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Abstract: In this paper, a tunable microwave photonic filter for millimeter-wave mobile fronthaul
systems is proposed and experimentally demonstrated. With the aid of the proposed filter, we can
improve and centrally control the system transmission efficiency and decrease the complexity of
the mobile fronthaul systems.

Introduction

Microwave photonic filters have attracted much more attention than their electrical counterparts due to their
advantages of lossless, compact, broad bandwidth and immunity to electromagnetic interference. Since conventional
electronic microwave filter cannot provide large tunability and high Q-factor as all optical microwave photonic
filters do, they become a highly promising alternative to the electronic one in optical signal processing, optical and
wireless communication, radar systems, and phase-array antenna systems [1-2]. Recently, to enable the excellent
end-to-end performances, high-quality macro/small cells employing millimeter-wave wireless transmissions are
proposed [3]. Millimeter-wave, especially at 28 GHz, do not suffer from significant additional path loss caused by
atmospheric absorption if cell sizes are on the order of 200 m. Only 7 dB/km of attenuation is expected due to heavy
rainfall rates of 1 inch/hr for cellular propagation at 28 GHz, which translates to only 1.4 dB of attenuation over 200
m distance [4].

In this paper, a tunable microwave photonics filter based on a polarization modulator (PolM) for 28 GHz mobile
fronthaul systems has been proposed and experimentally demonstrated. The frequency of tunable microwave
photonics filter can be tuned by adjusting a polarization controller. The experimental results show that the proposed
cost-effective microwave photonics filter has potential in millimeter-wave mobile fronthaul systems. Moreover, the
experimental results match simulative results.

Experimental Setup and Results

Fig. 1 shows the schematic diagram of the proposed tunable microwave photonic filter. The distributed
feedback laser is employed as the light source and then launches into polarization controllerl (PC1) prior to
polarization modulator. By properly adjusting PC1, the polarization direction of lightwave is set to an angle of 45°
relative to one principal axis of the PolM and thus the lightwave is equally projected onto the two orthogonal
polarization directions of the PolM. In the PolM, the lightwave projected on two principle axes of PolM are
modulated separately by wireless signals from arbitrary waveform generator (AWG). Then, PC2 is used to align its
principal axis that orients at an angle of o to one principal axis of the PolM. By rotating PC2, the frequency response
of tunable microwave photonics is changed [5-6]. Hence, we can realize frequency-division multiplexing (FDM)
system by manually rotating PC2 that distributes the data with different frequencies by adjusting the angle of o to
different users. In order to demonstrate the functionality of tunable microwave photonic filter, the lightwave is
modulated by wireless signals at 27 and 28 GHz generated by AWG and fed into single mode fiber (SMF) before
photo detector (PD). The optical signal is converted into electrical signal through PD and then captured by an
oscilloscope. As shown in Fig. 2 and 3, either 27 or 28 GHz wireless signals is filtered out by the proposed
microwave photonic filter. Moreover, the simulation result of frequency response of proposed microwave photonic
filter matches the experimental result pointing out our proposed microwave photonic filter is theoretical correct.
Through digital signal processing offline work, we obtain BER performance as demonstrated in Fig. 4. According to
all the experimental and simulative results, the 27GHz and 28GHz signals are successfully filtered by our proposed

microwave photonic filter and transmitted though SMF with good BER performance.

Conclusion

A tunable microwave photonic filter based on polarization modulator have been proposed in this paper. The
frequency of tunable microwave photonics filter can be tuned by adjusting polarization controller. The experimental



results show that the proposed cost-effective microwave photonics filter has potential in millimeter-wave mobile
fronthaul systems. Moreover, the experimental results match simulative results.

References

[1] P. C. Peng, K. C. Shiu, C. H. Chang, Y. C. Shu, Y. T. Lin, H. H. Lu, "Vertical-Cavity Surface-Emitting Laser for Tunable Microwave
Photonic Filter," IEEE Journal of Selected Topics in Quantum Electronics, vol. 19 , pp.1701605-1701609, 2013.

[2] C. H. Chang, H. W. Gu, P. C. Peng, F. K. Wu, T. L. Chang, C. W. Huang, C. H. Wang, and H. H. Lu, “A distribute feedback laser diode
composed microwave photonic bandpass filter for SCM based optical transport systems,” IEEE Journal of Selected Topics in Quantum
Electronics, vol. 21, no. 6, pp. 1503506, 2015.

[3] S. Rangan, T. Rappaport, and E. Erkip, “Millimeter-wave cellular wireless networks: Potentials and challenges,” Proc. IEEE, vol. 102, pp.
366-385, 2014

[4] T. S. Rappaport, S. Sun, R. Mayzus, H. Zhao, Y. Azar, K. Wang, G. N. Wong, J. K. Schulz, M. Samimi, F. Gutierrez, "Millimeter Wave
Mobile Communications for 5G Cellular: It Will Work!", I[EEE Access, vol. 1, pp. 335-349, 2013.

[51 S. Liu, P. C. Peng, C. W. Hsu, H. Tian, G. K. Chang,” Realization of Tunable Frequency Response in Polarization Modulation and Direct
Detection Scheme for High-speed Optical Access System”, Optical Fiber Communication Conference (OFC 2018), Paper: W4G.7, San
Diego, 2018.

[6] H. Zhang, S. Pan, M. Huang, and X. Chen, "Polarization-modulated analog photonic link with compensation of the dispersion-induced power
fading," Opt. Lett., vol. 37, pp. 866-868, 2012.

fi £ f, f,
Data-1 ¢l“lamrl v Data-n v -~
ot oo Y] B 3
. . . 3
! H H % \ 4
vy v s N/
z H \
s = \
[ =
2
PPN - s
3
g
o H ey 4 5
RF Signal 3 [~ 2656 270G 275G IE66__ 285G 26 27 28 29
v Frequency(GHz) Tteeeel Frequency (GHz)

VY

1 1 1
5 10 15 20 25 30

Frequency (GHz)

Frequency response (a.u.)

265G 270G 275G 280G 5
Frequency(GHz) f, f,

Fig. 1. Schematic diagram of the proposed scheme. (LS: laser ~ Fig. 2 Electrical spectrum and simulative result of the
source; PC: polarization controller; PBS: polarization beam proposed microwave photonic filter with notch at 27 GHz
splitter; PolM: Polarization modulator; PD: photo detector; RRU:

remote radio unit)
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Fig. 3 Electrical spectrum and simulative result of the Fig. 4 BER performance of the proposed microwave

proposed microwave photonic filter with notch at 28 GHz photonics filter.



