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NTETEPUIVIOTIKEG TEXVIKEG

B To VIETEPLIVIOTIKG LOVTEAQ Yol TNV TPOPAEYN TNC ATMOAELOC
otaopounc PaciCovron 61N Bempia TNC NAEKTPOUAYVITIKTC
otdooonc. Xe avtibeon ue to EUmEPIKA LOVTEAD OEV
YPNOILUOTOL0VV EKTETAUEVEC LEBOOOVE LETPMNONC AAAY
BaciCovton 6T AemTOouepPY] YVOON TNE LOPPOAOYIOG TOV
nepPdAlovtog mov odNYEL otV akpipn Tpoyvmen g
O14000NMC TOL CGTLLOTOC,.



NTETEPMIVIOTIKEG TEXVIKEC

1. Ray Tracing TexVvIkKn

m H teyvikn Ray Tracing Baciletor oty YE®UETPIKT OTTIKY
(Geomtrical Optics). H GO 6swpei mmc 1 evépyeta d10dideTon o€
TOAV LKPEC OEGUEC, TIC AeyOueveg akTives. Ot axtiveg
EKTOEEVOVTOL OO TOV TTOUTO KUl GTNV GUVEYELN OAANAETLOPOVV
He 10 TEPPAALOV HEGH TNG AVAKAAGTC, TNE O1AOAAGTC Kot TNG

OKEONOTG.

m H Uniform Theory of Diffraction (UTD) eicdyet tnv évvoio tov
TEPLOAOVUEVOV OKTIVOV TTOL OKOTOG TOVG IV 1 ELGOYMYN

opBV 010pOMGEMV GTIC TEPIOYEC AGVVEYELONG.



NTETEPMIVIOTIKEG TEXVIKEC

Image Method

m To Image Method dnuovpyet eidwia (image) Tne anync os
oyeEon Ue OAEC TIS empdvelec. Ta el0mAn 0VTE EKTEAOVV
KOOMKOVTO OEVLTEPELOVTMV TNYOV Y10 TO OLOLOOYIKA EMITEOQ

OVOKALGEDV.

m Avovondpyovv N enineoa avakidcemv, Ba vrdpyovv N eiomAa
myng wog ovakiaons, N(N-1) eidwio tnydv 000
avakAdoemv, N(N-1)(N-1) eldooio tnydv Tp1odv avokALcEDY

K.O.K.



Image based Ray Tracing
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Representation of a reflection path by the ray tracing algorithm.
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Image based Ray Tracing

Blocked paths Base station images for the paths

Reflecting walls
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Representation of transmitted paths within the algorithm
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Image based RT - Image Tree
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Image based Ray Tracing
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2Dimensional / 3Dimensional hybrid analysis
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Image based Ray Tracing
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Number of rays Received K-factor (dB) RMS delay
power (dBm) spread (nsec)
Point P1 4676 -32.96 -4.09 43.92
Point P2 2441 -69.36 -12.41 624.59
Point P3 301 -74.31 -6.27 295.66
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NTETEPUIVIOTIKEG TEXVIKEG

Brute force ray tracing method —
Ray Launching

B Avt n nEBooog amotereiton oo Eva TAN00C amo
EKTTEUTOUEVEC OKTIVEC TTOL UTOPEL VO PTAGOLY GTOV
TopaANTT.O aplOuUog TOV aKTIVOV TOL £XEL VTOAOYIGTEL KO M
ATOGTUGT OO TOV TOUTO GTOV TapaAnTn KaBopilel Tnv

olféaun avaivon Y®Pov Kol TNV akpifela Tov LoviELov.

10
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NTETEPMIVIOTIKEG TEXVIKEC

Ray Launching

Mia axtiva @evyel
npo¢ K&Be katevbuvon.
Av n axtivo
TPOCKPOVCEL GE EVAL
QVTIKEILEVO TOTE
AVOAVETOL GE
VOKAMUEVT] KOl
o0 muevn. Av
TPOCKPOVCEL GE UL
YOVid TOTE TPOKVTTOVV
TEPOADUEVES OKTIVEG.
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Ray Launching Mobile

Station

Base
Station

Ot dwetdoelc g
CPAiPAG ANYNG
elval avaAoYeC TOV
ueyEbovug g
QPYIKNC 0EGUNG Ko
TOV UNKOVG TOV
LLOVOTIALTIOV
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An iImage based RT algorithm
v'Loading and processing the building, foliage and terrain databases
v'Creating the AP image map
v'For each CPE position all rays are traced in 3D

v'Field calculations based on Geometrical Optics (GO) and Uniform
Theory of Diffraction (UTD).

v'Foliage attenuation is calculated as dB/m for the path length of each

ray inside foliage.

v'Channel characterization
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Macrocellular (BFWA) scenario

central Cambridge
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Ray Tracing — Vertical Plane
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The building (red), vegetation (green) and terrain (black) points along the vertical cut between the two antennas.
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Ray Tracing

In 2 Dimensions In 3 Dimensions



Ray Tracing

High and/or elevated buildings can cause reflections with long delays



Ray Tracing Results
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Set-up of measurement campaign

m Access Point position: On top of tall buildings and hills

m Access Point Antenna: 4x1 patch antenna, 90° horizontal
beamwidth

m AP antenna directivity: 16 dBi

m CPE Antenna: 3x3 patch antenna pointing towards

the AP, 23° horizontal beamwidth
m CPE antenna directivity. 13 dBi

m CPE antenna: on a telescopic mast on top of a van
m Polarisation: RH Circular

m Transmitted Power: 29 dBm

m Losses: 3 dB

m Frequency: 3.5 GHz
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Field trial results
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Digital Map & Measurement Positions
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Simulated vs measured results

Simulated power (dBm)

-100

Addenbrooks Hpt (sectors E and N - circ.pol. - 304 samples)

Measured power (dBm)

Mean error = 3dB, std = 7.6dB
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Simulated vs measured results

received power (dBm)
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Addenbrooks Hpt (sectors E and N), meas =r, sim =k

mean error = 3dB, std=7.6

30

i i | i
100 150 200 250 300
sample number (304 samples sorted by distance)

Mean error = 3dB, std = 7.6dB

Measured results
were averaged over
time only.

Simulated results
were averaged over
space (9 samplesin a
6mx6m grid).

Foliage attenuation =
0.3dB/m

The ray tracing results
for BFWA systems are
mostly affected by the
foliage attenuation
parameters and the
diffraction equations
for grazing angles.
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(2)

Microcellular environment
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Power predictions throughout the studied area

Receiwed Power (dBm)
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k-factor predictions throughout the studied area

K-factor (dEB)




RMS delay spread predictions throughout the studied area

RM= delay spread (ns)
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Radiation pattern of the directional antenna
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Power difference between an omni-directional and a
directional antenna at the base station (1)

Fower difference [dB)
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Power difference between an omni-directional and a
directional antenna at the base station (2)

Fower difference [dB)
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(3)

Indoor environment
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Impulse response at points P1 and P2
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Delay (ns) Delay (ns)
Number of rays | Received power | K-factor (dB) RMS delay
(dBm) spread (ns)
Point P1 2586 -35.13 1.75 41.97
Point P2 1828 -42.19 -6.00 38.89
Point P3 2174 -36.30 -3.07 34.28




Angles of arrival at the base station (a) and the mobile (b) at LOS point P1
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Angles of arrival at the base station (a) and the mobile (b) at NLOS point P2
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Angles of arrival at the base station (a) and the mobile (b) at NLOS point P3
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O
!ower Ia! an! !H! !e‘ay spread (b) as a function of the pointing

angle of the directional antenna at the base station, when the
mobile is at NLOS point P3
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Power envelope at point P1 and P2
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Received power predictions throughout the

studied area

f=5.2GHz

Recewed Power (dBEm)
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K-factor predictions throughout the
studied area

k- factor (dB)
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RMS delay spread predictions throughout the
studied area

FiZ Delay Spread ins)




Example of spatial outage for a system working at 5.2GHz
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Outage criteria for the analysis:

Received power > -50dBm
RMS delay spread < 50nsec
K-factor > 0dB
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k-factor and RMS delay spread versus power
for the mobile positions inside the building
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Difference between the predictions for a

directional antenna and a vertical dipole at
the base station

Fower difference (dB)
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Difference between the predictions for a
directional antenna and a vertical dipole at

the base station

k-factor difference (dB)
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Difference between the predictions for a

directional antenna and a vertical dipole at
the base station

Fh= delay spread difference (ns)
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Received power at 1.8GHz
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Received power at 17GHz

Feceiwved Power (dBm)
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NTETEPUIVIOTIKEG TEXVIKEG

2.FDTD MODELS (FINITE DIFFERENCE TIME DOMAIN)
3.MOMENT METHOD MODELS

4. ARTIFICIAL NEURAL NETWORK MODELS
5.VECTOR PARABOLIC-EQUATION MODEL

6.WAVEGUIDE MODEL

56
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2YNOWH MONTEAQN INA PATH LOSS

Model Suitable Experimental Details of
Name Environment Complexity P Data Environment Accuracy | Time Other
Okurnura Macrocell Simple Based on No Good Little Graphical
Madel experiments path-loss data
Hata Model Macrocell Simiple No No Good Little
(early cellular]
COST-231 Microcell Simple No No (ood Little
{outdoor)
Dual-Slope | Microcell and Simple No No Good Little
picocell
{LOS region) _ R
Ray- Outdoor and Complex No Yes Very Wery
Tracing indoor Good Much
FDTD [ndoor (small) | Complex No Every detail Best Very Often
Much | combined with
. ray tracing
MoM Indoor (small) | - Complex No Every detail Best Very
Much
ANN Outdoor and Complex Yes Detail Very Little | Takes time to
indoor Good learn from
experimental

data




