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Summary of this document

 Finished to prepare MATLAB simulation
program for TSV-channel model

 Explain the flowchart of the MATLAB model

e Show comparison of experimental and
simulated results

e Summarize available LOS / NLOS channel models
by the MATLAB-based TSV channel model
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Definition of final TSV model
CIR h(t) ()4‘L1MI 1alm5(t T, Tlm)é((p_LPI_V/I,m)

(Complex impulse response) /=0 m=0

PL: Path loss of the first impulse response
t: time[ns]
o( ) Delta function

2 —
=0 e LG (0,9 4y, ). Za, o Uniform[0,27) o o il

L = total number of clusters;
M, = total number of rays in the I-th cluster;
-------------------------------------------------------------------- T, = arrival time of the first ray of

. . the I-th cluster;
Two-path response Arrival rate: POiSSON Process ! i =delayof the mh ray within te - custer
ﬂ [ (/’lD )

relative to the firs path arrival time, T;;

Q,= Average power of the first ray of the first cluster

¥ o<Uniform[0,2); arrival angle of the first ray
within the I-th cluster

¥ = arrival angle of the m-th ray within the I-th
cluster relative to the first path arrival angle, ¥

(T 1T0)= Aexp[- AT, T.l)] 1>0

Mo B (T||T|,( )}texp[— (T. ) m>0

27 2hh,
VGuG,1 ++/GuG,, T exp[l }

T T

Path number of G, and G,,(1: direct, 2 : refrect)

Two-path parameters (4) S-V parameters (7)

Antenna parameters (2)

D oc Uniform: Distance between Tx and Rx
h, oc Uniform : Height of Tx

h, oc Uniform : Height of Rx

Uy o< Average of distance between Tx and Rx

I': cluster decay factor
1/ A : cluster arrival rate
y > ray decay factor
1/ A :ray arrival rate CoTTTTTTTTT T
o, : cluster lognormal standard deviation | Rician factor (2)
o : ray lognormal standard deviation i k : Small Rician effect in each cluster

1

1

1

1

Gt(6, ¢): Antenna gain of Tx
Gr(6,¢): Antenna gain of Rx

|, Reflection coefficient

[I,| = 1: LOS Desktop environment

(incident angle = z/2) o, - Angle spread of ray within cluster

|[,| = 0: Other LOS environment

K= &

L-1M,-1

(Laplace distribution)

alm‘ (t T|_T|,m)5(¢_l}’|_V/mer(ollpl‘*"//um)

1=0 m=0
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Impulse response

>

— LOS penetration wave component

B Rician factor (AK)

+« Small Rician factor (AK)
3.5
Jo o A S-V model response

I / >F,A,)/,/%

Time of Arrival

Relative Amplitude

This response can be also obtained in TSV model by setting 'o=0
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Examples of parameters for TSV model

TSV Small S-V model oriented parameters Number
Model Rician of cluster
factor

Parameter Qy(D) K r | UA| vy /L | o | o, o N
[dB] (Ak) [ [ns] | [ns] | [ns] | [ns] | cluster | ray | [deg]

Tx:60 3.46 D- 3.97 223 1211|172 | 268|727 | 442 | 38.1 3

Rx:60 98.4
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Function calls

Main

sv_params_TG3c

sv_model ct TG3c

sv_cnvrt_ct TG3c
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Flowchart (overview)

Main

y

and minimum

input cm_num, number of channel realizations (N),

time resolution

y

Calculate and plot out performance metrics

direct-component-related

call function sv_params_TG3c and get parameter regarding
antenna beam-width, S-V parameters, and

parameters if necessary

A 4

responses, using antenna gain

which are generated by
|

call function sv_model_ct TG3c, and generate N impulse

determined by AOA information
the Monte Calro method

}

discrete time output

call function sv_cnvrt_ct_ TG3c and generate

from continuous time input

}

decimate impulse response if necessary

A

store off channel realizations

A 4

T
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function sv_model ct TG3c
“generate N impulse responses”

Flowchart of
sv_model ct TG3c

no

A

calculate first
cluster arrival time

diréct LOS componer
generated by SV

A 4

calculate direct LOS first cluster arrives
component and set attime 0
the component at time 0

Tr: arrival time of ray

in the k-th cluster k<0
L: Number of clusters to be «
generated v
no | k < k+1, Tr < 0, and set k-th cluster's AOA

N charm_ no yes
generated?

| set ray’ AOA and then obtain antenna gain from the AOA |

'

| calculate ray arrival time Tr’ |

!

determine ray amplitude and phase
using antenna gain and AOA

A 4

Tr < Tr+ Tr”
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Comparison of experimental and simulated results

-70 ! An"[ennaheigh{ -
Tx: 170 mm g =75 1 --
Rx: 150 mm
-80}- Beam width: 60 deg] @ 80
Distance: 3m =,
T -85
=
-90- 4 8 -9
1 2 o5
_100L S-Vcluster| = _ .,
hu -105
-11 T -
% 20 40 80 100 1%
Time of arrival [ns]

LOS component
(a) Experimental result

@ | Beam width: 60 deg |

****** 3"*******Assuméd@ﬁstahtéfB?ﬁ*""”*

20 40 60 —80 100
Time of arrival [ns]

LOS component Simulation data
IS a snap-shot.

(b) Simulation result

Experimental results

Simulated results

Average RMS delay
spread

10.6[ns]

9.2 [ns]
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Summary of available LOS / NLOS channel models
by MATLAB based TSV-channel model

LOS NLOS
Office Available (NICT) [Available (NICTA) ]
Residential | Available (NICT) 7%
Desktop Available (NICT) WA
Library | Available (IMST/Intel) //N/A

Measurement and analysi

parameters are finished by NICT.
MATLAB program is now available by
using analyzed parameters.

/

s to get TSV Measurement is finished by NICT.
Analysis to get TSV parameters is also
possible within a couple of week.
MATLAB program will be prepared by
using analyzed parameters.
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Summary

 Finished to prepare MATLAB simulation program
for TSV-channel model

« Explained the flowchart of the program

e Showed comparison of experimental and simulated
results
— Performance is almost similar to the experimental one

e Summarized available LOS / NLOS channel models
by MATLAB based TSV-channel model

— NLOS as well as LOS can be covered by the proposed MATLAB
program.
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