
IEEE PHOTONICS JOURNAL, VOL. 13, NO. 4, AUGUST 2021 5500207

All-Optical Double Spectral-Efficient RoF Link With

Compensation of Dispersion-Induced Power Fading
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Abstract—An all-optical radio-over-fiber (RoF) link with dou-
ble spectral-efficient transmission and compensation of chromatic
dispersion-induced power fading is proposed and experimentally
demonstrated. At the central office, a commercial dual-polarization
quadrature phase-shift keying modulator is utilized to produce a
polarization-multiplexed signal composed of two modulated mi-
crowave vector signals and an unmodulated optical carrier. At the
remote node, by adjusting the polarization controller to introduce
a proper phase shift to the unmodulated optical carrier, the two
vector signals can be demodulated respectively and dispersion-
induced power fading can be compensated simultaneously. The link
performance is evaluated by error vector magnitude and bit error
rate.

Index Terms—Chromatic dispersion, double spectral efficiency,
microwave photonics, radio-over-fiber link.

I. INTRODUCTION

R
ADIO-OVER-FIBER (RoF) link is one research hotspot

of microwave photonic link (MPL), which can take full

advantage of wireless and optical worlds [1], [2]. Nowadays,

RoF links with higher spectral efficiency are needed to make full

utilization of finite frequency spectrum resources. Therefore, it is

significant to transmit high spectral-efficient microwave vector

signals such as quadrature amplitude modulation (QAM) and

phase-shift keying (PSK) signals on a single fiber [3].

Numerous methods of transmitting vector signals have been

proposed. In [4], a 16-QAM signal is used to directly modulate

a laser diode (LD). In [5], an 8-QAM signal is single side-

band modulated by a dual-electrode Mach–Zehnder modulator

(MZM). To transmit multiple vector signals, optical frequency

comb [6] or multiple LDs [7] are used to carry multiple vector

signals. However, a light wavelength can only carry one signal,

which restricts the spectral efficiency of the link. Besides, these

measures are comparatively complicated and costly because

of using multiple modulators and optical sources. To simplify

RoF links and improve spectral efficiency, in [8], two vector
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signals are imposed on a carrier via an MZM and a phase

modulator (PM). In [9], an MPL adopts optical independent

sideband modulation, which can carry four vector signals by a

light wavelength. In [10], a phase-modulated vector signal and an

intensity-modulated vector signal are transmitted over a carrier

by a polarization division multiplexing MZM (PDM-MZM).

However, at the receiver of these links, an extra laser and a coher-

ent detection structure are used to recover the modulated signals,

which greatly increase the complexity and cost of the links.

Moreover, these links using two free-running laser sources,

narrow line-width laser sources and complex digital signal

processing (DSP) algorithms are needed to reduce large phase

noises [11]. To solve this problem, in [12], a self-homodyne-

detected MPL is proposed, where a phase-modulated signal

and an intensity-modulated signal are polarization multiplexed

by a PDM-MZM and then two signals are recovered via a

self-homodyne scheme and a DSP unit. However, this link uses a

180o electric coupler and a DSP unit, so it cannot transmit high-

frequency signals. [13] proposed a simple method to transmit

two vector signals on an optical carrier, where two signals are

respectively amplitude and phase modulated by a dual-parallel

MZM (DPMZM). However, the phase-modulated signal needs

to be converted into intensity-modulated signal by an optical

Hilbert transformer (OHT) and then recovered by a PD. The

magnitude response of the OHT is a band-stop filter. To imple-

ment OHT, the notch center must be located between the optical

carrier and the+1st-order radio frequency (RF) sideband, which

results in the poor performance of the system for transmitting

low-frequency signals. In RoF link, when transmitted signal is

a high-frequency signal, the dispersion-induced power periodic

fading will severely deteriorate signal to noise ratio (SNR) and

limit transmission distance [14]. However, these links in [8]–[13]

cannot overcome dispersion-induced power periodic fading. To

solve this problem, an MPL is proposed based on a PDM-MZM

in [15]. To recover two signals at the receiver, the rotation angle

and the phase difference between two orthogonal polarization

states introduced by PC need to be jointly optimized, so it is

difficult to implement such optimization in practice. In addition,

when both the angle and phase difference are optimal, signal

power is not the maximum, which reduces gain and SNR of the

link. Besides, the second harmonic terms cannot be eliminated,

which reduces spectral purity and affects dynamic range of the

link.

In this work, we propose a novel RoF link with simultaneous

double spectral-efficient transmission and compensating power

fading caused by fiber-dispersion. At the central office (CO),
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Fig. 1. The schematic of our proposed RoF link. LD, laser diode; DP-QPSK,
dual-polarization quadrature phase-shift keying; EDFA, erbium-doped fiber am-
plifier; SMF, single-mode fiber; OC, optical coupler; PC, polarization controller;
PBS, polarization beam splitter; BPD, balanced photodiode; CO, central office;
RN, remote node. (a)-(f) spectral evolution diagrams at corresponding nodes.

two modulated vector signals and unmodulated optical carrier

are polarization multiplexed via a commercial dual-polarization

quadrature phase-shift keying (DP-QPSK) modulator. At the

remote node (RN), the polarization controller (PC) is utilized

to introduce a proper phase shift to unmodulated optical carrier.

Subsequently, two vector signals are recovered after passing

through two polarization beam splitters (PBSs) and two balanced

photodiodes (BPDs) respectively. Compared with traditional

RoF links, the proposed scheme can transmit two microwave

vector signals over an optical carrier, so its spectral efficiency is

doubled. Simultaneously, the link can also compensate the power

fading caused by fiber-dispersion. The link requires only an LD,

an integrated modulator and a receiver, so it is compact and

simple. Besides, the proposed system is an all-optical link with-

out filters and electrical components, so it has a wide operating

frequency range. It can be applied in wireless access networks,

optical fronthaul links for 5G and multiple-input multiple-output

(MIMO) systems.

II. PRINCIPLES

Fig. 1 shows the structure and principle of our proposed RoF

link. At the CO, an optical carrier generated from an LD is sent

into an integrated DP-QPSK modulator. Two vector signals I(t)

and Q(t) are modulated on the optical carrier via X-DPMZM,

where two sub-modulators of X-DPMZM are biased at the

minimum transmission point (MITP) and main-modulator is

biased at the quadrature transmission point (QTP). Y-DPMZM

is not loaded with microwave signal and its three bias points all

work at the maximum transmission point (MATP).

Suppose that the optical carrier output by the LD is de-

noted as Ein(t) = Ec · exp(jωct), in which Ec and ωc repre-

sent the optical amplitude and angular frequency respectively.

Mathematically, two vector signals I(t) and Q(t) to be trans-

mitted can be expressed as I(t) = VI(t) sin[ωIt+ ϕI(t)] and

Q(t) = VQ(t) sin[ωQt+ ϕQ(t)], where VI(t) and VQ(t) repre-

sent the amplitude, ωI and ωQ are the angular frequency, and

ϕI(t) and ϕQ(t) represent the phase of I(t) and Q(t), respec-

tively. In the case of small signal modulation, the output field

from X-DPMZM is approximately written as (1), shown at the

bottom of the page, where µ represents insertion loss of the

DP-QPSK modulator, mI(t) = VI(t) · π/(2Vπ) and mQ(t) =
VQ(t) · π/(2Vπ) express the modulation depths of two vector

signals, and Vπ represents the half-wave voltage of X-DPMZM.

Since Y-DPMZM is not utilized to modulate RF signal and

its three bias points are all biased at the MATP, its output is

expressed as

EY (t) =
√
µEin (t)

/√
2 (2)

The output signals from Y-DPMZM and X-DPMZM are

polarization multiplexed. Therefore, the signal output from the

DP-QPSK modulator is given by

EDPQPSK(t) = −→eXEX(t) +−→eY EY (t) (3)

where −→eX and −→eY denote the X-polarization and Y-polarization

directions. The output spectrogram of the DP-QPSK modulator

is shown in Fig. 1(a). In X-polarization state, the orange spectra

represent modulated I(t) and the blue spectra represent modu-

lated Q(t), both of which are DSB-CS modes. Because the main-

modulator of X-DPMZM is biased at QTP, the phase difference

between modulated I(t) and Q(t) is 90o. The black spectrum

represents the unmodulated optical carrier in Y-polarization

state.

To compensate the insertion loss of the modulator, we use an

EDFA to amplify the optical signal. The optical power input to

EDFA can be indicated as

PE−in =
µEc

2

4

{

J1
2 [mI(t)] + J1

2 [mQ(t)] + 2
}

(4)

In order to avoid excessive power input to two BPDs, the

EDFA is set as automatic power control mode. Assuming that

its output power level is PE−out, its gain can be indicated as

GE =
PE−out

PE−in

=
4PE−out

µEc
2
{

J1
2 [mI(t)] + J1

2 [mQ(t)] + 2
}

(5)

Then the signal output from the EDFA is transmitted through

a length of SMF. The transfer function of an SMF with length

L, attenuation coefficient σ and dispersion coefficient β2 is

H (jω) = exp
[

−σL/2 + jβ2L(ω − ωc)
2/2

]

(6)

EX(t) ≈
√
µEin (t)

2
√
2

{

J1 [mI(t)] [exp (jωIt+ jϕI(t))− exp (−jωIt− jϕI(t))]
+jJ1 [mQ(t)] [exp (jωQt+ jϕQ(t))− exp (−jωQt− jϕQ(t))]

}

(1)
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After a length of SMF transmission, the modulated sig-

nals will be introduced a phase shift by fiber-dispersion. θI =
Lβ2ω

2

I/2 and θQ = Lβ2ω
2

Q/2 express the dispersion-induced

phase shifts of the ±1st order sidebands of two vector sig-

nals relative to the optical carrier. The spectrogram after SMF

transmission is given in Fig. 1(b). Due to the influence of

fiber-dispersion, the ±1st order sidebands of I(t) are introduced

an extra phase shift of θI and ±1st order sidebands of Q(t) are

introduced an extra phase shift of θQ.

At the RN, an OC is utilized to divide the polarization-

multiplexed signal to two branches. In each branch, a PC, a

PBS, and a BPD compose a receiving channel. The transmission

matrix of a PC combined with a PBS is [18]

TPC−PBS =

[

cosα − sinα · exp(jθ)
sinα cosα · exp(jθ)

]

(7)

where α is the polarization azimuth between the output port of

the modulator and the PBS and θ represents the phase difference

between the X-polarization and Y-polarization optical signals.α
and θ can be changed via the PC. Here, to maximize gain of the

link, α is tuned to 45o. Therefore, the output signal of the PBS

can be given by (8) and (9), shown at the bottom of the page.

The two corresponding spectrograms are represented in Fig. 1

(c) and (d), respectively. As shown in Fig. 1(c), to offset the

dispersion-induced phase shift and recover Q(t), we control PC1

to adjust phase of the optical carrier as 90o + θQ, and then

we can obtain Q(t) after photoelectric conversion by BPD1.

Similarly, as shown in Fig. 1(d), adjusting PC2 to introduce

phase of the optical carrier as θI , and then we can recover I(t)

after photoelectric conversion by BPD2. The carrier frequencies

of two vector signals are almost same, so we have θI ≈ θQ.

Subsequently, the optical signal is injected into a BPD with a

responsivity of η. The output two photo-currents of the upper

and lower PDs in BPD are given by

iu(t) = η|EPBS−1(t)|2

=
ηµGEE

2

c exp (−σL)

8
(iDC + iSH − iRF ) (10)

il(t) = η|EPBS−2(t)|2

=
ηµGEE

2

c exp (−σL)

8
(iDC + iSH + iRF ) (11)

where iDC represents the direct current (DC), iRF expresses the

RF of interest, and iSH represents the second harmonic. Their

expressions are

iDC = J1
2 [mI(t)] + J1

2 [mQ(t)] + 2 (12)

iSH = −J1
2 [mI(t)] cos [2 (ωIt+ ϕI(t))]

− J1
2 [mQ(t)] cos [2 (ωQt+ ϕQ(t))] (13)

iRF = 4J1 [mI(t)] sin (ωIt+ ϕI(t)) sin (θ − θI)

+ 4J1 [mQ(t)] sin (ωQt+ ϕQ(t)) sin (θ − π/2− θQ)
(14)

The iDC and iSH components are generated from self-beating

of optical sidebands. The existence of DC term will deteriorate

the noise figure of the system. The second harmonic terms reduce

the spectral purity and especially for a multi-octave signal, it

will limit the dynamic range of the system. The DC term can

be directly blocked. However, the second harmonic terms are

difficult to eliminate for a multi-octave signal, because they

interfere with the fundamental signal. Fortunately, we can use

BPD to remove DC and the second harmonic components. Then

the output photocurrent from the BPD is given by

iBPD(t) = iu(t)− il(t) = −ηµGEE
2

c exp (−σL)

×

⎧

⎨

⎩

J1 [mI(t)] sin (ωIt+ ϕI(t)) sin (θ − θI)
+J1 [mQ(t)] sin (ωQt+ ϕQ(t))

sin (θ − π/2− θQ)

⎫

⎬

⎭

(15)

To compensate the dispersion-induced power fading and re-

cover the corresponding vector signals, we control PC1 to satisfy

θ = θI , and then we can obtain below after BPD1

iBPD1(t) = ηµGEE
2

c exp (−σL)

× {J1 [mQ(t)] sin (ωQt+ ϕQ(t))} (16)

In the same way, adjusting PC2 to meet the condition of θ =
−π/2 + θQ, we have

iBPD2(t) = ηµGEE
2

c exp (−σL)

× {J1 [mI(t)] sin (ωIt+ ϕI(t))} (17)

EPBS−1(t) =

√
µGEEin (t) exp (−σL/2)

4

×

⎧

⎨

⎩

J1 [mI(t)] exp (jθI) [exp (jωIt+ jϕI(t))− exp (−jωIt− jϕI(t))]
+jJ1 [mQ(t)] exp (jθQ) [exp (jωQt+ jϕQ(t))− exp (−jωQt− jϕQ(t))]
−2 exp(jθ)

⎫

⎬

⎭

(8)

EPBS−2(t) =

√
µGEEin (t) exp (−σL/2)

4

×

⎧

⎨

⎩

J1 [mI(t)] exp (jθI) [exp (jωIt+ jϕI(t))− exp (−jωIt− jϕI(t))]
+jJ1 [mQ(t)] exp (jθQ) [exp (jωQt+ jϕQ(t))− exp (−jωQt− jϕQ(t))]
+2 exp(jθ)

⎫

⎬

⎭

(9)
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Fig. 2. The optical spectra of X-polarization and Y-polarization states output
from the DP-QPSK modulator.

As can be seen from (16) and (17), by properly adjusting

PC1 and PC2, the transmitted I(t) and Q(t) are recovered suc-

cessfully and power fading is also eliminated. The two output

electrical spectra of the two BPDs are shown in Fig. 1 (e) and

(f), respectively. As shown in Fig. 1 (e) and (f), I(t) and Q(t) are

recovered after SMF transmission and dispersion-induced phase

shifts are also eliminated. It should be noted that in practical

applications, to make the proposed link stable, the PC can be

replaced by a commercial electrical polarization tracker, such

as General Photonics, POS-002-E [19]. The polarization tracker

can automatically control the polarization state of the system to

make the system stable.

III. EXPERIMENTS AND RESULTS

To verify the performance of the link, we set up an experimen-

tal link according to the structure in Fig. 1. An optical carrier with

wavelength of 1552.20 nm and power of 12.5 dBm is produced

by a laser source (Emcore1782) and then it is directly sent into a

commercial DP-QPSK modulator (FTM7977HQA). The inser-

tion loss of the modulator is about 9 dB and the half-wave voltage

of the modulator at low frequency (< 200 Hz) is about 3.2 V.

Two microwave vector signals are respectively produced by two

vector signal generators (R&S SMW200A and SMBV100A).

Due to the limitation of the maximum output symbol rates

of the two signal generators, we set I(t) as a 100-Msymbol/s

QPSK signal and Q(t) as a 50-Msymbol/s 16-QAM signal in the

experiment. A signal and spectrum analyzer (R&S, FSW50) is

utilized to observe the demodulated signal.

Firstly, we set the carrier frequency of I(t) and Q(t) at 6 GHz.

The signal output from the DP-QPSK modulator is recorded

by an optical spectrum analyzer (Advantest, Q8384). As shown

in Fig. 2, the spectrum of X-polarization state is a DSB-CS

signal, where the suppression ratio of signal sideband to optical

carrier is about 25 dB. The spectrum of Y-polarization state

contains only an unmodulated optical carrier. This is consistent

with theoretical analysis.

To verify the performance of our proposed scheme at low

frequency, we set the carrier frequencies of two microwave vec-

tor signals to 1 GHz. The measured spectra and corresponding

EVMs of recovered two vector signals in the case of BTB and

25-km SMF transmission are given in Fig. 3. Fig. 3(a) and

Fig. 3(c) show measured electrical spectra of 100-Msymbol/s

QPSK vector signal in the case of BTB and 25-km SMF trans-

mission respectively, where we can see two electrical spectra are

pure. The corresponding constellation diagrams are depicted in

Fig. 3(b) and Fig. 3(d). The measured EVMs are respectively

3.32% and 4.78%. Measured electrical spectra of 50-Msymbol/s

16-QAM vector signal in the case of BTB and 25-km SMF

transmission are respectively given in Fig. 3(e) and Fig. 3(g),

in which no interference signals are observed in the electrical

spectra. The corresponding constellation diagrams are respec-

tively denoted in Fig. 3(f) and Fig. 3(h). The measured EVMs

are respectively 3.97% and 5.44%. Compared with [13], these

experimental results indicate that our proposed link working at

low frequency has better transmission performance.

To verify the performance of the scheme at different frequen-

cies, then we change the carrier frequency of I(t) and Q(t) to

6 GHz. In the case of BTB and 25-km SMF transmission, by

adjusting the PC, I(t) and Q(t) are successfully demodulated

after photo-detection by BPD. We measured the performance

of this link in terms of EVM. The measured spectra and cor-

responding EVMs of demodulated two signals in the case of

BTB and 25-km SMF transmission are given in Fig. 4. In the

case of BTB, it can be seen from Fig. 4(a) and Fig. 4(e) that

measured electrical spectra of 100-Msymbol/s QPSK signal

and 50-Msymbol/s 16-QAM signal are spurious-free. The cor-

responding constellation diagrams of two signals are depicted

in Fig. 4(b) and Fig. 4(f). The EVM of QPSK signal is 3.41%

and the EVM of 16-QAM signal is 4.89%, which indicate that

they have been successfully demodulated. After 25-km SMF

transmission, measured electrical spectra of two vector signals

are depicted in Fig. 4(c) and Fig. 4(g), which can be clearly

seen that their electrical spectra are pure. The corresponding

constellation diagrams are respectively provided in Fig. 4(d)

and Fig. 4(h). The measured EVMs are respectively 5.34% and

5.51%. The measured results show that our proposed structure

has good transmission capability. Compared Fig. 3 and Fig. 4,

we can see that the transmission performance of the system is

similar at different frequencies.

Subsequently, we measured EVMs and calculated BERs of

I(t) and Q(t) versus received optical power in the case of BTB

and 25-km SMF transmission. We can see from Fig. 5 that EVMs

and BERs for BTB and 25-km SMF transmission are similar,

indicating that the system has good transmission performance.

As shown in Fig. 5(a), when we change the received optical

power from -22.5 dBm to -5.5 dBm with 1dBm step, EVMs

gradually decrease. This is because the performance of EVMs

can be improved with the increase of SNR [16]. As given in

Fig. 5(b), when the received optical power is greater than -20

dBm, the corresponding BERs are less than 3×10e-3. Therefore,

we can utilize forward error correction (FEC) technique to carry

out error-free transmission in proposed link [17]. According to

equation (1) in [16], the EVM is only associated with SNR.

Therefore, the EVM relative to the received optical power curve

of QPSK signal is similar to that of 16-QAM signal. Based on the

equations (19) and (20) shown in [8], the corresponding BERs

are calculated by MATLAB. With the decrease of EVM, the

BER of QPSK signal changes greatly, while the BER of 16QAM

signal changes more smoothly. Fig. 5(c) shows that when the
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Fig. 3. (a) Measured spectrum and (b) EVM of 100-Msymbol/s QPSK vector signal with 1 GHz carrier frequency in the case of BTB. (c) Measured spectrum
and (d) EVM of 100-Msymbol/s QPSK vector signal with 1 GHz carrier frequency after 25-km SMF transmission. (e) Measured spectrum and (f) EVM of
50-Msymbol/s 16-QAM vector signal with 1 GHz carrier frequency in the case of BTB. (g) Measured spectrum and (h) EVM of 50-Msymbol/s 16-QAM vector
signal with 1 GHz carrier frequency after 25-km SMF transmission.

Fig. 4. (a) Measured spectrum and (b) EVM of 100-Msymbol/s QPSK vector signal with 6 GHz carrier frequency in the case of BTB. (c) Measured spectrum
and (d) EVM of 100-Msymbol/s QPSK vector signal with 6 GHz carrier frequency after 25-km SMF transmission. (e) Measured spectrum and (f) EVM of
50-Msymbol/s 16-QAM vector signal with 6 GHz carrier frequency in the case of BTB. (g) Measured spectrum and (h) EVM of 50-Msymbol/s 16-QAM vector
signal with 6 GHz carrier frequency after 25-km SMF transmission.

Fig. 5. (a) Measured EVMs and (b) calculated BERs of QPSK and 16-QAM
vector signals versus received optical power in the case of BTB and 25-km SMF
transmission. (c) Measured EVMs of QPSK and 16-QAM signals in the case
of BTB and 25-km SMF transmission for received optical powers of −20 dBm
and −5 dBm.

received optical power is -20 dBm and -5 dBm, measured EVMs

of I(t) and Q(t) in the case of BTB and 25-km SMF transmission.

We can see that these constellation diagrams are correct and

clear. EVMs fluctuate very little after 25-km SMF transmission,

which shows that SMF transmission has small effect on link

performance.

Our proposed scheme can overcome the chromatic dispersion-

induced power fading via adjusting the PC before the PBS [20].

Fig. 6. Measured signal power as a function of the signal frequency for 25-km
SMF transmission before the compensation plotted by black dashed line and
after the compensation plotted by red solid line.

Next, we demonstrate this experimentally. A frequency sweep

signal from 0.5 GHz to 31 GHz replaces the vector signal I(t)

and the vector signal Q(t) is turned off. After 25-km SMF

transmission, measured signal power as a function of signal

frequency is plotted by black dashed line in Fig. 6. As can be seen

that measured signal power decays periodically as the frequency

increases and the fading points are at about 16.5 GHz, 23.5 GHz

and 29.5 GHz. After adjusting the PC, the frequency response is

plotted by a red solid line in Fig. 6. The fading points are shifted

to the peak points, which shows that dispersion-induced power

fading can be overcome. With increase of signal frequency,

measured signal power gradually decreases. There are three

possible reasons: (1) As the frequency increases, the modulation

efficiency of modulator becomes worse; (2) The responsivity of
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Fig. 7. Measured spectra of QPSK signal with 16.5-GHz carrier frequency and 16.6-GHz single tone before (a) and after (c) compensation of dispersion-induced
power fading. Measured EVMs of QPSK signal with 16.5-GHz carrier frequency before (b) and after (d) compensation of dispersion-induced power fading.

TABLE I
PERFORMANCE COMPARISON

BPD becomes lower at a higher frequency; (3) With the increase

of signal frequency, the insertion loss of cable increases.

Subsequently, we verify the ability of the link to compensate

power fading for vector signal. Limited by the vector signal

generator (R&S SMBV100A, 19 KHz-6 GHz), another signal

generator (Agilent 83630B) is used to generate a 16.6-GHz

single tone as Q(t). We set the vector signal I(t) as a 100-

Msymbol/s QPSK signal with a carrier frequency of 16.5 GHz.

Measured electrical spectra and EVMs before and after com-

pensation of power fading are shown in Fig. 7. As shown in

Fig. 7(a) and Fig. 7(b), affected by dispersion-induced power

fading, the QPSK signal is almost submerged by noise and

the ratio of the single-tone signal to QPSK signal is 34.2 dB.

Therefore, the QPSK signal cannot be demodulated correctly

before compensation of power fading and its constellation di-

agram is chaotic with an EVM of 71.58%. After adjusting

the PC, dispersion-induced power fading is overcome and the

corresponding electrical spectra and constellation diagram are

depicted in Fig. 7(c) and Fig. 7(d), respectively. We can see

that the ratio of QPSK signal to single-tone signal is 23.1

dB and the constellation diagram is clear and orderly with an

EVM of 5.88%, which show that the system has a good ability

to overcome chromatic dispersion-induced power fading for

vector signal. It should be noted that because fiber-dispersion

limits instantaneous bandwidth, ultra-wideband signals will be

affected.

Finally, we give the comparison between the proposed link

and other links. Compared with traditional RoF links [21]–[24],

the proposed link can transmit two vector signals over an optical

carrier, so its spectral efficiency is doubled. Compared with

double spectral-efficient RoF links shown in Table 1, the perfor-

mance of our proposed link is relatively good. According to [16],

the maximum EVM specifications of QPSK and 16QAM signals

are 17.5% and 12.5%, respectively. To compare performance

of these links, Table I gives the corresponding received optical

power (P) when the EVM of QPSK and 16QAM signals are

17.5% and 12.5%, respectively. It can be seen that our link is

dispersion-free and its performance is relatively good. Under

the same EVMs, our proposed link has lower optical power

demand, which is of significance to actual system. Besides,

the proposed system is an all-optical link without filters and

electrical components, so it has a wide operating frequency

range.

IV. CONCLUSION

We propose and experimentally demonstrate an all-optical

RoF link with simultaneous double spectral-efficient transmis-

sion and compensation of chromatic dispersion-induced power

fading. Experimental results show that a single optical carrier

can transmit 100-Msymbol/s QPSK signal and 50-Msymbol/s

16-QAM signal simultaneously. Compared with the traditional

RoF link, the spectral efficiency is doubled. In the case of 25-km

SMF transmission, the EVM of QPSK signal with 6 GHz carrier

frequency is 5.34% and the EVM of 16-QAM signal with 6

GHz carrier frequency is 5.51%, which show that the system
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has good transmission performance. The EVM of QPSK signal

with 16.5-GHz carrier frequency after overcoming chromatic

dispersion-induced power fading is 5.88%, which shows that

the link can overcome dispersion-induced power fading. The

proposed system is an all-optical link without electrical compo-

nents, so it has a wide working frequency range. Our proposed

link can be applied in wireless access networks, optical fronthaul

link for 5G and MIMO systems.
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