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Agenda

« Channel model for LOS desktop environments
» Proposal of TSV model
= Measurement procedure and results

» Extracted TSV model parameters
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Importance of channel model for LOS desktop

= |_OS desktop is one of useful channel environments for TG3c
= [mportant to develop channel model for LOS desktop
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What is suitable channel model for LOS desktop?

= Two-path model is suitable to express LOS
desktop environment (06/109)

= Developing statistical two-path model and
merging with S-V model was proposed for TG3c
generic channel model (06/228)

=  This model is named TSV model (Triple SV:
Shoji, Sawada, Saleh and Valenzuela model)
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Proposed TSV model
TSV model = Statistical two-path model (LOS) + S-V model (NLOS)

L1 M1

h(t)=85t)+> Y e, 8t-T, 7)o v, , G, 0. +v,,,)

I=0 m=0

Statistical two-path model response (LOS)

g 6 Direct wave response level (AWGN)
S| A%
2 l Rician factor (AK)
& A~ S-V model response (NLOS)
o JQ ll R A7, A
v | ||| H. >

Time of Arrival

Refer to Appendix B about the definition of each parameter
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Purpose of measurement

= To confirm the validity of TSV model In
LLOS desktop environments

= To extract TSV model parameters
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Measurement environment

=« Small conference room:
6.AmX7.4m

« Ceiling height: 2.7 m

« Surrounding: metallic
wall, Glass window

« Floor: Plaster board
covered with carpet

« Furniture: Wooden
desk, chair, computer,
LCD TV, white board
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Measurement conditions

Instrument HP8510C VNA
Center frequency 62.5 GHz
Bandwidth 3 GHz
Time resolution 0.125 ns
Distance resolution 19.1 cm
# of frequency points 801
Frequency step 3.75MHZz
Times of average 128 times
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Measurement conditions (cont’)

= Antenna: Conical horn antenna
= Polarization: Vertical
= Beam-width: Tx:30 and Rx 30, Tx:60 and Rx60

Conical horn antenna Conlcal horh-antenn
Beam-width 30 deg Beam-width 60 deg
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Measurement environment (case #1)

Metal based inner wall 640

unit: cm

&
<

a20 |
110 |, 113.5
g 2 X Antenna height
°  from desktop
TX Rx Tx=15cm
2z 3 g Rx =15cm
v A 5m
Steel 1m 2m  3m  4m "
cabinet o
S _ - LCD
S Room height: 270 S TV 2
Y 96 White ~
X board F!
269 N PN 277 2
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Measurement environment (case #2)

| Metal based inner wall unit: cm
a0 |
110 |, 113.5
S S _Antenna height
(92] N @
> from desktop
Tx=15cm
S Rx = 15 cm
Steel 2m  3m am 5m v
cabinet LeD =
0 ~
S Room height: 270 5 TV y
Y 96 White | |2
A board ok
269 N N 277 \
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Measurement environment (spatial)

Metal based inner wall 640

unit: cm

420 .
110 |, 113.5
S 2 _Antenna height
TX Tx=15cm
| =T Rx =15cm
X RX }
Ste;el 3m “@
UH::ablnet N LcD =)
S Room height: 270 S TV Y
v 96 White ~
X board F!
269 N PN 277 Y
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Measurement environment (different heights of Tx)

. Metal based inner wall . unit: cm
a0 |
. 110 | 113.5
S 2 ., Antenna height
~ from desktop
TX Tx =17, 14.3 cm
VB high- and low-
stee o RX * Rician cases
cabinet S
S Ny LCD —
S Room height: 270 S TV Y Rx=15cm
v 96 White I~
- board C!
269 . PN 277 2
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Measurement results
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PDPs for two different antenna heights

Two-path response Two—path response
-70 _'__4____'___1____' e -70 —T
y Antenna height | Antenna height
= i Tx: 170 mm = I Tx: 143 mm
| Rx: 150 mm _ Rx: 150 mm
=, -80 B;(am width: 60 deg | = -80r / l Beam width: 60 deg |
g L Distance: 3m g A Distance: 3m
S -oof | | Ak=241dB 1 8 oo | ----AKES01dB |
QL Y (<5}
= I 1 2 I
§ -100r S-V cluster A § 100k S-V cluster -
-110 -110 b l||| i | | Ll
0 20 40 60 80 100 0 20 40 60 80 100
Time of arrival [ns] Time of arrival [ns]
(a) High Rician factor (b) Low Rician factor

= AK has 19dB dynamic range
= TSV model is well expressing LOS desktop
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TSV model parameters to be extracted

I": cluster decay factor A
1/ A : cluster arrival rate

y . ray decay factor

1/ A . ray arrival rate S-V model oriented
parameters

o, : cluster lognormal standard deviation
o, . ray lognormal standard deviation
o, - Anglespread of ray within cluster

(Laplace distribution) %

Q, : Average power of the first ray of the first cluster } TSV model
parameter
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Results of data analysis

Antenna beamwidth
Tx: 60 deg, Rx: 60 deg
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2 i | \ |
S = ) Y—
Eo, E % 3 4 on ]
S =4 ° = K N
=4 o =)
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Cluster decay factor (I) Cluster arrival rate (1/A) Ray decay factor (y) Ray arrival rate (1/1)
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L &£ r - e( -2.37-00371%) | o
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0.4 »
i & 0.051 . e L
& I S 03 & 03
0.2- & 4 » ] o "
[ 0@ °© 3 o 0.1 0l
0(?9 90 80 210 360 18600 0 90 180 % % ;
AO0A of cluster [deg] AOA [deq]
Angle of arrival in cluster (ecUniform)  Angle spread of ray (o) Standard deviation of cluster (c;)  Standard deviation of ray (o)
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Extracted TSV model parameters

Data | QD) | I' |V/A| v | UA]| o | 6, | O Max. Min.
[dB] | [ns] | [ns] | [ns] | [nS] |cluster | ray | [deg] | AK[dB] | AK[dB]

Tx:30 (444 D-(21.1| 27 |885|156(3.01(7.69| 346 | 27.0 10.2

Rx:30| 105

Tx60|3.46D-(223|121.1|17.2|2.68|7.274.42| 38.1 | 24.1 5.01

Rx:60| 98

Channel model for LOS desktop environment is available
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Conclusion

= Proposed TSV-model is suitable to express
LLOS desktop environments

= 19dB dynamic range for A K was observed

= TSV model with extracted parameters Is
now available
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Appendix A: AK In LOS indoor environments

= TSV model can be applied in any LOS environment

= TSV model parameters for LOS residential environments
can be obtained since we have measurement data (06/012)

= TSV model parameters for LOS office environments can be
obtained if measurement data are provided

Or

Z 20 i LOS Residential (NICT data)
E AK=33.2dB Tx: 15deg
ol |V All multi-path components
o h are included

% . "ﬂ-l‘“ 40 Iul.fﬂ $0 100

ToA [ns]
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Appendix B: Definition of TSV model

CIR: nl)-ps0)+S S

(Complex impulse response)

o(t)+

1=0 m=0

2
=Qe e La oc Uniform[0,27)

o
I,m

Two-path response Arrival rate: Poisson process
(%)

27 2hh
VGuG, ++/G,G,, T, eXp{J hh, }
Path number of G, and G,,(1: direct, 2 : refrect)

A, D

p(T, 1T, )= Aexp[- AT, T.l)] >0 E
(T||T| ) iexp[_ (TI ) m>Oi

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

I': cluster decay factor

1/ A :cluster arrival rate

y . ray decay factor

1/ A :ray arrival rate

o, : cluster lognormal standard deviation
o, : ray lognormal standard deviation

o, - Anglespread of ray within cluster

D oc Uniform : Distance between Tx and Rx
h, oc Uniform : Height of Tx
h, cc Uniform: Height of Rx
|I,| = 1: Reflection coefficient
(incident angle = /2)

(Laplacedistribution)

Zam (t T, Tlm)é((p_lPl_l//I,m)\/Gr(o'\Pl+l//I,m)

t: time[ns]
o(-): Delta function
| = cluster number,
m = ray number in I-th cluster,
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;
7, = delay of the m-th ray within the I-th cluster

relative to the firs path arrival time, T;;

0, = 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, ¥

Antenna parameters (2)

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

Rician factor (1)

ﬂz

alm‘at T - T|m)5(¢7 Y- V/Imb (Ov\Pl‘L'//Lm)
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Appendix C: Averaged power of the first ray of S-V response

0 ' T wall
- 0, =3.46D-98.0 -
-20f . AR
- Path#1 .~ -~ . Path#2
= -40f :
= 1 TX o N~ Rx T RX
G -60r l / @
80l et
o > _ Directivity
-100 L ? : 5 . L . <
1 2 3 4 5 d,
Distance [m] < dg >

= (), Increases due to distance, because directional antenna
IS used In transmitter
= Conventional S-V model does not consider this effect
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