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01. Motivations

Mobile data traffic in indoors

DOMINATE INDOOR
MOBILE DATA USAGE

0

LAPTOPS AND TABLETS
CONTRIBUTE, T00

OCCURS
INDOORS

= Users generate high—volume traffic such as video streaming, gaming,
and video conferencing via Wi—Fi or stable LTE/5G.

* Low mobility and a pattern of staying in a specific location for a certain
period of time — traffic is concentrated.

* Reference: A global leader in infrastructure solutions for communications networks, CommScope

Difficulties for configuring indoor networks

WHY SO LITTLE COVERAGE?

OPERATORS

3-5 operators in urban areas

TECHNOLOGIES

2G, 3G, 4G, 5G, and WiFi

- FREQUENCY BANDS

58 different 5G bands alone (FR1)

= Only about 2% of all commercial buildings have in—-building wireless
systems installed. Why?

= In-building systems are very complex and involve a variety of
stakeholders.




01. Motivations

Ultra—wide bandwidth of sub-THz regime

The sub—THz band (0.1 to 1 THz) provides a very wide bandwidth —
data transmission from hundreds of Gbps to several Tbps is possible.
The sub-THz band has relatively little competition for frequency use,
so it can secure a wide range of resources.

It is also advantageous in terms of improving spectral efficiency and
frequency reuse.

* Reference: https://www.rohde-schwarz.com/se/products/test-and-measurement/sub-terahertz_256041.html

It is an essential technology for providing services that generate large
amounts of traffic, such as immersive XR and 3D holograms in indoor
environments, while also enabling accurate location confirmation.
THz waves have short wavelengths and can be used as sensors.
Applied to precision location tracking, imaging radar, and indoor
environment mapping.

* Image was generated by Bing image creator



02. Configurations
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Architecture of NG-indoor network employing THz-band
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Configurations of NG-indoor network with THz-band.

THz Remote Node #1

{ Optical
Modulator
(o]
EAS i Amplifier
© 0

Optical TRx

RF amplifier pPD

Optical

tical
P Fiber

Optical

Amplifier
A
ES Photonics-bas

/Ci rculator

Optical Tx

LD RF amplifier

T

. | Antenna

» ]

Antenna

:j (]

User Equipment #1

RF amplifier

Local 74 7Ry | DSP chip &
Oscillator Application

RF amplifier :

Detail link configurations of NG-indoor network with THz-band.

Reference: Sang—Rok Moon et al., “6G Indoor Network Enabled by Photonics— and Electronics—-Based sub-THz Technology,” J of Light. Tech. vol.40 (2), pp. 499, 2022, 6



03. Demonstrations of downlink based on photonics

Experimental setup for downlink
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Configurations of NG-indoor network with THz—-band without
THz-band amplifier.

Reference: Sang—Rok Moon et al., “6G Indoor Network Enabled by Photonics— and Electronics—Based sub-THz Technology,” J of Light. Tech. vol.40 (2), pp. 499, 2022.
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03. Demonstrations of downlink based on photonics -
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Reference: Sang—Rok Moon et al., “6G Indoor Network Enabled by Photonics— and Electronics—Based sub-THz Technology,” J of Light. Tech. vol.40 (2), pp. 499, 2022.
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04. Demonstrations of uplink based on electronics e
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Experimental setup for uplink
0sc SMF
- HYB Q i =
utout of THz Tx \
"II"'" ’\ 0~10 km ! — :
RFamp PD Variable EDFA I spectral e 1
28 optical I Density I
attenuator 1 ( m m 1
I e l
{ 29025 30975  fFreg. |
25 Gbps with QPSK e R e T
4:1 downlink(100)/uplink(25) data rate ratio - Spectrum of THz Tx output from mixer 1.
2t Mixer 1 Lens Lens Mixer 2 +5 dBmM !t ot ot e \

X

—>-0

X

A

é/

((
O\t («(

0.5uW 10 cm focal length

RF Variable RF
Amp attenuator

LO

Lo
300 GHz 280.5 GHz

Experiment setup for upstream transmission.

DML

A=1550.53nm

Modulation bandwidth of DML ~10 GHz

!

|

|

1 Spectral
: Density
1

1

\

filtering

N A

9.75 GHz 29.25 GHz
. IF~9.75 GHz !

Spectrum of THz Rx output from mixer 2.

Reference: Sang—Rok Moon et al., “6G Indoor Network Enabled by Photonics— and Electronics—Based sub-THz Technology,” J of Light. Tech. vol.40 (2), pp. 499, 2022.
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04. Demonstrations of uplink based on electronics Y
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Experimental results for uplink
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Reference: Sang—Rok Moon et al., “6G Indoor Network Enabled by Photonics— and Electronics—Based sub-THz Technology,” J of Light. Tech. vol.40 (2), pp. 499, 2022. 10



05. Summary

"= NG-indoor network employing sub THz-band

Architectures of NG—-indoor network

Demonstrations of downlink based on photonics

Demonstrations of uplink based on electronics

We need more and more data throughput/transmission distance

Innovative devices required

11
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Appendix—Output power of photomixer
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Output power of the UTC-PD as a function of photocurrent and optical input power at a carrier frequency of 300 GHz
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Appendix—Experimental conditions
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Keysight M8194A 120 Gsample/s, 45 GHz
Fujitsu FTM 7977HQA 20 GHz

NEL J-band photomixer 100 uW, WR 3.4 waveguide
VDI DH WR3.4 26 dBi

Thorlabs TPX100 10 cm

VDI SAX3.4 40 GHz, 14 dB

Lecroy MCM-Zi-A 80 Gsample/s, 36 GHz

VDI PM5 -

Sampling rate and analog bandwidth
Bandwidth

Output Power

Horn antenna gain

Focal length

Bandwidth and conversion loss

Sampling rate and analog bandwidth
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