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Abstract We demonstrate sub-100fs jitter, dispersion-tolerant dissemination of 5-GHz-spaced RF tones 

up to 45GHz using a filtered optical frequency comb, enabling clock and RF carrier synchronised 

wireless communication systems with 1.4Gb/s data rate. The impact of seed laser linewidth on RF phase 

noise is also studied. ©2022 The Author(s) 

Introduction 

The massive multiple-input multiple-output 

(MIMO), distributed antenna systems and ultra-

dense cells in 5G/6G wireless networks require 

synchronized clock and radio frequency (RF) 

carriers between different radio units (RU, e.g., 

base stations) to enable accurate positioning and 

ultra-reliable low-latency communications [1-4]. 

Furthermore, RUs and wireless devices must be 

able to access multiple RF bands for wireless 

communications. For example, 5G systems 

specify both sub-6 GHz and 28 GHz carriers for 

data transmission. Beyond that, emerging 6G 

research proposes to operate in multiple bands 

over a wide frequency region [5,6].  

This has motivated radio-over-fibre (RoF) 

research that transmits RF signals through low-

loss optical fibres from central offices to RUs to 

generate synchronised RF signals using 

broadband photodetectors [7-10]. Optical 

frequency combs that generate coherent and 

equally spaced optical tones can provide multiple 

equally spaced RF tones [11-13], i.e., an RF 

comb, offering a promising way to generate 

synchronised RF tones over a wide bandwidth as 

the carriers and local oscillators (LO) for different 

RF bands, as conceptually shown in Fig.1. 

Nevertheless, the RF tones generated by direct 

detecting transmitted optical frequency combs 

suffer from the dispersion-induced frequency 

fading and a relatively poor jitter due to the 

decoherence of the optical tones after 

transmission [14-17]. Furthermore, the RoF 

demonstrations so far primarily focus on RF 

signal transmission, whilst the clock of radio 

access networks (RAN) is distributed using the 

synchronous ethernet (Sync-E) approach 

[18,19], which extracts clock components from 

modulated data packets, resulting in a poor jitter 

value of 10s of ps [18,19], limiting the digitization’ 

accuracy for high spectral-efficiency signals [20].  

In this paper, we overcome the above-mentioned 

challenges by proposing and demonstrating 

simultaneous clock and RF signal distribution 

using a filtered opto-electronic frequency comb, 

resulting in <100 fs jitter clock (integrated from 

1 kHz to 10 MHz) and low-noise RF tones from 

5 GHz to 45 GHz (limited by the photodetector) 

with 5 GHz spacing. The filtered single-side band 

optical frequency comb has a strong tolerance to 

dispersion and showed similar RF power in each 

tone at various fibre length up to 22 km. We 

further conduct a proof-of-concept wireless 

transmission experiment using the distributed 

clock and RF signals as the reference clock and 

RF carriers, demonstrating up to 1.4 Gb/s 

wireless data transmission using 200 MBaud 

64 QAM and 128 QAM formats.  

Experimental Set-up 

Fig. 2a shows our experimental set-up 

comprising an optical frequency comb 

dissemination system in blue and the wireless 

transmission systems in grey. A continuous wave 

(CW) laser seeds an opto-electronic frequency 

comb generator consisting of a phase modulator 

(PM) followed by a Mach-Zehnder modulator 

(MZM) driven by a 5 GHz RF signal [13], yielding 

a 5-GHz-spaced optical frequency comb with a 

spectral flatness of about 6 dB. Three CW lasers 

of different linewidth (100 kHz, 5 kHz and 

100 Hz) emitting at 1555 nm are used to study 

the degradation of phase noise after 

transmission. We subsequently amplified the 

comb signals using an erbium-doped fibre 

amplifier (EDFA) from 0 dBm to 19 dBm and 

filtered the lower side band of the comb signals 

 
Fig.1 conceptual diagram of the proposed system. 
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using a bandpass filter. The optical spectra of the 

frequency combs are shown in Fig. 2b. The 

filtered comb signals are transmitted through 

standard single mode fibres (SMF-28) to the RU 

side before detection by a 50Ω-coupled 40 GHz 

photodetector. Different fibre lengths (6, 10, 16 

and 22km) were used to evaluate the dispersion 

tolerance of the transmitted RF signals. The 

coherent optical tones beat with each other and 

generate an RF comb signal with 5 GHz spacing, 

which is amplified by 40 GHz RF amplifier with 38 

dB gain. The spectrum of the disseminated RF 

signal is shown in Fig. 2c, where the 5 GHz RF 

tone has the highest power and the power 

decreases for the high frequency tones due to 

reduced number of optical tone pairs with a larger 

frequency spacing as well as the frequency roll-

off of the photodetector.  

At the RU side, the RF signals are split by a 

1×2 Wilkinson RF power splitter, with one branch 

connected to a 5.5 GHz bandwidth low pass filter 

(LPF) to extract the 5 GHz RF signals, which is 

subsequently divided to 100 MHz as the 

reference clock for the wireless systems (shown 

as the dashed line in Fig. 2a).  

The other output of the splitter is connected to a 

50 MHz bandwidth RF bandpass filter (BPF) 

centred at 25 GHz to extract the 25 GHz RF tone 

as the local oscillator of the wireless transmitter. 

Two 16-bit digital to analog converters (DAC) are 

used to generate the in-phase and quadrature 

components of 200 MSymbol/s baseband signals 

using 64 and 128 QAM modulation and digital 

root-raised cosine pulse shaping with a 0.8 roll-

off factor. The generated I and Q signals 

modulate the 25 GHz 20 dBm LO through an IQ 

mixer, generating modulated RF signals with a 

net data rate 1.2 Gb/s and 1.4 Gb/s, using 

64 QAM and 128 QAM, respectively. Fig. 2d 

shows the corresponding spectrum. The RF is 

transmitted using a horn antenna. Another horn 

antenna was located 10 cm away to receive the 

wireless signals and down convert to baseband 

before the IQ components are captured by a two 

analog to digital converters (ADC) followed by 

digital signal processing and demodulation, 

including IQ orthogonalization, match filtering 

and equalization.  

Results and Discussion 

We show the dispersion tolerance of our 

approach in Fig. 3. The markers show the 

experimental results at different fibre lengths and 

the dashed curves show the simulation results, 

using 5 GHz, 25 GHz, and 40 GHz as example. 

As comparison, we simulate the transmission of 

an unfiltered frequency comb and show the 

power fading using dotted curves. Similar to the 

frequency fading issue in intensity modulation 

direct detection systems, fibre dispersion causes 

opposite phase of comb tones in the upper and 

lower side bands and consequently a significant 

power fading after transmission. This frequency 

fading is mitigated by filtering out half of comb 

lines, resulting in a power change of a few dB 

without a complete diminishing of the RF power, 

essential for RF signal distribution [14-17]. The 

discrepancy in the simulation and experimental 

 
Fig. 2: (a) Experimental set-up. OBPF: optical bandpass filter, PD: photodetector, PLL: phase-locked-loop, DSP: 

digital signal processing (b) Optical spectrum of filtered optical frequency comb, (c) Electrical spectrum of RF 

frequency comb at 3.5 dBm received optical power, (d) Electrical spectrum of RF 64/128QAM signal 

 
Fig. 3: Distributed RF power after transmitting over different 

fibre lengths.  
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results are due to the inaccurate estimation of the  

fibre dispersion and the spectral shape of the 

filtered comb.  

Fig. 4 shows the measured phase noise of the 

25 GHz RF tone at back-to-back (solid curves) 

and after 22 km SMF-28 transmission (dashed 

curve) using different seed lasers. All three lasers 

achieved similar phase noise performance at 

back-to-back, showing about 82 fs integrated 

jitter (1kHz to 10MHz). After transmission, the 

fibre dispersion introduces group velocity 

difference to the 25-GHz-spacing optical tones 

pairs and consequently, leading to enhanced 

phase noise in the low frequency region, resulting 

in an integrated jitter of 87 fs, 108 fs and 104 fs, 

respectively for the 100 Hz, 5 kHz and 100 kHz 

linewidth lasers. Note that the linewidth used here 

only describes the short-term laser frequency 

noise, i.e., the Schawlow–Townes linewidth. As 

the degraded phase noise is primarily in the low 

frequency region, the low frequency flicker and 

random walk should be attributed to the 

increased jitter. The 5-kHz laser used in this work 

is a fibre laser with a strong 1/f frequency noise 

which leads to a higher jitter after transmission.  

 
Fig. 5 shows error vector magnitude (EVM) of the 

received wireless signals at different RF power. 

A back-to-back comparison is made by directly 

connecting the transmitted RF signals to the 

receiver’s RF input. EVM values of 3.1% and 

6.2% are achieved for 64QAM and 128QAM 

signals, respectively, as shown in the inset 

constellation diagrams in Fig. 5. After wireless 

transmission, the EVM results are 7.5% and 

8.0%, respectively, for 64QAM and 128QAM 

signals. The EVM penalty is caused by the limited 

bandwidth of horn antenna. At -50 dBm received 

power (i.e., 30 dB loss), we can still achieve EVM 

values of 13% and 10% for 64QAM and 128QAM 

after transmission. That means, we could 

transmit 25 GHz centered wireless signal up to 

3 meters, assuming an ideal free-space path 

loss, 2x20 dBi horns and perfect 

coupling/alignment.  

Conclusions 

We demonstrate simultaneous distribution of 

sub-100-fs jitter clock and low noise 5-GHz-

spaced RF tones using a filtered electro-optic 

frequency comb, featuring a significantly 

enhanced tolerance to power fading with less 

than 10dB RF power variation. By comparing the 

obtained phase noise using lasers of different 

linewidth, we show that the decoherence of 

optical tones mainly degrades the low frequency 

phase noise. High performance wireless 

transmission of up to 1.4 Gb/s net rate was 

achieved using the distributed carrier and clock.   
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Fig. 4: Phase noise measurement of the detected 25 GHz 

RF tone using lasers of different linewidth as the seed (a): 

Back-to-Back, (b): after 22 km SMF-28  

 
Fig. 5: EVM results at different received RF power (a): 

64QAM, (b): 128QAM 

(a)

(b)
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