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Motivation

Shannon information theory

C:Eogz(1+S/N)

One of the most effective ways to increase
the data rate:

Expand the communication bandwidth

Terahertz communication (100 GHz-10 THz): the bandwidth can reach

tens of GHz, which is more than 10 times that of 5G millimeter wave, and is
one of the key technologies of 6G.
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Measurement Campaign

Measurement Methodology

» VNA-based measurement

In frequency domain

CIR ->by IFFT from CTF

Pros: accurate broadband system;
large dynamic range.

Cons: long time-consuming;
cannot capture the dynamic
channel variations.

» Channel sounder methodology
* In time domain
e CIR-> Correlation function of M-sequ
* Pros: dynamic measurement

S-parameter measurement in
frequency domain

VNA

oooo
oooog
oooo
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S
= 3
a b=s b

Transmission and recerving
of a broadband M-sequence

b(7)=[CIR(S)-a(r-S)dS

* (Convolution)

Aggregation to broadband CTF

“l “ i

L,

corr(a,a) = ‘

(Dirac impulse)

* Cons: small dynamic range
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Measurement Campaign

VNA-based Measurement

Measurement Scenario Antenna
WR-10 | .5

| L i

(a) 75-110 GHz ~ (b) 110-170 GHz
WR-5.1 WR-2.8

______

Calibration method: fre o e

SOLT Short-Open-Load-Thru (c) 180-220 GHz (d) 260-400 GHz
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Measurement Campaign

System Parameters

Measurement Configurations

The temporal resolution

Tres = -
TES BW
The spatial resolution
C
D, s = -
res B'[T
The maximum excess delay
1
T, = —
ma Af
The maximum detected path length
(_".
D. = —
ma Af
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Parameter Symbol Value | Value | Value | Value
Start frequency fstart |GHZ] 75 110 140 180
End frequency fend |GHz| 110 140 170 220
Bandwidth BW [GHz] 35 30 30 40
Number of frequency points N 5001 5001 5001 4001
Sampling interval Af [MHz] 7 6 6 10
IF frequency bandwidth [FBW |kHz]| 1 1 | 1
Temporal resolution Tres |NS] 0.029 | 0.033 | 0.033 0.025
Spatial resolution Dyes [cm] 0.87 0.99 0.99 0.75
Maximum excess delay Tmaz|[NS] 142.9 166.7 166.7 100.0
Maximum path length Dar [m] 42.9 50.0 50.0 30.0
Distance between Tx and Rx d [m] 1.0 1.0 1.0 0.8
Parameter Symbol Value | Value | Value | Value
Start frequency fstart |GHZ] 260 295 330 365
End frequency fena [GHz] 295 330 365 400
Bandwidth BW |GHz] 35 35 35 35
Number of frequency points N 5001 5001 5001 5001
Sampling interval Af [MHz] 7 7 7 7
[F frequency bandwidth [FBW [kHz]| l I I l
Temporal resolution Tres |NS] 0.029 | 0.029 | 0.029 | 0.029
Spatial resolution Dyes [cm] 0.87 0.87 0.87 0.87
Maximum excess delay Tmaz|NS| 142.9 142.9 142.9 [42.9
Maximum path length Diar [m] 42.9 42.9 429 429
Distance between Tx and Rx d [m] 1.0 1.0 1.0 1.0
8 2022/5/10
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THz Channel Characterization and Analysis

Power delay profile (PDP)
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THz Channel Characterization and Analysis

Ray-tracing Simulations

3D antenna pattern

Gain [dB1]

i 25
15
P
B ,, .
-15
O RT can physically and intuitively explain the multipaths

O The power of the reflected rays from optical plate and VNA screen is lower than the LOS ray by more than 40 dB

due to the antenna lobe
O The multi-order reflected paths are reflected from the frequency extender.

LapLeq: Length of the waveguide (~2 cm)

Metal optical plate
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Jiaoton icati '
g Communication for Rail 11 2022/5/10

/3 - : . -
University Transportation (WiMiRT)



THz Channel Characterization and Analysis

Extracted EM Property of the Painted Metal

Frequency range | 75-110 GHz | 110-140 GHz | 140-170 GHz | 180-220 GHz | 260-295 GHz | 295-330 GHz | 330-365 GHz | 365-400 GHz
g' 1.15 1.15 1.15 1.05 1.05 1.4 1.05 1.05
e" 19.74 19.50 17.50 10.67 12.19 10.71 10.95 10.67

By the comparison of measured and simulated PDPs, the power and delay of multi-order
reflected paths match well with each other.

EM properties can be inversed by RT simulations, as listed in the Table.

g" is considerably small compared to the perfect conductor because of the painting material.

« The absolute errors in power and in time delay of each significant ray are smaller than 1 dB and
0.1 ns. The narrow absolute error at these measured frequency bands indicates the EM
properties, the validated RT engine, and the 3D geometry model can appropriately repeat the
channel sounding measurement results.

Wireless & Mobile

. Beijing

Communication for Rail
Transportation (WiMiRT)

Jiaotong

University 12 2022/5/10




High Performance Ray-tracing Platform

High Performance Ray-tracing Platform CloudRT (http://www.raytracer.cloud)

7000+ users from 60+ countries since
June 2018 (onllne open access)

. 3D environment
model library

HPC platform: 600 o e me e

CPU cores, 5 GPUs, o B —_— -
and 44 TB storage R E— e e P .o b N\ 7 A
Accuracy: validated - 5>  § 53 D
by 20+ measurements T .

(01'300 GHZ), with Industrial loT Autonomous driving Satellite
the RMSE < 6 dB

D. He, B. Aj, K. Guan, L. Wang, Z. Zhong, and T. Kuerner “The Design and Applications of High-Performance Ray-Tracing Simulation Platform for 5G and Beyond Wireless
Communications: A Tutorial,” IEEE Communications Survey and Tutorial, vol. 21, no. 1, pp. 10-27, Aug. 2018. (2021 ESI highly cited paper)
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More than 1900 users from 61 countries
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More than 5600 users in China
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THz Channel Characterization and Analysis

Root-Mean-Square (RMS) delay spread

N N 2
Z T-n,z ’ Pn Z Tn * Pn.
. n=1 n=1
Or = N o N
> P > Py
n=1 n=1

in which B, and t,, are the power and the time delay of the nth
multipath, respectively.

The figure shows the performance of RMS delay spread with
frequency. A linear function is used to model the relationship:

DS =-0.0020f +1.6443

1.8

1.6

RMS delay spread |ns|

e
T

O Measurement

o Q

0.8
50

 As the frequency increases, the propagation loss of each
multipath increases, resulting in a smaller RMS delay spread.

g™ Beijing Wireless & Mobile

100 150 200 250 300 350
Frequency [GHz]

absolute error =0.134 ns
standard division =0.184 ns

400
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THz Channel Characterization and Analysis

Rician K-factor Py,
Py
KF = — 20}
Z P (Z) — Pd g
5 18
where P(i) is the energy of all the paths of the signal during ‘;;
propagation, P; is the energy of the LOS path. N
= 16}
The figure shows the performance of Rician K-factor with = N
frequency. A cubic function is used to model the relationship: e 0 Measurement
—Fit

KF =1.86x10° 2~ 0.0013f2+0.2737f —0.8565 5 100 150 200 250 300 350 400

Frequency [GHz]

absolute error = 0.401 dB
standard division =0.548 dB

* Rician K-factors are high enough to imply a LOS condition.

Wireless & Mobile

gemee Beijing
R '&"35 Jiaotong Communication for Rail
¥ University Transportation (WiMiRT)
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Channel Measurement Campaigns (Penetration LosS)

Penetration Measurement for Very Common Materials in Indoor Scenario

Barrier on t

e

able

PVC 2 mm
Hardboard 6 mm
Wood 10 mm
Glass 6 mm
Plant -
Beijing Wireless & Mobile
Jiaotong Communication for Rail I S

University Transportation (WiMiRT)



Channel gain [dB]

TN - 2> )
o 'ﬁ"}‘g Jiaotong Communication for Rail
= University Transportation (WiMiRT)

Numerical Results and Analysis

CTF IFFT CIR Gate Gated CIR FFT Gated CTF
(Frequency domain) (Time domain) (Time domain) (Frequency domain)
0 0 -15
20t 201
40}
§ G % -60 %’E-Eﬂ- _ —
8 60 £ 80 £ _
=l =] =
T 0 S -100 2
5 -100 6'[30 I f -25
i -140
i -160
75 Slﬂ SIS 9.(! 95 ll.]f ) I{.]S 110 140 0 2.0 4I0 60 SIO 100 lé{} 140 180 {3 30 41("J 60 LI l.(‘)(J I.;.O 1-10 _30?5 3.0 8:5 9‘U 95 l(j[l l(I}S 110
Frequency [GHz] Time delay [ns] Time delay [ns] Frequency [GHz]

VNA: Freqguency-domain measurement, S21 parameter recorded

Atime gate is added on the LOS path to isolate unnecessary reflection from the measurement environment.

The gated curve is transformed into the frequency domain, which has removed the influence of interferential factors.
We compare the sample measurements to a reference LOS measurement, which corresponds to the direct path

without any obstacles between Tx and Rx Penetration(f) = Pros(f) — Pvros(f) [dB]

Beijing Wireless & Mobile
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Numerical Results and Analysis

50 at 7/5-110 GHz at 260-295 GHz
50 F
m o 40 F— :
=, =, = Plant
2 30 r — Plant «a — Wood
= — Wood 230t — PV C
= —PVC g = Hardboard
:g —— Hardboard g= — Glass
£20r — Glass 1 S5t -
5 =
0 A
2 -
1'0 B 10 L
e I
.0 I I | 1 | ] 0 I I I 1 I 1
75 R0 85 90 95 100 105 110 260 265 270 275 280 285 290 295

Frequency [GHz] Frequency [GHz]

| loss[dB] | Glass | Hardboard | Wood | _PVC___|  Plant _

75-110 GHz 6.41 5.47 4.41 1.76 39.98
260-295 GHz 19.32 13.30 7.96 4.37 40.41
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Numerical Results and Analysis

Loss [dB] Hardboard

75-110 GHz 6.41 5.47 4.41 1.76 39.98
260-295 GHz 19.32 13.30 7.96 4.37 40.41

» The penetration loss is increased with frequency for all tested samples.

 The potted plant, which is a very common decoration on the table in the office or in the living room,

causes a very large penetration loss. One of the reasons is that the water molecules inside the
plant make the energy of waves absorbed.

« Electromagnetic waves can indeed transmit some materials, such as wood and plastic, with
relative little penetration loss.

 ldea: glass window may be replaced by hard transparent plastic. Better outdoor-to-indoor
coverage may be achieved.

Z % Beijing Wireless & Mobile

) Jiaotong Communication for Rail
University Transportation (WiMiRT) 23 2022/5/10




Outline

Motivation

O THz Channel Measurement on aaRDEsSKtap
e Measurement Campaign

« Channel Characterization and-Analsis

[0 Penetration Loss Measurement

« Measurement Campaign

« Numerical Results and Analysis

24 2022/5/10

0 Conclusion and Future Work

O
Communication for Rail

Transportation (WiMiRT)



Conclusion

« We introduce extensive channel measurements from 75 GHz to 400 GHz on a desktop.
A self-developed RT simulator is utilized to post-process and to locate the received multipaths.

 With the help of RT simulations, the EM properties of the painted metal are extracted. The painted
metal is the relevant material generating multi-order reflected paths in the measurements.

* In addition, the RMS delay spread and Rician K-factor are extracted and analyzed. A linear function
and a cubic function are utilized to model these two channel parameters with frequency, respectively.

 In order to describe the channel characteristics in the presence of obstruction, we measure the
penetration loss for several common materials (glass, hardboard, wood, plastic, and potted plant). As
expected, the penetration loss increases with the increase of frequency for all tested samples.
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Future Work

« We will conduct more channel measurements with narrower frequency band in the same desktop
scenario. Thus, the KF and RMS delay spread can be extracted to validate the corresponding fitted
curves at THz band.

« We will conduct more penetration measurements for these materials with different thickness. Thus,
the changes of the penetration loss will be discussed with the changes of the thickness.

Wireless & Mobile

42~ Beijing
)
(=

) ) Jiaptong Communication for Rail
%> University Transportation (WiMiRT)




Thank Your for You ,;‘ t

-l

Ay, : Beijing Wireless & Mobile
' Jia_otong Communication for Rail
University Transportation (WiMiRT)


mailto:haofanyi@bjtu.edu.cn

	幻灯片编号 1
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17
	幻灯片编号 18
	幻灯片编号 19
	幻灯片编号 20
	幻灯片编号 21
	幻灯片编号 22
	幻灯片编号 23
	幻灯片编号 24
	幻灯片编号 25
	幻灯片编号 26
	幻灯片编号 27

