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Introduction (1)

Radio Channel

TX array antenna
AAAAA
TYYYY

Rx array antenna

e Multiple Input Multiple Output (MIMO) systems employing antenna
arrays have recently emerged as a key technology to address the
increasing demands and reliability of the systems

* By separating the influence of antennas, the concept of the double-
directional mobile radio channel has been introduced

* Models of wireless propagation channel should include the DoA, DoD
and time delay of the multipath components.
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Introduction (2)

Micro — cellular » Ray-tracing algorithms are popular
systems approaches for propagation prediction
and modeling

" e Propagation mechanisms due to
¢' > specular reflections from wall surfaces

A or diffraction from building edges can
B ‘"f be predicted.

! e Some mechanisms like non-specular

o scattering effects are not yet included.
Objective :

e To analyze and compare directional wideband channel
characteristics from the ray-tracing results with measurements
to gain 1nsights on the significant propagation mechanisms.

26 June 2008 H Tokyo Institute of Technology



Outline

Measurement

Transfer Function

Y

Ray-tracing Simulation

¢ Path Parameters

Transfer Function
Reconstruction

\/

Data Processing: Beamforming

\/

Channel Characteristics

26 June 2008 H Tokyo Institute of Technology



Measurement Scenario

* Location : TokyoTech
* Operating frequency : 4.5 GHz
* Bandwidth : 120 Mhz

* Delay resolution : 8.3 ns

* Excess delay : 3.2 Us
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Measurement Scenario

Transmitter
(Tx)
Height : 1.79 m.

> Operating frequency : 4.5 Ghz
> Transmitted power : 40 dBm

> Distance : 60 m.
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Receiver
(Rx)
Height : 1.65 m.
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Measurement Equipment

Equipment : RUSK Fujitsu channel sounder
Rx (MS)

Tx (BS)

VP —- VP

HP —.,HP

Total =16 * 96
= 1536 elements

2 % 4 uniform rectangular 2 x 24 stacked uniform
array antenna of dual-polarized circular antenna array
patch antenna elements with dual-polarized patches
(VP = 8 elements, HP = 8 elements) (VP =48 elements, HP = 48 elements)
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Ray-Tracing

* Ray-tracing: to identify rays with reflections and diffractions by
tracing rays from a source to observation points

e By incorporating 3-dimensional (3D) site-specific scenario
information, the ray-tracing simulator called “Raplab” is used to
predict detailed path parameters.

e The image method 1s utilized to trace rays from a source to the
observation point . —]

=

e (Given a source point and a wall,
the reflected ray from the wall can
be considered as the ray radiated

from a virtual source point | o

Image source
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Calculation of Electromagnetic Wave Theory

Reflection Diffraction
 The Fresnel reflection coefficients * Diffractions are described by
are used to model the reflections the uniform geometrical theory of
diffraction (UTD)
[ncident g | g Reflection . edge
wave i1 ro Incidence
Y:\/ o wave wave
\E/I (in Diffraction
Plane : -
: / >
out
ei - er
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Transfer Function Reconstruction (1)

e Ray-based channel response model:

i 1 [ sms ]
_ . __ s ~naq | TVV,ITTVH,I v
H(f,QP5,QM5) =30 (0P 6P .
‘MS
TYHV.I YHH.I @

.5[9135 o QPB) ] 5(511\.—15 o ﬂéﬂg) . g'{—j?s‘rfn}

where vy, andy  are the co-polarization components of VP and HP

v. —andy  are those of cross polarization components
VH HV

: OPS = (075, 60%) and QS — (1S, ¢MS)

MS
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Transfer Function Reconstruction (2)

e To simulate the propagation channel of measurement from ray-
tracing results, the channel response 1s constructed as

BS antenna array response

Hir(f /[ // h,ﬂ% S ﬁ(}c?QBSTQMS) LE;S(Qlasjdﬂmsfmns
BS

e To account for the frequency dependence of the phase delay in the
exponential term, the channel response 1s represented 1n vector form
for all frequency samples as

hrr = vec(Hgrr(fo))

| vee(Hrr(for, v))
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Data Processing : Beamforming

* The beamforming in the angular domain and the matched filtering
in the delay domain are conducted by using the weight vector

w(r, QP OM%) = hus(QM) @ hes(QP°) @ he(7)
P B Power [dB
owgr [dB] Beamforming [dB]
Antenna element ——3» Angle
Antenna Angle
Matched filter :
Elements Freq = Delay (Ele & Azi)
Freq Delay

|“,II (T._ QBS? EEE-ISJIIHT |E
“,rII (T._. QHS! ﬁl‘[!‘__*&j“_r{?—? EIHB, QP&-‘IS)

 The resultant spectrum: P(r, Q85 QMS) =

* Beamforming is applied every 6° -> Azimuth Range : 0° — 360°
Coelevation Range : 30°— 150°
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Results and discussion

e The measurement result of the azimuth-delay power spectrum after
applying beamforming 1s

N gms NgBs Ng =3 (PMBJ( )—|—PHEE‘(5))

GMS—1 L gBS—] L. 3BS

PA DS —
.:\'EI‘-.IS - ;\'HES : .:\'q']BS
Azimuth Delay Spectrum: Measurement Azimuth Delay Spectrum: Simulation
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> Ray-tracing simulation can predict the arrival of strong signals
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Azimuth spectrum

e Azimuth spectrum can be obtained by summing up the power of azimuth-
delay spectrum with respect to delay time

N, =385 =75 ' '
m E X periment

MS  MS
P_-iB(Q" ) = Z Paps [@ ,T) % | =='Simulation

e The arrival waves within the
range from 138° to 216° are in
agreement with respect to the
shape of the spectrum
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Path Gain [dB]

Delay spectrum

e Delay spectrum can be obtained by summing up the azimuth-delay spectrum
with respect to the azimuth angle.
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e The 200 ns peak 1s composed
of the LOS path and other
paths close to it. (reflections
from the building walls in

between BS and MS)
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Azimuth- Coelevation Spectru

Azimuth-Coelevation Spectrum: Measurement Azimuth-Coelevation Spectrum: Simulation
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* By specifying the delay domain at the maximum path gain occurring at 207
[ns], azimuth-coelevation spectrum can be obtained.

* Ray-tracing simulation can estimate the coelevation within 50° to 130°
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Conclusion

e A ray tracing simulator was used to predict the path parameters of a
LOS microcellular environment inside a university campus

e Ray tracing results were applied to reconstruct the channel response.

e For channel data processing, the beamforming and matched filtering
are utilized to extract the angular and delay channel parameters and
compared to measured results.

e The results have shown that the angular and delay channel parameters
extracted from the ray-tracing result can predict the major peaks with
those from the measurement.
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Thank you
for your attention
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