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Abstract

This paper results from a collaborative work betwebe
LEAT of the University of Nice and the Radio Labmgy of
Helsinki University of Technology (TKK) in the fraswork
of the DEMAS project of ACE2, the European antenaater
of excellence. The purpose is the channel capawitjuation
of different UMTS multi-antenna systems with highddow
isolation in indoor and outdoor environments for MO
purposes. The antennas have been designed at KE &fd
presented in previous papers. The evaluation ofcHannel

plane in close frequency bands has been demorkttate
achieve high isolation and high total efficiency. [Bowever,
their fully characterization in urban or indoor ditions
(uniform multi-path propagation environment or Ragh
fading) needs some particular facilities and theoeisted
expertise. Thus, this paper results from a collatdoe work
between the LEAT of the University of Nice and tRadio
Laboratory of Helsinki University of Technology (KK in
the framework of the DEMAS project of ACE2, the Bpean
antenna-center of excellence. The purpose is ttenreh
capacity evaluation of two-antenna systems and-datenna

capacity has been done with a practical tool callegstems operating in the UMTS band with high and lo

measurement-based antenna test bed
presented by TKK in several papers.

1 Introduction

(MEBAT) wtschisolation in indoor (picocell) and outdoor (micrdcand

macrocell) environments for MIMO purposes. The eatibn
of the channel capacity has been done with a pedctbol
called measurement-based antenna test bed (MERAT)

Nowadays, the use of wireless mobile communicati'[msfz Multi-antenna-systems
growing exponentially in several fields o]

telecommunications. Transferring large amounts afads The optimized two-antenna system consists of tweraras
clearly needed and consequently, increasing thesfearate linked by a neutralisation line inserted betweesirtfeeding
is more and more required. The performances ofrelegis strips (Fig. 1) to enhance their isolation [2]. Thaximum $;
terminal can be greatly improved by introducing soms smaller than -20 dB at 2 GHz. The improvemenieards
diversity scheme in the communication link. In gie® the to the reference system (two-antenna system withzoyt
handset can be considered to operate in a so-calldtipath neutralization line) is 12 dB at this frequencygFR). The
propagation  environment.  This means that th#mulated total efficiencies are 81% for the refiere system
electromagnetic field which carrying the informatiwill take and 94% for the neutralized system. We see thah@ease

many simultaneous paths between the transmitter thad of the isolation leads to an enhancement of thel tot
receiver. To take advantage of this propagatiomaie, one efficiencies.

solution is to integrate more than one radiatirggrednt in the
terminal but also at the base station to generaieral
communication channels (Multiple-Input-Multiple-Quit
(MIMO) system). The antennas of the handset mesetbre
be properly designed, the most relevant paramétrg) the
envelope correlation, the total efficiency, theedsity gain to

The same principle was used to design a neutraliaad
antenna system (Fig. 3) where the top two anteareainked
by their feeding strips and the two others by theiorting
strips [2]. The scattering parameters can be seé&igi 4. All
the isolations between the elements are higher th&rdB.
Here again, increasing the isolation between tlnehts,

get an enhanced channel capacity. Some multi-aate@llows to improve their total efficiencies. Indegtk total
structures have been designed, fabricated and neghatithe efficiency of the elements of the system are 94#/4iHe upper
LEAT of the University of Nice [1]. Particularly, aantennas and 91% for the two others.

neutralization effect implemented between two Plana

Inverted-F Antennas (PIFAs) operating on a smadiugd
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Then the MIMO performance of these optimized systéas
been evaluated in real multipath environments andpared
with the one of the reference systems. The purfoseshow
the improvement of the channel capacity brought tiy
increase of the isolation between the radiatingmelgs.
These measurements have been done with the piactida

called measurement-based antenna test bed (MEBAT).
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3 MIMO MEBAT analysis

Simulated - -----

Measured  —— 3.1 MEBAT tool
[1X:] 1.0 1.2 14 16 18 20 22 24 26

Freq (GHz) In the MIMO MEBAT analysis, different antenna priytoes
Fig. 2: § parameters of the neutralized two-antenna 2S well as a reference antenna with cross-polarifipdles

system (red) and,Sf the reference two-antenna systemVere analyzed in different signal propagation reutét the
(blue) Tx end of the link, two dual-polarized patch an@mnmwere

selected out of the linear and zigzag antenna srodyl6

elements (Fig. 5 and 6) for the two-antenna systerne

polarization for each antenna). Four dual-polarizetch

antennas were selected out of the linear and zigrégnna
arrays of 16 elements for the four-antenna systeme (
polarization for each antenna). A single antenmaneht of
the arrays is illustrated in Fig. 7. Inter-elematistance
4 between the elements of the array was in the cabdke

zigzag and the linear array 4.and 3., respectively.
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etween the elements.



Fig. 6: Linear antenna array with distance of0.7
between the elements.

The linear Tx antenna array was used in indoors thed
zigzag Tx antenna array in outdoors. The routedyzed
consisted of picocell (indoor), microcell (outdo@and small
macrocell (outdoor) [3] [4] [5].
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Fig. 7: Single element of the linear and zigzagana
arrays

The analysis was made for three different signapagation
environments. The picocell (indoor) measurement geaised
out in Computer Science building of TKK (Route 8rig. 3).
At the base station, the linear Tx antenna array used in
the analysis. 1717 samples were taken all along6them
route. The height of the space station (FS) wasB8ahd the
height of the Rx (spherical antenna mounted ontithiéey)

about 1.5 m.

Fig. 8: Piccocell (indoor) route

The microcell (outdoor) route was measured in Hé&lsi
downtown. The number of the samples were 2500 8van,
the height of the Tx antenna (FS) was 13 m anchdight of
the Rx (spherical antenna mounted on the trollé&gua 1.5

m. The position of the base station elevated byctlame is
marked by the arrow FS in Fig 9. At the base statite
zigzag Tx array was used.

The small macrocell (outdoor) route was measured in
Helsinki downtown, route 1 in Fig. 10 was selected the
analysis. The Zigzag Tx antenna array was usedhi® t
analysis. The length of the route was 47m and k#f@ples
were taken along this length. The space station) (¥&s
located above the rooftops and the height of thédRkerical
antenna mounted on the trolley) was about 1.5 m.
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Fig. 9: Microcell (outdoor) route
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Fig. 10: Small macrocell
(outdoor) route

3.2 Evaluation of the capacity performance

Generally, in real measurements of the dynamic mblarthe
signal contains both slow and fast fading. Thuse th
distribution of the received signal can be totalifferent if
the effect of slow fading is included, or altermaty
excluded. Hence, for removing a slow fading frontlsa
result, a sliding mean over the received powehefdantennas
for normalization should be taken (Equation (1)).[5

1 i +N 0
e LN

where 2N+1 is the number of samples in the slidifigdow.
Usually, a sliding window of 100 samples (2N +1 801 is
used in the calculations.

[H .ol =

1)



Secondly the received power of the prototype argemmould compared the neutralized two-antenna system toefleeence
be normalized (divided) with the normalization powsee system, we can see that the enhancement of the capanity

Equation (2)) is quite the same in all the environments: 1 bpsfbiz
reasonable SNR. This is due to the increased isolathich
_ oy H (igt H <i>tH enhance the total efficiency of the antennas ofsthecture.
H(i)H (i) = =2 ) However, this improvement is not impressive regaydihe
L” H® d_"i @ total efficiency improvement seen for the antennas.
norm, sl
nn,
(I
where nand nare the numbers of the transmitter and receiv =
antennas respectively, and i goes over the sangflabe te—| Muheutine
. i i 1 Withline B
channel. The expressionsH!) and H!  denotes x
. i
the channel matrices for prototype antennas (Homarand %12
for normalization (isotropic) antennas (H_narrowmp g™
respectively. The expression||.|- is the Frobenius norm S s
and H denotes the Hermitian transpose. Thus the I\ b
capacity channel is defined by Equation (3) wheris the 4 wit
signal to noise ratio. 2
0[] 2 4 6 8 10 12 14 16 18 20
_ ﬁ (i) (i)H SNR ({dB)
C=log, | det| I \+ n H e H ®3) Fig. 12: Capacity of the two-antenna systems ametion of
! SNR at 2 GHz (microcell environment)
In addition, all the antenna-systems were rotatedthie el | | |
environment for six different orientations in azitmwvith 60° 18 Rayieon 22
degrees step to guarantee a statistically sufficiralysis. 16— Withouttine
Thus, the mean capacity of all the prototypes edtiferent —aal— wntne
environments are calculated and presented here. -
measured mean capacity of the two-antenna system % A
presented in Figure 11, 12, 13. The cumulativeribistion g™ 7
function (cdf) which is the probability that the amecapacity 5 8
is smaller than a certain threshold is presentddgare 14. 6
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First, we can see that the mean capacity is bittpicocell o Jf
and smaller macrocell environments than in the ociel e, = m m 4% T B W m
environment. This difference is between 0.5 angd/tz for Copaciy [bits/iz]

each prototype. This is due to the reflection of thaves  Fig. 14: Capacity of the neutralized two-antennstesys
which is more important in a indoor or small magioc  (plain line) and the reference two-antenna systasied
outdoor that in microcell outdoor environment. Whee line) in different environments at 2 GHz for a SNR=dB



In MIMO systems, when we increase the number ofrards
in the reception system, the capacity should irsgeto.

Thus, the mean capacity of the four-antennas sysem

evaluated in a picocell and a microcell environmend
compared with a reference four-antenna system avitwer
isolation between the radiating elements. The sited total
efficiency of the elements of the reference systeraround
70%. The mean capacity of these systems is prekéante
Figure 15 and 16 and the probability that this cipais
smaller than the threshold value for a SNR = 10 igB

presented in Figure 17. The mean capacity in indc

environment (picocell) is slightly better that thmean
capacity in outdoor environments (0.5 bps/Hz). When
compare both four-antenna systems, we can seettieat
neutralized prototypes are only improving the citgdoy 1
bps/Hz. This improvement is the same in picocelil &m
microcell environments (Fig. 15 and 16). In Figli® the cdf
curve is clearly showing that the probability tovéahe mean
capacity below a certain threshold is always beiti¢h the
neutralized system.
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3 Conclusion

In this paper, the evaluation of the channel capaof
different multi-antennas systems in indoor, smaéicrocell
and microcell environments was presented. Thisueviain
has been done with a practical tool called MEBAEs{gne
by TKK of Helsinki). First the mean capacity of waot
antenna system with high isolation was measurdtarthree
environment and compared with the one of a tworeefee
system with low isolation. The enhancement is jusips/Hz
while the isolation improvement is more than 10 diBe
same kind of improvement were found for neutralifer-
antenna prototype versus reference prototype.alsis shown
that the channel capacity are better in indoor oralk
macrocell environment than in a microcell environine
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