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ABSTRACT

Bidirediond errorfree 140Mbitls OQPXK-sgnd
transmisson with opticdly generated microwaves in
the 1819 GHz-band is reparted. Two microwave
caners one for the radio link to the mohile recaver
(down link) and ore for the uplink-microwave mixer
in the base gation are generaed by a smple opticd
upconversontechnigue.

[.INTRODUCTION

In future broadbend mohile communicaion systems
operating & microwave frequencies laser diodes and
phato diodes are required for the opticd feeder links
between a control gation (CS) and a base dations
(BS). It is expeded that the system codts can be re-
duced when these opticd comporents are also used
for generating the microwave sgndsin theradio link.
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Fig. 1. Architedure of amohile and phdonic network
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A further microwave Sgnd isrequired in kidirectional
sysems/1/ asLO-9gnd for the uplink mixer (UM) in
the BS (Fig.1). Itis used to convert the recaved
uplink microwave signd to a moderate frequency
range 0 that a conventiond fiberoptic transmisson
link from the BS to the CS can be used. Therefore the
flexible control of the microwave signds for bath the
up and the down link shoud be caried ou in the CS

while the numerous BS ae low-cost modues in
which no microwave ostillators and moduators are
requred. The opticd mi crowave technique is
presently subjed of world wide research efforts with
different gpproaches eg. tedhniques that generate
microwaves by diredt or by externd intensty modu-
lation d thelaser inthe CS, or dud opticd frequency
techniques that coherently mix opticd waves. Other
methods gpply frequency doulding /2/ or opticd up-
conversontechniques/3, 5- 8/.

In this paper we report on experi mentswith alow-cost
method gpplying an opticd upconverson principle in
order to generate microwave carrers with high
gpedrd purity in the 1819 GHz frequency band so
that bandwidth efficent moduation formats can be
goplied. 140Mbitls OQPK-moduated (Offset Quar
drature Phase Shift Keying) data 9gnds have been
trangmitied in upand dovnstream diredtion.

II. PRINCIPLE

This very smple opticd mi crowave generation
technique yidding low phase noise sgnds is descri-
bed in detal in /3/. It gpplies the norlinear charade-
rigics of the opticd transmisson system. A semicon-
ductor laser is diredly moduated by a snusoidd s-
gnd emitting an opticd spedrum with components
goacad by the moduation frequency. The n-tupler
function is obtained by choasing those spedrd lines
which spadng is equd to the dedred radio link
microwave frequency. In conjunction with a dispers-
ve dangle mode fiber the rdative phasing of the Sde-
bands is dtaed /4 s thaa at he OMC
(Optic/Microwave Converter) input in the BS an in-
tendty moduated Sgnd is observed. It is recaved by
the OM C and converted to the dedricd domain.
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In generd due to the sportaneous emisson and ab-
sorption d phaonsin the laser cavity the linewidth of
the emitted Sgnd isbroadened. In the experimentsthe
lasers were diredly moduaed thus emitting a line
spedrum intheopticd domain. The nasetermsof the

part whichwasa commercidly avalable digitd radio-
relay system (Bosch DRS 34(16x2)-15518700 con-
taining OQPK-moduating and demoduating modu-
les for 140Mbit/s data Sgnds as wel as microwave
comporents in the 18-19GHz range. For the trans

T~ oin |
Thown A :
50 km 1 |
SMF : OQPSK- | ! [BER
LD1 1, Demo- [T
Data ( ) f 1 dulator |
_ OQPSK- Down
:Il4bols > Modulator ) |¥I X omc Dip > : :
LD2 um fup | \
— [}
osc1 J | \__ Arrangementl _ |
y s [
0sc2 point L ooun |
Base Station] "B" : :
Control Station A 4 Ll 0SC4 |
OQPSK- ' |
Demo- 1 'Up |
dulator ' |
I |

Mobile Station

¢BER

Fig.2: Experimenta set-up: bitrate 140Mbitis, PRBSwordlength 2°-1, OQPSK-format, UM: uplink mixer
SMF: gandard single modefiber, OMC: optic/microwave mnverter, DIP: frequency diplexer,
OSC.: ogtillators OSC1 & 3.744GHz, OSC2 & 2.779GHz, OSC3 a 19.45GHz, OSC4 a 1.01GHz
opticely generated microwaves: fyom=18.58GHz, f 0=19.45GHz, fy,=19.59GHz
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Arrangement I 1: upand dawvn link transmisson, messurement & paint ,, B*

different spedrd comporents of each laser ae in-
herently corrdaed. Thus the phase naise vanished a
the OMC-output. The spedrd purity of the microwa
ve cariers was given by the qudity of the subcarier
ggnds. It is theoreticdly degraded by 6 dB/octave.
For the 5th h amonicat 1858GHz of the
3.774GHz subcarrier  we messured -73dBc/Hz
@ 1 KkHz carier offs.

1. EXPERIMENTS

The opticd part of the experimentd system shown in
Fig.2 comprizes two DFB-lasars (A; = 1.543um,
A2 =1.540um), a 50km gtandard single mode fiber
(SMF), and an OMC (HP119827). The eledronic

misson experiments we used CMI coded 140Mbit/s
datasignds, pseudorandam binary sequence (PRBS),
word length 221 fed to the OQPSK-moduator. It
results in a OQPSK-moduated output 9gnd a a
140MHz carier which itsdf moduates a subcarrier
f1=3.744GHz (OSC1). LD1 was directly moduated
by this sgnd while LD2 was moduated by a carier
f,=2.779GHz (OSC2). The opticd sgnds of bath
lasers have been tranamited via the SVIF to the BS.
Due to the norlinear properties of the system the ca-
riers f; and f, were upconverted to fpoun = 18.58GHz
(5°f1-0.14GHz) and f 0=19.45GHz (7 f,), re
pedtivey. At the OMC output, both sgnds were
separated by a diplexer. The moduated down stream
ggnd a fpoun Was fed to the mohile gation (MS)
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Fig. 3: Optical spectra at the OMC input
measured by an optical spectrum analyser
a) wavelength span 10 nm,
b) high resolution mode, span 400 pm

while the LO-signal at fip was let to the UM. This
LO-signal was used for mixing the received uplink
signal at f, down to 140MHz for the
OQPSK-receiver. Fig. 3a and b show optical spectra
of the modulated laser LD1 measured at the OMC-
input. The total optical power including all harmonics
was approximately -10 dBm. At the diplexer outputs
we observed the modulated signal band (Fig. 4a) and
the LO-signal (Fig. 4b) at 18.58 GHz and 19.45 GHz,
respectively.

Fig. 5 shows the bit error rate measurements (BER)
for different experimental conditions. The measure-
ments have been carried out without radio link. Cur-
ve 1 gives the results of a back-to-back BER measu-
rement at 140 MHz when the OQPSK-modulator and
demodulator of the digital radio-relay system have
been connected directly by a coaxial cable. After
transmission via 50 km SMF and conversion to the
microwave domain the signal at 18.58 GHz was led to
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Fig. 4: Optically generated electrical spectra at the
diplexer:
a) 140 Mbit/s OQPSK down link data
b) LO-signal for the up link mixer

a mixer connected to the 140 MHz-receiver (Fig.2
arrangement I). Curve 2 gives the BER-values for the
data transmission to the MS measured at point "A".
Curve 3 shows the BER-values after transmission via
the down and uplink measured at the base station at
point "B" (Fig. 2 arrangement II). In this case the MS
contained a mixer which converted the received signal
from the 18.58 GHz channel to the uplink channel at
19.59 GHz (channel spacing 1.01 GHz). No signal
regeneration was carried out. In the BS this signal was
converted to 140 MHz by the uplink mixer fed by the
optically generated LO-signal at fio=1945GHz. In a
complete radio-over-fiber system this signal at
140 MHz could be used to modulate the laser of a
conventional fiberoptic link back to the CS.

In order to compare the different measurements for all
three cases the BER is given versus the electrical po-
wer at the 140 MHz-receiver. The results reveal a
system penalty of 1 dB at a BER = 10” and transmis-
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son via50km SMF when the microwave Sgnds are
generated opticdly (curve?2). A further pendty of
2 dB can be obsarved dfter retransmisson to the base
gation (curve 3). The dynamic ranges have been mea:
sured to be better than 60dB and noerror floors have
been observed for dl three cases. In this simple sy-
stem no ogdicd amplifiers have been required.

V. CONCLUSION

The c ombination of fiber optics and microwave
techniques offers advantages for broadbend mohile
communicaion sysems. Addtiondly to the long
digance low-loss tranamisson and large bandwidth
of the fibers the remote generation of the microwave
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Fig.5: BER vs dedricd power a the inpu of the
140MHz recaver, bitrae 140Mbit/s, PRBS,
wordlength of 21, OQPSK-modulation.
curvel: badk-to-badk messurement
curve2: downlink at 18.58GHz (paint A)
a the output of themohilerecaver

curve3: downand ugdink a the BS (paint B)
with ogticdly generated LO-sgnd
for theuplink mixer

ggnds is a powerful advantage of the opticd
technique. The results of the experiments demongirate
that by goplying the opticd upconverson principlein
the control gation comporents for moderate micro-
wave frequencies can be used. These comporents in
conjunction with commercidly available laser diodes
provide the microwave sgndsfor bath the up andthe
down link a the base gaions. The charaderigtics of
the remotdy generated microwave cariers are deter-
mined by the equipment in the benign environment of
the control station. Hence despite of a passbly rough
environment of the base gaion microwave carriers
are opticdly generated with superior charaderigticsin
terms of frequency dability and setting resolution
(Hz-range), wide frequency range (some 10GHz),
oedrd puity (SB phese ndse < -70dBdHz @
1kHz carier offsst), and smultaneoudy broadbend
moduation (>140Mbit/s). The changing to higher
frequencies is passble/6/. In this centralized concept
functions such as upconverson, frequency sdedion,
ggnd processang, and network management are pro-
vided in the centrd officethus dlowing the numerous
base gationsto ke very smple andlow-cogt.
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