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1. Introduction

G. J. Foschini and M. J. Gan have been shown that the use of multiple antennas in both
transmitter and receiver, called multiple input multiple output system (MIMO), linearly increases the
channel capacity with the number of antenmas [1]. The channel model in [2] is based on the angle of
arrival (AOA). This model, however, does allow including the radiation pattern into the capacity
calculation. The effect of fading correlation without antenna pattern on the MIMO capacity has been
studied in [3]. [t has been shown that the capacity is reduced when the fading corrclation exists [3). In
this paper, we generalize the channel model 5o that it is able to include 3-dimention (3D) antenna
pattern effect on the capacity into consideration, Having the channel model, capacity measurements
are performed for omni-direction and direction antennas.

The paper is organized as follows. In the next section, the proposed channel model with 3D
antenna radiation pattern is discussed for both single and multiple antenna systems. Simulations of the
MIMO capacity in various propagation environments are presented in section 3. Section 4 will show
about field measurement and results by the MIMOQ test-bed. Finally, section 5 concludes the paper.

2. Proposed MIMO Model

In this section, a brief review of spatial correlation based on “one-ring”™ channel model is
given. Then, the proposed model of the MIMO system with the effect of antenna pattern is discussed.
We conclude this section with a technique for MIMO capacity calculation with effect of both spatial
correlation and antenna pattern.

The “one-ring” channel model is used for fading correlation computation [3]. Let xand y be a
transmitted and received signal respectively. The system model of a narrowband wircless system with
single antenna at the both ends can be written as

y = hr +n (”
where & and n are the channel impulse response and additive noise respectively. The radiation pattern
of the receive antenna will change the magnitude of the channel impulse response for cach angle of

arrival (AOA ) as shown in Fig, 1.

Figure 1: Schematic of the antenna pattern. incoming signal and received signal

The modified ch | impulse resp with the cffect of the radiation pattern or antenna gain
pattern for a narrowband wireless system can be then written as [4]
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. h, = C(0.0)r (2)
It can be seen that the modified channel impulse response consists of three random variables,
i.e.0 0and A. The antenna gain pattern, G(@,0), will transform the angle random variable, 0,6, toa
new random variable. Hence, the modified channel impulse response is a multip_liu!ion of two random
variables. The narrowband MIMO capacity is a function of the channel matrix will given by [4]

>
B lngdm[ LYY ®3)
T

where P is the signal power and 0is the naise power. To calculate the capacity with effect of
antenna pattern, random matrices are generated by using realization of the channel matrix is obtained
as in [4] where the AOA for each receive antenna is randomly generated.

3. 3D Radiation Pattern Simulations

The MIMO capacity in (3) is evaluated using Monte Carlo simulations. We generate 10,000
instances of channel and collect the statistics of MIMO channel capacity. In the simulations, we use 4
transmit and 4 receive antennas at the both ends. The signal to noise ratio (2 /n ) is 20 dB. The AOAs
are generated using Laplacian distribution [1]. In all simulations, the antenna is pointed into the
direction of the main lobe of antenna. Three types of antenna are used in the simulations. An isotropic
antenna is used for simulating a reference scenario. A horizontal polarized dipole and a S-element
Yagi-Uda are used to investigate the effect of antenna radiation pattern to the channel capacity.

In this simulation, the 3D radiation patterns of all antennas are normalized, by average antenna
radiation or antenna gain of all direction with normalize factor Z, :

3 __J;lj:'l("(ﬂo)nmdmﬂmo

T L L7160 O | d0do

Then, the normalize radiation pattern or gain for each angle will be

GO ramary = O Perctmet )

The 3-dimentional radiation patterns of dipole and Yagi-Uda antennas are obtained

from SuperNEC version 2.9. The 3D radiation pattern in linear scale and polar scale used in
the simulations, for dipole and Yagi-Uda antennas. To compare the performance of each
antenna type, we vary the angle spread values and observe the outage capacity. The channel
capacity at a given outage probability q, denoted by ¢,. For example, The 10% outage
channel capacities will be writhen as ¢, .

4)

— ——

2> .
LS8 Sss. o -
Fol % -‘E‘: x "
- e e
ﬂx\ L o ST
S e P
, 4 . g 4
b) Dapole with Unitorm AOA. ©) Yagi-Uda with Uniform AOA
e -

d) Isotropic with Laplacias AOA. ¢) Dipole with Laplacian AOA. 1) Yagi-Uda with Laplacian AOA

Figure 2. CCDF of capacity for Uniform distributed AOA and Laplacian distributed AOA in 3D
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In the simulations, the antenna is pointed into a 3-dimention with 0 < 6, < 7and 0< ¢, <z

in azimuth plane and elevation plane  Capacities of 10% outage with uniform distribution for
Isotropic antenna, Dipole, and Yagi-Uda S-clement arc shown in Fig.2a, 2b and 2c respectively. For
Laplacian AOA distribution, 10% outag itics arc shown Fig.2d. Fig.2c and Fig. 2f for Isotropic

antenna, Dipole and Yagi-Uda 5-clement mpcctlvdy For uniform distribution case, the average C,,
of the sotropic antcrma is about 19.7 bps/Hz for all directions. The outage capacity for dipole antenna
reduces from the ideal case by about 1.2 bps/Hz while Yagi-Uda antenna case, C,, is about 3.7
bps/Hz less than the ideal case

In Laplacian distribution case, the power spectrum s concentrated in the mean AOA and it
can bc obsaved that thae s a relationship betwoen mean AOA and capeacity. The capacity of
direction antenna is greater than the isotropic case when the direction antenna is in the direction of
mean AOA. Lftheammuunawmgd!vamu:apmywﬂlbebsmmlheummpmm
Hence, to gam the i ity for the directional ant L has 1o point into 2
proper direction. Otherwise, the ad’vanlagc of using direction mlmm will vanish duc to signal
tion by the ant Thca\mgc cap ‘yfaall‘ jons is less than the isotropic capacity.
er. For example, the opic case for uniform AOA s 19.69 bps/Hz
which is higher than 18, SObps/Hzmd 16. ll bps/}{z for the dipole and Yagi-Uda antennas.

h

4. Capacity Measurements

In this section, the capacity of a directional antenna is measured for 2x2 MIMO system. A
dipolc antenna s used in the experiment for comparison with S-clament Yagi-Uda antenna. The 2-
clement dipole array is used in the experiment as a transmit amray. At the recciver, cither 2-clament
dipole or 2-clament Yagi-Uda ammay is used. The measurement campaign is porformed by using the
SUT QPSK test-bed with 70 MHz IF signal which is modulated at 2.33 GHz. The transmitted signal
from cach antenna is captured at cach receive antenna by using a switch. The channel’s coherence
bandwidth at this frequency is less than 16 MHz for typical indoor and outdoor environments. To
ansure far-ficld radiation, the transmitter and rocciver are at lcast threc meters apart. A complkete
calibration of cach radio’s gain, phase noise and frequency offset was performed prior 1o field
measurcments. The block diagram of the capacity measurcment system is shown in Fig. 3. Probing
signal s loaded into the QPSK signal gencrator. The received IF signals arc digitized and stored in the
digital oscilloscope. The ficd measurements wae paformed in a3 laboratory with clectronic
oquipment andoﬂ')eefummteauialaurparkmgyudtlnlhuavahrp:anpwgromdwnha few
electrical power line for an indoor and outdoor envir ly.

Y

Channe: Duta Cobweicr |
tOxsiescaon

Figure 3. Diagram of narrowband MIMO channcl measurement system.

A comprehensive set of results is presented for indoor and outdoor measurement locations. A
fair comparison of MIMO array performance is made between the Yagi-Uda arrays and the reference
dipoke arrays with an isotropic from simulation result as show in figure 4a and figure 4b for indoor
scenarios and outdoor scenarios respectively. It is observed in Fig. 4 that the directional antenna in

542~
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indoor environment doesn’t improve MIMO capacity whereas directional antenna improves MIMO
capacity in outdoor environment.

- Conty
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O 8 B W 68 . R R R L R R
Capuing 90 por St o P Copty o B0 g St po e

a) indoor scenanos b) outdoor scenarios
Figure 4. Field measurement Yagi-Uda for indoor scenarios and outdoor scenarios with ed — 41

S. Conclusion

We have proposed the channel model with including 3-D radiation effect for MIMO capacity
calculation. We have shown that the directional antennas can improve the MIMO capacity in outdoor
scenarios when the directional antenna is in a proper direction. Capacity improvement can be achieved
when the statistic of AOA has peaky characteristic. We have shown that directional antennas are not
attractive for MIMO systems in a scenario where the randomness of AOA is high such as uniformly
distributed AOA. In a scenario where AOA is concentrated on a single direction. the antenna position
is crucial to the capacity. [f the antenna is point into the mean AOA, then the capacity is increased.
However. when the main antenna beam is ofY from the mean AOA. the capacity does not improve. The
results from measurement verify that the AOA and antenna radiation pattern play an importance role
in narronband MIMO capacity. AOA is controlled by the propagation environment whereas the
antenna radiation pattern depends on the antenna design. Hence. the antenna has to be design to match
specific propagation environment so that the MIMO capacity is improved.
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