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1. Ray Tracer Calibration
Calibration Approach

3D ray tracing Simulation Result

Cost Function

Measurement

Cost Function
Error calc.

M t t R T i
Best Parameters per iteration

Mutate Ray Tracing 
parameters

p
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1. Ray Tracer Calibration
Target scenario for calibration:Target scenario for calibration:

TX RX
D=0.5139 m
A=0.3800 m
B 0 0880B=0.0880 m

D

Ray Tracer configuration:

Material
Metal 1.0 1.0E7
PET 6 4 0 1172

r t a n • Maximum order of reflected ray: 6
• Transmitted loss by PET: A_PET=2.0
• Higher order reflection coefficient:
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PET 6.4 0.1172g
NLOS_Coefficient=0.5
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1. Ray Tracer Calibration

Material  t a n 

Calibrated Result:

Material
Metal 2.2120 4.5209E6
PET 1.8667 0.3953

r t a n 
Progress of the calibration

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 R T C lib ti
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1. Ray Tracer Calibration
Before CalibrationBefore Calibration
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1. Ray Tracer Calibration-After calibration
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2. Target Scenario Generation
 3D distance between TX and RX ranges

Y
Height ‘All parallel’ Scenario

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

 TX position is fixed

 RX and RX metal plate positions vary

Fixed
VariesTX

RX  RX and RX metal plate positions vary

( )[ ]RX x y z m

( 0.0217,0.1,0.2)[ ]TX m
X

[0.4122,1.0122]
[0,0.2]
[0 1 0 3]

RX

RX

x
y




( , , )[ ]RX RX RXRX x y z m
RX positions

 Frequency Properties

[0.1,0.3]RXz 

[220 340] GHf

max
max

3 13 nsd
c  

1

[220, ~ 340] GHzf 
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2. Target Scenario Generation
‘PET tilted’ Scenario

 PET is tilted PET is tilted

 TX and RX points to each other

 TX and PET positions are fixed TX and PET positions are fixed

 RX position varies

Submission 11



doc.: 15-15-0168-01-003d_kiosk-channel-modeling2016/3/11

2. Target Scenario Generation
‘PET & RX metal tilted’ Scenario

 PET and RX are tilted PET and RX are tilted

 TX and PET positions are fixed

 RX iti i 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 channelSpatial path-specific channel 

transfer function
0( )( ) ( )ij j f fH f a e D f e       0

, ,

( , , , , ) ( )
( ) ( )
( ) ( )

i
i AOA AOA AOD AOD i i

AOD AOD i AOD AOD i

H f a e D f e   
     

     



  

, ,( ) ( )AOA AOA i AOA AOA i       

Obtain the complete channel transfer p
function

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

, , , ,
1

( ) ( , , ) ( , , )
RaysN

i TX AOD i AOD i RX AOA i AOA i
i

H f H g f g f   


 
gRX
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3. Parameter Extraction-type of path
Statistic overview of different order of rays at different Tx-Rx distance y

for ‘all parallel’ scenario
Transmitted 1st order 2nd order 3rd order 4th order 5th order 6th order

Number 1 0 3 0 8 0 21

Added 
ratio -- -- 30.09% -- 1.98% -- 0.20%

 We consider only up to 2nd order reflections, due to the high 
tt ti t hi h d (l dd d ti )

Conclusion:

attenuation at higher orders (low added ratio)
 1 transmitted path and 3 second-order reflection paths should be 

generated for ‘all parallel’ scenariog p
 The 3 types of reflection path are : 

type1 (TX->RX metal->TX metal->RX)

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

type3 (TX->RX metal->PET->RX)
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3 P t E t ti lit d f th
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3. Parameter Extraction-amplitude of path
 Transmitted path attenuation:

0 300f GHz

10 1020 log ( ) 20 log ( )
4trans pet

ca d A
f

  
04

81.98 20log10( [ ]) pet

f
dB d m A


   

Calibrated Attenuation due to PET

 3 types of second order reflection:

,Re ( )i fl trans trans i trans ia a a n a        

a The offset compared with transmitted raytransa The offset compared with transmitted ray

n Slope along delay, 
ia Variation of fitting result
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Different distribution models  for different types of ref. path
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3 P t E t ti C
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3. Parameter Extraction-Cross 
Polarization discrimination

, , , ,i co i cross
i

i cross i co

a a
H

a a
 

 

 
  
 

2 2
,Re ,Re , ,Re ,i fl i fl co i fl crossa a a 

R R 10
120log (1 )fl fla a  

, , , ,i cross i co  

,Re , ,Re 10
20

20

20log (1 )
10

20log (1 10 )

i fl co i fl XPD

XPD

a a

a a



  

20 log ( )coaXPD 

,Re , ,Re 1020log (1 10 )i fl co i fla a  

1020 log ( )
cross

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

n

ia

( )XPD i
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Next Step-> Approximation with proper distribution model
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3. Parameter Extraction-Phase
 Transmitted path attenuation:

02trans transf   

 3 types of second order reflection: 3 types of second order reflection:

( )f f type  ( )ref f type
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3. Parameter Extraction-Phase
( )f 3 types of second order reflection: ( )ref f type 

 Type1: uniformly distributed  between -180 and 60

 Type2 and type3: uniformly distributed between -180 and 180
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 Type2 and type3: uniformly distributed  between 180 and 180
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3. Parameter Extraction-frequency Dispersion

f0( )i
fD f
f 

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

AOD uniformly distributed between                            and 
0.1arcsin( )
[ ]d m

 0.1arcsin( )
[ ]d m

AOD uniformly distributed between                            and 
0.1arcsin( )
[ ]d m

 0.1arcsin( )
[ ]d m

AOA should be modeled … could be related with AOD and type of reflection
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4. Channel Realization-Generate CTF
InputInput
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

A i f A i l iToA: Time of Arrival Vector in ns
D: Dispersion Factor
AOA,AOD: 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
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extract those useful for verifying proposals, then derive the format of CTF 
file.
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4 Channel Realization Single RX
2016/3/11

(1 0122,0 12,0 14)RX4. Channel Realization-Single RX 
comparison

(1.0122,0.12,0.14)RX

Diff t 4 b h li htl• Amplitude varies with Frequency
• The slopes match well

• Different 4 runs behave slightly 
differently

• All the 4 runs are able to describe 
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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 

with the RT simulation

K factor Theta Phi
Abs. mean error 0.9092 0.9108
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4. Channel Realization-Delay Spread RMS

• 576 points, 10 runs per point
• RMS delay spread is compared 

Delay 
d ( )

Theta Phi

with the RT simulation

spread (ns)
Abs. mean error 0.0741 0.0759
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4 Ch l R li ti G t d CTF fil
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4. Channel Realization-Generated CTF file
Scenario name

TX, RX antenna parameters  are different

Use case
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