
 

Ultra-high capacity wireless communication enabled by
photonic technologies
Citation for published version (APA):
Koonen, A. M. J., Mekonnen, K. A., Cao, Z., Huijskens, F. M., & Tangdiongga, E. (2019). Ultra-high capacity
wireless communication enabled by photonic technologies. In 2019 IEEE Photonics Society Summer Topical
Meeting Series (SUM) [8794957] Institute of Electrical and Electronics Engineers.
https://doi.org/10.1109/PHOSST.2019.8794957

DOI:
10.1109/PHOSST.2019.8794957

Document status and date:
Published: 08/07/2019

Document Version:
Accepted manuscript including changes made at the peer-review stage

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://doi.org/10.1109/PHOSST.2019.8794957
https://doi.org/10.1109/PHOSST.2019.8794957
https://research.tue.nl/en/publications/58cd4b8c-445d-4376-bd95-5bc9419c54d0


Ultra-high capacity wireless communication 
enabled by photonic technologies 

Ton Koonen, Ketema Mekonnen, Zizheng Cao, Frans Huijskens, Eduward Tangdiongga 
Institute for Photonic Integration, Eindhoven University of Technology 

Eindhoven, The Netherlands 
a.m.j.koonen@tue.nl  

 
Abstract— Recent research activities in optically-supported 
wireless communication and their prospects for meeting the 
explosively growing demand for wireless connectivity will be 
discussed, including dynamic radio pico-cell network 
architectures, optically-controlled radio beam steering, spatial 
division multiplexed OAM radio channels, and ultra-high 
capacity beam-steered optical wireless communication. 

I. INTRODUCTION 
The fast-growing need for broadband wireless services, 

demanded by the user through his smartphone, tablet, laptop 
and other (multimedia) devices in the upcoming Internet of 
Things world, requires a tight interaction of optical fiber 
networks and the wireless network parts. Cooper’s Law [1] 
points out that introducing pico-cell topologies in the wireless 
network is essential in order to cope with this booming growth. 
Dynamic capacity allocation in such pico-cell networks can 
offer just-in-time service delivery where and when needed, 
thus optimizing the usage of the operator’s resources. Such 
dynamics are efficiently achieved by photonic technologies: 
flexible optical routing of radio-over-fiber signals to the 
antenna sites in the respective pico-cells, optically-controlled 
radio beam steering inside those cells, and ultimately extending 
the optical signals from the fiber network by steerable optical 
beams inside the cells. 

II. INDOOR FIBER-WIRELESS NETWORK 
Fig. 1 illustrates the creation of wireless pico-cells for an 

indoor scenario, serving a variety of wireless devices. While 
FttH has become a commodity already for many homes, the 
distribution of broadband services inside the home is the still 
remaining bottleneck. The commonly deployed single WiFi 
access point is often overloaded, hence not able to adequately 
serve the plethora of wireless devices. A common fiber 
backbone in the home can bring wire-bound as well as wireless 
services to every room individually, thus providing individual 
connections from the FttH termination point (the Residential 
Gateway, RG) to every room. As shown in Fig. 1, simple 
antenna sites in every room bring the fiber-delivered services 
wirelessly into a room, and by steering multiple radio or optical 
beams out of the antenna multiple pico-cells can be created on 
demand for each addressing a small number of devices or even 
devices individually. The RG interfaces with the FttH access 
network, translates the FttH-delivered services into the 
appropriate signal formats for the indoor delivery, and also 
performs the on-demand routing to the respective rooms. 

 
Fig. 1 Indoor fiber-supported wireless service delivery by a) 2D steered 

mm-wave beams (in upper rooms) and b) narrow optical beams (in 
lower rooms) 

III. OPTICALLY-CONTROLLED RADIO BEAM STEERING 
When using mm-wave (e.g. 60GHz) radio waves, the radio 

beam shaping steering can effectively be done by a compact 
phased array antenna. The phase differences between the 
antenna elements determine the beam’s direction. By deploying 
true-time delay (TTD) phase shifters, wideband beams can be 
steered without beam deformation (‘beam squint’). When 
applied in a two-dimensional (2D) arrangement as shown in 
Fig. 2 [2], 2D beam steering can be achieved. An arrayed 
waveguide grating router (AWGR) with a number of feedback 
loops having specific lengths creates a delay which can be 
tuned by changing the input signal wavelength. The 
wavelength-cyclic characteristic of the AWGR implies a 
periodic tuning behavior with period equal to the Free Spectral 
Range (FSR) of the AWGR. Applying AWGR-TTD modules 
with small FSR and large FSR in the rows and columns of the 
2D antenna array respectively enables 2D radio beam steering 
by just tuning the wavelength of the input radio-over-fiber 
signal. This circuit has been implemented in a silicon-on-oxide 
photonic circuit, and beam steering of 38GHz mm-wave beams 
with a 1×2 phased array antenna has been demonstrated [3]. 

Stepwise steering of the beam is achieved when tuning the 
wavelength due to the discrete feedback loops of the AWGR-
TTD modules. Such stepwise TTD tuning is well-suited for 
generating multiple Orbital Angular Momentum (OAM) RF 
discrete modes individually and simultaneously. Thus, spatial 
multiplexing a number of RF-OAM modes yields 
multiplication of the capacity of a point-to-point RF link 



without requiring more radio spectrum, which is attractive for 
e.g. fixed wireless access.  

Fig. 2 Wavelength-controlled radio beam steering 

IV. OPTICALLY-CONTROLLED RADIO BEAM STEERING

The explosive growth of radio-based wireless services is
leading to severe wireless traffic congestion due to exhaustion 
of the radio spectrum. Optical wireless communication (OWC) 
offers a powerful alternative [4]. We notably pursue the use of 
narrow infrared optical beams, such that user devices are 
individually served, do not need to share capacity of a beam 
and thus avoid the use of complex MAC protocols as well as 
have well-protected privacy. Due to the absence of waveguide 
dispersion, such beams basically can even have a higher 
capacity than an optical fiber. The 2D steering is done by 
tuning the wavelength of the optical signal, and has been 
achieved by diffractive techniques applying two crossed 
gratings, or a high-output-count AWGR where the output 
fibers are arranged in a 2D matrix positioned in front of a lens 
[6]. By putting this fiber matrix slightly out of focus of the 
lens, the divergence of the beams can be adapted for optimum 
coverage of the user plane, and also a sizable reduction of the 
size of the beam steering module is achieved. Comparing with 
radio (horn- or phased array-) antennas, a very high equivalent 
antenna gain (>40dB) can easily be obtained without additional 
complexity. Moreover, the use of infrared light (λ>1.4μm) 
allows beams with up to 10mW power without eye safety 
issues, whereas in VLC (visible light communication) typically 
much lower powers arrive at the OWC’s receiver. Hence the 
link budget with IR narrow beams is relatively high, and high 
data rates per beam can be attained. We have achieved up to 
112Gbit/s per beam with PAM-4 modulation over 2.5m reach 
[5]. By applying polarization orthogonality between beams of 
adjacent fibers in the 2D array, the impact of crosstalk between 
adjacent cells in the user plane is strongly reduced which 
enables to double the number of AWGR ports [7]. 

Fig. 3 Optical beam steering using a high-port-count AWGR 

We implemented this concept in a laboratory demonstrator 
setup, which features an AWGR-based beam-steering module 
which can launch 128 beams [4]. We showed simultaneous 
delivery by two beams of two independent high-definition 
video streams, each embedded in an IEEE 802.3ae 10GbE 
stream (Fig. 4; [6]). In the demonstrator, localization of the 
user device and upstream communication are done by means of 
60GHz radio and mechanically steerable 30dBi horn antennas. 
A hybrid system with IR beam 35Gbit/s downstream and 
60GHz beam 20Gbit/s upstream has been demonstrated [8]. 

Fig. 4 Laboratory demonstration of delivery of two high-def video 
streams by 2D steered narrow IR beams 

V. CONCLUDING REMARKS

Strong partnerships between RF wireless technologies and 
optical technologies are crucial in meeting the fast growing 
needs for wireless connectivity. Dynamic optical routing in the 
fiber feeder network for on-demand provisioning of ample 
capacity to pico-cells, in conjunction with on-demand steering 
of high-capacity RF mm-wave or optical beams, allows 
exponential growth of the throughput for wireless services 
while also maximizing the efficiency with which installed 
network resources can be used and minimizing the power 
consumption needed. By deploying the wavelength of the 
optical data signal for the control of the 2D steering of the 
radio or optical beam, the control channel is inherently 
embedded in the data channel, which eases network 
management and control. Ultimately, all-optical transmission 
extending from the fiber network into the wireless pico-cells by 
means of narrow optical beams provides ultra-high throughput 
while minimizing end-to-end latency.  
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