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1 Motivation

In the last few years multiple-input multiple-output (MIMO) systems, which deploy
spatially separated multiple antenna elements at both ends of the transmission link,
have emerged as one of the most promising approaches for high data rate and more
reliable wireless systems. It was shown that the MIMO channel capacity grows
linearly with antenna pairs as long as the environment has sufficiently rich scatterers.
According to this the capacity gains ultimately depend on the propagation channel in
which the system is operating. For attaining or at least approaching those capacities,
sophisticated signal processing algorithms and coding strategies have been
developed and corresponding research is on going. In order to assess the benefits
and possible problems of these algorithms, realistic models of the wireless
propagation channel are required. Hence, the establishment of good spatial channel
models is essential both for the development of new algorithms for signal processing,
modulation, coding, and for the unified testing of different system proposals in
standardization.

Figure 1: MIMO Scheme

AWE Communication's radio planning tool WinProp has been upgraded towards the
consideration of MIMO systems.
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2 Wave Propagation

MIMO channel capacity grows linearly with the number of antenna pairs as long as
the environment has sufficiently rich scatterers. Thus highly accurate wave
propagation models are required to evaluate the MIMO channel parameters in
complex modeled propagation scenarios. The radio network planning tool of AWE
Communications includes ray-optical wave
propagation models which process 3D
vector data of buildings in order to
determine the mobile radio channel within
various environments (rural, urban, and
indoor). For the consideration of MIMO
antenna arrays the tool allows the
prediction of the radio channel in time,
frequency, and spatial domains between
each pair of the BS and MS antenna
elements. Furthermore the ray tracing
model was extended to consider vertical I
and horizontal polarization which influences the transmission, reflection and
diffraction coefficients (e.g. according to Fresnel coefficients and geometrical/uniform
theory of diffraction (GTD/UTD)).

> : ¥ B [
- . T
) o

Figure 2: Ray tracing in urban scenario

Ray-optical propagation models provide accurate site specific and easily reproducible
information and cope with effects such as shadowing behind walls, wave guiding in
street canyons (see Figure 3), offer excellent accuracy and are able to provide
additional parameters such as small-scale fading, and the angles of departure (AoD)
as well as angles of arrival (AoA) which are relevant for the analysis of the MIMO
channel.
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Figure 3: Ray Tracing

For base station antennas mounted below roof top level wave guiding effects in
urban street canyons appear, which could reduce the angular spread at the receiving
mobile stations and therefore the MIMO channel capacity, too.

In environments with a lot of scatterers considerable multi path propagation appears,
which can be displayed with WinProp in time and spatial domain.
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Figure 4: Channel impulse response

WinProp ray tracing has also been upgraded to compute delay and angular spreads,
based on the available ray data in order to obtain all channel information needed for
a complete description of MIMO channels (see Figure 5, Figure 6).
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Figure 5: Delay Spread

The signal spreading in time domain is visualized by the delay spread. Especially far
scatterers which provide high contributions have a significant influence on the delay
spread. This parameter is important for judging about the presence of inter-symbol
interference.
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Figure 6: Angular Spread

As already mentioned, MIMO channel capacity grows linearly with antenna pairs as
long as the environment has sufficiently rich scatterers. This means large channel
capacities can be obtained in areas with strong multi path propagation. The multi
path propagation can be expressed in terms of angular spread at the transmitter
array as well as at the receiving MIMO antenna array.

WinProp is able to display those indicators for areas with strong multi path
propagation in 2D and 3D maps and also in tabular ASCII files, which offers the
possibility of further processing the data with other software tools. The angular
spread obviously differs for each individual prediction pixel, as there are different
paths for each transmitter & receiver configuration. Therefore these values are also
given in form of a map for the whole simulation area.

© by AWE Communications GmbH. All rights reserved 6
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3 Contribution and Superposition of Rays

There are different computation modes for the contribution and the superposition of
the individual rays determined with the ray tracing algorithm. These modes can be
set on the computation page of the settings menu in ProMan.

Parameter Ray Tracing (Intelligent 3D} x| Parameter Ray Tracing (Intelligent 3D} x|

r— Propagation Paths - Mumber of Interaction r— Propagation Paths - Mumber of Interaction

Max. Transmissions I E Max. Transmissions I E

Max. Rieflections I 4 Max. Interactions I B Maz. Reflections I 4 Maz. Interactions I E
(Interactions = Sum of eflections, [Interactions = Sum of reflections.

Max. Diffractions I 2 transmissions, and diffractions] Maz. Diffractions I 2 transmissions, and diffractions]

i~ Piopagation Paths - Selection of Paths

i~ Propagation Paths - Selection of Paths

Propagation Paths - Direct Fay
SB‘WF\QI’ ¥ Campute alwayps direct ray Selection of Paths |
r— Computation of the contribution of the 13
Offsets |

 Fresnel (Transmission, Reflection) and GTOAUTD ([Diffraction) ffsets
[ffsets

@ Empinical Transmission, Reflection and Diffrachion Modek Offzetz

[~ Consider angle of incidence for transmission loss

Propagation Paths - Direct Fay
’7 ¥ Compute always direct ray

‘Eﬁputat\on of the contribution of the ra
i+ Fresnel [Transmizsion, Reflection] and GTD/UTD [Diffraction]

" Empirical Transmission, Reflection and Diffraction Model

— Superposzition of contributions [different rays| / — Superposition of contributions (different raps)
' Uncorelated [Power related, without consideration of phase] @ Uncaormelated (Power related, without consideration of phase)
rent (with conzsideration of phase] " Coherent [with consideration of phase)

Cancel | Cancel |

Figure 7: Ray tracing parameters

For the Fresnel and GTD/UTD mode as well as for the empirical mode (concerning
the interaction modeling) combined with the uncorrelated superposition of the rays,
the overall field strength of a predicted pixel is computed by summing up the
contributions of the individual rays which contribute to the total field strength of this
pixel, according to the following formula:

Eow = E +E,° +..+E,° )

total —
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Parameter Ray Tracing {Intelligent 3D} x|

r— Propagation Paths - Humber of Interaction:

Maw, Transmissions E

Mar. Reflections 4 Maw. Interactions E
. . [Interactions = Sum of reflections,
Maw, Ditfractions 2 transmissions, and diffractions]

i~ Propagation Paths - Selection of Paths

Selection of Paths |

r— Computation of the contribution of the ra
* Fresnel [Transmizsion, Reflection) and GTDAUTD [Diffraction] Offsets |

" Empirical Transmission, Reflection and Diffraction Model [ffsets

Propagation Paths - Direct Ray
’7 ¥ Compute always direct ray

i~ Superpasition of contributions [different rays)

" Unconelated [Power related, without consideration of phase]

£ [Coherent fwith considerafion of phazet

Cancel |

Figure 8: Ray tracing parameters

For the computation with Fresnel coefficients and GTD/UTD in combination with the
coherent superposition of the rays, both the polarizations and the phases of the
individual contributions are taken into account. Therefore the contributions of the
individual rays are summed up separately for each polarization (real and imaginary
part) first:

Ex,real = El,x,real + E2,><,rea| +..t+ En,x,real (2)
Ey,real = E1,y,real + E2,y,real t+.o.t En,y,real (3)
Ez,real = El,z,real + E2,z,real ot En,z,real (4)
Ex,imag = El,x,imag + EZ,x,imag +..+ En,x,imag (5)
Ey,imag = El,y,imag + E2,y,imag to.t En,y,imag (6)
Ez,imag = El,z,imag + E2,z,imag +ot En,z,imag (7)

After that, the overall real part and the overall imaginary part are calculated by
summing up the corresponding parts of the vector components:

2 2 2
Ereal = \/Ex,real + Ey,real + Ez,real (8)

Eimag = \/Ex,imag2 + E ? + E ? (9)

y,imag z,imag

Finally the total field strength of the pixel is determined according to the following
formula:

E Eoo” + Eing (10)

total — imag
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Parameter Ray Tracing {Intelligent 3D} x|

r— Propagation Paths - Humber of Interaction:

Maw, Transmissions E

Mar. Reflections 4 Maw. Interactions E

[Interactions = Sum of reflections,
Maw, Ditfractions 2 transmissions, and diffractions]

i~ Propagation Paths - Selection of Paths

Selection of Paths |

r— Computation of the contribution of the ra
= Fresnel [Transmizsion, Reflection) and GTDAUTD [Diffraction] [ffsets |

' Empirical Transmission, Reflection and Diffraction Model Offsets

Propagation Paths - Direct Ray
’7 ¥ Compute always direct ray

™ Consider angle of incidence for ransmission loss

i~ Superpasition of contributions [different rays)

" Unconelated [Power related, without consideration of phase]

£ [Coherent fwith considerafion of phazet

Cancel |

Figure 9: Ray tracing parameters

The computation with the empirical mode combined with the coherent superposition
of the rays is done as follows. First the field strength components of the contributing
rays are summed up for real and imaginary part separately.

E = El,real + E2,real +..+ En,real (11)

real

+E +..+E (12)

1,imag 2,imag

E...=E

imag n,imag

After that, the overall field strength is calculated according to the following formula:

Z+E, . ° (13)

imag

E

total real
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4 Ray Data Files

For the purpose of post processing, WinProp’s propagation tool ProMan offers the
possibility to write the data corresponding to the calculated propagation paths into
an ASCII (*.str) or a binary (*.ray) file. This optional output can be selected on the
propagation page of the settings menu in ProMan (see Figure 10).

x
Systeml Simulatinnl Metwork ~ Propagation | Sites I Databasel Eomputationl
— Output Directory # Basic Filename  for Propagation B esult
Ditectory  [wLANS0211g-Prop Change |
[~ Additional Dutput of Results in ASCH fles ™ Recsived Power in M5 EXCEL Format
— Computed Prediction R esult
¥ | Fieceived Power ™ Delay Spread
I Field Strength ™ Angular Spread [BTS)
™ Path Loss ™ Angular Spread (MS)

— Additio iction D ata (in binary file]
Channel Impulze Response [CIR) ™ Propagation Paths
N\

i additional Prediction Data [exparted into ASCI file during computatian)
v Channel Impulse Response [CIRE [ Propagation Paths )

[ Trarsmizsion Matrix

0K I Abbrechen

Figure 10: ProMan settings menu

There are different output alternatives within this file, depending on the selected
propagation model, the computation mode, the environment under investigation and
the enabled outputs on the propagation page (see Figure 10).

The output of the transmission matrix and the corresponding vector of the electrical
field strength is only possible, if the standard ray tracing model (based on indoor
databases) is selected in combination with the Fresnel (reflection, transmission) and
GTD/UTD (diffraction) model for the calculation of the rays in indoor scenarios. Small
urban scenario databases can be saved as indoor databases, in order to calculate the
transmission matrix and the corresponding vector of the electrical field strength in
the same way as for indoor databases. The transmission matrix is always optional,
whereas the channel impulse data is always written, if the output of propagation
paths is selected.

The ASCII ray file written by ProMan contains a header section with general
information about the evaluated scenario, such as lower left corner, resolution of the
prediction area and the specified parameters of the transmitter. After the header
section the data section with the ray information for each predicted pixel starts.
Coordinates of predicted pixels are indicated with the keyword POINT. Subsequent

© by AWE Communications GmbH. All rights reserved 10
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the ray data belonging to this pixel follows indicated with the keyword PATH for each
available propagation path.

&7} stgt_sitel.str - Editor

Datei Bearbeiten Format 7

LL_EDGE 3E512107.00,54032384.00
HEIGHT 0.000

RESOLUTION 10.00000

COLUMME 212

LINES 252

ANTENMWA 3512882.68 5404082.632 14.00
ANTEMNA_FATTERW "
ANTENMA_HORIZONTAL 20.00
ANTENWA_WERTICAL 0.00

FOWER 10.000

FREQUENCY 2000.00

CREATOR UREAN

WVERSION 2

FATHS YES

bR R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R R R R R R R R R R R R R R o o S R
o Syntax Df PDINT E R R R R R R R R R AR R R R R R R R R R R R R R R R R R R R Rl Rl SR R SRR ol R R SRl S S
bR R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R R R R R R R R R R R R R R o o S R

* POINT * x-coordinate * w-coordinate * ZzZ-coordinate

bR R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R R R R R R R R R R R R R R o o S R

bR R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R R R R R R R R R R R R R R o o S R
o Syntax Df PATH bR R R R AR R R R R R R R R R R R R R R R R R R R R R R R R R R o R R o R o ol R o R R
bR R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R R R R R R R R R R R R R R o o S R

* PATH * Delay * Fieldstrength * Type of path 7 Interaction points
® [hs] [dEuwAn] [0=determ. E&=empir] [®, ¥ 2]

bR R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R R R R R R R R R R R R R R o o S R

FOINT 3512112.00 5404423.00 1.50 104

FATH 4032.740 54,77 0 2 104 0 3513015.48 5403347,45 25,50 3512183.459 S54043652.258 15.00
PATH 4002,391 54,57 0 2 104 1 2513024.74 5403363,02 29.50 3512183.49 5404369.25 15.00
FATH 40523,452 54,45 0 2 104 2 3513037.27 5403355,01 25.50 3512183.459 S54043652.258 15.00
FATH 4012.398 54,40 0 2 104 3 23513024.74 5403363,02 25.50 3512204.75 5404413.51 15.00
FATH 404&.0583 54,20 0 2 104 4 35130159.48 5403347,45 25,50 3512204.75 5404413.51 15.00
FATH 410&.124 54,03 0 2 104 & 3513037.27 5403355,01 25.50 3512204.75 5404413.51 15.00
FATH 443,704 53,21 0 2 104 & 23513139.398 5404171.00 30.50 3512z204.75 5404413.51 15.00
FATH 4553.114 53.06 0 2 104 7 2351315e.00 5404185.02 30.50 3512204.75 5404413.51 15.00
PATH EO4&.763 51.22 0 2 104 8 3513015.458 5403347.49 29,50 3512482.74 5403759.48 7F.50

FATH E0&63.440 51,20 0 2 104 9 3513024.74 5403363,02 29.50 3512482.74 54037559.48 7.50

FOINT 3512112.00 5404433,00 1.50 108

FATH 402&.06% 54,25 0 2 105 0O 23513024.74 5403363,.02 29.50 3512204.75 5404413.51 15.00
FATH 4052.754 54,04 0 2 105 1 23513015.48 5403347,459 25,50 3512204.75 5404413.51 15.00
FPATH 4112.794 £2.88 0 2 108 2 2512037.27 E4032355.01 29.50 2512204.75 54044132.51 15.00
FATH 447&.375 53,06 0 2 105 3 3513135.98 5404171.00 30.50 3512204.75 5404413.51 15.00
FATH 4583.78¢ 52.91 0 2 105 4 2351315e.00 5404185.02 30.50 3512204.75 5404413.51 15.00
FATH EO7&.7F53 51.02 0 2 105 & 3513015.48 5403347,45 29,50 3512482.74 5403755.48 7F.50

FATH E023.461 51.00 0 2 105 & 3513024.74 5403363.02 29.50 3512482.74 54037559.48 7F.50

POINT 2512112.00 S5404443,.00 1.50 10&

FATH 403&.07¢ 54,03 0 2 106 0 3513024.74 5403363,.02 25.50 3512204.75 5404413.51 15.00
FATH 4062.761 53,85 0 2 106 1 2513019.48 5403347,45 25,50 3512204.75 5404413.51 15.00
FATH 4122.802 53.72 0 2 106 2 3513037.27 5403355,01 25.50 3512204.75 5404413.51 15.00
FATH 445&.381 53.5¢ 0 2 106 23 3513135.98 5404171.00 30.50 3512158.99 S404436.50 15.00
FATH 4523,732 53.41 0 2 106 4 351315&.00 5404185.02 30.50 3512158.99 5404436.50 15.00
FATH 445&.381 52.90 0 2 106 & 23513135.98 5404171.00 30.50 3512204.75 5404413.51 15.00
FATH 4523,792 52,75 0 2 106 & 2351315e.00 5404185.02 30.50 3512204.75 5404413.51 15.00
FATH E10&.803 50.97 0 2 106 7 3513015.48 5403347,45 29,50 3512482.74 54037559.48 7.50

Figure 11: ASCII ray file

The possible combinations of the data contained in an ASCII ray file are given in the
following sub chapters for indoor (see chapter 4.1) and urban scenarios (see chapter
4.2).

© by AWE Communications GmbH. All rights reserved 11
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4.1 ASCII Ray Files for Indoor Scenarios

POINT

PATH 78.27 0
POINT

PATH 78.27

1.3e-4 -8.4e3 8.4e9 -5.4e7 2.5e+0 -1.6e+2 -1.2e+2 8.le+3

Table 1: Indoor channel impulse response

Table 2: Indoor channel impulse response with transmission matrix

PATH. -—!—
PATH 78.27 7.20 4.80 2.46

13e-4 -84e-3 8.4e-9  -5.4e-7 2.5e+0 -1.6e+2 -1.2e+2 8.le+3

Table 3: Indoor path data with transmission matrix

 Coordinates of evaluation pixel (x,y,2) ~ [m]

Coordinates of interaction point (x, y, z [m]
* [ns]

Field strength [dBuV/m]
V| 0 = deterministic, 5 = empirical []

Number of interactions [#]
Unique ID []
Unique ID []

Type of interaction D = diffraction, R = reflexion, T = transmission []
Unique ID []

Transmission matrix Tvv Re{Tvv} Im{Tw} []

Re{Tvh} Im{Tvh} []
Re{Thv} Im{Thv} []
Re{Thh} Im{Thh} []
Re{Ex} Im{Ex} [uV/m]
Electric field strength vector component E Re{Ey} Im{Ey} [MV/m]

Electric field strength vector component Ez Re{Ez} Im{Ez} [uV/m]

Transmission matrix Tvh

© by AWE Communications GmbH. All rights reserved 12
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4.2 ASCII Ray Files for Urban Scenarios

POINT
PATH 78.27

Table 4: Urban channel impulse response

78.27 7.20 4.80 2.46 6.48 0.00 2.36

Table 5: Urban path data

POINT
PATH

Coordinates of interaction ioint ixi ii zi

Field strength [dBuV/m]

0 = deterministic, 5 = empirical []
Number of interactions [#]

Unique ID []

Unique ID []

© by AWE Communications GmbH. All rights reserved 13
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5 Further MIMO specific Channel Parameters
5.1 MIMO Channel Matrix

Besides the channel characteristics described in chapter 2, MIMO systems can be
evaluated in more detail by calculating the MIMO channel matrix, which describes the
radio channel between each transmit and each receive antenna of the system.

There is a complex single-input-single-output (SISO) channel impulse response of
length L+1 between every transmit antenna m and every receive antenna n of a
MIMO system.

hn,m (t) = Z hn,m,l (t) (14)

The linear time-variant MIMO channel is represented by the channel matrix with
dimension N x N, :

H(t)=| .. (15)

hy, 1(t) o Py (1)

with complex elements h,  (t)=Re{h, (t)}+jIim{h ()} «s)

The MIMO channel matrix can be determined by post-processing the ray data
simulation output (see chapter 4) of the WinProp prediction tool ProMan by just
calculating the phase differences between the single antenna elements of the MIMO
antenna arrays at the base station and at the mobile station.

The ray data gives a description of all considered propagation paths between the
position of the transmitter and each predicted receiver pixel. Field strength, delay
and all interaction points (reflections, diffractions, transmissions, scatterings and
turns) are listed for the single propagation paths, which contribute to the signal level
at a specified location. Based on this data and the dimensions of the MIMO antenna
arrays, the phase shifts between the single elements can be computed in the
following way. The transmitter location given in the ray file is assumed to be the
center of the transmitting MIMO antenna array. At the receiver side, the same
assumption is done. Each pixel of the prediction area can be assumed to be the
center point of a receiving MIMO antenna array. In order to determine the MIMO
channel matrix now, only the phase shifts between the single array elements have to
be computed, based on the ray data given in the ray file and on the array settings.
First of all, the angles of departure and arrival have to be computed, using the
coordinates of transmitter and the first interaction point of each path and the
coordinates of the last interaction point of each path and the receiver, respectively.
After that, the phase shifts between the antenna elements of both arrays (see Figure
12 for example), can be easily computed.

© by AWE Communications GmbH. All rights reserved 14
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Figure 12: Uniform linear MIMO antenna array

~360°

) -d-sin(®g) , where A is the wavelength av7)
The equation above holds for arbitrary adjusted uniform linear MIMO antenna arrays
with antenna elements located in one horizontal plane. Based on the uniform linear
array it is also possible to determine the phase shifts between the elements of a
circular antenna array, by adjusting the angle of incidence in the equation above
according to the location of the antenna element on the circle.

Figure 13: Circular MIMO antenna array

_360° 4 -sin(@g —k - B) (18)

®»

Here 4 denotes the wavelength and 4 the index of the antenna element ([0,...,3] in
this case).

© by AWE Communications GmbH. All rights reserved 15
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5.2 MIMO Channel Capacity

As multiple-input multiple-output (MIMO) systems have emerged as one of the most
promising approaches for high data rates, the channel capacity is another interesting
parameter of a MIMO system.

The channel capacity of a non-frequency selective MIMO channel can be written as

c :|0g2£de{lNR +%-HF-HFHD [bit/s/Hz], (19)

T'O-n

with the unity matrix 7, the overall transmit power P and the noise powerc?. The

channel matrices Hrhave to be determined by N+ point Fast Fourier Transformation.
For frequency selective MIMO channels, the channel capacity can be obtained by
integrating over the non-frequency selective sub channels. The mean signal-to-noise-
ratio (SNR) can be expressed by p = P/o?. The resulting MIMO channel capacity for

the frequency selective case can be written as follows:

N -1
c-L zlogz[de{lNR L)) D oitstHz) o

F 1=0 T

For comparison of different MIMO channels based on the same SNR, the system has
to be normalized to fulfill the following condition:

ZZZ‘Hn,m(I)F:NT'NR'NF (21)

m=1 n=1 1=0

In order to compare different MIMO channels based on the same path loss, the
system has to be normalized to fulfill the following condition:

Hn,m(llir:NM'NT'NR'NF (22)

It can be shown that the MIMO channel capacity grows with antenna pairs and
increasing signal-to-noise-ratio.

© by AWE Communications GmbH. All rights reserved 16
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Figure 14: MIMO channel capacities
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6 One Possibility to Determine Additional
Channel Parameters related to MIMO Systems

AWE Communications currently develops a post-processing tool, which is able to
determine additional MIMO channel parameters, based on ray data output files
mentioned in previous chapters.

B MIMOMan |

Select ray file to be processed...

ID:\Stgt_LlrbanMicroEeII_Site 3 Tdm.str Browse... |

kIO DLL launched...
Wersion 1.0.0.7 &wE

hittp: £ A AE -Communications. com

Computations started: 2007-11-21, 11:21:05 [wWesteuropdizche Narmalzeit)
Initialization of MIMO structures.

Reading header of ray file started...
Reading header of ray file successfully finished.
Reading ray file started...

39% of ray file read.

Start I Cancel | About | Euit |

Figure 15: Post-processing tool for MIMO applications

After selecting a WinProp ray file, the post-processing starts with the specifications of
the MIMO system in the configuration menu. This menu consists of five pages for the
definition of the simulation area, the MIMO antenna arrays at transmitter and
receiver side, and the possible output options and further settings.

6.1 Selections concerning the simulation area

On the first page of the configuration menu the simulation area has to be defined.
The user can either investigate the whole area, which was simulated with ProMan.
That means that all data contained in the loaded ray file is considered. However, this
option is not recommended, because the whole prediction area is often very large
and therefore a large amount of memory is allocated during post-processing.

The other options are to reduce the simulation area either in a rectangular shape or
in a circular shape within the bounds of the whole prediction area stored in the ray
file. If the user chooses the rectangular area, the lower left and the upper right
corners of the simulation area have to be defined. The predefined values correspond
to the coordinates of the whole prediction area.
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For the circular area, the user has to define a center point and a radius. The whole
circle has to be within the overall prediction area stored in the ray file. The
predefined center coordinates of the circle correspond to the coordinates of the

transmitter chosen in the ProMan propagation prediction.

With the last option on this page, special investigation points contained in a file can
be loaded. This enables the user for example to specify a trajectory, which is needed

MIMO Configurations - Yersion 1.0.0.7 AWE

Investigation area | Transmitter Array I Receiver Amay I Output Options I Further Options

" Huole prediction area
Upper right comer. 351429700 / 5405304.00
Lower left cormer: 351210700 / 5403384.00

" Rectangular area

Upper right carner: |35‘I 4297 Y |54U5904

Lawer left corner: 3 |35‘I 2107 Y |54U3354

Center: % |351 3034.39 % |5404?5s.1 4
Fiadius: 500 m

" Special investigation points [trajectories, selected points, ...)

Specify file with zelected investigation points...

Browse...

to calculate velocity depending outputs like Doppler shift and Doppler spread.

Start I Quit

Figure 16: MIMO configuration menu — area page
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6.2 Adjustment of the Tx MIMO Antenna Array

As already described in chapter 5, the MIMO channel matrix can be calculated based
on the ray data for the center point of the antenna array and the array settings. The
settings and adjustments for the transmitter antenna array can be done on the
following configuration page (see Figure 17, Figure 18).

MIMO Configurations - ¥ersion 1.0.0.7 AWE 1[

Irvestigation area  Transmitter Array | Feceiver Arrayl Clutput Dptionsl Further Dptionsl

' Lingar antenna aray

= Circular antenna array

* 1 Jl
Mumber of T elements: I?ﬂ k™A 2
o)

Spacing factor of T elements: I‘I 0 Lambda

Angle with respect to 2-axis: IU * l

Radiuz: I‘I 0 Lambda

[T Consider arterna corelation

Element | Antenna Pattermn | Azimuth | Tilk |
1 DSt ax 2500MHz B0°.apb 254" 2°

2 DSt ax 2800MHz B0°.apb 254 2°

3 DSt ax 2800MHz B0°.apb 254 2°

Edit tranzmitter antenna elements by double clicking

Start I Guit |

Figure 17: MIMO configuration menu — Tx array page

The user can choose a uniform linear antenna array or a circular array here (please
note that all antenna elements are located in one horizontal plane). Besides the
principle array type, the number of antenna elements has to be specified. For a
linear antenna array, the spacing factor in wavelengths and the azimuth adjustment
of the array have to be given, too. In case of a circular array, the radius of the array
has to be specified in wavelengths, whereas the spacing factor is determined
automatically, depending on the number of antenna elements which are equally
distributed over the circle.

As an option, the correlation between the antenna elements of an array can be
considered while calculating the MIMO channel matrix.
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MIMO Configurations - Yersion 1.0.0.7 AWE

Irvestigation area  Transmitter Array | Feceiver Arrayl Clutput Dptionsl Further Options

' Linear antenna aray
' Circular antenna aray Ant. 2 z
¥ -
Mumber of T elements I:“ i ij'
Spacing factor of T elements: |10 Lambda Ant.1
r
Angle with respect to x-axis: ID * 1
Fiadius: I‘I 0 Lambda Ant 2
[V Consider antenna correlation
E lement | Antenna Pattern | Azimuth | Tilk |
1 Ormnidirectional
2 Ormnidirectional
3 Ormnidirectional
Edit tranzmitter antenna elements by double clicking
Start I Quit |

Figure 18: MIMO configuration menu — Tx array page

In the lower section of this page the single antenna elements within an array can be
specified with an antenna pattern, azimuth and tilt adjustments. By default all
antenna elements are considered to be omni directional isotropic radiators. By double

clicking on an antenna element, the antenna adjustment dialog opens.

Antenna Element x|

Specify T antenna element 1

—Antenna pattern

[:Wwibd am 2500MHz B0°.apb

Browse... |

—Antenna adjustment

Azimuth: 254

Tt |21 :

narth [0F] over east [907)

downtilt pozitive, uptit negative

o]

Cancel |

Figure 19: MIMO antenna adjustment
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6.3 Adjustment of the Rx MIMO Antenna Array

The adjustment of the antenna array at the receiver side is done in the same way as
for the transmitter antenna array. The settings and adjustments for the receiver
antenna array can be done on the following configuration page (see Figure 20,
Figure 21).

MIMO Configurations - ¥ersion 1.0.0.7 AWE 1[

|nvestigation areal Transmitter &may  Receiver Aray | Clutput Dptionsl Further Dptionsl

' Lingar antenna aray

= Circular antenna array

* 1 Jl
Mumber of R elements: |3 k*A .
o)

Spacing factor of B elements: IU-5 Lambda

Angle with respect to 2-axis: IU * l
Radiuz: IU-5 Lambda

Element | Antenna Pattermn | Azimuth | Tilk |
1 Ormnidirectional
2 Ormnidirectional
3 Ormnidirectional

Edit receiver antenna elements by double clicking

Start I Guit |

Figure 20: MIMO configuration menu — Rx array page

The user can choose a uniform linear antenna array or a circular array here (please
note that all antenna elements are located in one horizontal plane). Besides the
principle array type, the number of antenna elements has to be specified. For a
linear antenna array, the spacing factor in wavelengths and the azimuth adjustment
of the array have to be given, too. In case of a circular array, the radius of the array
has to be specified in wavelengths, whereas the spacing factor is determined
automatically, depending on the number of antenna elements which are equally
distributed over the circle.

As an option, the correlation between the antenna elements of an array can be
considered while calculating the MIMO channel matrix.
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MIMO Configurations - ¥ersion 1.0.0.7 AWE 1[

|nvestigation areal Transmitter &may  Receiver Aray | Clutput Dptionsl Further Options

' Linear antenna aray z
Ant. 2

' Circular antenna aray

Murber of R elements: I?‘ ‘ ijl

Spacing factor of B elements; |05 Lambda

Angle with respect to x-axis: ID * 1
Fiadius: IU-5 Lambda Ant 2

[V Consider antenna correlation

E lement | Antenna Pattern | Azimuth | Tilk |
1 D:Mwitd 2w 2500kHz B0°. apb 23 o
2 D:iwitd 2w 2500MHz B0°. apb 32 o
3 D:Mwitd 2w 2500kHz B0°. apb 3 o

Edit receiver antenna elements by double clicking

Start Quit
| |

Figure 21: MIMO configuration menu — Rx array page

In the lower section of this page the single antenna elements within an array can be
specified with an antenna pattern, azimuth and tilt adjustments. By default all
antenna elements are considered to be omni directional isotropic radiators. By double
clicking on an antenna element, the antenna adjustment dialog opens.

Antenna Element x|

Specify T antenna element 1

—Antenna pattern

[:Wwibd am 2500MHz B0°.apb Erowsze... |

—Antenna adjustment

Azimuth: 264 ° narth [0°] aver east [90°)

Tilt: Izi : downtilt pozitive, uptit negative
ak. I Cancel |

Figure 22: MIMO antenna adjustment
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6.4 Output Options

The available outputs of the MIMO post-processing tool can be selected on the
output page of the configuration menu. All results have ASCII text format and are
computed for the area selected on the area page (see chapter 6.1). Due to the open
ASCII format, the user is able to draw graphs with other software tools and do
further evaluations.

At the beginning of the output page the user has to define a directory to store the
output files. MIMO channel matrices are computed for every path of a pixel. If
antenna correlation was chosen to be considered additionally (see chapter 6.2 and
chapter 6.3), the matrices contain this influence, too.

The antenna correlation coefficients can be written optionally to an ASCII file either
for the antenna spacing defined on the Tx and Rx array page, or for a specified
range of antenna distances. For the second case a matrix or a tabular output format
can be chosen. The matrix format of the antenna correlation coefficients has the
following design:

Pu o PN
R=| .. .. (23)

Prgt o P,

In the tabular format, the correlation coefficients are listed with increasing distances
between the elements one after the other.

1I
|nvestigation areal Trangmitter Arrayl Receiver Amay  Output Options | Further Dptionsl
Specify output directory...
IMIMD_HesuIts Browse.. I

— Channel matric

¥ Channel matrices

—Antenna Comrelation
[V Antenna corelation cosfficients ' Matix format €% Table format
" Spacings defined in the array settings
& Multiple spacings  Range fram: IU_ to lF Lambda Raster |05 Lambda

r— Channel Capacity

Mormalization

mean SMA
[V Channel capacity
" None |1 0 dB
V¥ PDF of channel capacity & Game SHE
[V COF of channel capacity " Same Path Loss

r— Further output

Resolution: I‘I :

I | Doppler skift (only possible for rajectaries]

I™ | Dopplen spread|(only possible for tajsctories)

Start | Quit |

Figure 23: MIMO configuration menu — output page
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The section about the channel capacity offers a general output with the capacity
value of the MIMO channel at each pixel of the investigation area. Besides this, the
probability density function and the cumulated probability density function of the
channel capacity (whole evaluation area) can be written to an ASCII file. These
values can be easily plotted with another software tool (see Figure 24).

The normalization mode for the MIMO channel capacity has to be chosen, depending
on the way the user intends to compare the calculated capacities. For a comparability
based on the same SNR, one has to choose "Same SNR”, for a comparability based
on the same path loss the last option has to be selected (see also chapter 5.2). The
mean SNR to be considered during the capacity calculations has to be specified, too.
As a further output the power azimuth spectrum at the transmitter antenna array as
well as at the receiver array can be determined with a specified angle resolution in
degrees.

Doppler shift and Doppler spread results can be only calculated for a given trajectory
(see chapter 6.1) with velocity information for each point of the trajectory.

& ChannelMatrices.txt - Editor N =[] Estimated Power Azimuth Spectrum at the Mobile Station

Datel Bearbeten Format 7

AWE Communications GmbH - MIMO Processing version 1.0.0.7 ﬂ
Channel matrices for each ray of the predicrion area
Creator: AwE Communicarions|

|
Creation date: 2007-11-21, 14:29:09 (westeuropaische Mormalzeit)
Matrix type: 2

Circular area evaluated: Center (3513034.39 / 5404756.14), Radius 500.00m

Transmitter:

[T —p—

Location: 3513034.39 / 5404756.14 / 14.00
Cverall transmit power: 40.00 dEm
Transmitrer frequency: 2.00 GHz
Type: Linear antenna array ) A
Nbr of antenna elements: 2 f
Spacing factor of antenna eWements oty Lambda
Angle with respect to x-axis: 0 de
Used CE configurations:

only IS0 antennas used.

Receiver:

Type: Linear antenna array

Nbr of antenna elements: 2

Spacing factor of antenna elements: LD Lambda .

ANQTE With respect to x-axis: 0 degr Bl

used antEl’ma configuratians:
only ISD antennas used.

Point: 3512542.000 5404673.000 1.500 Channel Capacity

Ray number »»l<<

10
1.2148-006 -1.3858-0013 3.0656-007 +1.285e-001j 2.2328-007 -1.385e-0013
2.24G6e-007 -1.335e-001] 2.441e-007 +1.385e-001] 4.532e-007 -1.385e-001]
4.2468-007 -1.385e-0013 2.9608-006 -1.285e-0017 2.4438-007 +1.385e-0013

09

Ray number »>»z<<
1.2148-006 -1.3858-0013 3.0656-007 +1.285e-001j 2.2328-007 -1.385e-0013

2.24G6e-007 -1.335e-001] 2.441e-007 +1.385e-001] 4.532e-007 -1.385e-001]
4.2468-007 -1.385e-0013 2.9608-006 -1.285e-0017 2.4438-007 +1.385e-0013

Ray number »»3<c
4.0882-007 +1.359e-001] 3.144e-006 +1.359e-001j 2.374e-007 -1.359e-001j
5.045e-007 -1.353e-001] 2.461e-007 +1.355e-001] 2.163e-007 -1.359e-001]
2.1898-007 -1.359£-0013 2.4282-007 +1.359e-001] 4.73%e-007 -1.359&-001]
Ray number »»4qc
2.0652-007 +1.289e-001] 3.198e-007 -1.289e-001j 4.175e-00¢ +1.289e-001j

c.9552-007 +1.2892-0013 7.1148-007 +1.2%9e-001j 2.5248-007 -1.2892-0013
3.4498-007 -1.289e-0013 2.1028-007 +1.283e-0013 2.0698-007 -1.289e-0013

Jnf

Prabability {channel capacity < abscissa)

Channel capacity [bittaiHz]

Figure 24: Sample outputs
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6.5 Further options

On the last page of the MIMO configuration menu, the possibility of storing the
configuration settings to a file is given. The user is able to store and load all or only
selected configurations done on the previous pages in order to use the specified
settings again for further evaluations.

MIMO Configurations - ¥ersion 1.0.0.7 AWE 1[

Investigation areal Tranhsmitter Arrayl Receiver Arrayl Output Optiors - Further Options

Import / export specified MIMO configuration setting:

¥ trea configurations
¥ Tx amay configurations

V' R aray configuiations
Impart Expart

[+ Output settings

Start I Guit |

Figure 25: MIMO configuration menu — further options page
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7  Other Applications

As already mentioned in chapter 6 the ray data output of ProMan can also be post-
processed to obtain the power spectrum over the azimuth and elevation angles. This
information can be used to determine direction estimation for adaptive antenna
techniques, radar applications, etc.
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8

Further Information

For further information you are invited to visit AWE Communications’ website

http://www.awe-communications.com

or to send an e-mail to the responsible editor of this document

9
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Oliver.Staebler@AWE-Communications.com
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