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PHOTONIC GENERATION OF ULTRA-WIDEBAND SIGNAL
FOR RADIO-OVER-FIBER SYSTEMS
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This work presents method for generation of ultra-wideband (UWB) signal for radio-over-fiber (RoF) systems. We consider
the using sharing of ultra-wideband signal technology and RoF technology for third-channel transmission. However,
there is a problem of choice of method for UWB radio signal generation that provides the most effective utilization
over installed FTTx-networks for data transmission of multimedia high bit rate content. We developed the scheme of
simulation that generates the UWB radio impulse (IR-UWB) conforming to spectral mask approved by State Committee
of Radio Frequencies. Three separate IR-UWB channels are generated over fiber optic interface with following frequency
shifts 4.5 GHz, 7 GHz and 9.5 GHz are realized in proposed scheme. Correlation between bit error ratio and received
optical power for different singlemode fiber lengths was computed and represented in this work.
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Introduction

UWB transmission technology is advanced
short range high speed wireless communication
technology due to its very low signal-to-noise
ratio (SNR), extremely low effective isotropic
radiated power (EIRP) —-45dBm/MHz and ultra-
wideband bandwidth (2,85 ... 10,6 GHz). UWB
systems have small coverage area radius (up to 10
m). FTTX technology has such advantages as low
loss, large bandwidth, long distance transmission
(more than 100 km). According to this shared
use of UWB technology and FTTX technology
is advanced research area in infocommunication
technologies. It allows to increase access rate to
multimedia services in the conditions of avalanche
data transmission traffic increasing in the world.

Key advantages of UWB systems are low
radiated power, large unlicensed bandwidth,
low level of self-interference, multi-path
fading tolerance, low level of intermodulation
interference, low probability of intercept. The
consolidation of UWB and RoF technologies
gives additional advantages such as: a) no trans-
modulation in optical cable; b) no frequency up-
conversion is required at customer premises. This
research area can be attractive in the future for
transmission in one optical and wireless channel
several information channels, which will be used
to transmit different standards (LTE, Wi-Fi, HD,
4K digital television, UWB and etc.).

To implement this broadband access systems,
there are technical issues to tackle: a) simple and
cost effective UWB signal generation at provider’s
base station; b) from a quality of service (QoS)
point of view, high speed IR-UWB modulation of
multi-Gigabit is expected to meet high bandwidth
requirements of the end-users; c) high data rate in
optical and wireless channel should be implemented;
d) integration of the photonically generated IR-UWB
system into wavelength division multiplexed passive
optical networks (WDM-PON) infrastructure
is highly desirable to provide various types of
telecommunication services [1].

Analysis of existing ultra-wideband signal
photonic generation methods in RoF
systems

There are two UWB signal generation methods:
electrical and optical. There is a difficulty with
signal shaping due to large bandwidth (2,85 ... 10,6
GHz) when generating UWB signal electrically. This
leads to significant increase in cost of transmission
equipment because analog-to-digital conversion and
digital-to-analog conversion of electronic devices
rarely exceeds 160 MHz. For that reason UWB
signal photonic generation is of interest due to simple
implementation by using passive and active optical
elements.

Today several UWB signal photonic generation
methods are known: a) direct laser modulation by
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UWRB signal generator [2-7]; b) dispersive element
use for optical impulse widening with necessary
period [8]; c) use of relaxation oscillations of DFB
laser [1, 9]; d) fiber Bragg grating use including
chirping fiber Bragg gratings [10-11]; e) use of
different passive optical conversions for output
UWRB signal changing [12].

All methods of UWB signal photonic generation
that mentioned above are submitted for Federal
Communication Commission (FCC) spectral mask.
In the Russian Federation accepted spectral mask
is recommended by State Committee of Radio
Frequencies (SCRF spectral mask), Fig. 1 [13].
Currently there are not any works on photonic
generation of UWB signal relevant to SCRF spectral
mask.

The limiting factor that affects channel bandwidth
is the existence of «windows» in spectral mask in the
range of 3,95 ... 4,425 GHz — first «window», 6 ...
8,1 GHz — second «window», 8,625 ... 10,6 GHZ —
third «window». The existence of these «windows»
prevents the forming of one IR — UWB signal with
high data rate. Wherein it is necessary to follow the
criteria of maximum spectral power density which
limits the effective use of SCRF spectral mask.
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Fig 1. SCREF spectral mask [13]

When using the whole SCRF spectral mask,
spectral power density level won’t be at maximum
point, thus the coverage area radius of wireless
personal network will significantly be limited.
According to this, the generation of three signals that
are relevant to the SCRF spectral mask «windows»
with maximum level of power spectral density is of
interest.

In [14] the authors offered the method of signal
forming for RoF system, using OSSB (Optical single
sideband) signal by adding optical carrier and optical
signal.

Ultra-wideband signal photonic generation
for RoF systems

Implementation scheme of proposed UWB signal
transmission technology using RoF technology is shown
in Fig. 3a.

This simulation model scheme generates three
narrowband signals, which frequencies are shifted
relatively to the carrier frequency to 4,5 GHz, 7 GHz and
9,5 GHz. 4,5 GHz, 7 GHz and 9,5 GHz — are the central
frequencies of so called «windows» of SCRF spectral
mask, accepted in the Russian Federation. To realize the
approach mentioned above, four continuous wave (CW)
lasers are used. Their technical characteristics are shown
in Fig. 4a. The first CW laser generates the signal for
the third «window» of SCRF spectral mask. His central
frequency is shifted relatively to the carrier frequency
to 9,5 GHz. The laser power is —1 dBm. The optical
signal from CW laser goes to Mach-Zehnder modulator
(MZM). The optical signal modulation is perfomed by
electrical Gaussian impulse, which is fed to the electrical
input of Mach-Zehnder modulator.

The Gaussian impulse was chosen because his
spectrum doesn’t have sidebands. Impulse period is
0,8 ns. Pseudo random bit sequence (PRBS) generator
sample rate is 1,25 Gb/s. Random bit sequence from
PRBS generator goes to Gaussian impulse generator.
After that the electrical Gaussian impulse sequence goes
to Mach — Zehnder modulator. Generation of two other
signals is similar. The power of CW laser that generates
carrier frequency is 5 dBm and central frequency is
192,986 THz. Linewidth of four CW lasers are 100 kHz.
The carrier power over the signal power is almost three
times more. Such characteristics were chosen to obtain
the signal level at photodiode output corresponding
the maximum level of power spectral density of SCRF
spectral mask. The carrier power and signals power
were selected so that the total power at coupler output
was 0 dBm. With such power, dispersion and nonlinear
distortion affect less. When the carrier power is increasing
and the signal power is decreasing, noise level prevents
appropriate signal detection. And when increase signal
power is increasing and carrier power is decreasing
there is challenge to obtain the signal spectrum at the
photodiode output.

After that three signals and carrier go to optical
coupler. Optical signal spectrum at the optical coupler
output is shown in Fig. 2. The optical signals go to optical
line, amplified by optical amplifier and go to PIN —
photodiode. The overall -3dB bandwidth of output signal
is 1,25 GHz, it is shown in Fig. 3b. The spectral efficiency
is 0,52 b/s/Hz. The output signal electrical spectrum after
photodiode is shown in Fig. 3c. The output signal in time
domain after photodiode is shown in Fig. 3d.
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Fig 3. Photonic generation of UWB signal: a) UWB signal generation scheme; b) output signal bandwidth; ¢) power
spectral density of received signal and SCRF spectral mask; d) received signal in time domain
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Fig 2. Optical signal spectrum at the optical coupler output
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Fig 4. First channel: a) BER; b) eye diagram when the signal power at photodiode input is 8 dBm

The simulation model scheme shown in Fig. 4
was implement in simulation modeling program
Optisystem 13.0. BER measurement results are
shown in Fig. 5. The measurements were taken
for four cases: back-to-back, 25 km optical line,
50 km optical line and 60 km optical line. SMF
fiber with standard characteristics was used.
Wherein optical amplifier power was regulated
from O ... 20 dB and with the help of power meter
the power after optical amplifier was measured.
The power at photodiode was 4 ... 8 dBm. UWB
signal has to pass through bandpass filter 2,85

10,6 GHz to suppress side emission and to
transmit along the wireless link.
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Conclusions

Photonic generation scheme of UWB signal
relevant to SCRF spectral mask was proposed in
the paper. The key feature of proposed scheme
is the generation of three separate signals which
frequencies are shifted to 4,5 GHz, 7 GHz and 9,5
GHz. BER measurements were taken for four cases:
back-to-back, 25 km optical line, 50 km optical line
and 60 km optical line.
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OIITUYECKASA I'EHEPAIIUA CBEPXIINPOKOIIOJIOCHOT'O CUTHAJIA
JJI51 ROF CUCTEM
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B craree mpemnaraercs meroa rerepauun ceepximporononocuoro (CLIIT) curnana ans Radio-over-Fiber
(RoF) cucrem. PaccmarpuBaercs coBmecTHOe ucnonib3oBanue CILIT TexHomoruu nepenadu NaHHbIX U TEXHO-
soruu RoF ans nepenaun Tpex He3aBUCHMBIX KaHasoB. [Ipu ncnons3zoBanun CLUIT TexHOIOTMM COBMECTHO €
texHosiorueil RoF Bo3nukaet nmpobiema Beidopa meroza renepanuu CLUIT pagunonmitynbca, KOTOpbIi ObI Mo-
3BOJIMJT MaKCUMaJIbHO 3QQEKTUBHO UCTIONB30BaTh cymecTByromue cet FTTX (fiber to the X — onToBoOIOKHO
JI0 TOYKH X) JAJIs Iepeladyi MyJbTUMEIUIHOTO BEICOKOCKOPOCTHOTO KOHTEHTa. B paboTe cxema HMUTalMOHHON
MoJIe)d, TIo3BoJIsitoNIas creHepupoBarb IR-UWB (impulse radio ultra-wideband — cBepXIInpoKomnonocHbIi
PaZMOMMITYSIEC) CUTHAJN, COOTBETCTBYIOUIHI CIIEKTpanibHOI Macke ['ocynapcTBeHHOM KOMHCCHH 10 pajuoda-
croram (I'KPY). B cxeme peanusyercs ontudeckas reuepamus tpex ornenabueix IR-UWB kananos, yacToThl
kotopeix cmetenbl Ha 4,5 [T, 7 T u 9,5 I'T'u. [puBoaurcs 3aBucuMocTh K03 QuiineHTa OUTOBBIX OLTHOOK
(BER — bit error rate) oT npuHIMaeMON ONTHYECKOM MOLTHOCTH AJIs pa3HbiX AnuH SMF - BonokHa.

Knwuesvie cnosa: ceepxuuporononocuviii cuenan, radio-over-fiber, nepeoawa CeepxXKopoOmKux UMNYIbCos,
2ayCCOBCKULL UMNYIbC, KO Puyuenm 6umoguix ouubok, macka I'KPY, cnekmpanvhas niomHocms MOWHOCU,
mooyiamop Maxa-I]enoepa.
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