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Abstract—Even in millimeter-wave-band (mm-wave-band)
radio-on-fiber (ROF) systems, wavelength-division multiplexing
(WDM) combined with subcarrier multiplexing (SCM) is a prac-
tical and attractive way to increase the channel capacity in existing
optical-frequency-interleaved fibers. In this paper, we propose
a channel selection scheme for interleaved dense WDM/SCM
mm-wave-band ROF signals that use optical heterodyne detection
with dual-mode local light. The principle underlying this scheme is
explained theoretically, and channel selection of the DWDM/SCM
ROF signal after transmission over a 25-km-long standard
single-mode optical fiber has been experimentally demonstrated.

Index Terms—Chromatic fiber dispersion, dense wavelength-
division multiplexing (DWDM), dual-mode local light, laser phase
noise, millimeter wave, optical heterodyne detection, radio-on-
fiber (ROF), subcarrier multiplexing (SCM).

NOMENCLATURE

A. List of Parameters

Amplitude of the optical signal or electrical
(voltage) signal.
Amplitude of the th order component of the
optical signal.
Power of the optical signal.
Central frequency of the optical or electrical
signal.
Central-frequency difference of the optical
signal and local light.
Phase noise of the optical carrier.
Phase-noise difference of the optical signal
and local light.
Phase (of the th order component) of the op-
tical or electrical signal.
Phase of the lower sideband component of
dual-mode local light.
Phase of the upper sideband component of
dual-mode local light.
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Amplitude of the electrical (current) signal.
Fiber length.
Propagation constant.
Fiber-dispersion parameter.
Wavelength in fiber.
Velocity of light in a vacuum.
O/E responsivity.
Electron charge.
O/E sensitivity.
Spontaneous emission coefficient.
Occupied bandwidth of one SCM RF signal.
Total bandwidth of an SCM RF signal.
Maximum number of DWDM channels.
Maximum number of SCM channels.

B. List of Subscripts

Optical carrier from BS.
Modulated optical signal.

lo Optical carrier for dual-mode local light.
RF RF signal.
LO Electrical local oscillator.
PD Photocurrent.
IF IF signal.

Number of DWDM channel.
Number of SCM channel.

I. INTRODUCTION

I N future wireless access networks, a millimeter-wave-band
(mm-wave-band) radio-on-fiber (ROF) system will meet the

demands for wider service coverage, broader bandwidth service,
and larger channel capacity. It will also be a solution to the fre-
quency scarcity of the commercial frequency resource.

Since the 1990s, many mm-wave-band ROF systems have
been studied [1]–[29]. For initial deployment, a simple and
low-cost base-station (BS) design is desirable [30]. This
can be realized by putting all the ROF complexities into the
central station (CS) and by sharing the cost over the BSs.
This concept also enables the ease of maintenance and quick
upgradability of entire systems. We have investigated various
60-GHz-band ROF systems [31]–[42], and have concluded
that for mm-wave-band ROF systems, an external modulation

0733-8724/03$17.00 © 2003 IEEE



3168 JOURNAL OF LIGHTWAVE TECHNOLOGY, VOL. 21, NO. 12, DECEMBER 2003

technique is one of the best ways to achieve the desired BS
design.

To increase the channel capacity in existing optical fibers,
wavelength-division multiplexing (WDM) combined with sub-
carrier multiplexing (SCM) is a practical and attractive means,
as shown in Fig. 1. A variety of WDM ROF systems [43]–[47],
SCM ROF systems [48]–[55], and WDM/SCM ROF systems
[56]–[58] have been studied. Recently, to further increase op-
tical spectral efficiency, dense WDM (DWDM) has also been
investigated [45], [46]. In WDM or optical frequency-division
multiplexing (FDM), individual optical carriers are modulated
by radio-frequency (RF) signals and multiplexed in the optical
domain. In SCM, on the other hand, the RF subcarriers are mul-
tiplexed in the electrical domain and multiplexed onto an op-
tical carrier. In our SCM or DWDM mm-wave-band ROF sys-
tems [33], [59]–[62], we have focused on retaining a simple
BS architecture. In these systems, narrow-band optical filters,
such as, fiber Bragg grating (FBG) or arrayed waveguide grating
(AWG), are used to demultiplex DWDM ROF signals. However,
it is extremely difficult to realize an RF filter with a bandwidth
of less than 1 GHz, which will be the typical bandwidth required
in future wireless access.

Kikuchi et al. recently reported an experimental demon-
stration of the selection of any one of DWDM signals (called
optical-FDM signals in [63], [64]) with an optical heterodyne
receiver for optical baseband data transmission [63], [64]. This
technique is based on an “FDM concept”; that is, fine frequency
separation with an optical heterodyne receiver [65]. An optical
heterodyne detection technique might also be an alternative for
selecting DWDM ROF channels. Based on this expectation, we
have proposed an optical heterodyne detection technique for
an optical signal modulated by a subcarrier [66]–[68]. Optical
heterodyning for subcarrier-modulated optical signals has been
reported and investigated [69], [70]. In mm-wave-band ROF
systems, however, it is difficult to use the conventional optical
heterodyne detection with remote “single-mode” local light
either because signal processing in the RF-band or a higher
frequency range is required, or because an optical phase-locked
loop (OPLL) is required. Therefore, we use a novel optical
heterodyne detection technique for an ROF signal with remote
“dual-mode” local light [66]–[68]. Our technique enables signal
processing that can be done in a lower frequency range, such as
in the conventional microwave band. Novel channel selection
schemes have also been proposed for DWDM ROF systems
[71] and SCM ROF systems [72]. To our knowledge, though,
there has been no channel selection scheme for ultradense
multiplexed ROF signals that uses anything like our optical
heterodyne detection technique.

The distinctive features of our proposed channel selection
scheme for a DWDM/SCM ROF system are as follows.

1) Channel selection for multiplexed ROF signals: In the
proposed technique where remote dual-mode local light
is used, selection of any one of the optical signals modu-
lated by subcarriers, that is, multiplexed ROF signals, is
distinguished from [63], where it is used to select any one
of the optical signals modulated by baseband data.

2) Finely tunable filtering: By tuning the frequency of re-
mote local light, the photodetected signals can be adjusted

Fig. 1. Multiplexed ROF systems.

to a desired frequency range for the subsequent signal
processing (for example, demodulation) [63], [66]–[68].
This will lead to finer frequency separation [65].

3) Use of an optical narrow bandpass filter (BPF) is unnec-
essary: The tunability and narrow-band electrical filters
mean that an optical BPF with a narrow bandwidth is not
needed to select a desired signal.

4) IF-band signal processing: The frequency conversion
of heterodyning enables signal processing in an inter-
mediate-frequency (IF) band (such as microwave or a
lower frequency band) rather than in an RF band (such
as mm-wave or a higher frequency band) [66]–[68].
This will help to reduce the need for expensive RF
components.

5) Robustness regarding the chromatic fiber-dispersion ef-
fect: Since dual-mode local light is used, only two com-
ponents (carrier and one of the first-order sideband com-
ponents) are used for the detection, where the ROF signal
generally has a double sideband (DSB) format. This refers
to the same effect as detecting an optical single sideband
(SSB) signal with the carrier, resulting in fiber-dispersion
tolerance [66]–[68].

6) Insensitivity to laser phase noise: In principle, a phase-
noise-canceling (PNC) function can be used to remove
the laser phase noise [66]–[69].

7) High receiver sensitivity: The receiver sensitivity in
optical heterodyne detection systems is expected to
be higher than that in optical direct detection systems
because it is hard in practice to achieve an ideal noise
figure of 3 dB in optical amplifiers [66]–[68], [70],
[73]. Moreover, even if optical amplifiers are used in an
optical link, a 3-dB improvement in system performance
is theoretically expected because only one polarization
component—which has the same polarization as the local
light—is detected in the optical heterodyne detection
[70]. Here, note that an amplified spontaneous emission
noise has random polarization.

8) Reduction of optical noise sources: The high receiver sen-
sitivity means that optical amplifiers can be eliminated or
their number can be reduced [66]–[68], [70]. This con-
tributes to the high system performance.

9) No OPLLs: Our technique does not need OPLLs for the
purpose of frequency stabilization of the local light [65]
because of the PNC function [66]–[69].

To confirm the validity of the principle underlying our tech-
nique, we have experimentally demonstrated transmission over
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Fig. 2. Fundamental configuration of the optical heterodyne detection system using a dual-mode local light source.

a 25-km-long standard single-mode fiber (SMF) and channel se-
lection of four channels, which consisted of two 25-GHz-spaced
DWDM optical carriers, each individually modulated by two
60-GHz-band carriers with 155.52-Mb/s differential phase-shift
keying (DPSK) data.

II. PRINCIPLE

A. Optical Heterodyne Detection of a Single ROF Signal

Fig. 2 shows a fundamental block diagram of the optical het-
erodyne detection system using a dual-mode local light source
[67]. The transmitter is a conventional mm-wave-band ROF
generator, generally consisting of a single-mode light source
and an external optical modulator. The optical heterodyne
receiver consists of a dual-mode local light source, an optical
power combiner, an optical-to-electrical converter (O/E), a
PNC circuit, and an electrical demodulator.

An optical carrier from the single-mode light source is
expressed as

(1)

(2)

where , , and are the power, the center frequency, and
the phase noise of the optical carrier, respectively. Let an RF
signal at the output of an electrical modulator be written
as

(3)

(4)

where , , and represent the amplitude, the carrier
frequency, and the phase-modulated data of the RF signal, re-
spectively. The above RF signal is assumed to be phase-modu-
lated in order to overcome the radio fading problem. The optical
carrier is modulated by the RF signal and trans-
mitted over an optical link. Taking into account the fiber-disper-
sion effect, the modulated optical signal after the propagation in
an optical fiber of length is generally written as

(5)

and

(6)

With Taylor expansion at , we used the approximation of the
propagation constant written as follows [74]:

(7)

In (6), corresponds to the group delay time and
is satisfied, where , , and are the fiber-disper-

sion parameter, the wavelength in the fiber, and the velocity of
light in a vacuum, respectively. Note that the last term in (6) is
constant and independent of time, and the second-to-last term
represents the fiber-dispersion effect.

A free-running dual-mode light source having a frequency
separation of is used to detect the ROF signal. Here, the
dual-mode light source is considered to have frequency separa-
tion that is either highly stabilized or jitter-free, and is written
as

(8)

(9)

(10)

where , , and are the power, the center frequency,
and the phase noise of the dual-mode local light, respectively.
The dual-mode local light is combined with the received optical
signal, as shown in Fig. 3(a). We assume that the polarizations
of the received optical signal and the optical local reference are
matched. The photocurrent then becomes

(11)
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Fig. 3. (a) Optical spectra of signal e (t; L) and local e (t). (b) Electrical
spectra at the O/E output.

Note that is the O/E responsivity. Fig. 3(b) shows the spec-
trum of . We focus on two phase components

(12)

(13)

where

(14)

(15)

Fig. 4 shows one of the possible PNC configurations. In the
PNC, the two components at and

are separated by electrical bandpass filters (BPF and
BPF ). They are multiplied by each other, and then the signal
down-converted to , , is filtered out by BPF

(16)

(17)

(18)

From the above, we can discuss the features below. First, no
laser phase-noise term remains in (16) or (17). This means

Fig. 4. A possible PNC configuration.

Fig. 5. Channel selection scheme.

that this detection technique is, in principle, free from laser
phase noise. Second, the last term in (17) represents the phase
delay for a fiber length of and is constant. If the RF signal
is DPSK-encoded, the fiber-dispersion effect does not seri-
ously affect the transmission quality because only two optical
components—i.e., one single-sideband (SSB) component and
carrier—are detected. Third, the filtering to select the desired
signal components is performed within the electrical domain
rather than in the optical domain. Since the frequency stability
and controllability of lasers have recently progressed in con-
junction with the development of DWDM technologies, this
technique will be able to provide fine and tunable filtering of
the desired optical components by using conventional electrical
filters.

Let us consider the theoretical system performance of the op-
tical heterodyne detection receiver. Under the local shot-noise
limited environment, the theoretical signal-to-noise power ratio
(SNR) is given by [67], [68]

(19)

where [ , where is the electron charge] and are
the O/E sensitivity and the bandwidth of BPF , respectively.
Similarly, under the same conditions, the theoretical SNR of
conventional intensity modulation/direct detection with an op-
tical amplifier is given by [67], [68]

(20)

where is the spontaneous emission coefficient of the optical
amplifier, which in practice is more than one. From these re-
sults, we can see that the SNR for optical heterodyne detection
is improved by a factor of .
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Fig. 6. Spectrum design of multiplexed ROF signal.

B. Channel Selection Scheme in Multiplexed ROF Systems

Fig. 5 illustrates the concept of the proposed channel selec-
tion scheme in a multiplexed ROF system. In our conceptual
system configuration, a wavelength of ( )
is allocated to one of the BSs: BS . A radio terminal with
the data of DATA ( ) accesses the closest
antenna in BS , where an RF carrier frequency of is
allocated to the radio terminal. In each BS, an ROF signal is
modulated by a mm-wave-band SCM signal, consisting of
RF carriers with carrier frequencies of , and
each with a bandwidth of . For convenience, we assume
that [ ] and [ ] are the
center frequency and the total bandwidth of the SCM signal,
respectively. To achieve higher optical-spectral efficiency,
we introduced an optical frequency interleaving technique
through a DWDM multiplexer ( -MUX). Fig. 6 shows the
spectrum design of the multiplexed ROF signal with the
optical frequency interleaving. Each ROF signal has an optical
double sideband (DSB) format in general. In Fig. 6, only
three components of each ROF signal—the carrier ( ), the
first-order lower sideband (LSB, ), and the first-order upper
sideband (USB, )—are depicted because the higher order
nonlinear components can be ignored in most practical cases.
Here, and consist of sets of and

, respectively. The format may be an
optical SSB signal, which consists of the carrier component
( ) and one of the sideband components ( or ). If the
optical SSB format is used, more efficient use of the optical
frequency resource can be expected. Since our purpose in
this paper is to show theoretically that the proposed channel
selection scheme is suitable for the general case, the DSB
format is considered below. The following theory, though, can
be easily applied to the SSB format.

1) DWDM Channel Selection: To focus on our explanation
of the DWDM channel selection, we assume that a single RF
signal ( ) is received at the antenna in one BS. Fig. 7
shows the spectra when selecting the th channel. As shown
in Fig. 7(a), the frequencies of a high-power dual-mode local
light and are set to optically ex-
tract only two components of the LSB ( [ ]) and the
carrier ( ) [71]. The center frequency of the dual-mode local
light is tuned so that it equals [ ] of (14).
Optical heterodyning will cause many beat signals to appear at
the O/E output, as shown in Fig. 7(a). However, the two desired
components at and can be ex-
tracted by BPF and BPF in the PNC (Fig. 4), where almost all
undesired beat components are easily removed. As mentioned,
the beat of two filtered components becomes a desired IF signal
( [ ]) at the output of the PNC. Although
some undesired components may remain in BPF and/or BPF ,
undesired beats can also be removed by BPF with the band-
width , as shown in Fig. 7(c). Here, corresponds to
the transmission bandwidth of one RF signal. In this way, the

th channel only can be selected. In the same manner, the other
channel, the th channel, can also be extracted by tuning
the central frequency of the dual-mode local light . To suc-
cessfully perform the channel selection, moreover, the spectrum
of the DWDM ROF signal and the dual-mode local light should
be carefully designed so that the undesired components do not
drop into the passband of BPF . The details of this have been
described more fully in [71].

2) SCM Channel Selection: To focus on explaining the
SCM channel selection, here we consider single wavelength
transmission ( ). Fig. 8 shows the spectra when the

th channel is selected. As shown in Fig. 8(a), the fre-
quencies of a high-power dual-mode local light 2
and 2 are set to optically extract the LSBs
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Fig. 7. (a) Local light to select the (n; 1)th channel, (b) O/E output, and (c) PNC output.

Fig. 8. (a) Local light to select the (1,m)th channel, (b) O/E output, and (c) PNC output.

( ) and the carrier ( ). The center fre-
quency of the dual-mode local light is tuned so that
it equals [ ] of (14). Next, is tuned
to satisfy [ ] of (18), where is the
target frequency for the subsequent demodulation. Optical
heterodyning causes some beats ( ), which come from

and , to appear at the O/E output, as
shown in Fig. 8(b). Next, the signal and carrier parts, which
are separated by BPF and BPF , are multiplied by each other.
Finally, a desired channel only can be extracted with BPF , as
shown in Fig. 8(c). In this way, the (1, )th channel only can be

selected. In the same manner, the other channel, the (1, )th
channel, can also be extracted by tuning the mode interval of
the dual-mode local light .

3) DWDM/SCM Channel Selection: We applied our optical
heterodyne detection technique to the DWDM/SCM system, as
illustrated in Fig. 5. The DWDM/SCM channel selection can be
done through a combination of the DWDM and SCM-channel
selections. Let us consider the received DWDM/SCM signal
shown in Fig. 6. For channel selection, the target channel is
assumed to be the th channel. First, the frequencies of
a dual-mode local light 2 and 2
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Fig. 9. (a) Experimental setup and (b) CS configuration.

are set to optically extract a group of LSBs ( ) and the car-
rier ( ). The center frequency and the mode interval of the
dual-mode local light and are tuned so that they equal

[ ] and [ ]. The optical
heterodyning causes beats ( ), which come from and

, to appear at the O/E output, as similarly
shown in Fig. 8(b) where the (1, )th channel should be replaced
by the th channel.

Next, the signal and carrier parts separated by BPF and BPF
are multiplied by each other. Finally, a desired channel only can
be extracted with BPF in exactly the same way as shown in
Fig. 8(c). In this way, the th channel only can be selected.
In the same manner, the other channel, the th channel,

can also be extracted by tuning both the central frequency and
the mode interval of the dual-mode local light and .

III. EXPERIMENTAL DEMONSTRATION

A. Experimental Setup

To verify the effectiveness of our channel selection scheme,
we performed an experiment. Fig. 9 shows the experimental
setup for the proof-of-concept, where and .
In Fig. 9(a), two optical carriers from independent single-mode
continuous-wave (CW) light sources (TLS and TLS ) with car-
rier frequencies of [ , ] and
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Fig. 10. Measured optical spectra at PD input for selection of (a) the (1,1)th channel, (b) the (1,2)th channel, (c) the (2,1)th channel, and (d) the (2,2)th channel.

[ , ] are individually modu-
lated with an SCM RF signal with a 60-GHz-band electroab-
sorption modulator (EAM and EAM ). The SCM RF signal
consisted of 59.6-GHz [ ] and 60.0-GHz [ ] car-
riers. The RF carriers were modulated by 155.52-Mb/s-DPSK,
a pseudo random bit sequence (PRBS) from a pulse
pattern generator (PPG or PPG ) via a DPSK IF modulator
at 2.6 GHz [ ] or 3.0 GHz [ ], an electrical com-
biner, a mm-wave-band mixer, and a 57.0-GHz oscillator. The
total power of the SCM RF signal applied to each EAM was

1 dBm. A 112-m-long dispersion-shifted fiber before a 3-dB
optical coupler was used to decrease the correlation between the
two optical signals. Two SCM ROF signals centered at 1550.12
and 1549.92 nm were power-combined by the 3-dB coupler, re-
sulting in an optical-frequency-interleaved DWDM/SCM ROF
signal. The channel space was 25 GHz [ ]. This
signal was amplified by an erbium-doped fiber amplifier and
then transmitted over a 25-km-long SMF to a remote CS that
included an optical heterodyne receiver.

As shown in Fig. 9(b), the tunable dual-mode local light
source consisted of another free-running single-mode CW light
source (TLS ) with a carrier frequency of , two polariza-
tion controllers (PCs), a dual-electrode LiNbO Mach–Zehnder
modulator (MZM), and an electrical tunable local oscillator
driven at . The optical power of TLS and the total RF
power of the electrical local oscillator were 9.7 and 13.0 dBm,

respectively. In the dual-mode local light source, and
were tunable. To select the (1, )th channel ( or

), was set to about 1550.45 nm, and to select the (2, )th
channel, was set to about 1550.25 nm (Fig. 10). To select
the ( 1)th channel ( or ), was set to 57.0 GHz,
and to select the ( 2)th channel, was set to 57.4 GHz.
The MZM was set so that it acted as a carrier-suppressed DSB
(DSB-SC) modulator. The local light and the DWDM signal
were combined by another 3-dB optical coupler. The combined
light was input to a photodetector (PD) and detected by means
of optical heterodyning. The polarizations of the received
signal and of the local light were optimized by two PCs to
maximize the photocurrent. The photocurrent was then input
to a PNC. The PNC consisted of an electrical amplifier, three
BPFs (BPF , BPF , and BPF ), and an electrical mixer. BPF ,
BPF , and BPF had 3-dB bandwidths of 2000, 2000, and
234 MHz at the central frequencies of 8.0, 11.0, and 2.6 GHz,
respectively. The respective optimal 3-dB bandwidths of BPF
and BPF , and , are given by

(21)

(22)

where and are the linewidths of TLS ( ) and
TLS , respectively. The extension coefficients and are
used to cope with the spectrum bandwidth broadening caused
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Fig. 11. Measured photocurrent for selection of (a) the (1,1)th channel, (b) the (1,2)th channel, (c) the (2,1)th channel, and (d) the (2,2)th channel.

by the phase noise and depend on the spectrum shape of the op-
tical carrier [75]. The passbands of the mixer’s RF-, LO-, and
IF-ports were 6.0–18.0, 3.5–18.0, and dc–3.0 GHz, respectively.
As mentioned, in the PNC, two parts of the photodetected com-
ponents were filtered out by BPF and BPF ; these were mul-
tiplied by each other, and only a desired channel at 2.6 GHz
[ ] was filtered out with BPF . Finally, the selected signal
was demodulated by the DPSK IF demodulator, and then the bit
error rate (BER) was measured with an error detector.

In our system, a remote-located light source technique, which
is a technique for transmitting an optical carrier from the CS, can
also be applied [35], [42]. In our concept, an optical amplifier (if
necessary to compensate not only the transmission loss up to the

-MUX but also the insertion loss of the -MUX) is located just
after the -MUX shown in Fig. 5, and it can be shared by many
users. Also, the light source located in the CS is used instead of
an optical amplifier to compensate the transmission loss from
the -MUX to the receiver (CS) [66]–[68]. This feature leads to
reduction of optical noise sources.

B. Experimental Results

Fig. 10 shows the optical spectra measured at the PD input.
The thick lines show the DWDM/SCM ROF signal and the
thin lines show the dual-mode local light. The effective mod-
ulation indexes of two SCM ROF signals with optical carrier
frequencies of 1550.12 and 1549.92 nm were 19 and 21 dB,
respectively. The difference in the indices was due to the dif-
ferent characteristics of EAM and EAM . Under all conditions
of the dual-mode local light, the even-order components were

well suppressed. Moreover, the intensity ratio between the first-
order desired and the third-order undesired components of the
dual-mode local light was about 15 dB [ ,
where is the th-order Bessel function], nearly corre-
sponding to the condition for obtaining the theoretical max-
imum value of given at . This shows that the
MZM was driven under almost ideal conditions. Even in the
ideal case, the third-order components, which are larger than

and , may affect the system performance through
interchannel interference. Therefore, they should be suppressed
when multiplexing a larger number of wavelengths. To over-
come this problem, narrow bandpass filtering, the DBR mode-
locked laser [13], or dual-mode injection locking [19] can be ap-
plied. In this proof-of-concept experiment, however, these com-
ponents did not affect the system performance because they
were not close to the signal components ( ).

Fig. 11 shows the electrical spectrum of the photocurrent,
which was measured at the point ( ) in Fig. 9(b). For all cases,
the two photodetected components ( 2 and

2, ) successfully appeared at about 8.0
and 11.0 GHz, respectively, as expected. This shows that the
central frequency of the dual-mode local light was stably
controllable with accuracy of 1 GHz, corresponding to 8 pm
in the 1550-nm band, where the relative wavelength accuracy
of the TLSs used in the experiment was 5 pm in the worst
case. We also observed that the frequencies of all components
caught by BPF and BPF fluctuated by about 100 MHz. This
fluctuation was caused by the laser phase noise and the slow
wavelength fluctuation, where the linewidth of the TLSs was
less than 1 MHz.
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Fig. 12. Measured electrical spectra at the BPF input for selection of (a) the (1,1)th channel, (b) the (1,2)th channel, (c) the (2,1)th channel, and (d) the (2,2)th
channel.

Fig. 13. Measured BERs.

Fig. 12 shows the electrical spectra measured at the input of
BPF in the PNC. It can be seen that the desired channel was
successfully selected through the optical heterodyne detection
without serious effects due to laser phase noise from the TLSs
or chromatic fiber dispersion. Note that undesired components
can be easily eliminated by BPF . Some level differences in
the measured IF signals were observed. Although it is difficult
to identify the cause of these differences exactly, we think they
were due to incomplete polarization matching and the different

oscillating conditions of the dual-mode local light. Moreover,
we confirmed that all IF signals without data were highly fre-
quency-stable. The measured linewidth of all IF signals was less
than 73 dBc/Hz at 10 kHz from the carrier. This shows that the
laser phase noise was successfully cancelled.

To investigate the system performance, we also measured the
BER for each channel after the 25-km-long SMF transmission.
The results are plotted in Fig. 13. The BER of all four chan-
nels was less than 10 after the channel selection without any
BER floor. Some differences in the receiver sensitivities were
observed. These were due to both the polarization mismatch
of the received optical signal and the adjustment error of the
dual-mode local light. This result shows the practicality of our
channel selection scheme for application to DWDM/SCM ROF
systems.

IV. CONCLUSION

A novel channel selection scheme with optical heterodyne
detection using dual-mode local light and the PNC function for
DWDM/SCM ROF systems has been proposed. In this scheme,
the channel selection is carried out by tuning both the center
frequency and the frequency interval of dual-mode local light.
The proposed scheme has a number of distinctive features:

1) channel selection for multiplexed ROF signals;
2) fine tunable filtering;
3) no optical narrow BPF needed;
4) IF-band signal processing;
5) fiber-dispersion tolerance;
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6) laser phase-noise insensitivity;
7) high receiver sensitivity;
8) reduction of optical noise sources;
9) no OPLLs.

In the proof-of-concept experiment, selection of any of the
optical-frequency-interleaved DWDM/SCM 60-GHz-band
ROF signals with independent 155.52-Mb/s DPSK data
after transmitting over a 25-km-long SMF was successfully
demonstrated.
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