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Abstract

This paper presents first results of a MIMO measurement campaign which has taken place
in Oslo during summer 2002. The main focus of the paper is on the spatial long term properties
of the radio channel in dense urban areas. Two different base station antenna heights at the
same area are investigated, one antenna position at rooftop level and one at street level.

The F-eigen-ratio is used for the quantification of the long term effects and the eigenvalue
distributions are given. The results are compared with former measurements conducted in
Vienna.

1 Introduction

Almost all beamforming methods proposed for mobile communication systems [2] are based on
the assumption, that the spatial properties of the channel change very slowly. This is strongly
related to the wide sense stationarity assumption [3] which says that second order statistics can
be viewed constant over certain time intervals.

Whereas a lot of algorithms apply this assumption inherently, [4] explicitly distinguishes between
short-term and long-term properties. The first account for the changing interference situation
("fast fading”, small-scale effects) and the latter expresses the current environment in terms of
delays, doppler frequencies, direction of arrival/departure, average power (”slow-fading”, large-
scale effects) [5].

The spatial properties are often considered as spatial covariance matrices [6].

This paper is based on measurement data from a measurement campaign carried out in summer
2002 by the FLOWS consortium [1] in Oslo. Two dense urban area scenarios were chosen trying
to quantify the long term effects by usage of a newly introduced measure, the F-eigen-ratio [7].
The paper is structured in the following way: Section 2 gives a detailed overview on the used
measurement equipment followed by a description of the chosen environment (Section 3). The
F-eigen-ratio is briefly reviewed in Section 4. Results are shown in Section 5 and Section 6
concludes the paper.

2 Measurement equipment

The equipment used for the measurements is a wideband channel sounder with synchronized
switching between transmitter and receiver. It was manufactured by SINTEF Telecom and
Informatics in Trondheim, Norway, on assignment from Telenor R&D in 2001. It consists of
one transmitter part (Figure 1) and one receiver part (Figure 2) that can be placed arbitrarily
apart from each other.  The sounder was operated at a center frequency of 2.1GHz and a
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Figure 3: Measurement setup at transmitter.

bandwidth of 50MHz was chosen. The measurement period, which is the time between two
MIMO measurements, was set to 200ms. The Tx-trolley was moved at speeds of about 1kmh
resulting in a snapshot resolution in space of about Lambda halve. The measurement setup is
given in Figure 3.
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Figure 4: Tx antenna.
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Figure 6: Diagram of one antenna element. Left: E-plane. Right: H-pane.

2.1 Antennas and switching

Both transmitter and receiver antennas are broadband, dual polarized patch arrays with
integrated switching networks. The transmitter antenna (Figure 4) is an 8 element uniform
linear array (ULA). The center frequency is 2.1 GHz and each element has a bandwidth
(VSWR < 2.0) of 330 MHz [11]. Each element is a rectangular patch and has two ports, one
for each polarization. The 3 dB beamwidth is approx 60° . Typical element diagrams (E- and
H-plane) are shown in Figure 6. The diagrams also show the cross polar discrimination.

The element spacing is 71.4 mm corresponding to A/2 at 2.1 GHz. Because each element

has two ports, the array in total has 16 ports which can be connected arbitrarily to a 1-of-8
switching network. In the measurements performed, the 4 center elements were used with both
ports connected. In this way, the effects of polarization on MIMO performance were investi-
gated. The specification for the switches made it necessary to limit transmitter output power
to 0.5 W (27 dBm).
The receiver antenna follows the same concept, but this is a planar array, i.e. two-dimensional
with 8 elements horizontally and 4 vertically, giving a total of 32 elements 5. The elements
were identical to the transmitter case, however the element spacing is slightly different: 73 mm
(0.51X). The individual ports of the antenna elements were not available on this antenna. A
duplicated switching network was integrated giving access to the switched signal from both
polarizations. This meant that only one polarization could be measured at a time. For the mea-
surements, only vertical polarization was investigated. The receiver antenna used all elements
and was switched row-wise.

3 Measurement scenario

The measurement site is in a part of Oslo with a regular street grid. The building mass is
homogenous and materials used are mostly brick and concrete. The building height varies from



Figure 8: Map of the measurement area and measured tracks (red).

20-30 m. The area is often referred to as ’Kvadraturen’.

The site fits well with some of the COST259 [12] micro cellular scenarios (GTU, GBU, GSN,
GSC, GSX). Measurements at this site were taken twice, once with the receiver antenna on street
level (Rx1) and once with the antenna on rooftop level on top of a hotel building (Rx2). Thus,
these two antenna positions will cover typical micro- and pico-cellular base station scenarios.
Some impressions of the area are given in Figure 7. The measurement routes used are shown
on the map in Figure 8.

4 F-eigen-ratio

In [7] the F-eigen-ratio is already introduced. It is a measure describing the discrepancy be-
tween two covariances. The name emphasizes the fact, that the eigen structure of the matrices
is considered [4].

Translated to the spatial long-term variations, a spatial covariance matrix R(tg — At) is mea-
sured at time to — At and applied at time ty, where the spatial structure might have changed
described by a covariance matrix R (o). The F-eigen-ratio accounts for the resulting SNR, loss.
In the following the F-eigen-ratio definition is briefly recalled. The considered covariance ma-
trices are members of the complex space CX«*®« where K, is the number of antennas. At first



the eigenvalue decompositions
R(to—At)=W-A - W . R(t))=W-A-WH (1)

are computed where A, A € RE«K are diagonals with the eigenvalues of R(ty — At), R (to)
as entries, and the columns of W,W € CKaxKa are the corresponding eigenvectors. The hat
stresses the outdated nature of the eigenvectors W and eigenvalues A, whereas W and A are
the correct values, which are assumed to be unavailable.

Furthermore, the reduced versions Wg, Wr € CK=*F of the matrices W, W are introduced,
which contain the eigenvectors corresponding to the F' largest eigenvalues of the covariance
matrices R(typ — At) and R (to), respectively. Then, the F-eigen-ratio is defined as

tr {Wg-R(to) -WF}
tr {WH - R(ty) - Wp}

(F) (At) =

qeigen

(2)

with the properties 0 < q(F) (At) <1, (F:K")(At) = 1VAt and (F) (0) = 1VF.

eigen qeigen qeigen
In other words, the F-eigen-ratio expresses the loss due to the application of outdated antenna
weights W instead of the correct weights Wp.

In the line-of-sight case, qg ) matches beam pattern values, where the azimuth axis is trans-

formed to At values. This is demonstrated in [8] for one LOS scenario.
(F)

eigen

F=1
igen

With larger F-values, g typically decreases, since it is more likely to hit energy carrying

dimensions in the current signal space with the outdated weight vectors WE However, the
columns in Wy do not decorrelate the channel, i.e. the off-diagonal values of Wg ‘R(to)-Wp
are non-zero. This effect is not captured by the F-eigen-ratio.

5 Results

From all measurements spatial covariance matrices were extracted as described in [7], which
will be reviewed in the sequel.

5.1 Extraction of the Covariance Matrices

From the measured impulse responses a 5MHz band was used only, which is a typical bandwidth
for 3rd generation mobile communication [10]. For all investigations in this paper only one row
(8 elements) of the receive antenna elements was used. The spatial covariance matrix was set
up by incoherently averaging over all delay values, all transmit antennas and a time interval
Atgyg. A covariance matrix was initiated each At seconds.

Special attention was paid to the choice of the parameters At,,,. On one hand, it should be
large enough so that all short-term effects are eliminated by averaging. Otherwise, the rank
of the matrices would decrease. On the other hand, a too large value would violate the WSS
assumption already within a single covariance pretending a higher rank than the true one.
The chosen values of At,,y = 6sec resulted in relatively smooth F-eigen-ratio curves over time.
This suggests that the averaging was long enough to achieve stable matrices. On the other
hand the rank of the matrices is even smaller than expected, so that the choice of At,,, seems
to be reasonable.

The parameter At,., was set to a slightly smaller value than At,,, to establish a small
temporal overlapping between the matrices. The values of At for the following investigations
are multiples of Atpeq.
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Figure 9: Eigenvalue distribution.

5.2 Eigenvalue distributions

Figure 9 shows the cdf of the eigenvalue distribution of all measured covariance matrices for
both antenna positions. Note that the strongest eigenvalue is always normalized to one. In
contrast to the Vienna measurements [9], with even a higher base station position, the channel
is more dispersive. Compared to the Vienna measurements [9] there is about one additional
eigenvalue with significant power visible.

5.3 F-eigen-ratio

For a certain value of At all occurring pairs {R(to — At); R(to)} are considered. For each pair,

ég)en(At) was evaluated using ¥ = 1. Each curve in the Figures 10 depicts
()

eigen

the F-eigen-ratio ¢
the cumulative distribution function (CDF) of the F-eigen-ratio ¢ (At) for a single value of
At.

In addition to the F-eigen-ratio the long-term time constant T, is defined like in [9]:

Definition: The spatial long-term time constant 7, is the time difference At for which the
(F = 1)-eigen-ratio qgf;ji)(At) is less than 1dB in 90% of all cases.

This time constant corresponds to the CDF curve crossing the point (1dB; 90%). Other
definitions of the long-term time constant would change the following results quantitatively, but
not qualitatively.

5.4 Wide Sense Stationarity

First we try to assess, to what extend the WSS assumption is fulfilled for our setup. To this end,
we compare the long-term time constant 7;, derived in the previous section with the coherence
time of the channel 7.,p,.

The most common definition of the coherence time is the duration of one cycle of the maximum
doppler frequency. The velocity of the mobile was about 1kmh translating to a doppler frequency
of 2Hz for a carrier frequency of 2.1GHz. The coherence time is the reciprocal of the doppler
frequency, i.e. 500ms.

To get a measure for the spatial WSS quality Qwss a quotient

-
Qwss = =& (3)
Tcoh




Kvadraturen low BS Kvadraturen high BS

1
0.9
§08
207
206
205 .
k&
g 0.4 - 6.06 sec ; 715 values 2044 - 6.06 sec ; 568 values
303 — 12.12 sec ; 688 values 303 ! = 12.12 sec ; 539 values
- 66.64 sec ; 447 values - 54.52 sec ; 338 values
0.2 = = 72.7 sec ; 422 values 0.2 = = 60.58 sec ; 311 values
01 = = 78.75 sec ; 397 values 0.1 = = 66.64 sec ; 284 values
= = 121.16 sec ; 237 values = = 121.16 sec ; 110 values
0 T 0 x
0 1 2 3 0 1 2 3
F-eigen-ratio [dB] time - space F-eigen-ratio [dB] time - space

Figure 10: F-eigen-ratio.

is defined as described in [9] which is a number expressing how many multiples of the coherence
time the spatial properties can be considered constant.
Table 1 summarizes the results for the WSS quality and compares them to a measurement

environment low BS | high BS | Vienna

long-term time constant 7, | 73sec 6lsec | 22.6sec

coherence time 7., 500ms | 500ms 180ms
WSS Quality Qwss 146 122 126

Table 1: Long-term Time constant, Coherence Time and WSS Quality

taken in Vienna [9]. Again, the WSS quality is in the range of 100 which seams to be a typical
value for outdoor environments.

5.5 Receive power level

Figure 11 shows the receive power level for one measurement run for both antenna heights.
The measurement is a NLOS case (Figure 12) starting at the corner closer to the receiver with
the Tx antenna pointing away from the movement. The most important propagation effect is
wave guiding through streets. First, the receive power level for the high base station position is
about 5 to 10dB lower than for the position at street level which is mostly due to the antenna
characteristic at the base station. For higher elevation angles the patch array is less sensitive.

From a channel modelling point of view the occurrence of additional scatterer clusters for a
very limited time stays in contrast to the COST 259 micro cellular model with relatively huge
visibility regions. Especially for the high BS position some additional clusters are only visible
for a range of about 5 to 10m.These additional clusters push the power level by about 5dB.
Further investigations will be necessary to understand this effect.

Another effect which is visible in the beginning of the measurement run is the diffraction over
the edge of the house in the corner leading to slightly higher power levels for the low base station
position.
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Figure 11: Receive power level. Left: low BS. Right: high BS.

Figure 12: Measurement run.

6 Conclusion

Initial evaluations of a wideband MIMO measurement campaign carried out in Oslo were
presented. The focus of this document is on the description of the measurement setup and the
used channel sounder.

The results show some similarities with the Vienna measurements but the scenario is more
dispersive which may be due to the lower BS positions.

In contrast to the COST 259 channel model additional clusters could be identified which are
only visible for very limited areas.

The FLOWS consortium has spent a lot of effort on measuring the MIMO channel in the 2GHz
band and measurements at 5GHz will follow in the near future.
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