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Agenda

= Background

= Measurement procedure and results

= Extracted TSV model parameters
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Background

= Channel model for NLOS office environment was
released. However the parameter for only omni
antenna iIs available

Purpose

= To provide re-analyzed NLOS office channel model
based on TSV model, and to extract the parameters
for the directional antenna
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Measurement condition

 Polarization : Vertical

e Antennaheight:1.1m

e Antenna separation : 10 m
o Tx antenna: always fixed

e Rx antenna: rotated from O to 360
with 5 degree step

Ref. Doc 06/12
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Measurement environment in office
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Measurement environment in office (cont’)
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Measurement environment in office (cont’)

Submission Slide 8 Hirokazu Sawada, NICT



Nov. 2006

doc.: IEEE 802. 15-06-0478-00-003c

Measurement environment in office (cont’)
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Floor plan of office environment
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Measurement condition (cont’)

Scenario Room size
Office Floor;: 22 X 12.5 m?
(NLOS) Ceiling height: 3.5m
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Measurement conditions

Instrument HP8510C VNA
Center frequency 62.5 GHz
Bandwidth 3 GHz
Time resolution 0.333 ns
Distance resolution 19.1cm
# of frequency points 801
Frequency step 3.75MHz
Times of average 128 times

Time resolution and distance resolution were determined by
bandwidth
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Measurement conditions (cont’)

e Tx: Pyramidal horn antenna (3dB beam-width:30 deg)
and Omni directional antenna

e Rx: Pyramidal horn antenna (3dB beam-width:15 deg )

e Calibration performed with 1m reference separation

Omni directional Pyramidal horn
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Measurement Data List

_ Antenna beam width
Scenario Angle [deg] | PDPs
Tx [deg] | Rx [deq]
Office Omni 15 05 3EE 73
(NLOS) 30 Y 72%

- Not avallable data
% 95deg
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Example PDPs in office environment
(Beam width: Tx=30" ,Rx=15" )
Direct-path component with diffraction loss of obstacles

O- | l | | IAnglle of IRx [deg.]- (PC, LCD...)
) -20__ - ﬁz 80 i
s 4 | : b
;55_-60; | ‘ %](( ..... 1om§(
< -80— w‘ | M ‘l* ‘{ J. (w
M‘Ll n. 50 l w ‘W“M IA”M ;

Time [ns]
= Direct-path components remain in NLOS environment
= TSV model can model NLOS office channels
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Impulse response

4 NLOS direct-path component
= With diffraction loss of obstacle
El g Cluster Rician factor (AK)
<
> Ray Rician factor (AKk)
g \/*Il S-V model response
[ Q ||l LT T
nd 0 N

Time of Arrival

TSV model can generate channel response for NLOS environment
by setting I'o=0

Submission Slide 15 Hirokazu Sawada, NICT



Nov. 2006 doc.: IEEE 802. 15-06-0478-00-003c

TSV model for NLOS office environment

= For LOS desktop environment (06/297)
TSV model = Statistical two-path component + S-V components

L1M,-1

h( Zzalm (t T - Tlm)5(¢_qjl_l/jl,m)

1=0 m=0

JGuG,, ++/G,G,, T, ex p{;iﬂhéh}

f

/3 [dB] = 20- Iogm[(”“j

} PL,(4,) Statistical factors in both two-path and S-V

: : PL4: Path loss of direct-path
= For NLOS office environment

Reflection coefficient: Ty = 0
Modified TSV model = Direct-path component + S-V components

L-1M;-1

() ﬂ5 Zzalm (t T - Tlm)é‘(qo_‘{ll_l)”l,m)

1=0 m=0

Statistical factors in only S-V
B [dB]=10-10g,,(G,G,; ) PL, (xy) y

Refer to Appendix A for each parameter
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Extracted TSV model parameters

TSV Small S-V model oriented parameter Number
Model Rician of cluster
effect
Parameter | ,(d)@10m Kk r 1/A Y I/ | o | o, o N
[dB] (AK) [ns] | [ns] | [ns] | [ns] |cluster | ray | [deg]
Tx:360 -109 4.37 109.2 [ 30.8 | 67.9 | 0.29 | 3.24 | 6.66 | 60.2 5
Rx:15 (19.0dB)
Tx:30 -107.2 4.43 134.0 1359 59.0 | 1.32 | 4.37 | 6.66 | 22.2 5
Rx:15 (19.2dB)

Channel model for NLOS office environment was reanalyzed

Refer to Appendix B
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Path loss measurement for NLOS office

window

Meeting room

wall

M desk desk Locker Locker
- room room

wall

Fig. Floor plan to measure the path-loss
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Path loss in direct-path component in NLOS office environment

PL (14, )[dB] = PL, (dy )+10n, logy, (4, / d)
Path loss in direct-path component

50— T ' T ' T ' T
g [ Y=3Ix-646 o = Path loss at dy=3m distance
g PL,[dB] = 20 Iogm[dj%J +556~77.5
D f
E A, ~4.8mm (f =62.5GHz)
5 |

=06 08 I = 12 = Path loss exponent

10g(ut)
ng =3.35

Fig. Path Loss in direct-path

= PL,includes diffraction loss (Attenuation for NLOS
office environment AyLos=5.56 dB @ 3m)
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Summary of available LOS / NLOS channel models

LOS NLOS
Office (Available (NICT) Available (NICT) Y
Residential |Available (NICT) Available (NICT)
Desktop Available (NICT) N/A J
_ibrary /| Available (IMST/Intel) | N/A

/

These parts are now available based on TSV-model
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summary

= The parameters for NLOS office channel model was
reanalyzed based on TSV-model

= Channel models for all LOS/NLQOS environments

(residential, office, desktop) based on TSV model are
now available
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Appendix A: Definition of TSV model (modified)
CIR h() ,35 Zzalm (t T - z'|m)5(¢_LP|_W|,m)

AnLos. Constant attenuation for NLOS
Path number of G, and G,,(1: direct, 2 : refrect)

Two-path parameters (4)

cluster relative to the first path arrival angle, ¥

(Complex impulse response) 1=0 m=0 PL,: Path loss of the first impulse response
t: time[ns]
5 [ ] o( ) Delta function
. —T, /T o717 —k[1-5(m) . [ ) I = cluster number,
‘alm _Qoe e Gr O’\PI +l//|,m ,ZO(Im o UnlfOrm 01272- m = ray number in I-th cluster,
' ’ L = total number of clusters;
M, = total number of rays in the I-th cluster;
------------------------------------- |~ T T T T T T T T T T T T e e e e m—mmm - m - T, = arrival time of the first ray of
1 . . : the I-th cluster;
l - - . .
Two-path response i Arrival rate: POISSON Process | i =delay of them-thray within the Lt cluste
1
4B = 20-Io Ld] 6.6, +6,0,T, ¢ .27 2hsh, _pL | 1 relative to the firs path arrival time, T;;
A8l gl{( d B TPt XP[J A d a (ko) 1 (T | T ) Aex [ (T -7 )] >0 : Q,= Average power of the first ray of the first cluster
) - : p p 1-1 : ¥ ocUniform[0,2n); arrival angle of the first ray
PL (11 [d8] = PL (d,;)+10-n, -logm[—] PL,(d,)[dB] - 20Iogm[ ]wws I ( ) [_ ( ) within the I-th cluster
% H ' P\7, | T (m- AEXp T' m>0 : i = arrival angle of the m-th ray within the I-th
1
1
! I
! 1

S-V parameters (7) Antenna parameters (2)

d oc Uniform: Distance between Tx and Rx
h, cc Uniform : Height of Tx
h, oc Uniform : Height of Rx y > ray decay factor

1

1

1

:

1

' 1/ A:cluster arrival rate Gr(6,¢): Antenna gain of Rx

:

1
4y o< Average of distance between Tx and Rx i 1/ A:ray arrival rate

1

:

1

1

1

1

1

1

1
1
1
1
I': cluster decay factor ' Gt(0,4): Antenna gain of Tx
:
1
1
1

Rician factor (2)

1
1
o, : cluster lognormal standard deviation |
1
: k : ray Rician effect in each cluster
1
:
1
1
1

o, : ray lognormal standard deviation
o, - Angle spread of ray within cluster

|, |- Reflection coefficient
[[,| = 1: LOS Desktop environment
(incident angle = 7/2)
|[,| = 0: Other LOS/NLOS environment

K= &

L-1M,-1

(Laplace distribution)

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

1=0 m=0
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Appendix B: Results of data analysis

Antenna beamwidth
Tx: 30 deg, Rx: 15 deg

o5 T reroT T T T ] 0 T T T T T T EO——% T T T T v T T T T T T T T T
y=-0.621-0.00746x I 5 1%, y=-0.0169x-4.40 » y=-0.760x
] [ 5[ o ° - I ' .
— I=134.0ns , ° Sl 7=59.0[ns] I !55 1=132[ns] |
3 ~05 1 298 ° | by ]
%31* 571 ) bay
= Q@ o ; %
s g | - N A
= 1 -1F y=-0.027%x 1 3 g §
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T LU A 1 T T T 1 T T
! ‘ ‘ ‘ 0.15F °) y=el1840083 ] >, Measurement | . 2 Measurement. ‘
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| Ol' 1 8_06 01—4.37 i 8_06* i
Y— o] [ 1 r 1
'80.6p 1= I :.§0.4k 4 .§0.4k ]
0.05} - 13
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. B © F e © .
0. T TR G %% ‘ 0 ‘ 10 % 10 0 10 20
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