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H2020 EU TERRANOVA: Terabit/s Wireless Connectivity by TeraHertz innovative technologies to
deliver Optical Network Quality of Experience in Systems beyond 5G
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OUTLINE

B Hybrid optical-THz wireless networks beyond 5G

B 100 Gb/s offline experiments

B 100 Gb/s real-time experiments

B Conclusions
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THz communications as enabler for flexible hybrid networks beyond 5G
Motivation

=  THz wireless data transmission at carrier frequencies in the 100 GHz — 1000 GHz range
Large bandwidth, compatible with state-of-the-art fibre-optical transmission systems

This allows to design flexible hybrid optical-THz wireless networks beyond 5G with
seamless interconnections and > 100 Gb/s link capacity

B <= 100 GHz

THz —
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Applications for THz wireless networks
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= Applications can be classified in 3 generic technology scenarios:
Quasi-Omnidirectional
Point-to-Multi-Point (PtMP)
Point-to-Point (PtP)
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Techniques for THz upconversion
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= Optical THz upconversion
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OUTLINE

B Hybrid optical-THz wireless networks beyond 5G

B 100 Gb/s offline experiments

B 100 Gb/s real-time experiments

B Conclusions

= =
© Fraunhofer HHI | 16.07.2019 | 8 carlos.castro@hhi.fraunhofer.de ﬁ FraunhOfer z FraunhOfer

IAF HHI



275-325 GHz THz frontend waveguide modules (Tx/Rx)
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M185X12W:

All-electronic up- and down-conversion

= LO generation using 2-stage multipliers (x12, x3) and direct-conversion architecture
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DSP Algorithms and Modem Functions

 —
5 " s
=) c © (= ©
o . c = .8 = c . =
3 £ 8 Sl B B =R B S
) D c = Z he) © = ‘@
= L
oo c (oY) %) (o] (%) 5] Q = © o o)
@ = c % = c N = o o = =) ) c
o (<] S © e o c © + o o =
o w . wv = = oS %} =
= 2 © < J S ¥ = 2 w — c
5 chcls o cH=01:sl2? ol =l 5s
= (7} @ = <HEHOA L =} = @ b = a0 S
5 ol el © allz||< sH sl =R=0=0Rc<12:2
n v 2 @ c o 2 - = D o N 5
- v = = = (i) Y= [} 0 O (=% L
8= o o o _ (. Q Q ne] o 1y S o
c e 1S < P 2 o =
S = = © Q i = b [}
= = S b= c Qo 8 [ o
© — © £
c = I (@) c
o =
o ©
'—
N— __J N— __J
Tx DSP Rx DSP

=  THz PtP LoS channel is very similar to fibre-optical channel: relatively flat within the bandwidth of a
signal)

=  Typical single-carrier PHY DSP for optical channels can also be used for THz PtP LoS channel (but
additional adaptivity required)
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All-electronic 100 Gb/s THz wireless transmission experiment (offline)

S

f=2.625GHz

f=8.11-8.71 GHz

» DAC

Offline
DSP

= YOr

@Td’Hm 1 1 R e MR, B Y, TR o

dlink

Constellation diagram after BER

300 GHz carrier / 23 dBi antennas J

=  One spatial channel 2
= Distance (wireless link): 58 cm

= Radiated THz power at Tx: ~14 dBm
= 32 Gbaud - 16 QAM

= Raw 128 Gb/s @ BER = 1.1-102

quadrature
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= Net 100 Gb/s FEC-corrected T R I
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Alternative setup: 100 Gb/s transmission using optical upconversion

Modulated signal

EDFA 'l' EDFA

EDFA
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Continuous wave signal

B Two tones are generated with a
frequency separation of ~300 GHz in the
C-band to generate a corresponding
carrier through a process called
‘photomixing’

B The input power into the THz transmitter
determines the radiated THz power
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PIN-PD THz emitter
Experimental setup
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®  Flat frequency response at frequencies around 300 GHz

B Hyper-hemispherical silicon lens couples the THz radiation into free space

B Antennagain =21 dBi @ 300 GHz (optical input power: up to 15 dBm)
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BER performance
100 Gb/s offline experiments: Results

® BER performance of a wireless 64
Gb/s QPSK and 128 Gb/s 16-QAM
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BER performance
100 Gb/s offline experiments: Results

BER performance of a wireless 64
Gb/s QPSK and 128 Gb/s 16-QAM
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BER performance
100 Gb/s offline experiments: Results

® BER performance of a wireless 64
Gb/s QPSK and 128 Gb/s 16-QAM
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BER performance
100 Gb/s offline experiments: Results

BER performance of a wireless 64
Gb/s QPSK and 128 Gb/s 16-QAM
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I/Q distortions
100 Gb/s offline experiments: Results

=  The assumption that the performance worsens due
to non-linearities is further investigated
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=  Some non-linear compression can be observed at
high received THz power levels
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OUTLINE

B Hybrid optical-THz networks beyond 5G

B 100 Gb/s offline experiments

B 100 Gb/s real-time experiments

B Conclusions
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2x2 MIMO setup
100 Gb/s real-time THz wireless transmission

From/To

T l Ethernet
® Fibre-optical BBU, originally designed for 100 Gb/s
34 GBd PDM-QPSK, is used for a THz Inﬂ;’;tce

wireless link
100 Gb/s
Real-Time BBU

B To carry the 34 GBd PDM-QPSK data over woo | O PR T
a 50 cm-long wireless link, two pairs of interface <
Tx/Rx THz elements are used >

Each Tx/Rx pair transports one spatial ) > > DIRx THz]

channel A

B The BBU’s DSP scheme is a standard ve | =l
approach used for contemporary fiber- 8.31 GHz %
based 100 Gb/s and 200 GB/s solutions Carrier frequency: THz-Transmission @ ~300 Ghz
over 50 cm

8.31 GHz x 36 =300 GHz
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Evaluation of pre-FEC BER
100 Gb/s real-time THz wireless transmission

=  Long-term stable (>150h hours) pre-FEC below ) P — m——
SD-FEC threshold (3.4-102) : Pre-FEC BE

11— = SD-FEC
34.34 GBd PDM QPSK
50 cm THz transmission at 300 GHz
Mean pre-FEC BER around 8.2 -10-3

1E-01 +

Pre-FEC BER
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=  During the duration of the experiment, no
erroneous bits were found after decoding

1E-03 : : ! : .
Error-free transmission ensured by SD-FEC 0 30 60 90 120 150

scheme Elapsed time (hours)
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Experiments using a 100 GbE traffic generator
100 Gb/s real-time THz wireless transmission

=  Latency from BBU (cross-connection + DSP) and THz system: ~8.5 ps *
=  Frame loss rate: 1.8 frames per minute (0.03 fps) *

=  Measured throughput: 86.5 — 98.08 Gb/s (depending on the frame size) *

* This work has been submitted to IEEE Globecom 2019
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Conclusions
Towards high-capacity THz wireless networks beyond 5G

= A wide range of applications can be envisioned for THz wireless links with high capacity and high
range, in particular in hybrid optical-THz wireless networks beyond 5G

=  Experimental demonstrations of error-free 100-Gb/s THz Wireless Transmission over 0.5 m
Offline: SISO 32-GBd 16QAM offline
Real time: 2x2 MIMO 32-GBd QPSK

= Required next steps in order to increase capacity, range and flexibility:
Use high-gain antennas (55 dBi)
Design highly linear, high output power electronic front-ends for larger constellation sizes

Adaptive PHY DSP to cope with channel dynamics

= Next research goal: Use 100 Gb/s real-time THz link demonstrator in real network scenarios

\
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Conclusions
Towards the standardization of THz communications

=  Fraunhofer HHI would welcome the formation of a Study Group on THz communications

=  Objective: High-capacity (>100 Gb/s) THz links in the range of hundreds of meters within a hybrid
optic-THz wireless network scenario

= Use cases: Wireless fronthaul/backhaul links to provide an alternative point-to-point link in case
fiber deployment is too complicated/expensive due to the terrain’s characteristics

= Technical SotA: Stability and technical feasibility of THz transmission link has been experimentally
demonstrated for high-capacity data transmission (>100 Gb/s)
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