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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

6 : . . . . . : : . Calibrated Result:

5| Il Material

Progress of the calibration Metal 4.5209E6
4l i
PET 1.8667 0.3953
| Transmitted loss by PET:
2t | A _PET=1.9890

Higher order reflection coefficient:
NLOS Coefficient=0.5

0 5 M 15 20 25 30 35 40 45 50 Mean abs. error=0.1027 dB
Calibrated run ' '
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1. Ray Tracer Calibration

Before Calibration
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1. Ray Tracer Calibration-After calibration
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2. Target Scenario Generation
‘All parallel’ Scenario

» 3D distance between TX and RX ranges
from 0.43~1.3m

TX position is fixed

A

Height

X

S ’ 5 RX » RX and RX metal plate positions vary
[ L’*\‘_ D TX(-0.0217,0.1,0.2)[m]

RX (Xax » Yrx 1 Zex J[M]

Xoy €[0.4122,1.0122]
Yoy €[0,0.2]
Zo €[0.1,0.3]

RX positions

» Frequency Properties

Height

1.1

f €[220,~ 340] GHz

_3dma/ _
Toax = f =13 ns

f. = <77 MHz
step T oo
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2. Target Scenario Generation

‘PET tilted’ Scenario

» 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

» PET and RX are tilted

» TXand PET positions are fixed

» RX position varies
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2. Target Scenario Generation

Any comments to the proposed scenarios?
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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)
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3. Parameter Extraction-type of path

Statistic overview of different order of rays at different Tx-Rx distance
for ‘all parallel’ scenario

Add.ed -- -- 30.09% - 1.98% - 0.20%
ratio

Conclusion:
> We consider only up to 2" order reflections, due to the high
attenuation at higher orders (low added ratio)

» 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)
type2 (TX->PET->TX metal->RX)
type3 (TX->RX metal->PET->RX)
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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

Second Type LOS Delta

Third Type LOS Delta

100 : : : : Aa[aJ 150 150
rans 100 1 100
B0 |
B0 1
i) i)
17 18 19 20 21 22 23 19 20 21 22 23 24 18 19 20 21 22
; First Type Slope L ; Second Type Slope ; Third Type Slope
T
051 1 0.5 0.6+
i) i) o
=10 -5 0 ] 10 =10 -5 0 5 10 =10 -5 i 5 10
First Type Ray Delt Second Type Ray Delt Third Type Ray Delt
200 irst Type Ray Delta 200 eccl)n ype ayle a 150 . i Iype a;:' elta .
100+ 1
100 100 1
80+ 1
M L 1B ;
-1 -5 i) 5 -15 =10 -5 0 5 10
First Type Co Cross Rati Second Type Co Cross Rati Third Type Co Cross Rati
200 . Irs Iype : rossl Ell(f:lI ] 150 IEl.'}()t"lI Ype .0 I'OSIS EiI'CZlI 200 . I Iype -IO rossl Eil'(ﬁ)I
XPD(i) .|
100} 1 100+
RO 1
A1 T T | I 1 I | I P S O
-15 -10 -5 0 L] 10 15 -15 -10 5 0 5 10 15 -15 10 b 0 5 10 15
Next Step-> Approximation with proper distribution model
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3. Parameter Extraction-Phase

» Transmitted path attenuation:

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

f
Di(f):f_(lz

Should be extracted from RT simulation
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3. Parameter Extraction-AOD and AOA

' iStri in(— 0.1
‘9AOD uniformly distributed between —arcsm(m) and arcsm(m)

01,

.01
i istri —arcsin(—— |
¢AOD uniformly distributed between ( d[m]) and - arcsin(; -

AOA should be modeled ... could be related with AOD and type of reflection
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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 -
m -87 E 0
EE EE -130 .
@ -88 1™ .40 i
59 i -150 -
-160 -
-90 4
-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

» 576 points, 10 runs per point
» Average K of the model is compared

0.75F with the RT simulation
03 Phi
Abs. mean error ().9092 0.9108
0.25
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4. Channel Realization-Delay Spread RMS

l

Four Sets of ) ]
Exemplary e 576 points, 10 runs per point
075\ Channel  RMS delay spread is compared
7| Realizations with the RT simulation
e .
8 05 1 IBEEW Theta Phi
_ spread (ns)
Ray Tracing
0.25 | Abs.meanerror (.0741 0.0759
0 - 1 1
0 0.2 0.4 0.6 0.8
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4. Channel Realization-Generated CTF file

202,15 Te 3d Charmel Transfer Function

Bcenaric: Close proximity P2F

Frequency Range: 220 GHz — 540 GHz
Number of Freguency Foints: 1601
Folarization: wertical

TX HPEY theta(degree): 11.6
TX HPFEY phi(degree): 11.6
RX HPBW theta(desgree): 5.9
EX HPFEY phi (degree): 10.6

Antenna Gain: 25 dEi

——— Mandatory CTRs ———/
kiesk all parallel ml 0. O0038B1768T57Z302 — 0. 0125866308398059%91 ;

LO0Z2T13000873018% — 0. 00074875686 744021 ;
-0, 00096595611655634 + 0. 0000ZBE058TTIZ66L ;
LOO0TE9403098561T + 0. 00115414241303T21 ;
LO001207307127449 + 0, 000363939668658421 ;
L00051015531456588 + 0, 01680813T206248021 ;

kiosk_all parallel m2
kicsk _all parallel_m3
kiosk_all parallel md
kiosk_all parallel_mb
kiosk_all parallel _mb

—— Uptienal CThs ——

kiesk all parallel_ol —0.0000143544504800 + 0, 0002T25%9673188261 ;

Use case

kicesk_all_parallel_oZ 0. 000Z2Z6400335705 — 0. 000081111027T2241 ;

kiesk all _parallel o3 —0.0092Z373045964721 — 0. 009535375031155061 ;
kicosk_all_parallel_od —0.00087TTBT1Z88382 — 0. 000TRSTST35031511; —0. 000683415309043254 + 0, 000T48135885320181;

Scenario name

TX, RX antenna parameters are different

—0. 0093838830416237T — 0, 00845152025814511;

—0.0133817754883043 -

=0, 00044140771704659 — 0, 00398309166087121; —0. 003595037524531529 —
0,0010473740404348 + 0. 00033684834367641; —0. 000Z384744574726 —
0.000991T7267T116631 — 0. 000882E7T4310291%521; -0, 0001870283634410 —

0.0000117147523035 — 0, 000083287939804 771 ;
0.01463343T2548618 + 0, 004T115997212T5451 ;

0. 0005063551751084 — 0
0.01057305320713819 — 0

0. 000Z831928688255 — 0. 00003T20933T02321; —0, 0000931085963563 —
—0. 000Z2806643320451 — 0. 000Z0116887955181; —0. 000BR924T041291% +

—0.01237840531868451 — 0, 0009596614 73860201 ;

—0. 0176300549324154 -
0. 000785391T505038 +

kiosk_all parallel_ob —0.000980294620385%% + 0. 00015867V365180261; 0. 000250685934 72675 + 0. 00100V04440035541; O, 0010550015527144 -
kiosk_all_parallel_ob 0.0004203493928627 — 0. 00050428062590281; —0. 0005458764451 784 — 0. 000236900641184021 ; —0, 0000437768T00605 +
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