927) B A4S dRP) AREE A7 A
olol= HE A7 RTG(Receive to transmit Transition
Gap/h AR SaRas 4993 Do 29032
A 2 WAL TIGS RTG 3t ellM o] Fojxjof
31, TTGS} RTGe| Zdeole= Zhzh 121.2us 9} 404usZ,

o] T BN oHF AEE FA EE FUYA

AEe 28 194 BRo] 7 748 =
9 Holg A& £MZ AFEH, 29
| Ito 24 Alo]ZE
15 A28 + Aok AFE3= A N9 o
Ao] AEE AFHE A Aje AT FikEAE
ob g 7jel etd& FAHT o] Edo] TolHA ¥
FALE #A87) HE 71 2T Dol
4o 2 OFDM2 o|8dhks $8% of 7hedl st

r\r
of

Ut OFDMo] 372 e G3402 tg 4 9
7] WFolth OFDMe] 7|E4lge 14 A4ES 2E
ol 4¢ 2o 58S HAE Bed oy 4=
i 059 o4y RueuE Agste FA9
S Aol R AEEL 2t FuEne 42 7
e ZAS Bz 0EFs Adsie] os w4
S AUA AsENE AaY EZD RETD
A,

(Guard Interval)® C
g A7 4 Ak

G542 Aapdde A A A& HDelay Spread)o] %
AEm Ad8to] CPRTE & AL IS], ICI7F LAl
doy. CPo Zolg 13t &7 FolX tTH=9
Zte]7} 3Km o]4-g dolMe HEth BFAR el
Az AQe ole the a9 29 2ok

P(Cyclic Prefix)

il

=

[ Fefection ][ OFDM Symboi time

. 3 o
) A AWARTANTAN VA \ [
e i P —

Feroclion oelay |3 [ Gwad bme [ FFT imlegralion Ume | ' Fhase [ansiions

--- Direct s Reftect

a9 2 =74z A9e] OFDM A%



WiBro Al2E0A AE2IF9} stE3 2t AlZtsT] B

OFDM A& ICIE A A7 3] HaF3HA
£9H oz AFF ool drl. o|AL OFDM 4lE0] A
Axjo] FAHAE UHOHE & FFT 73 o= 4
o2 47} 447t HE% Bk wek AQFe] BET
zrol zruw 2o Bs FoNG A4e A9E 2
g e BE BERRV

AfElA Askel A

Yk o® & 33 ps/km
d vlgte] F MZor Mo AL 5 MS/kmO]‘:}
WiBro ZolA] FZ=A7)E o] g&tA B A PSS7} 7]

223 WiBro FEA71252EH E’*]‘)ﬂ TS AT
NAZOZRE FalE 4B 9} WiBro FEA 7190
/\1 # Az 3 Az o] Aold oz A
gitd A 1‘?4 Eolﬂ] Hoh g &l FFA7 HE&
s %
N

_4

& Donor®¢t RemoteR 2 TAE=H
ﬂ?ﬂ Donori-o] A} Remote® 2 AZL =
Axog Az Ade] T 177
mEe ZAF s HAER AAE nHF AA7
gasch =3 WiBro FFAVIE 3 ¥z RF
Path7} Zaslth. WiBro 7|AZ A|l2de& 283 o
8L Y8 AAAEE M & § e TE
oF gt

ag 3 F3A7] A4
o] AA dE BAFETH

ir rl

AE 237 A 714

o

JINR Us
ANT
4 Delay Path R
lModem Chlp'—m-l DAC H Up~Converter

. - FES V@)
DAC H Up-Caonverter '———-—-

|

Non-Delay Path

To Other Repeater
" zza1 | O
———‘ DAC H Up~Converter I-————

I 3. FFA7 AQRAE 2 AT A

A7 o
d& Eo, 7IAFCERH 8km €ojz A FF
AZI7F AL, BFAZ] ALE ZA AQ AZEe] 1 psd
7%, 28 394 Delay Pathve th&3} Zo] Foizit.

Delay Path= % A 22 9+3AH 7] 2AHA A
={8km* (5 us/km)j+ 1 ps
=41 ps

%, 41ps9] Delay Path7} 7] Ul f-ol Slojof fet

. &A47[9 Hejo] 7o

ot dolA 7)X=3 WiBro FFA 718 5718 94l
7| Dol 2Ho] Bage AHEHTE B o
e WiBro 35A17] WelA e Azt F7] 43 -8
gjs] 4HEEE 3.

EAAGARE 2 % Qb Qe B
gdyo]2 7HAa 2 ARt FAE
A7) 4 AA%

WiBro #ZA719 F A2 83t A
T AFANY A 2L T A e

%‘
7h Y ARE $A ) AsiM e T1AETS 39

_,4
7] 7ke] AI7F Adeo] gAsiof st skARE A 717}
A #4d we F AR Zole tE F

o WiBro #3A71e 2dl] 437 g ]
st W o] )7t Hasi
TDD H2lef A|2"eN 4159 A

& 2348 AT FAo| Wbl o
A 1
=]

Jo] Guard Time
ol #AFA7E
FasdA =Hed
M E 3
A17]1¢) Donor#$} Remotel Apojo|r] @AY == F &g
A Azt ZHo] Basla, #5774 = Donork-of
A 93 2 &5 o]Ate] CPUS Tone A3 E 7FA 1L
RemoteH-2 A3 E B Loop Back Al7he &3 3o
dyo]2 24T ¢ e ¢nYFH 75E /KT A
T ERY AYRE o7 A 24
55 dA3g o) wHEE L A A|2” 19
A3 CPUAE S o dist e wolHE
grsle] FHAEE Fojok gtk olE $5tY Analog
wale] 3 M= AZE F7) %i]*ae‘ ALt AdE =
AelA e VAT A dFPgas] 293
Azt QEE FA] Fotok ?}f_l’/}.
F Az AT F7] ANE FEs7] s BA

%9 A B 7)o

=

o
of

X
N
=2
>
1
0
i)
rir
A
¢

m[o
i
o
ol
o
)
2o
2
X
0{

{0



$ 2948 AR S BaRET

2~ 0
g Qg
From M= R
4 _ ™
& H2 Al &1 ZA
( Qetic Spool GCptlic Spool Optic Spoal N
(lus} (2us) (4us)
E/O
] e
O/€
[3:pl)
Optic Sooo\'l IOo(ic Spool | |0mic Soool
{9us) {16us) (8us}
ol /
- J

To BE4I1
Remote

a9 4% A A 57) AA FAE

Zzvo} F AolEL 1 s, 2 ps, 4 ps, 8 s, 16 ps, 9
1s2] Absolute DelayE 7}A|0 Ao|EE59] 2§oz 3
AAE 2AE 4 Sk oW, F Mz &4 3
ARl vl wj-¢ wE|Els] wiEo] o] AAe A
BE B 29A9 EA A"k ek 1~ 40 s

ZHolE 1 ws ©HE Aofstr] sire= w
Sectiond] GAHE F A2 ol % 13 2o} [4]]

¢

A [ Y

oy

I 1 3 DelayE A% ME Zo]

Section 1 2 3 4 5 6

dz4e] (km) 0.2 | 0.4 0.8 1.6 3.2 1.8

gelo) (49) 1.0 | 20 | 40 | 80 | 160 9.0

=g HoEh. ARt
Z1A=H FI1E 23] Hskal deolE

S 7HAHCk 81, ool ARgEE
o

2 A% 24 2 440 0%

WiBro ®ollA #5A71E A8 Ao A2 F+ A
= dyo] R4E 47} AxE PRI 2 9}
A, A= dEolE A2ge AFFE A3

&4 HEdlol A Bt Aow £ 54 B

b

10

B, Axd gRd A% AR, 4AZE)) 59
o AZE AN Al Aoz A Azl el
[e]]
=

gl SAWZE S AHgstA ¢v A%
~ 035 ps A5 Loyt Atk A
LAY 1 ps ool EA37] o
2| A ke E3HE o] FAIE £ Qlrh

&7, Donor#-¢} Remote? 7+e] F3t W& Azl
o3k dyolg MXA] Mz ZAH} Donor¥ 2} Remote
F 29 oA Ao st wgvt Huy FEFA 7
A AMEElE CPUNA 2A5 1A sk 217} =

A, FFA 719 Donort-of Sl CPUS A Al7h]
ogt dylo]2 CPUAM SHRE HHS
& FSK Z9le ALE3sAl HeEl, o] 4$ CPUSH FSK

2 AZRe 3 A5, 24 wel Q& AR
AATE dubHoZ 12 ~ 13 »s FEQ A|7F X o] A
7t}

A, F A2 A 57 ARAAM AFE dyolz
Al&=Hlof oju] HAE di i
E2te] QM e AFHoR HA T F UxE A
AE ddolE TSk o] HYE dola o =
0~ 40 ps Bl AS AolH, 2 g CPUA XA
FE g3 glenz gAY ¥ £ A 5.

Donor-9} Remote 7te] 3 #7Hg ¥3 3 A|l~H
AA dgolo A AlxH Hyo]et CPU A& A|7e o
A3tz F A2 Al F7] g - deo] @



WiBro AJARIONA arefdS0} stada 74 A7 B4

START

Donor & BRemote Link

Delay £ 2= 43F

Delay A&

Delay Ztzd ATT A H

END
a9 6. % A2 A 5718 A% o] 34 %

deo]lE A3 3 AAE A¥EYE, 18 67
2t} Donori-¢} Remotel- &2 FAE #4714 D o]
2 24317 9fME 2=A47] Donor¥ e ZEE#7}
Remotef-¢} AZAE ] YA &gt} Ado] Ho 3l
oW FSK 292 %319 Delay SHRE HH-S A3}

A

o

I Remote}9] AojRoJrx= do] £HE 438 F
AA7)1L DonorfolXe 548 A58 4038 F 1
9

A& E tHA] RemoteFo] BUlled AFEE Folv] ¢
3 W8 A3t deo]& A ojmf MAFE T
A4 On/OffAld = 7]&9 AAgS T1tE FA8)of
Eig=s

Loss(dB)

25 30

Delay Timefus)

2% 7. Delay Time, 3448 £4

E H &A%E Y gl
FH gL 1470 nm, 1490 nm, 1590 nm,

}04 5T ~ 70CY &% 277 0 ~
ps A JPASHHA AAUEAT A4
é@é}d é.*%lﬂ‘i Ho} 45 dB o|3}9
+ 05 ps ojE ¥ gl

29 8o AA xﬂx_}sl Analog FAZ Delay ZX& 7
ZH 0 us, 20 us, 40 wsollA &3t 23S eItk

V. ZE

EEAE 23 GHz WiBro A|2"oA F224)
7) A9 AR tls] EAMs 1, TDD/
OFDM #2Q] WiBro A|2"lo)X 71A5 3 SA7]E 3t
o F718 WFE FAHE A 7] AAE FHIHA

Ay w718 BEA 28 A5 veide 6, e
WiBro A|2¥]9] Coverage® Z°]AY, A AL 54
B e wA7] mjiol FAE AXe F Hed

A3 o]k,

F{d

iR
T

=
=

0('_

S|

oo
42 ok

11



SREPEAME[EE =X 44 15 (2005. 3)

18 Uot 2004 03:37818

£HI) s21 DEL 8 us/REF @ s : 483,99 ns 2 350.988 237 MHz
*
.
PRn
|
!
, ‘
.
|
[
|
I
f
|
!
L
]
Ls
CENTER 2 230.000 900 KKz PAN  2.020 008 MHz
(@) g#lo] =0 us
18 Oct 2004 03140119
£HI s21 L 0 us/REF 0 5 220,481 usg 2 336,669 237 MHz
.
.
PRn
|
I
CEHTER 2 350,030 000 MH2 PAN 2,000 80D Muz

(b) Qo] = 20 4s

18 Oct 2084 D3IIG3LHY
EHI] 21 oEL B us/REF B 3 240,636 gn 2 B50.000 237 Hhiz

CENTER 2 350.G00 008 MKz SPAN  2.000 060 NNz

(© Ddlo] = 40 us

a9 8 At F71 ZA

le

Sl

12

BAZ A7 57 AAE FERE PAelE oy 7
A7k Qe & Ao, A% A nEshe] F29A
olg

9} Optic Spoo

=

A% A7 A AAANT AFELAN HES T
g A Goinh o] Aie FF V129 AFET A
T AAM frAF 4E Bl FAIE ALF] /831
$8E Z2er #odEt FF A7HAEE FAHE A
T E7) AR W] B Az Aol FaAA AVE
Z4A71AY, REFQ WRleg dyols Fdshe W
He AT T Aok

[t 2 28
[ 954 #9% F¢7 FUdHd 28 1& A @
2ARAFYAERA, 149 43, pp. 37, 2004

2] 285 "FUREY FAHE BEVE" SHARFAY)
$¥3)=A, BE, pp. 4, 2004

[B] &4, "4 Fgudge] Ealg % OFDM 7|&," p
63-65, T3}, 2000.

[4] SKE&F & SK2a A, "FuldEdl F547] d4d7)Ed
79 A" pp. 105-112, 2004,

[5] SKH# 2 & £2)8] 2, "WiBro 128 old=1 35747 7
ol Bk AT pp. 88-89, 2004,



WiBro A|AEI0|

om

Biography

ut & = (Hyong-Rock Park)

1985 2A g8t AAFE 9

199449 M oistn Fakg AAFeD
(84D

20019~ #A) A ojerd Aokest
) ARSA7EA

199013~2002 SK= & &

2002~FA SKHH A A AT edTa/ T
<FRAAEOR o]FFA, A" AR
<ol Y> parkrock@nate.com

o 2 x| 8 (Jae-Hyung Kim)

. 2000 e=oEt ekl
AAEAF G (FEAY

20023~ 3 A SKH g A 2
HerledTs/4y

<EPA R o] FE, NS, A28 Ao}y

<ol ¥> kjhyung@sktelesys.com

& 9l 7| (Een-Kee Hong)

1989 AAstw A7 E3H £

1991 dAsha diskd d7)Estad

FEAAY

19959 AAcieta ekl A7)Eeat
(FHguAh

kil
il

—_—

‘\f«

199 ~ @A 73 distal AR} R
<FRATOP olF T, 2HEY AA Yol
<ol > ekhong@khu.ackr



