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Transmission Performance of Millimeter Wave
Multiband OFDM UWB Wireless Signal over
Fiber System
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Abstract—Performance of millimeter-wave (mm-wave) multi-
band orthogonal frequency division multiplexing (MB-OFDM) ultra-
wideband (UWB) signal generation using frequency quadrupling
technique and transmission over fiber is experimentally investigated.
The frequency quadrupling is achived by using only one Mach-
Zehnder modulator (MZM) that is biased at maximum transmission
(MATB) point. At the output, a frequency quadrupling signa is
obtained then sent to a second MZM. This MZM is used for MB-
OFDM UWB signal modulation. In this work, we demonstrate 30-
GHz mm-wave wireless that carries three-bands OFDM UWB
signals, and error vector magnitude (EVM) is used to analyze the
transmission qudity. It is found that our proposed technique leads to
an improvement of 3.5 dB in EVM at 40% of loca oscillator (LO)
modulation with comparison to the technique using two cascaded
MZMs biased a minimum transmission (MITB) point.

Keywords—Optical communication, Frequency up-conversion,
Mach-Zehnder modulator, millimeter wave generation, radio over
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|. INTRODUCTION

ILLIMETER-WAVE (mm-wave) multi-band orthogonal

frequency divison multiplexing (MB-OFDM) ultra
wideband (UWB) generation and distribution over single
mode fiber (SMF) link have become a potential solution for
wireless access networks [1]. Distribution of UWB over
coaxial cable is extremely expensive and over air is limited to
arange of few meters. Thus, radio over fiber (RoF) has been
considered as an excellent aternative solution for distribution
of UWB signas such as MB-OFDM UWB. Future wireless
with features of high data rate and open network architecture is
desired to satisfy the increasing demand for broadband
wireless access. On the other hand, unlicensed mm-wave band
has been considered a potential wireless radio frequency (RF)
carrier band for the future wireless communications. To
achieve high capacity access networks, |[EEE 8.2.15.3c and
|IEEE 802.15.3a were proposed for wideband personal local
access networks. In IEEE 802.15.3a, 14 channels are
suggested in five groups. Each group has three channel s except
group five which has only two channels.
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A variable throughput from 53.3 to 480 Mb/s in each
channel is suggested. In IEEE 802.15.3c, 4-channels OFDM
mm-wave wireless using RF of 56-67 GHz band was proposed
and can deliver data of up to 7.3 Gb/s [2]. However, in order
to have mm-wave wireless communications we must have mm-
wave carriers. A straightforward way to obtain mm-wavesisto
generate them electrically, but very expensive and not cost-
effective. Alternatively, when RoF is used for the distribution
of mm-wave wireless signals mm-waves can be generated
optically. In other words, optical generation of mm-waves may
lead to cost-effective solutions compared to directly electrical
generation. One solution of optical generation of mm-waves is
to use optical frequency multiplication (OFM) [3-5]. The
principle of optical frequency multiplication is to generate
high-order optical harmonics using an electrical to optical
converter, such as Mach-Zehnder modulator (MZM) driven by
an RF signal. Due to nonlinear response of the electrical to
optical converter, many high-order optica harmonics are
generated in the optical domain. Beating of two high-order
optical harmonics or/fand beating of high-order optical
harmonics with the optical carrier at photodetecor will
generate mm-waves [6]. In [6-7], transmission of UWB signals
through single mode fiber based on IEEE 802.15.3a was
experimentally demonstrated. An OFDM RoF system based on
carrier multiplexing and interleaving for optica mm-wave
generation and up-conversion was demonstrated also [8].

In this work, we propose use of one dual drive Mach-
Zehnder modulator (MZM) biased at maximum transmission
point (MATB). Then two strong second-order optical
sidebands are generated with a frequency spacing of four times
of the driving radio frequency to the MZM. Thus, this
technique can be used for frequency quadrupling.

A 30-GHz mm-wave with three sub-bands of MB-OFDM
UWB signals is experimentally generated and transmission
over 20 km of SMF. The performance of the system is
evaluated in terms of error vector magnitude (EVM) versus RF
and LO modulation index (M) of the MZM and fiber length.
Also, we investigate the impact of fiber Bragg grating filter.
Experimental results are confirmed by simulation and
theoretical analysis.

I1.EXPERIMENTAL SETUP AND RESULTS

The system setup for the performance evaluation of the mm-
wave MB-OFDM UWB over fiber is shown in Fig. 1. A
continuous wave (CW) light from a tunable laser source
(Anritsu MG9541A) has a wavelength of 1548.5 nm, linewidth
of 800 KHz, relative intensity noise (RIN) of -155 dB/Hz and
output power of 7.5 dBm.
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A local oscillator (LO) sinusoidal signal of freqay 6.51
GHz and power of -5 dBm is amplified by an amptfifigith
2.6-dB noise figure (NF) and 26-dB gain, and dritresMZM

After photodetection, the generated mm-wave MB-OFDM

UWB signals centered at 29.472, 30, and 30.528 QHese
signals are obtained due to beating of the optieatier at -

(dashed box in Fig. 1). The LO Ml for the mm-wavel3.02 GHz with the UWB upper sidebands at 16.45298,

generation, defined by o=V, o/V,, and Vo is the driving

voltage of the local oscillator, where, Vs the modulator's 41302 GHz. The generated mm-wave MB-OFDM UWB

switching voltage. The MZM have switching voltagfe3.8 V,
an extinction ratio of 28.5 dB and insertion lo§$alB. The
CW light is injected to the first MZM, biased at xiraum
transmission (MATB). Thus, two strong second-ordptical
sidebands are generated and have a frequency gpaainis
four times of the frequency of the driving LO signee. a
frequency quadrupler can be obtained as shownginZ-iAlso
to suppress the optical carrier Fiber Bragg gratifi§G) filter
has been used as shown in Fig.2. Following thecalptnm-
wave generation, optical single sideband modulatiith MB-
OFDM wireless signals is implemented. Here we us&ZM
to obtain optical subcarrier modulation with MB-OMDJWB
wireless signals, as an example. This MZM has dmaion
ratio of 32 dB, half wave switching voltage of 5 ¥nd
insertion loss of 7 dB, which is driven by an MBOW UWB
signal generated by an arbitrary waveform generaG

7122B from Tektronix. The AWG 7122B provides MB-
OFDM compliant modulation with three WiMedia bands

allocated at the center frequency of 3.432, 3.96 4488
GHz. The bit rate of 200 Mb/s is used for each buiith

guadrature phase shift keying (QPSK) modulatiore TWB

signal is amplified by a power amplifier of 26 dRig A

variable attenuator (VA) is used to vary the UWBwvpo input

to the MZM. Optical subcarriers carrying UWB wirste
signals are present on both second-order optidabsinds that
are generated by the first MZM as shown in Fig. 2.

Mm-wave Generation
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Tunable Laser | fio
Anritsu

G=26 dB
NF=2.6 dB AWG 7122B

....................

SMF-28e

Mixer K&L Microwave

RF Amplifier PD
G=28 dB
NF=5dB

JDS Tunable
Grating Filter
BW=0.55nm

5FV10-30000/
T3000 fc =30 GHz

SDA11000 HMC-CO35

Fig. 1 Expermental setup for the mm-wave MB-OFDM B\Wer
fiber system. Optical mm-wave generation is usediidd box)

The generated optical signals are transmitted 80etm of
a SMF, with fiber loss of 0.21 dB/km and chromalispersion

of 17 ps/ (nm.km). An erbium doped fiber amplifier (EDFA) is

used to compensate for all optical loss and keemppital
power of 7 mW at the photodetector (PD). At theiagit
receiver, the optical signal is filtered by a JD8able optical
filter, with bandwidth of 0.55 nm to reduce optia@hplifier
noise, and detected by a photodetector (Discove3Z-1340
with 3-dB bandwidth of 35 GHz and responsivity ab®
AIW).

and 17.508 GHz, which are carried by the opticatieaat

signals are amplified by an RF amplifier of 28 d&irg The
desired UWB signal is electrically filtered by a K&andpass
filter (EBF) with a 3 dB bandwidth centered at fuegcy of 30
GHz and down-converted to 3.432, 3.96 and 4.488 @ity

a Hittite HMC-CO35 electrical mixer driven by an Lsignal

at 26.04 GHz and 9-dBm power, as shown in Fig.idally

the EVM of the transmitted signal was measured kyigh

speed real-time oscilloscope SDA 11000 from LeCroy.
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Fig. 2 Measured optical spectrum after the secodi/idashed
line) and with used of FBG (solid line)
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Fig. 3 Measured EVM versues RF MI for back-to-bawid after 20-
km of fiber transmission

Next, we vary the RF MI of the second MZM and measu

the EVM at different fiber transmission lengths sk®own in
Fig. 3. A minimum EVM of -19.5 and -18.8 dB is aehéd at
an optimum RF MI of ~4.3 % for back-to-back andk20 of

SMF, respectively. For RF Ml of up to ~4.3% OFDM

subcarriers suffer from relative phase shift due fitoer
dispersion.
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If Ml is more than 4.3% the OFDM subcarriers suffem
both amplitude and phase distortion due to the @oedbeffect
of MZM response nonlinearities and fiber dispersid2].
Moreover, when the optimum RF Ml is used fiber sraission
is further limited by laser phase noise convertéN Rue to
fiber dispersion and phase distortion induced blerfi
dispersion in addition to increased optical amgtifioise due
to fiber loss, compared to back to back mm-wave UtvBr
fiber [12].

Figure 4 shows the QPSK constellation diagram fa t
back-to-back and after 20 km of fiber transmissibne good
quality of the constellation is an indication oftability of the
radio over fiber technique for mm-wave MB-OFDM UWB
generation and distribution.

EVM (dB)

mm-wave power (dB)

(@) m
Fig. 4 Measured constellation of QPSK mm-wave MBB®For (a)
back-to-back and (b) after 20-km of fiber transioiss

LO Modulation Index (%)

Additionally we investigate the impact of the LO M the b
first MZM by varying the power level f.””T‘ the LO idng Fig. 5 Measured and simulatgd) (a) EVM vs. LO motioteindex
s_ource. The RF MI of the second MZM is fixed at3-%, the and (b) mm-wave UWB vs. LO modulation index
fiber length was set to 20 km and we observe thé/EAl
different LO power levels. In the experiments wer@ase the 5 : ‘

LO MI from 35 to 56% and observe that the EVM deses ——MATB

from -17.4 to -19.1 dB as shown in Fig. 5 (a). @pondingly [ ----. MATB with FBG

we used the same set up to perform simulation byingthe | ——MITB/MITB

LO MI from 30 to 120% and observe the EVM and tha-m

wave MB-OFDM UWB power level. ST il
It appears from Fig. 5 that when increasing ting from 35

to ~ 45% the EVM decreases from ~ -17.7 to -19.6aid
stays almost constant for up to ~100%. Simulatlmws good

agreements with experimental results. Further asgeof m, B N y 1
will not improve the EVM. For very low received gl

power (M, < 30%) the system is limited by shot noise. For -20 ‘ ‘ ‘ ‘ : :

higher received optical power, the RIN becomes damnti LO Modulation Index (%)

source of noise then SNR becomes constant. Fig. 6 Simulated EVM vs. LO MI for both techniques
In addition, we show the performance comparisorhef

proposed modulation technique using MATB with IIl. CONCLUSION

MITB/MITB technique. It is clearly shown from Fi§.that for

LO Ml of up to 30% using MITB/MITB technique outgerm

than our technique due to the optical carrier segged.

Conversely, when MI more than 30% is used our psedo

technigue has ~3.5 dB EVM improvement at 40% ofMD

10 | 4

EVM (dB)

In this work, we experimentally have investigatdik t
performance of mm-wave MB-OFDM UWB signal genenatio
and transmission over fiber using a novel opticatatation
technique for a frequency quadrupling. EVM has bessd to
evaluate the quality of transmitted signal vers@sMI of the
MZMs.
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It is found that proposed QAD/QAD outperforms
MITB/MITB by 3.5 dB improvements in EVM at LO MI of
40%. Also, it has been found that, the best phéféerehce
between the LO driving signal is found to be 18Qrde.
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