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Outline

¢C THz band capabilities and promises
C Challenges and limitations
C Applications and useases
o Macro world usecases
0 Micro-scale applications
C Earlier solutions
o Addressingnicromobilitychallenges
o0 Physical layesecurity and eavesdropping



Where is THz bandPHB
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Industry IEEE 0.3¢3THz 1 mmc 100k Y
Academy 0.1¢10THz 3mmc¢30K Y
Academy 0.06¢ 10 THz 5mm¢30K Y

Early phase Focus275-325GHz Focus~1 mm



2.9 GHz available
BW=2+0.9 GHz

Why THz? Modern cellular

10 GHz available
BW=5GHz

C Limitations
0 2.4and5-6GHzspectrum
0 hdSNONRBSRSRY f+FO01 2F

2 Hz available
» omHz & L

o Millimeter waves (300 GHz) i Bolow 6 GHz | Above 28 GHz }
A One of the major breakthroughs5G
A Limited byl0 GHzof aggregatedbandwdth
A Expected rate per BS: ~20 Gbps

U Fine now, not enough for the future

0 VisibleLight Spectrum (VL@)0-790THz
A Giant spectrum with extreme capacity
U Lineof-sight communications onl



Trend: matching rates
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Trend: electronics miniaturization

C Terahertz is interesting solution
A Extreme throughput (Shannon law: C=B{bg¢SNR))
A Perfect fit for micro/nano devices (antenna si2)
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A Needs to be adapted to communications systems

A New challenges



Motivating example

C Ubiquitous connectivity
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Advantages

C Much higher resourcg$érom 50 GHz and Jp
o May reach multipl@bpsif needed

o Even withD.1 bit/s/Hz spectral efficiency

C Miniaturized antennas <1lmmat 3001 1) ¢
o Micro/nano applicationfhanonetworks] )

CwSUFAYya AGNIYRAZ2E LINPLISNIUASA
0 Penetrates through obstacles
0 Reflects/diffuse from obstacles

C Highly directional communications
o0 No interference noise limited operation

dzL.



Challenges



Electronicsa ¢ lgdp

No efficient signal generation miniaturized electronics
o Too high for radio

o Too low for optics

10000

1000

100

—
o

—k

Power (mW)

o
—

0.01

0.001

10 100 1,000 10,000 100,000
Frequency (GHz)



Antenna limitations

/ 6
Too small aperture gfp
¢ P Z\ / ﬂ/
; A
C Isotropic radiator.S,, =— D, ~ <On/q
47t A / X
; My =1 Y -
.. : d. .
C Limits emitted power U I
C Naturally calls for antenna arrays be g,
X

C Antenna examplel024x1024elements
C Gain: >100 dBm, HPBW?®°<1

Akyildiz I. F., &ornet J. M. (2016)Realizingiltra-massiveMIMO (1024 1024)communicationn the
(0.06;10) terahertzband NanoCommunicatiorNetworks 8, 4654.



Antenna temperature

Equating consumed and dissipated powers
Utilizing StefasBoltzmann law
Pcons — PTa:(l_Tl)

2
A o(Ty —T7) + hair(To — T7))

=
A T,c antenna temperature

A T ¢ room temperature

A h ¢ antenna efficiencgy

A h,, ¢ air heat transfer coefficient
A ¢ StefanBoltzmanrconstant
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Antenna temperature
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Antenna arrays needeld
Band up until 1 THz sthe most promising



Propagation losses

Two cases comparison:

1) DirectionalTx+ OmnidirectionaRx(MxM elements+ 1)
2) DirectionalTx+ DirectionaRx(MxM +MxM)

Path losse&impleFriismode)

Screquired SNR at Rx, efndB

Coverage radius:

d — 10L/20+7.38—10g10(f)



Propagation losses
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Keep frequency as low as possible
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Parameters
C Pr,=0dBm
C SNR5dB

¢C 10GHZDandwidth

Effective coverage
A Dir +Omni: <2m
A Dir +dir; <50m



Atmospheric absorption

o
S

Total path loss (L(f,d), dB)

C Much higher than at millimeter wa

¢C mmWaveg oxygen
C Terahertz; water vapor
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Transparency windows

Overallloss,dB
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f, frequency,Hz

Bandwidth Pulse duration

0.107 0.54 THz 440 GHz 1.48 ps
2 0.6371 0.72 THz 95 GHz 6.53 ps
3 0.761 0.98 THz 126 GHz 4.92 ps
4 7.0771 7.23 THz 160 GHz 2.59 ps
5 /7.7571 7.88 THz 130 GHz 3.88 ps



Channel model

C Pathloss

~7 ~7 ~7
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Difference compared tommWave

Common:

C Blockage

Different:

C Antenna arrays naturally required

C Extreme directivity needed (91

C Signal fades away much quicker (exponent)
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Applications



Macro: THz access and backhaul

C Backhaul rate >> access rate

0 Range2/5-325GHz

o Static channels

o0 Beamalignmenat installation
o Low interference

C 3GPPRel. 16
o |ABtechnology
o Microwave #mmWave

o0 mmWave+ THz




Macro:100Gbps access

THz last meter access275-325GHz
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G [ IMatér IndoorTerahertAWirelesAccessPerformance Insights and Implementation
w2 | R Yib dppear in IEEE Communications Maga2id&g



Macro: Data kiosk

C Getl-H bytein250ms
C Usage is similar to NFC
C Already implemented by NTT DoCoMo (IEEE 802.15.3d)
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Petrov, V., & K ¢, r nTe(2020). IEEE 802.15. 3d: First Standardization Efforts for Sub-Terahertz Band
Communications towards 6G. arXiv preprint arXiv:2011.01683.



Micro: boardto-board (B2B)

Classic way:
+ Simple

- Scalability
- Expensive

Alternative approach

+ Scalability
+Cheap

- Complexity
- Interference




