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1. Ray Tracer Calibration

Calibration Approach

> 3D ray tracing — Simulation Result.

Cost Function
Error calc.

Measurement —

Best Parameters per iteration

Mutate Ray Tracing
parameters <€
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1. Ray Tracer Calibration

Target scenario for calibration:

_ 2-mm PET _
o N i D=0.5139 m
N A=0.3800 m
: —> > B=0.0880 m
<€ >
D

Material

Maximum order of reflected ray: 6
Transmitted loss by PET. A PET=2.0 Metal
Higher order reflection coefficient:

NLOS_ Coefficient=0.5 PET
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1.

—

Ray Tracer Calibration-Both metal

and PET are calibrated

Progress of the calibration

i
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Calibrated run
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45

50

Calibrated Result:

Material

Metal 4.5209E6
PET 1.8667 0.3953

Transmitted loss by PET:
A PET=1.9890

Higher order reflection coefficient:
NLOS Coefficient=0.5

Mean abs. error=0.1027 dB
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1.

—

Ray Tracer Calib

ration-Only PET Is

calibrated

Progress of the calibration

Cost Best

Calibrated Result:

Material

1E7
2.1899 0.1187

Transmitted loss by PET: A PET=1.9706

Higher order reflection coefficient:
NLOS Coefficient=0.45

Mean abs. error=0.9976 dB

5 10 15 20 25 30 35 40 45

P
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1. Ray Tracer Calibration

Before Calibration
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1. Ray Tracer Calibration-After calibration
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Content
1.Ray Tracer Calibration

2.Target Scenario Generation

3.Parameter Extraction and modeling
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4. li1alllic] nN\calicaiivili

Submission

10



doc.: 15-16-0168-02-003d kiosk-channel-modeling

Scenario Definition

Three scenarios are modeled for Kiosk downloading application

(il 4 \b ("i):p \¥

'3 1
Scenario (1): All the plates are parallel to each other

Scenario (i1): The PET plate Is tilted

Scenario (iii):The PET plate, RX antenna and metal plate are tilted
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X 2. Target Scenario Generation

y ‘All parallel’-Scenario (i)

» 3D distance between TX and RX
ranges from ~0.41-1.0 m

. RX » TX position is fixed

» RX and RX metal plate positions
vary

» Frequency Properties

Range: f €[220,~ 340] GHz

Frequency step should be determined
by the maximum absolute delay

12



2016/3/14 doc.: 15-16-0168-02-003d kiosk-channel-modeling

2. Target Scenario Generation

‘PET tilted’-Scenario (ii)

» PET is tilted

» TXand RX points to each other
» TXand PET positions are fixed

» RX position varies
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2. Target Scenario Generation

‘PET & RX metal tilted’ —
Scenario (iil)
> PET and RX are tilted

» TXand PET positions are fixed

» RX position varies
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3. Parameter Extraction

»Spatial path-specific channel
transfer function
H; (T, @aon: Orons Pacn 1 Onon) = aiem D, (f Je 7t
5 (Paop — Pao )0 (Baop —Oaop,i)
5 (Pnon — Paoai )0 (Oaon — Ononi)

»QODbtain the complete channel transfer

function

All path-CTFs must be weighted with the TX and RX antenna characteristics gTX and
gRX

N Rays

H (f) - Z Hi[gTX (f ’¢AOD,i ! HAOD,i)[QRX (f ’¢AOA,i ! HAOA,i)

Submission



2016/3/14 doc.: 15-16-0168-02-003d kiosk-channel-modeling

3. Parameter Extraction-type of path

Statistic overview of different order of rays at different Tx-Rx distance for scenario (i)
B 7 e e T R e e
Number per
snapshot

- - 30.09% - 1.98% - 0.20%

Statistic overview of different order of rays at different Tx-Rx distance for scenario (ii)

Statistic overview of different order of rays at different Tx-Rx distance for scenario (iii)
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3. Parameter Extraction-type of path

Conclusion:

> We consider only up to 2"d order reflections, due to the high
attenuation at higher orders (low contribution)

» 1 transmitted path and 3 second-order reflection paths should be
generated for ‘all parallel’ scenario

» The 3 types of reflection path are :
typel (TX->RX metal->TX metal->RX) = 3dmax/ <13ns
type2 (TX->PET->TX metal->RX)

type3 (TX->RX metal->PET->RX) f < 77 MHz

step —

TX plate

HEE

Type 1 Type 2 Type 3
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3. Parameter Extraction-amplitude of path

» Transmitted path attenuation:

f, = 300GHz

C
Arans = 20 Ioglo (472_—1_) - 20 IoglO (d) o Apet
0

— —81.98dB —2010og10(d[m]) - A

Calibrated Attenuation due to PET

pet

» 3 types of second order reflection:

ai,Re fl — a‘trans ] Aa‘trans T nr (Ti o z-trans) + Aa'i

Aa[rans The offset compared with transmitted ray

[1 Slope along delay, Adg. Variation of fitting result
T |

Different distribution models for different types of ref. path
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3. Parameter Extraction-Cross
Polarization discrimination

a. a.
_ 2 2 . i,c0,0 i,cross,6
a‘i,RefI o \/a i,Re fl,co +a I,Re fl,cross Hi — a a
1,Cross,¢ i,C0,0

1
A Reflco = A Refl — 20log,, (1 +—=5")

10 20

XPD
a — 0 —20lna (1210 20
“i,Re fl,co “i Refl eV iYYio\+ Y ]

XPD = 20 log,, (—2)

Cross

XPD can be extracted for each ray from RT simulated results
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3. Parameter Extraction-Amplitude and XPD

First Type LOS Delta

- | | | | Aa‘trajns

50 |

17 18 19 20 2 22 23
First Type Slope

T
0.5} 1
0
-10 -5 0 5 10
First Type Ray Delt
200 sl i Rt AQ_
L\MI
100
| I N
=10 =D 0 5
First Type Co Cross Ratio
200 : : : : . .
XPD{i)
100 4

1 I I I

-16 -10 -5 0 5 10 15

150

Second Type LOS Delta

100

50

20 21 22 23

Second Type Slope

0.5

200

-5 0 5
Second Type Ray Delta

100

l

=10

-5 0 5

160

100

SD-l |
0

Second Type Co Cross Ratio

-16

-10 -5 0 5 10

Third Type LOS Delta
150 T L T T

100

18 19 20 | 22
; Third Type Slope

0.5
0
-10 -5 0 5 10

Third Type Ray Delta
150 T i Y
100+
50+
=15 =10 =D 0 5 10
Third Type Co Cross Ratio

200 T T T T T

100
A1 g | | |
-15 =10 -5 0 5 10 15
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3. Parameter Extraction-TOA
ai,Re i = Ayans — Aa‘trans —N, (Ti - z-trans) + Aai

30 . : :
 Modeling TOA O Delta,g, Typed ’
251 Delta_, Type2 P o
o Delta — Type3 - -
L=t + AT(T t e) Fitting Type -
| trans trans ! yp 20| Fiting Typo2 s
o Fitting Type3 f,,f s
< 15 T
o e -
A t b g rd
T(Ttrans1 ype) — a'[ypez-trans + hype cﬁ_g 0 f,/"f/f
9] e ff
[ ey
51 /f
oL /f
-
_5 1 1 | | | .
0 2 4 6 8 10 12
TOA _  [ns]

trans
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3. Parameter Extraction-Phase

» Phase of transmitted path:

Dirans = —27 fOTtrans

gpref — f(type)
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3. Parameter Extraction-Phase
¢ref — f(type)

4 X 102 Type2 ray phase distribution

» 3types of second order reflection:

«102  Typel ray phase distribution

0
-180 -120 -60 0 60

-180 -90 0 90 180
Ay ]

0
-180 -90 0 90 180

<102 Type3 ray phase distribution

» Typel: uniformly distributed between -180 and 60

» Type2 and type3: uniformly distributed between -180 and 180

Submission
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3. Parameter Extraction-frequency Dispersion

Di(f):—:(ir:

e [dBm]

Amplituc
&
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3. Parameter Extraction-AOD and AOA

9 ' istri —arcsin(0'5H) arcsin(O'SH
AOD uniformly distributed between d[m] and d[m

¢ uniformly distributed between —arCSin(O'SW) and arCSin(O'SW)
AOD d[m] d[m]

)

The angle of arrival (AOA) of the transmitted path has strong geometrical relation
with AOD, which can be obtained from the tilted angle of RX and the generated
AQOD.

Taking Scenario (i) as an example

‘9A0A — _QAOD

¢AOA =180+ ¢AOD
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4. Channel Realization-Generate CTF

Input

d: Distance between TX and RX in [m]

scenario: scenario type (1: all parallel, 2: pet tilted, 3: pet and RX metal tilted)
f: Frequency vector (f_start:f_step:f_stop)

Output

H: Channel matrix

Reflection_Order: Reflection Count Vector
ToA: Time of Arrival Vector in ns

D: Dispersion Factor

AOA,AQOD: Angle of arrival/departure

[H,Reflection_Order,ToA,D,a_i_Phi,a_i Theta,a i Theta Phi,a_i Phi_Theta,AoA_Phi,AoD _
Phi,AoA_Theta,AoD_Theta] = Channel_Realization(d,scenario,f)

In terms of contents, there are many variables could be exported. We should
extract those useful for verifying proposals, then derive the format of CTF
file.
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A Channeal Raali7zatinn_Qinnle RY
. VIIAILITITI 1\CAlILAauiviiTolil IHIC I\/\ RX(10122’012’014)
Four different runs of the Channel Model
_8‘4‘ T T T T T T _ED ' ' ' ' ' '
i —%—RT
] | || ot o |-
-85 | 4
-100 .
-86 f . -110 .
__ -120 -
o -87 E 0
EE EE -130 .
@ -88 1™ .40 i
59 i -150 -
-160 -
-90 -
-170 .
-91 1 1 1 1 1 1 -1B0D 1 1 1 1 1 1
220 240 260 280 300 320 340 360 0 2 4 B 8 10 12 14
Frequency [GHz] ToA [ns]

 Amplitude varies with Frequency
e The slopes match well

» Different 4 runs behave slightly
differently

» All the 4 runs are able to describe
MPCs with accurate delays
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4. Channel Realization-Rician K factor

» 396~576 snapshots for 3 scenarios, 10 runs per snapshot
* Average K of the model is compared with the RT simulation

Model
—RT

0 5 10 15 20

k

Scenario (i)

.
25

0.75¢

025

[
‘8 0.5+

CDF

Model
——RT
10 20 30 40 50 6
k

Scenario (i)

1 0.75¢

1 025

0.5

Maodel
—RT

0

0 10 20 30 40 50
k

Scenario (iii)

The distribution of K factor of model matches well with that of RT simulations

Submission

60



2016/3/14 doc.: 15-16-0168-02-003d kiosk-channel-modeling

4. Channel Realization-Delay Spread RMS

Four Sets of I o 1
Exemplary
Channel Four Sets of
0.75F Reaalizats |  Exemplary | _
Realizations 0.75 Chamnel 0.75t Four Sets of
Realizations Exemplary
~ Channel
0.5 a 05t 0 05 Realizations
Ray Tracing . \
) Ray Tracing Ray Tracing
0.25 0.25 0.25
[) . ] L L () 1 1 1 1 () 1 | | 1 1
0 ).2 0.4 0.6 0.8 0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.05 0.1 0.15 0.2 0.25 0.3
Trs (1] Tams 1] Trus (18]
Scenario (i) Scenario (i) Scenario (iii)

The distribution of RMS delay spread of model matches well with that of RT simulations

Submission 31



doc.: 15-16-0168-02-003d kiosk-channel-modeling
4. Channel Realization-Generated CTF file

The combinations of TX and RX are:
TX 12 dBi, RX 12 dBi
TX 18 dBi, RX 12 dBi
TX 24 dBi, RX 12 dBi
TX 24 dBi, RX 24 dBi

4 combinations are realized for each of the 3 kiosk scenarios, 12 CTFs are
generated.
10 mandatory CTFs and 100 optional CTFs are realized for each TX RX

combination.
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4. Channel Realization-Generated CTF file

802. 15 TG 3d Charnel Transfer Function

Scenario: Close proximity FZ2F
Frequency Range:
Number of Frequency Foints:

Tl o= . g

TL HFEW theta(degree): 11. 25
T% HFEW phi (degree): 11.25
Ri HPEW thetaidegree): 11.25
RXI HFEW phi(degreel: 11.25
Ti Anterma Gain: 24 dEi

RI Antenna Gaing 24 dEi

1601

Mearmerery CTFs ——
kiosk_52_ml |

220 GHz - 340 GHz

—» Lessthan 0.8 m
0. 0003474348567004 — u, uuLooonTOUoOtL T &L,

kiosk S5Z2_m2 0. 0010418187038054 — 0. 00122VB2203382551;
kiosk 52 _m3 8, 0014042085401766 — 0, 00005529530146791 ;

—— (Ontional CTFs ——

kiosk 52 o2 W

kiosk_5Z_o3 0. 001Z2242637306245
kiesk 3 0.001T174275876153
kilosk 52_od [-0.001472936T306730
kiosk_5EZ_of [-0.00196238741438:42
kiosk 52_of -0, 0015635902452446
kilosk S5Z_of [-0. 001403563875 T6ZT

kiosk 52_ol 0. 00108130916580¢ Less than 1 m 2421 ;

. ___ i;
.00067521603825501;
L 000702034156018601 ;
. 000210460704539551 ;
L 00004523002613821 ;
L 000378136531808241 ;
. 0005TBZ06BZ06208] ;

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

oot

=0, 0011899325806876 — 0, 00117906806139301 ;

-0, 0001977252037381 — 0. 00159668T723882051 ;
0. 0005244344304056 — 0, 00107153385358871 ;

L0016877422448802
L 001738773831 7350
0014004047 T04805
L 0016162837287000
. 0010962560845953
=0,
=0,
-0.

O002308221798391
Q00T0B99T 7283233
0004356287605138

P e R R e a]

S+ o+ o+ o+ -+ o+

o O O O o O O O

L 00038344 2270868421 ;
. 0000352983359332041 ;
LD00Z1723309485141 ;
L 000TTE3404605
L 000733752224 76931 ;
. 0010B75708657E6E] ;
. 00128623843577861 ;
. 001335211068361151 ;

nnnnnnnnnnnnnnnnn

20731,

-0, 00188659185306856 —

0. 00017087492061521 ;

-0, 0013007038152091 — 0. 00084717B42307801;

=0, 0003707331445121 - 0O,

=0, 0015534 292026660 +
—0, 001362Z2738884471 +
-0, 0009571296731585 +

0, 000390162352941% !
-0, 0003723310549391 +

00142669747167091 ;

0. 000B0BAZET3510AY1 ;
0. 00111086253985141 ;
0, 00120006061 274751 ;
0, 0015333129179604971 ;
0. 00133825032237741 ;
0. 0000343966146160 + 0, 0014110969319:5911 ;
0. 0003354843781282 + 0, 00142T98636118671 ;

o, 0006324751117651 + D D01Z2RTZZ016495191;

P s L ] alatal

nnnnnnnnnnnnnnnnn

=0, 00150367940678T

-0, 001600743951 3048
=0, 0014/58776938502

=0, 000B30182277480
—0, 0003636753466611
0.0002351311203403
0. 0005333684253155601
0. 000B0Z5T63539648

0, 00112858791500409
0. 001416430381 5628
0. 00153159546 T4798

e Rl R N
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Thank you for your attention

Any comments?
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