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We present a lightwave centralized and dispersion immune scheme for the hybrid access 

network, which is capable of generation and seamless integration of the millimetre-

wave radio-over-fibre (mm-RoF) system with the baseband wired signal. In this 

proposed architecture, an optical single side band harmonic is transmitted along with 

the wireless data employing the multiplexing of arrayed waveguide grating (AWG) in 

order to generate the millimetre-wave signal at the optical network unit (ONU), 

whereas the other side band harmonic is modulated with a 1.25 Gb/s baseband data by 

a reflective semiconductor optical amplifier (RSOA) at the central office (CO) 

simultaneously. 

Introduction 

With the huge demand of broadband wireless services, high radio frequency up to 

millimetre-wave (mm-wave) has been proposed as a promising solution, due to its 

license-free band, potential large bandwidth, as well as low spectrum congestion and 

interference. However, the generation of optical mm-wave with high dispersion 

tolerance is a great challenge [1]. On the other hand, wavelength division multiplexing 

passive optical network (WDM-PON) has been widely investigated to support high data 

rate wired services, becoming a prospective approach for the fiber-to-the-x (FTTx) 

communication. We recently proposed and demonstrated a novel scheme which utilized 

the optical infrastructure of WDM-PON to generate and deliver the dispersion-immune 

mm-wave [2], in order to exploit the channel capacity and improve the performance in a 

cost-effective way. Moreover, we also carried out a hybrid in-building architecture to 

integrate the mm-wave and wired services [3]. Nevertheless, we have not investigated 

the simultaneous transmission of both the mm-wave and baseband wired signal in a 

WDM-PON system yet. 

In this paper, we present a lightwave centralized and dispersion immune WDM-PON 

system to deliver a 312.5 Mb/s OFDM signal at 42.5 GHz and a 1.25 Gb/s baseband 

signal from the CO to the ONU simultaneously. In this scheme, the optical mm-wave 

generation based on optical frequency multiplication (OFM) [4] and data modulation are 

achieved by using a single dual-drive Mach-Zehnder modulator (DD-MZM), and a 

RSOA is used to modulate the baseband wired signal at the CO. Thanks to the AWG at 

the remote node (RN) implementing the optical sideband routing, the optical mm-wave 

signal with high dispersion tolerance for the downlink is generated. Finally, the uplink 

from the ONU back to the CO is produced by another RSOA. In this case, no additional 

light source and optical filter are required, which significantly reduces overall cost and 

improves the stability of the system. 
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Principle of proposed architecture 

The proposed hybrid architecture supporting the simultaneous transmission of mm-wave 

and baseband wired signals is illustrated in Fig. 1. The CO consists of a number of 

channels to generate downlink signals and process uplink signals as well. Here we only 

consider one laser source for the proof-of-concept demonstration. In our scheme, two 

adjacent channels of AWGs are combined together to transmit the mm-wave and wired 

signals to the destined ONU, respectively. A DD-MZM is employed to generate an 

OFDM-bearing optical carrier and multiple optical sidebands with a low frequency 

sweep signal fsw of 10 GHz. By locating the central wavelength of the laser at the edge 

of pass-band of one channel, the lower optical sidebands are re-modulated with the 

downlink baseband signal by a RSOA, and both the lower and upper optical sidebands 

can be separated conveniently at the RN. Hence in such a case, the AWGs are used not 

only to demultiplex different channel signals, but also to implement quasi-single 

sideband filtering for the optical mm-wave signals. After the transmission over up to 30 

km single mode fiber (SMF), the baseband signal for wired service and mm-wave signal 

for wireless service will be simultaneously detected at the ONU. Meanwhile, the upper 

optical sidebands can be reused by another RSOA for the uplink data, and then 

transmitted back to the CO through the optical circulator and AWGs. 
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Fig. 1. Systematic setup for the simulation of proposed system. 

 

Simulation procedure and results 

The simulation for the proposed architecture is carried out by VPItransmissionMaker
TM

 

simulator. At the CO, a continuous lightwave is generated by a tunable laser at 1552.2 

nm. The upper-electrode of the DD-MZM is driven by a sinusoidal signal at 10 GHz, 

while the lower-electrode is driven by a 312.5 Mb/s OFDM radio signal at 2.5 GHz with 

64 sub-carriers in 16-QAM format. Fig. 2(a) shows the optical spectrum of the OFDM-

bearing optical carrier with sidebands at multiples of the fsw after the DD-MZM. The 

modulation index of the fsw is about 3.8, so that the ±1
st
 order sidebands are almost 

suppressed while the ±4
th

 order sidebands become higher. Three identical 100 GHz-
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spaced AWGs with 85 GHz Gaussian bandwidth are used in the setup, and the dash 

curves plotted in Fig. 2(a) are the transfer functions of two adjacent channels, of which 

the central wavelengths are 1551.72 nm and 1552.52 nm, respectively. The lower 

optical sidebands without any data are modulated by a RSOA with a 1.25 Gb/s baseband 

signal and then combined with the upper optical sidebands again, as shown in Fig. 2(b). 

The optical downlink signals are separated into two parts as illustrated in Fig. 2(c)-(d). 

The lower parts are detected by a 1.25 Gb/s direct receiver with a PIN photodiode, while 

the upper parts including the OFDM-bearing carrier are beaten in a photo-detector (PD), 

generating the high order radio harmonics up to the mm-wave band. Fig. 2(f) shows the 

full span of RF spectrum generated by OFM with 10 GHz sweep frequency. After the 

electrical band pass filter (EBPF) and amplifier, The OFDM radio signal up-converted 

to 42.5 GHz is then demodulated by the vector signal analyser (VSA). Notably, the 

detected signal at 42.5 GHz is dominated by the beating between the OFDM-bearing 

optical carrier and the 4
th

 order optical sideband. As a result, the downlink optical mm-

wave signal is immune to the fiber dispersion due to the character of quasi-single 

sideband. The coupling ratio of the optical coupler is 10/90, since such a small partial 

power is still sufficient to feed the RSOA for the uplink. After travelling through the 

same fiber link, the spectrum of modulated optical sidebands bearing the uplink 

baseband signal is illustrated in Fig. 2(e). 
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Fig. 2. (a)-(e) The optical spectra at corresponding measured points. (f) The RF spectrum after the PD. 

 

To verify the feasibility of this proposed scheme, the error vector magnitude (EVM) 

measurement of the mm-wave OFDM signal and bit error rate test (BERT) of the 

baseband OOK signal are carried out simultaneously. Here the dispersion of the SMF is 

set as 17 ps/(nm∙km). Fig. 3 shows the EVM measurements of the mm-wave OFDM 

signal at 42.5 GHz in terms of the different fiber length, where the maximum penalty is 

less than 1 dB. The EVM results prove again that the generated mm-wave OFDM signal 
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is immune to the fiber dispersion. Fig. 4 depicts the electrical spectrum and constellation 

diagram of the 312.5 Mb/s mm-wave OFDM signal at 42.5 GHz. 
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 Fig. 3. EVM of the received OFDM signal Fig. 4. RF spectrum of the received OFDM signal 

 for different fiber length at 42.5 GHz (inset: IQ constellation) 

 

                
 Fig. 5. BER of the downlink baseband signal Fig. 6. BER of the uplink baseband signal 

 (inset: receiving eye diagrams) (inset: receiving eye diagrams) 

 

 The BER performances of 1.25 Gb/s baseband signals for the downlink and uplink are 

illustrated in Fig. 5 and Fig. 6, respectively. It is obvious that the variety of different 

fiber length has a negligible impact upon the performance of baseband signals. 

Moreover, there is no significant distortion observed regarding the eye diagrams. 

Conclusion 

We proposed a bidirectional lightwave centralized and dispersion immune scheme for 

simultaneously delivering 1.25 Gb/s baseband signal and 312.5 Mb/s OFDM signal at 

42.5 GHz. The EVM and BER measurements were carried out for the proof of concept. 

Acknowledgement 

This work was supported by the Dutch national program IOP project MEANS. 

References 
[1] J. Yu, et al., “Cost-effective optical millimeter technologies and field demonstrations for very high 

throughput wireless-over-fiber access systems,” J. Lightw. Technol., vol. 28, pp. 2376-2397, 2010. 

[2] B. Yang, et al., “A Lightwave Centralized and Dispersion Immune Bidirectional mm-Wave over 

Fiber Scheme for Access Networks,” in Proceedings of ECOC, P6.07, 2012. 

[3] S. Zou, et al., “A Hybrid In-building Network Architecture Integrating Millimeter-wave and Wired 

Services,” in Proceedings of ECOC, P6.16, 2012. 

[4] M.G. Larrodé, et al., “Microwave signal generation and transmission based on optical frequency 

multiplication with a polarization interferometer,” J. Lightw. Technol., vol. 25, pp. 1372-1378, 2007. 

-32 -31 -30 -29 -28 -27 -26 -25 -24 -23

12

10

8

6

4

-l
o
g
(B

E
R

)

Received optical power (dBm)

 10 km

 15 km

 20 km

 25 km

 30 km

-31 -30 -29 -28 -27 -26 -25 -24 -23 -22
11
10

9

8

7

6

5

4

3

-l
o

g
(B

E
R

)

Received optical power (dBm)

 10 km

 15 km

 20 km

 25 km

 30 km

A Lightwave Centralized and Dispersion Immune Hybrid Access Network for Seamless
Integration of RoF with Baseband Wired Signal

282


