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1. Introduction 
• Background
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Mobile data traffic forecast

Fig. Global mobile data traffic forecast by ITU. 
Reference: https://www.researchgate.net/figure/Global-mobile-data-traffic-forecast-by-ITU-Overall-mobile-data-traffic-is-
estimated-to_fig1_331159423

Spectrum for future RAT

Reference: White Paper “5G Evolution and 6G”, NTT Docomo, 2022.

Fig. Expansion of radio access technology for higher frequency band 
exploration and coverage expansion.



1. Introduction 
• Motivations
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Coverage of BS: LTE vs. 5G

Increase of carrier frequency 
& Reduction of coverage

Explosion of fiber-optic cableIncrease of cost for fiber-optic infrastructure

Why do we need a wireless X-haul technology?

Evolution of mobile communications



1. Introduction 
• Motivations
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Applications of wireless X-haul (for BS)

Historic sites in Europe Open areas in North America/Australia Destruction of infra due to natural disaster

Estimated fronthaul data traffic vs. evolution of standard

Radio channel bandwidth
Number of antenna ports IMT-2030IMT-2020IMT-Adv.

1 GHz500 MHz100 MHz20 MHz
100 Gb/s50 Gb/s10 Gb/s2 Gb/s2
400 Gb/s200 Gb/s40 Gb/s8 Gb/s8
3.2 Tb/s1.6 Tb/s320 Gb/s64 Gb/s64

12.8 Tb/s6.4 Tb/s1.28 Tb/s256 Gb/s256
Ref: ITU-T G.Sup66 : 5G wireless fronthaul requirements in a passive optical network context



2. sub-THz band wireless fronthaul architectures 
• Basic architecture
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Basic configuration of sub-THz band wireless fronthaul Characteristics

CU/DU @ Central Office

RU#1

RU#2

Sports Complex

Business Users

① Compatible with commercially 
available fiber-optic mobile 
fronthaul equipments including 
O-RAN

② Compatible with off-the-shelf 
fiber-optic transceivers

③ Supporting various kinds of 
line rate (10 Gb/s ~ 100 Gb/s) 

④ Easy installation of photonic 
box with current mobile 
fronthaul equipments like 
CU/DU/RU

RU#3

Antenna

Photonic 
Box

Detail configuration of RU



2. sub-THz band wireless fronthaul architectures 
• As-Is vs. To-be
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Fiber-optic cable

Commercially available 
optical transceiver-1

CU/DU

RU

Sub-THz wave @300GHz

As-Is
• 10G NRZ-OOK
• 25G NRZ-OOK
• 50G-PAM4
• 100G-PAM4
• 200G-DP-QPSK

EX) SFP, XFP, SFP-28/56, QSFP-28-DD/DCO, etc… 

Fiber-optic mobile fronthaul

Commercially available 
optical transceiver-2

Sub-THz band wireless fronthaul

Commercially available 
optical transceiver-1

CU/DU

To-Be

RU

Commercially available 
optical transceiver-2

EX) SFP, XFP, SFP-28/56, QSFP-28-DD/DCO, etc… 

Photonic 
box

Photonic 
box



2. sub-THz band wireless fronthaul architectures 
• Detail configurations
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THz-Power 
Amplifier

Antenna

Optical 
Amplifier

Optical 
Coupler

Tx

Rx

THz antenna with 
power-amplifier

Photonic box for THz-Tx

CU/DU

Optical Local 
Oscillator 

(LD)
UTC-PD

SBD based 
Electrical 

Demodulator

CDR w 
Equalizer

Optical 
Transmitter

BB 
Amplifier

THz-low noise 
Amplifier

Antenna

Photonic box for THz-RxTHz antenna with 
low-noise amplifier

Optical 
Transmitter

CDR w 
Equalizer

SBD based 
Electrical 

Demodulator
BB 

Amplifier

Photonic box for THz-Rx
THz antenna with 

low-noise amplifier

Optical Local 
Oscillator 

(LD)
UTC-PD

Optical 
Amplifier

Optical 
Coupler

THz antenna with 
power-amplifier Photonic box for THz-Tx

Off-the-Shelf 
Optical Transceiver

Off-the-Shelf 
Optical Transceiver

RU
Tx

Rx

THz-Power 
Amplifier

Antenna

THz-low noise 
Amplifier

Antenna



2. sub-THz band wireless fronthaul architectures 

• Comparison of fiber-optic mobile fronthaul and sub-THz wireless fronthaul
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NoteSub-THz wirelessFiber-opticItem

1~100 Gbps/line1~100 Gbps/lMax. link capacity

current status100 m (free space)20 km (fiber)Max. link distance 

FDM/SDM CWDM/DWDMLink aggregation

protocol transparentCPRI/OBSAI/eCPRICPRI/OBSAI/eCPRIProtocol/standard support

~300 GHz~ 193 THzOperating frequency 

sharing with existing 
equipmentCU/DU/RUCU/DU/RUEquipment support

YesYes Function split support



3. Experimental demonstrations

• Experimental setup for real-time wireless fronthaul with 25Gb/s NRZ signal
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Optical Local 
Oscillator (LD)

Optical 
coupler

2nd BB 
amplifier

1st Optical amplifier

VEA

Tx Rx

Network Tester
(VIAVI MTS-5800)

Commercially available CU/DU/RU with optical transceiver

25Gb/ s NRZ data over 100m equivalent distance 
(10m with FP니)

2nd Optical amplifier
1st 

Polarization 
controller

2nd 
Polarization 
controller

VOA

UTC-PD

Equalizer
Optical 

Transmitter 
with CDR

Cassegrain 
antenna

SBD

1st BB 
amplifier

THz-band 
amplifier

Photonic box for THz-Tx Photonic box for THz-Rx

Off-the-Shelf 
Optical Transceiver
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3. Experimental demonstrations

• Experimental setup and results for real-time wireless fronthaul with 25Gb/s NRZ signal
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Measured real-time BERs
THz-Tx power [dBm]

BE
R

0m+0dB
10m+8dB:

Equivalent distance of 25m
10m+15dB:
Equivalent 

distance of 50m

10m+20dB: 
Equivalent distance of 100mFEC-Threshold:KP4

Rx 
antenna

THz amp + 
VEA+ SBD

BB amplifier+
Equalizer

+BB amplifier

CDR + 
Optical 

transmitter

Optical Transceiver

Measured end-to-end round-trip time delay

Round-trip time delayConfiguration

12 ns
Optical loop-back

(from Tx to Rx at optical transceiver 
with 1m fiber)

435 nsWireless back to back

572 ns10 m of free space



3. Experimental demonstrations
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• Experimental setup for offline wireless fronthaul with 200Gb/s 16-QAM signal

AWG with 
Tx-DSP

(offline)

Dual-Pol. IQ Modulator

Oscilloscope 
with Rx-DSP

(offline)

VEA
THz-band 
amplifier

THz-band 
amplifier

Compatible with 
commercially 

available CU/DU/RU 
with optical 
transceiver

VEA

Optical 
coupler

Polarization 
controller

VOA

UTC-PD

Polarization 
controller

Polarization 
controller

Polarization 
controller

UTC-PD

ODL

ODL

Optical amplifier

Cassegrain 
antenna

Cassegrain 
antenna

Optical amplifier

IF amplifier

IF amplifier

LO

LO

THz-mixer

THz-mixer

Cassegrain 
antenna

Cassegrain 
antenna

Tunable
-LD

2 Ant. 
MIMO

PBS

TE

TM

200Gb/s  data over 150m



3. Experimental demonstrations
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• Experimental setup and results for offline wireless fronthaul with 200Gb/s 16-QAM signal

150 m

Tx ants.

Tx ants. and 
photonic 

components 

Rx ant.

Tx ants.+ THz transmitterRx ants.+ THz receiver

Wireless transmission distance (m)

BE
R

SD-FEC threshold

Avg. UTC-PD 
current 4mA 
(~40 uW)

Avg. UTC-PD 
current 6mA 
(~100 uW)

Carrier frequency : 313 GHz  

CH1 CH2



• Considerations for realization of sub-THz band wireless fronthaul based on photonics
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3. Experimental demonstrations

Wavelength dependent characteristics Improvement of output power of UTC-PD

THz-band attenuation UTC-PD output powerUTC-PD output dependent on l Low saturated output for PDFA

Real-time verifications above 100 Gbps PAT technology for sharp beam
1. Pointing: Aligning Tx/Rx to the direction
of Rx/Tx

2. Acquisition: Compensation of initial 
pointing errors and detection of signal

3. Tracking: Maintaining the alignment by 
compensating local angular disturbances

High speed DAC/ADC FPGA with low sampling 
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4. Summary

§Sub-THz band wireless fronthaul
−mobile data explosion and available spectrum 
−evolution of mobile communications
−throughput demands and limitations on wireline infrastructure

§ Photonics aided wireless fronthaul with existing fronthaul equipment and optical transceiver 
−compatible with existing fronthaul equipment 
−employing with commercially available optical transceivers
−additional usage of photonic box

§Experimental demonstrations
−real-time wireless fronthaul with 25Gb/s NRZ signal
−offline wireless fronthaul with 200Gb/s 16-QAM signal
−a few things to be overcome
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