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ABSTRACT studied for different cell types, but also for multi-useesc

narios [6]. In this work, MIMO has been applied in single

A semi-statistical MIMO radio channel model is desc_r'bEd’user scenarios, in order to isolate the effects from MIMO and
adequate for analysing multi-user environments, by S|mulafr0m multiple users

ing the channels between different users at the radio propa- This paper shows simulations obtained by a Geo-

gation level. The model is capablg of simulating MIMO.Iinks metrically Based Single Bounce Channel Model (GBS-
between users, by allowing multiple antennas at mobile tefg ~\iy' jefined in Section 2. Simulation results are shown
minals and/or base stations. Results are shown for the '.nﬂlfér pico-, micro- and macro-cells. which are modelled
ence of antenna spacing on MIMO capacity gain. For PICO%s the Railway-Station-ScenarjoCity-Street-Scenari@and
and micro-cells, an increase in the number of antennas ha hway-Scenariprespectively. These scenarios have been
!arger impact on capacity gain pompared to macro-cells. Us efined in the EU NoE IST—NEWCOM for the set of com-
ing the Geometrically Based Single Bounce Channel Mod on scenarios [7] and in EU IST-FLOWS project [8], and

for micro-cell scenarios, a 20% variation in performance iS; o shown in Section 3. The calculations for the capacity and
obtained, depending on the orientation of antennas of botf) ¢ o ative capacity gain of MIMO over Single Input-Single
transmitter and receiver. For the macro-cell, a similai-var Output (SISO) are presented in Section 4. The results for
ation is seen, but only for the orientation of base station aN5ome MIMO simulations are shown in Section 5; this section
tennas. also shows how these results have been used to simulate the
effect on performance of using UMTS networks with MIMO.
1. INTRODUCTION The conclusions of this work are drawn in Section 6.

Radio propagation is an important aspect of any radio design2 GEOMETRICALLY BASED SINGLE BOUNCE
or radio network planning. Channel models try to give areal- CHANNEL MODEL

istic representation of the radio propagation between two o
more points, and can roughly be divided into two groups [1]1n the GBSBCM developed by IST/TUL [9], the propagation
deterministic and stochastic models. environment is composed of scatterers, which are grouped
Deterministic models aim at predicting the channel charinto clusters. Clusters are distributed inside the envirent
acteristics for a specific location, by using informatioorfr by means of the uniform distribution, while the scatterers i
the environment and the locations of the transmitter and reside the clusters follow a 2D Gaussian distribution. Among
ceiver. This means that a deterministic model is only valid f others, the number of clusters and the average number of
the specific location, where it was modelled after. Stogbast scatterers within a cluster can be set with a parameter. The
models aim at modelling the statistical properties of theneh  reflection coefficient of each scatterer can be describetsby i
nel. Stochastical models are therefore more general, @nd tkomplex value, where the magnitude of the reflection coef-
same model can often be used unchanged for many similéicient is the attenuation, due to reflection losses, unifprm
environments, e.g., rural, sub-urban and urban [2, 3, 4].  distributed in[0,1]. The phase of the reflection coefficient
The model used in this work is a semi-stochastic onelS an extra phase change, which is uniformly distributed in
as it uses some information from the environment to give 0;271[. Pico- and micro-cell environments consider a Line-
more realistic results. For instance, for micro-cells, whe 0f-Sight (LoS) signal, while the macro-cell does not. The
modelling a scenario where the transmitter and the receivé’ﬂ'CfO_'Ce” environment is modelled by an elllpse_, whereas
are located in a street, the width of the street is used asth€ pico- and macro-cell ones are modelled by circles. For
parameter. In contrast with deterministic models, the rhodedoth pico- and micro-cells, the Base Station (BS) and Mo-
shown here does not require detailed building information obile Terminal (MT) are located inside the area, whereas for

street-layouts. the macro-cell only MTs are located inside the circle and the
By implementing multiple antennas at transmitters and®S IS outside. Fig.1 depicts the micro-cell scattering nhode
receivers, i.e., Multiple Input-Multiple Output (MIMO) Wi The previously described model is implemented in

nc andn, antennas, one can increase the throughput of th€** [5, 6], where a Channel Impulse Response (CIR) is cal-
system. With the simulator, the effects of MIMO [5] can be culated for each channel between MT-MT and MT-BS pairs.
For each pair, a scatter region is defined, common clusters of

Part of this work has been done during a Socrates/Erasmasnitex- Scatt_er_ers for two or more regions having t_he same reflection
change program by the first two authrghe scenarios used in this work COe€fficient. In the case of MIMO, th_e CIRis also Qa|CU|ated
are part of the EU NoE IST-NEWCOM. between all Tx and Rx antenna pairs of each region. In this
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Figure 1: Micro-cell scattering model.

:Building C

case, the exact location of the antennas is used to calculate W

the Directions of Departure (DoD) and Arrival (DoA), and
the distances between transmitter and scatterer, anéisratt

and receiver. However, time differences between the paths

Figure 3: The regions in th@ity-Street-Scenario

from a reflector to the receiver antennas are neglected. The
Mutual coupling between antennas is not considered, which

holds true in some cases [10].

3. SCENARIOS

Three different scenarios, which were previously define

e

d

in [7], are used in the simulations presented in this paper.
The scenarios differ mainly in the size of the environment 2000 m

and the cluster density.
The Railway-Station-Scenarjd~ig. 2, has many vari-

BSe

ants [7], but for these simulations the more simple pico-cel . . . : .

variant has been choosen. In this scenario, a single user is ~ F19ure 4: The regions in thidighway-Scenario

placed in the region. The BS for the pico-cell with a radius

of 50 m is placed in the centre of the main hall, MTs beingof a macro-cell. In this paper, only one MT is active, which
roughly 20 m away. Scatterers are located within the 50 nghows the effect of using multiple antennas for a single user

radius of the pico-cell and grouped into clusters.

Figure 2: The regions in thRailway-Station-Scenario

TheCity-Street-Scenarid-ig. 3, is a typical urban micro-

scenario.

4. RELATIVE MIMO CAPACITY GAIN

The capacity of a MIMO system is largely dependent on the
correlation between the CIRs of the different antenna pairs
The upper bound is obtained when the CIRs between differ-
ent antenna pairs are uncorrelated, while the lower bound is
obtained when the CIRs of the antenna pairs are completely
correlated. The upper and lower bounds fonar n, system

are given by [11]:

Cupper=min(ng,nr)log, (1+p) ()

and _
Ciower = |ng [1+p'm|n(ntanr)] (2)
wherep is the Signal-to-Noise-Ratio (SNR). The capacity of

cell one, modelled by a city street, where both MT and BS ar& SISO system is given for reference, which is obtained by

located. The virtual street width, i.e., the width of thepsle,

using Shannon'’s formula for the capacity of a band-limited

was set to 160 m, while the real street width was 40 m. Th&YStem:
virtual width allows for longer RMS delay spreads, as in this Csiso=10g, (1+p) 3)

case the signal bouncing from a scatterer at the border of t

he The MIMO channel capacityCwimo, is calculated

ellipse has to travel a much longer distance than the signaly [11]:
bouncing from a scatterer located much closer to the LoS

line.
The Highway-ScenaripFig. 4, like the aforementioned

Cuno = 0o { det[Tu + (%) HEt|} (@)

ones, does not consider mobility. This seem contradictoryhereH is the normalised channel transfer matrix related to

with the scenario being Highway-Scenaripbut it is valid
when the scenario models a traffic jam, as it is the case he

rtepe non-normalised channel transfer maffiy

A number of cars (MTs) are placed along the highway, while T

H=— 5)

the BT is located 2000 m away, which makes this an example g
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whereg is defined by number of transmit antennas is equal to the number of receive
antennas, i.en; = ny, while in the second one, the number
1 M N of transmit and receive antennas are different, iy n;.
2 2 1 r
P=E[[TP|=s Y S [Tm (6)
MN m=1n=1

The relative MIMO gain over SISO in terms of capacity Table 2: Relative MIMO Gain for scenarios with= .

has been calculated by: Gu/s
G _Cc Ng X Ny Highway- | City-Street-| Railway-
Gm/s= w (7) Scenario | Scenario Station-
SISO Scenario
Based on simulation results, the Cumulative Distributiorf 2% 2 1.3 16 15
Function (CDF) ofGy s can be produced. The simulations 154 >3 55 19
were performed with the parameters given in Table 1 for al X : : :
three scenarios. 6x 6 2.4 3.7 35
8x8 2.8 4.5 4.5
Table 1: Parameters used for simulations. 10x<10 3.3 5.3 5.4
Carrier frequency [GHZz] 2 12x12 3.7 6.0 64
Bandwidth [MHz] 5
Time resolution (receive filter) [ns| 200 As it can be seen in Table 2, thighway-Scenaridas
Antenna spacing A the worst performance, which is expected has a much smaller
Noise floor [dBm] -150 DoA range. It can be said that, for macro-cell scenarios,
SNR [dB 10 the environment around the BS is not very rich in multi-
[dB] path components, which limits the gains that can be achieved

with MIMO. The Railway-Station-Scenariand City-Street-

Scenariohave a much richer multipath environment around

both the BS and the MT, as scatterers are located around
5. SIMULATION RESULTS them, resulting in a much higher MIMO capacity compared

MIMO systems have been numerically evaluated for all thred® theHighway-Scenario , _
scenarios, by varying the number of transmit and receive an- |t i very unlikely that MTs will be adapted with a large
tennas as well as their orientation. The antennas are consigUmPer of antennas, due to the constraints on their physical

ered to be a linear array of dipoles with equidistant antenngZ& Put this constraint does not exist for the BS. Thegsfor
spacing. Increasing the inter-antenna spacing increases Systems have been investigated when the BS has more anten-

acity, up to an antenna spacingfFig. 5. After this dis- 1S than the MT, i.engs > nyt. These simulations were
tpancey, thpe increase in cagacitygis no? so significant, henc@€rformed for theCity-Street-Scenariand the Railway-
an antenna spacing afwas used for the simulations unless >t@tion-Scenariin the context of WLANs, whereas the re-
noted differently. sults for Table 2 were performed in the context of UMTS. In
WLAN, a macro-cell does not make much sense and simula-
tions are only performed for theity-Street-Scenariand the
e e e s e e B e e Railway-Station-Scenarjdable 3.

—e—City Street Scenario
—— Railway Station Scenario|
6.51 —6— Highway Scenario i ) . i
:m'“p“;yv Table 3: Relative MIMO Gain for scenarios with # n;.
g ] Gumys
a | NBs City-Street Railway-Station
25 X i .
g nuT Scenario Scenario
8 s Downlink] Uplink | Downlink] Uplink
ol 4x2 1.8 2.3 1.7 2.1
' 8x2 1.8 2.9 1.7 2.7
4 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 16x 2 1.8 35 1. 3.48
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Spacing between antennas [A] 8x4 3.1 3.9 2.8 3.9
) ) . ) 16x4 3.2 51 3.1 491
Figure 5: Capacity for different antenna spacings and seen

ios for a 2x 2 MIMO system in the uplink.

The uplink performs slightly better than the downlink,

which indicates that the number of receive antennas has
The influence of the number of antennas has been inves- bigger influence on MIMO capacity than the number of
tigated for two different configurations. In the first oneg th transmit antennas. Considering the fact that MTs are ysuall
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more limited in transmit power than the BS, this could lead
to a bigger increase in data rates for the uplink rather than t
downlink, when using MIMO.

In the previous simulations, the arrays of transmit and
receive antennas were perfectly aligned, Fig. 6. The aient
tion of transmit and receive antennas was also investigated
for a system with four omni-directional antennas at the BS
and two at the MT. As shown in Fig. 6, the angle &fi®
found when the BS and MT antenna arrays are parallel.

Change of orientation

Vi

Line of zero orientation

Figure 6: Orientation of the BS and MT antennas.

For theCity-Street-Scenarid-ig. 7(a), the results for the
BS and MT antenna array are very similar, where a 20% de-
cay in capacity can be experienced when the antenna array
of the BS and MT are perpendicular. The environment of
the City-Street-Scenarigs elliptical, where the BS and MT
are located at the foci. This indicates that when either of
the array of antennas at the BS or MT has an angle 6f 90
to the LoS, the correlation between the CIRs of the different
antenna pairs becomes larger, reducing the MIMO gain.

As it can be seen in Fig. 7(b), the behaviour for the
Railway-Station-Scenaris different from theCity-Street-
Scenariacase, because in the latter the environment is circu-
lar, where both BS and MT are located inside the circle, sur-
rounded by clusters of scatterers. In fact, simulationghav
shown a slightly lower MIMO capacity for the case where
the arrays of antennas at the BS and MT are parallel. Due to
the smaller area, hence smaller distances between the BS and
MT, the variation of the signal is much smaller, which result
in an increase of the correlation of the CIRs of the antenna
pairs. The difference between the maximum and minimum
capacity obtained from the simulations is around 6% and can
be found at 3Band O, respectively.

In the case of thélighway-ScenaripFig. 7(c), the ori-
entation of the BS has similar effects as for Digy-Street-
Scenarig while the orientation of the MT has no significant
influence on capacity. For the BS, the largest capacity is ob-
tained, when the angle of the array is perpendicular with the
angle of the location of the MT. This can be expected, as the
Highway-Scenaribas a small DoA range, since the BS is lo-
cated far away from the scattering environment and the MT.
Rotating the array of antennas at the BS has a similar effect
as reducing the DoA.

In the IST-FLOWS project, the MIMO capacity has been
bridged to multi-modal terminals in a heterogeneous net-
work [12, 13] and a UMTS one [14]. In order to facilitate
MIMO in the existing UMTS and heterogeneous system sim-
ulators [15], the CDF of the relative MIMO gain was used.
These simulations used the parameters given in Table 1, with

—»— MIMO Capacity
% —&— SISO Capacity

270

(a) Rotation of the MT antenna in th@ity-Street-
Scenario

8 —— MIMO Capacity
—8—SsIso

(b) Rotation of the BS antenna in thHeailway-Station-
Scenario

(c) Rotation of the BS antenna in thdighway-
Scenario

Figure 7: Capacity for different rotations of antennas.
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the exception of the equidistant antenna spacing, which wesund to occur 60% of the cases for a BS with 16 antennas
setto 05A. In the simulations to create the CDF for the rela-and an MT with 4 antennas.

tive MIMO capacity gain, the orientations of the BS and MT

were set randomly. The orientation of the antennas for the

BS and the MT were not taken into account in the UMTS
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