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6G KPI - Towards 1 Tbps wireless
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Challenge – electro-optical (OE) conversion 

On-off keying (OOK)
Direct current optical orthogonal frequency 
division multiplexing with optimum bit and 
power loading
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Narrow spectral emission → wavelength 
division multiplexing  
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[1] Jørgensen, A.A., Kong, D., Henriksen, M.R. et 

al. Petabit-per-second data transmission using a chip-scale 

microcomb ring resonator source. Nat. Photon. 16, 798–802 

(2022)
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https://spectrum.ieee.org/frequency-comb

1.8 petabit/s
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CES 2022 –
105 Gbps

[1] C. Lee et al., "26 Gbit/s LiFi System With Laser-Based 

White Light Transmitter," in Journal of Lightwave 

Technology, vol. 40, no. 5, pp. 1432-1439, 1 March1, 2022, 

doi: 10.1109/JLT.2021.3124942.
6



Supporting mobility and handset integration: 
Angular Diversity in LiFi Networks

user equipment (UE) configurations

UE configurations:

• 1 element on the front

• 2 elements on the front 

and top

• 6 elements on all sides

C. Chen, R. Bian and H. Haas, "Omnidirectional Transmitter and Receiver Design for Wireless Infrared Uplink Transmission in LiFi," 2018 IEEE International Conference on 

Communications Workshops (ICC Workshops), Kansas City, MO, 2018, pp. 1-6.
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: incident angle with respect to the        detector

: LoS channel gain to the       detector

Achieving omnidirectional reception 

[1] C. Chen, R. Bian and H. Haas, "Omnidirectional Transmitter and Receiver Design for Wireless Infrared Uplink Transmission in LiFi," 2018 IEEE International Conference on 

Communications Workshops (ICC Workshops), Kansas City, MO, 2018, pp. 1-6.



Experimental validation - Receiver
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Access point architecture

Objectives: 

▪ The access points (APs) need to cover the entire indoor area.

▪ The APs are required to provide greater than 1 Tb/s aggregate data rate (at least 10 Gb/s per user).

▪ Each AP needs to be structured such that the inter-beam interference is minimized.

[1] E. Sarbazi, H. Kazemi, M. Dehghani Soltani, M. Safari and H. Haas, "A Tb/s Indoor Optical Wireless Access System Using VCSEL Arrays," 2020 IEEE 31st Annual 

International Symposium on Personal, Indoor and Mobile Radio Communications, London, United Kingdom, 2020, pp. 1-6, doi: 10.1109/PIMRC48278.2020.9217158.

An array of arrays of VCSELs (in total: 225, 

bandwidth 5 GHz) (top view). 40 cm
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Results

PTotal = 1.975 W

RAggregate > 2.25 Tb/s

Spatial distribution of SINR at z = 3m Spatial distribution of R at z = 3 m

[1] E. Sarbazi, H. Kazemi, M. Dehghani Soltani, M. Safari and H. 

Haas, "A Tb/s Indoor Optical Wireless Access System Using 

VCSEL Arrays," PIMRC, London, United Kingdom, 2020, pp. 1-6 11



Downlink system model:

1. Access point architecture → arrays of arrays

• VCSEL arrays + plano-convex lens

2. Generalised channel model for Gaussian beams

3. Non-imaging angle diversity receiver (ADR)

Motivations for considering non-imaging ADR:

• To ease strict alignment requirements

• To improve mobility and allowing seamless handover

• To address shadowing and beam obstruction

Objectives for receiver design:

• To provide a wide field of view (FOV) while achieving the required data rates.

• To develop optimum signal combining and access point selection methods.

• To account for practical implementation complexity.
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Angle diversity receiver (ADR)

EGC of the PD array output 

signals for an ADR element

7-branch MRC using 

7 elements of a 1

Receiver Optics

• Non-imaging ADR (CPCs).
• Maximum theoretical concentration gain

defined by law of conservation of Etendue.

3D view 

(1-tier ADR) 

[1] E. Sarbazi, H. Kazemi, M. D. Soltani, M. Safari and H. Haas, “Design Tradeoffs of Non-

Imaging Angle Diversity Receivers for 6G Optical Wireless Access Networks”, Globecom

2022 (paper award)

Top view 

(1-tier ADR) 

Top view 

(2-tier ADR) 
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Large-FOV receiver design

[1] T. Koonen, K. Mekonnen, F. Huijskens, N. Q. Pham, Z. Cao and E. Tangdiongga, "Optical Wireless GbE Receiver with Large Field-of-

View," 2021 European Conference on Optical Communication (ECOC), 2021, pp. 1-4, doi: 10.1109/ECOC52684.2021.9606055.
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Primary design tradeoffs

Area-bandwidth tradeoff of PIN diode

To maximise the bandwidth of a solid state PDs, the junction

capacitance must be minimised which dictates that the

photodiode must have a very small active area.

Gain-FOV tradeoff of CPC

The use of optics for increasing the collection area limits the 

receiver FOV due to the law of conservation of Etendue. 

and and

Area Gain
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Primary design parameters are:

• FOV.

• PD bandwidth.

• PD array size.

• Number of ADR tiers.

• Transmitter design.

Overall tradeoffs

w0 = 10 μm

Pt = 10 mW

z = 3 m

nCPC = 1.7 (dielectric)

1 tier ADR: NADR = 7

NPD = 4 (in each PD array)

Bandwidth-FOV Tradeoff

Surface plots of data rate, area and length of the ADR

Data rate Area of ADR Length of ADR

To be optimised 
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• The optical spectrum is the next frontier (paradigm shift) for wireless and 
cellular communications because of the existence of commercial devices. 

• Terabit/s wireless networks using light are feasible, and thus fulfilling an 
important 6G KPI, 

• physical layer security is a strong unique feature of LiFi, 

• energy efficiency still work needed – LCA led. 

• ADR can effectively trade off bandwidth, coverage and data rates in LiFi

(credit: ProMotion/ fotolia)

Concluding remarks
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