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Fiber-Optic links
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Optical Ql Optic/RF & RF
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Receiver Converter Transmitter
Radio links

(212} 1) Concept of radio over fiber
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F 1) RoF technical issues

lssues Core Technologies
- Micro/pico cell network architecture
- Network management using SNMP
- OAM(Fault, maintenance, configuration etc,)
- Optical/wireless link protection
-MAC

- Electrical modulation

- Optical modulation

- Optical carrier generation

- Bandwidth allocation

- O-E Conversion

- WDM interface

- Fault detection

Network Issues

Central station

- E-O, O-E Conversion

- Nonlinearity during conversion

- Microwave device(LNA, PA)

- Optical mmwave up/down conversion
- Microwave/Mmwave antenna

- Packaging

- Handling of dynamic range asymmetry

Base station

- Chromatic Dispersion

- Polarization Mode Dispersion

- Impact of multi-reflection

- Optical noise

- SBS, FWM, XPM, SPM

- Link budget including splitter loss
- Faimess of link budget

- Optical performance monitoring
- Protection in optical layer

Optical link

- Microwave/Mmwave antenna
- Electrical demodulation
- Electrical mmwave up/down conversion

Subscriber
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(I 2) RoF system specification

Parameters Specifications

1EEE 802, 11b/g

Network standards 2.412-2.462GHz (USA)
2.412-2.472GHz (EU)
2.412-2 484GHz (Japan)

Operating charriels 11 (USA), 13 (Europe) 14 (Japan)

Access Point Netgear WG602

PC client device Netgear WG511

LAN interface 10/100Mbps Ethernet port

PC interface 32-bit Cardbus

No, Antenna PODs 2

Fibres per Antenna POD 2

Channels per antenna POD 1

Transmit Gain (Downlink) -22 +/-2dB

Receive Gain (Uplink) 7.5 +/-2dB

Max RF Power output ) -15dBm

Antenna Gain +8dBi nominal

T3] gleh, #$A1L 1540nm o] A4 laser
transmitter® A3} FC/APC #AYE & AR5}
Folefdo]A oiltth, EATS] downlink= $A1H
RFAIS 7} EATOA 41 Eo] REAIS 2 WS & 5
7], g8 2 2 53548 53 el Agd
o}, Uplinke BE 9} $F715 A 2157}t EAM|
A FA 52 WEkE] o] PIN Z=r417]9) YArEL o]

f T
Central Unit .
FHE X —
LAN RF OUF Outp ROF AP
Power OIF Input " . .
" Downlink (Active EAT POD)
+15v
= Lo )
D—
: v Optical Fiber |
Laser
B R00m Duplex |t
" m Patch Cable EAT
o PIN RX ocat i J
e D ptical Fiber o~
- — ~HE
ACin [
5! o Uplink
— ™ o Passive
T EAT POD Y
- |onona v
Fuse
i3 &S
L = SMA U-LINK
4T

(32} 2) Block diagram of CU and RoF AP
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RoF(Radio over-Fiber) 7l& - 787

- Passive AF

(28 3) Photograph of prototype EWDK

A57} AZHolHE &3 CUd WiHe APE 55l
Fo 2 AAHE F2E 2

B e S A Yorg BR A
olof me} 4 EAJo] ZA ME3HAlE AR Ele]
o lg A% AL EAlEHA At 53] AA
2] Bulo|W & AMES = 7 ACK timeout® 8 &

AC 200m D/L Gain/response

v] o} A2’ AA 9] throughput ZHE 2 &
9lth. ACK timeout2 [EEES02, 11 E % A=)
A ol Al2d EF), A Az o wiet getA|
Al @}, AM-¥ AgilWAVE EWDK (802,11b with
Netgear WG602 cards)®] & T2Az= 483
02 801.11b 7% 2.2km, 802.11g¢l 7<% 0.7km

98 s
0 — 1 s21
Y 2.400000 GHz
10 21,9422 dB
12 2 821
-20 ¥ ¥y 2.490000 GHz
\ -21.8717 dB
230

40 /

-50 / \
/

-60

o PN A

Start: 1.500000 GHz

03/12/2003 10:18:26 AC200~D4.SPT

Stop: 3.500000 GHz
E8358A

(322l 4) Downlink gain
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Active POD Uplink insertion gain ACPT
s s21

S21

0 +—2—
}\j 2.400000 GHz
-10 -6.9577 dB

\ 2 S21

-20 ¥ 2490000 GHz
/ N -7.3382 dB

-y —

BN L LT NN

-70
-80
-90
-100 ' i
Start: 1.500000 GHz Stop: 3.500000 GHz
08/12/2003 14:27:27 AC200U~1.SPT E8358A

(& 5) Uplink gain

A ot} (28 99} (I8 5)& RoF AP AJ2E) 9] E] AlolollA network analyzer® &A%+ A oF -
EA4 ¥ downlink @ uplink gain & LR 9] 21dB A&E9]3 uplinks ¢ -7dBE &Yt 2

ok 23 (X 3)2 CUS} RoF APA}O]d) 200me]
Downlink+= CU2] O/EY] &7} RF downlink# 4] duplex #4H-8 23t S48 HA| RoF AP A|
o] Ajog bl o),
(I 3) RoF AP system summary of results
Parameter Measurements : Al5
ou Downlink )-10dBm 802.11b 3.1 Network throughp ut ]‘ﬁ
tput power, Downlir )-15dBm 802, 11g

Downlink Gain -21.9dB - _
Downlink IP1dB +21.2 dBm Al=" A5E 7137 SsiA dleld through-
Downlink 1IP3 +29.15dBm O == 21 A3 & © 1]
Downlink Noise Power Output -149dBm/Hz put= 5 3t (29 6)3 2] network & T 5
Downlink Spurious (-75dBm 81521, Net IQA}] Chariot tool& AME3e (3
Downlink Harmonics (:75dBm - 1
Qutput match on downlink antenna port {-10dB 4) 9] é;g }'Zjoﬂlq RoF APQ}- 7}0‘41} ‘%}%7& 71 E]
Uplink Gain -7dB of| w2 AA] TCP ©lo]€] throughput?] W3}E half
Uplink IP1dB “14.2dBm N
Uplink 11P3 -9,35dBm duplex ¥ full duplexZ Lo 243130},
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Twisted Ethernet : = :

24 cable ) : V‘ Duplex < Laptop with
Central Unit ;
Laptop with Fiber uplink Wireless card
Chariot console Active POD (129.254.195.15)

(129.254.195.30)

(32! 6) Network throughput test architecture

(E 4 Test conditions of RoF AP system Half duplex$} full duplex®] 237t (28 7)%
- T (28 8ol 22k e glek. e AT 2ol
M lace | Anechoic(30MHz-1GHz) chamber \ _
R L uplinks} downlink®] o]Ea}o]2 218} uplink <]
Measurement tool (Net IQ corporation) throughputol z3Z 33.5:7“ L}E}L}jl 9\1;}
Client card Netgear 802,11 b/g client card (WG511)
Measurement data | Throughtput, Response time, Jitter (Half and full duplex) Bandwidth% },%_]}“3# ?_l payload Eﬂ °] 51 9]
Protocot TCP o - s R
e 100 by throughput& 9u|3l22 WLANGA AF3l=
Measuterment duration | 5 Mins PHY £%¢1 ) 54Mbps94{— zpol7} gith &4
Wireless coverage 1,3,5,7,9,1lm ~ -
Fiber 200m duplex single mode éj”}' RoF APES o]'g'?—_]: —D—:EEE}?:} A ]—}—\-@9] éh:ﬂ
25 |
| emelll— Uplink ‘(
l—+—DownIink |
2| g - : » : : —
[
s 15
=
B
£ 10 i ;
c
O
m .
5 - -
0

1 3 5 7 9 11
Distance from antenna(m)
(718 7) TCP bandwidth, Half Duplex
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- —
N IS

N
o

Bandwidth(Mbps)

o]

| —8— Uplink

e - -~ {=—&—Downlink |

]

|

Distance from antenna(m)

(22! 8) TCP bandwidth, Full Duplex

bandwidth¥ 20Mbps& Wkttt o]£% RoF Ht Iv. 71670 58 2 S84 ] =
2o] AP 78 715432 ERIH AR AAE BN

24 Azl A4H7] 9a4E o we  LIFHAE Y
bandwidth®} wireless coverageE Z&= F7} 7]
g g5 o] Fast, Sl 2 volazd @ Yelules 24
(E5) I L 5
ERE M 7 TE
Carrier Frequency : 64~66GHz L 29| fM
Throughput : Half duplex 155Mbps Back_glp
Modulation : ASK Link (N;DE
NRD BER : 1x10-10 fl'%
Tech Wireless range : 2.5Km
Transceiver size(without antenna) : 182(H)x221(W)x238(D) mm3
_2. Interface : IEEE802.3u, 100Base-Tx/Fx, OC -3
Access :Point to point
LY P
Carrier Frequency : 80GHz [ '(I;alemehcs
Throughput : Full duplex 155Mbps &3
- Transceiver size(With antenna) : 25(H)x75(W)x50(D) mm? 'ﬂgfﬂlél
Millisys | Antenna: 2x2 array patch, 14dBi (KIS} E_
Wireless range : 20m =Y
Access :Point to point
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dio over Eiber) 712791

UMY

Carrier Frequency : 28GHz
PHY : 80Mbps
Ethemnet : Max. 46Mbps

E EstA M Yy )
Access : Point to Multipoint
Video + Intemet service SA| XIg

M4 Hl 2
Carrier Frequency : 60GHz BMg 0|88t
Passive AXHUTC-PD)2 AP | % o2l &3

] 8 9 2T
Throughput : Max. 2.5Gbps fg"ﬂ ,gI"H) of
o o

NTT | Modulation : 16QAM — QPSK( &

Wireless range : ~ 3=mm
Access : Point o point

8T spi ,
(BT s | 2nd antenna interface

In-building & outdoor use

E‘ Inter Vehicle : 60GHz Carrier Frequency : 60GHz Telemetics S
2‘ NICT Road to Vehicle : 36 - 37 GHz Modulation : 64QAM/COFDM 1998 | Al
Hot spot throughput : 1Gbps RF over Fiber Architecture 2 (YRP),
(CRL) | TOUgTPUL - TO0P \ et Indoor OB E
Modulation : OFDM Indoor Video distribution system | X 90_0[{_'1—
OO L-
E-0, O - E Modulation : Active EAM(LD, PD 715 BA| #8)/ Picocell &
Passive EAM Distributed
Antenna

MP AGIWAVE ™ Switch : switched connection between base station

System 28

2 AR EdAu 9] Fldte) F83ka Qo 18|
ETRI®] 7[ik7)edTAoM e ejue a3t EAM
& Fhaate] daelg 2 Al2wld] A-83h7] A% &
72 Fgsn g, vy dFderE
60GHzTS] 2 i A7} F 7= 3 Sk,

425 s

frd& 1990 3th 27H RoF ZRAEE 73]
Sk o ™ 622Mbps downlink$} 40Mbps uplink %
588 724 30GHz FAXE 2 ol& 95k ¥,
FAlo} 71, TAANEE Ve PEE T8,
2001358 A]ZE OBANET Z2AEJ 23|
40GHz9 Ye|v|elz} djGollA Hdf 155Mbps9] 1
A 2 ol Fojed B4 AMs A2"E FAE
A3 Faz), QY E Al2d 7] e 318t
I i}, =3 7 843 RoF Al=dl A8 1
3k Q)= 7)Fe AE NICT(F CRL)Z, ITS AJH]A

Z 93 PHS(Personal Handy-phone System:
1,9GHz th4, 384Kbps AJH]2)¢} ETC(Electronic
Toll Collection : 5.8GHz W%, 1Mbps AJH|2),
W4(1.16GH2) & shta Folx de|rein= 5%
ato] £5A5a Qo BSS} AT AleldlE
36~37GHz¢] WenlElstE AR, 2k Tl
60GHz9] Zz|n[Ejohg AMg3te] AH|&E AlEst
B 19980l Al3E & u} gl K3 NTTE 32
FAolEo] A=A e 7ty elA By A
e 2E AF87) 98] RoF71EE ol83ke] B4
ZEFEORE 383 3l

43384~

w
g
rir
01(_)(‘_14
i
3
i

Aol eje] B4 A2
A9l Flex Q4HT glom,

& B % 3 Mbps o14¥] 1
A28 7} IR I AES 5 3
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® BoN m uya xelel E

Satellite ¢ Fiber Mx|7} R0[51X] F& 715 A NS X
communication (B 2 2H HEIA §é & UE ¥ HUS g0
® in-Building Hujz|x| &=

¢ OIEEN MY FwexE HOEs ARt B2E2
business center, convention center, 28, |3 OINE

In-building \t,_ ' o) @8
® Central Station zjufajx] &%
A\ ¢ JIXF FM2IX] HEF, MOlE df ¥ [FX HE HE
Antenna o [ doHE 2o #8
gem base ® i Gbpsg g4 Mula
\Z | station * U8 HL M3 ¥& 5o WS
Antenna
2 base Sy Household
o station
;—--aﬁecn-n,ﬁ v.{/
Shadow 3
Central = """""‘
of building =
Office goureng H Optical fiber =

(2! 9) RoF applications

& Aoz At =4, $F B o5 Weln]  § F A e 44 sl AeE B3 I
to) 7ol FAuch Sulel 71NF0) Foke  ZEESS olgstel RoF A e Aol L AE 2
"oy Aoz dpbgel weh, A7kl AT AAG T 1%, Pv6 7 A2 Ao) R A% % 74 7]
7142 989 Aol TYTRF AAAFE A5 & 5O WHY Aol RoF 719} 4L 0

CBS:central base staton ~ MSC:mobile switching center
BS:base station

(322! 10) Optical fed remote antenna network for microcellular RoF system
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Folle vto| A2 da} vlo|F2 AS FHZR
Al FANEE FA2E T3 Afsle 1¥€H
Zro] FA 2 wlo]aZ o]FEA(Micro cellular) A
2glo] FEG w1 grt. ol Bdre Fud, A
$=4 B3 FA o] g3/ coverage S0 87 W
2 ulo|a2 AEF A28 M A7t 7IXF 75
o thgk shvte] digte] & = §l7] wiEolt}, 2RE
RF QHELEE] ARG Al2R) o] Futs Fdllout iR
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of 1A Fo] B8 glvk= o] ok olgd A=
2 2 ddFo] dlolel & 7tAtlA Aol A
g uto| AR Aot v ARE-E 5= Qlrt, o]=gt
ROF Al2El &) ARRA, &AE, 38 gud
H 22 AE f o|FFA1e TG Aol iR
2 AM-E £ 9JtH7, 8, 91,

V.2 &

T FATA Al2Ee oY Tl gAAIAH
(short-range system)oljA] t)-&2F 4 B4 M|
& 7FsA she volazd £ Azd dez g
A AO R oiddrt), kA, £ =FolE Radio
over Fiber 7l&¢] 7/\d& A3E L, 20103717
500Mbps ©|3e} FAAR|AE BEE S3 Qe
BeN 7HIARE T4 A2 Al o 20 &4 b
Ae AE3}7| 93 T2 EE}Q] RoF WLAN A|2E]
o] h8F &4 AFE 7|=3dt). RoF 71841
e BS o= T APOllA Ag B BE 4154
2] Al2E o] CSol YA o] D3t ¥ FEske
ek Al2g Pxolth, ARFHo g T Hulg
TZ2] BSE @48 PHY 75T S8l 745

of glo] AABS g WY L A B 5

RoF(Radio over Fiber) 7| - 793

A gdo] glA o]Fo|d Y Foppot TR EF
o FAG A2 FEo] 7hedte] FF Tl P99
ot B ge] FAASE TFYALAA AL
T 3 N=2g 71€ tigte] E 5 k. RoF H#H2]¢]
networkollX= CSellA] 71z} @7tz o] H=7}
transparent 322, A-831E 9|4 BS/AP 7
Al D 28-S % de o] Fa vikte] Padin,
| RoFQ| Q] /22 EZ SYAol I
< FA e R FEE 4 Qlofok gt dA
5] 77t &4 g 23F9) A5 B/ A
5ol FAFHo] 9d=Hl, network -9 HE 7
AT B} F443) Hojop & Aot
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