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(57) Abstract: The present invention relates to a
device and method for simulating a radio channel
with a detined characteristic between at least one
antenna port (102a, 102b) of a first device (101),
and a second device (103) in a test environment.
The device comprises a first antenna (104a)
adapted to receive signals, and arranged to pro-
vide a first radio channel (105a) between the first
antenna (104a) and the second device (103) and, a
second antenna (104b) adapted to receive signals,
and arranged to provide a second radio channel
(105b) between the second antenna (104b) and
the second device (103). A characteristic of the
second radio channel (105b) is dissimilar to a
characteristic of the first radio channel (105a).
The device further comprises a modifying circuit
(107a, 107b) adapted to modify an amplitude rela-
tion between the received signals, and a multiport
circuit (106) arranged to connect the first and sec-
ond antennas (104a, 104b) with the at least one
antenna port (102a, 102b). The multiport circuit
(106) is also adapted to combine the modified sig-
nals, and to forward the combined signals to the at
least one antenna port (102a, 102b), thereby simu-
lating a radio channel between the at least one an-
tenna port (102a, 102b) and the second device

(103) with a characteristic which is a combination of the characteristic of the second radio channel (105b) and the characteristic of
the first radio channel (105a) in a relation corresponding to the modified amplitude relation.
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METHOD AND DEVICE IN AN OVER-THE-AIR TEST ENVIRONMENT

TECHNICAL FIELD

The present invention relates to over-the-air testing of wireless communication devices in
a test environment and in particular to a device and a method for simulating a radio

channel with a defined characteristic between two wireless communication devices.

BACKGROUND

Wireless equipment usually undergoes many kinds of tests in order to ensure sufficient
performance. Some tests are mandated by standards, while others are performed as part
of product development and verification. A particular class of tests is that where the over-
the-air performance of the communication between one or several wireless transmitter
and receivers is tested. The purpose of such a test could be to ensure that handsets are
adequately designed and work well in the presence of a human being, which is important
for operators when determining whether to subsidize mobile handsets from different
vendors, or it could be to evaluate performance under realistic load and channel
conditions which would be difficult to achieve at reasonable cost using cabled equipment.

Several different types of over-the-air testing exist. Some examples of the most common
ones are described in the following paragraphs.

Reverberation chamber testing

Here the transmitting and receiving antennas are placed in a reverberation (or scattered
field) chamber, which in its simplest form is a metallic box that gives rise to numerous
reflections causing an ideally isotropic multipath distribution. The purpose of reverberation
chamber testing is to test radiated performance of mobile stations. Specially designed
reverberation chambers, so called Fading Boxes (FBoxes), are used to generate a fading
radio environment suitable for system testing of a Radio Access Network. A reverberation
chamber is schematically illustrated in figure 1.

The mobile station 120 under test, commonly referred to as the device under test (DUT),
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is either placed physically inside the reverberation chamber 110 or connected via cables
to test antennas placed inside the chamber 110. In figure 1, the transmitting and
receiving antennas 130 of the radio base station (RBS) are placed inside the chamber
110 and are connected to the RBS antenna ports on the outside of the chamber. A
rotating stirrer 140 is introduced in the chamber 110 in order to achieve different boundary
conditions to obtain fading conditions that vary in time, and thereby simulate that the
mobile stations are moving around. A line of sight shield 150, may also be introduced in
the chamber to affect e.g. fading or delay conditions.

The reverberation chamber 110 generates a radio environment where the received
signals are faded according to a Rayleigh distribution and with a delay spread that is
proportional to the size of the reverberation chamber. The radio signals from the mobile
stations 120 in such a reverberation chamber are received by the RBS antennas 130 with
a rather small delay spread due to the short propagation paths in the reverberation
chamber. Figure 2 shows an example of a channel model, characterized by a distribution
of the signal power on a number of taps spread in time, so called delay taps. Each tap is
faded and has a specified time distance to other taps as well as a specified power relative
to other taps. The reverberation chamber 110 illustrated in figure 1 will by design
generate a channel having a certain channel impulse response that may be similar to
some particular channel model. For instance, the ITU (International Telecommunication
Union) have described a set of channel models ranging from low to high time dispersion
conditions, to be used for evaluating performance under the expected channel conditions
in wireless cellular systems. A particular fading box could be designed to give channel
conditions resembling one such model, but not the full range of models.

Anechoic chamber testing

In contrast to the reverberation chamber, the inside walls of the anechoic chamber are
covered with absorbing material in order to reduce reflections to a minimum. This allows
for an ideally deterministic radio environment to be set up, either with a single transmitter
and/or receiver forming a line-of-sight link, or using multiple transmitters and/or receivers

to create a deterministic multipath distribution.
Field measurements

This is perhaps the most straight-forward method for testing. In field measurements, also
referred to as drive tests, the products are tested in the real environment where they are
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to be used, or in a semi-controlled environment having characteristics similar to the real

environment.

The large potential gains promised by the use of multiple transmit and/or receive
antennas, also referred to as Multiple Input Multiple Output (MIMO) techniques, has
resulted in such technology becoming an integral part of many wireless standards, such
as LTE, WCDMA, WIMAX, etc. It is therefore expected that a multitude of equipment with
multiple antennas will enter the market. One challenge is that the performance of MIMO
products in particular depends both on the ability of the wireless channel to support
multiple orthogonal communication channels, i.e. the channels “richness”, and on how
well the antenna configurations at both ends of the link allow utilizing the “richness” of the

wireless medium to support diversity or multi-stream transmission.

The over-the-air performance of a certain MIMO-capable mobile station can therefore be
expected to depend not only on the design of the mobile station itself, but also on both the
wireless channel conditions and the antenna configuration at the other end of the wireless
link. The performance will thus for example depend on whether spatial diversity or
polarization diversity is used, or it may depend on the spatial separation of antennas in a
space diversity setup.

As the performance of especially MIMO equipment is expected to depend both on the
wireless channel as well as the antenna configurations at both ends of the link, the
number of test cases may become large. The need for testing against different antenna
configurations at the other end of the link may require physically shifting antennas or
switching between multiple pre-installed antennas, which can become very complex and

time-consuming.

Furthermore, in the case of reverberation chamber testing, it would be necessary to have
reverberation chambers of different sizes in order to create reverberation chamber test
environments with different delay spreads, since the delay spread of a reverberation
chamber is proportional to the size of the reverberation chamber. A change of delay
spread during testing would thus also require complex and time consuming
reconfigurations of the test environment. Besides, the size of a reverberation chamber
intended to simulate a delay spread that corresponds to a channel model representing for
example a rural area environment would have a too large foot print to be placed in a test
lab.
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SUMMARY

An object of the present invention is to achieve a device and a method that obviate one or
more of the above disadvantages, singly or in combination. It would be desirable that the
device and method enable the configuration of many different test cases for over-the-air
testing of single- and multi-antenna wireless communication devices in a test
environment, without having to do complex and time consuming reconfigurations of the
test environment setup. It would also be advantageous to allow simulation of a certain

radio channel characteristic in a simple way.

One or more of these objects and others are addressed by the device and the method
according to the independent claims. Advantageous embodiments of the invention are
defined in the dependent claims.

In accordance with a first aspect of the present invention, a device for simulating a radio
channel with a defined characteristic between at least one antenna port of a first device
and a second device in a test environment is provided. The device comprises a first
antenna adapted to receive signals, and arranged to provide a first radio channel between
the first antenna and the second device and, and a second antenna adapted to receive
signals, and arranged to provide a second radio channel between the second antenna
and the second device. A characteristic of the second radio channel is dissimilar to a
characteristic of the first radio channel. The device also comprises a modifying circuit
adapted to modify an amplitude relation between the received signals, and a multiport
circuit arranged to connect the first and second antennas with the at least one antenna
port. The multiport circuit is adapted to combine the modified signals, and to forward the
combined signals to the at least one antenna port of the first device. Thereby, a radio
channel between the at least one antenna port and the second device can be simulated,
having a characteristic which is a combination of the characteristic of the second radio
channel and the characteristic of the first radio channel in a relation corresponding to the
modified amplitude relation.

In accordance with a second aspect of the present invention, a method of simulating a
radio channel with a defined characteristic between at least one antenna port of a first
device and a second device in a test environment is provided. The method comprises
receiving signals on a first and second antenna, the first antenna providing a first radio
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channel between the first antenna and the second device, and the second antenna
providing a second radio channel between the second antenna and the second device. A
characteristic of the second radio channel is dissimilar to a characteristic of the first radio
channel. The method further comprises modifying an amplitude relation between the
received signals, combining the modified signals, and forwarding the combined signals to
the at least one antenna port of the first device. Thereby, a radio channel between the at
least one antenna port and the second device can be simulated, having a characteristic
which is a combination of the characteristic of the second radio channel and the
characteristic of the first radio channel in a relation corresponding to the modified
amplitude relation.

An advantage of some embodiments of the present invention is that they facilitate rapid,
controllable, and reproducible over-the-air testing of single- and multi-antenna wireless

communication devices.

Another advantage of some embodiments of the present invention is that they make it
possible to simulate radio channels specified by various standards, but also own defined
radio channels.

A further advantage of some embodiments of the present invention is that they make the
reverberation chamber even more suitable for system testing of radio access networks
where large volumes of communication devices are used and where each communication

device has an independent radio channel.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates schematically a reverberation chamber.
Figure 2 illustrates an example of a channel model.

Figures 3 illustrates schematically the device in a test environment comprising a test

chamber according to some embodiments of the present invention.
Figure 4a illustrates schematically a test setup.

Figures 4b illustrates schematically the device in a test environment comprising a test

chamber according to some embodiments of the present invention.

Figures 5a illustrates schematically the device in a test environment comprising a test
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chamber according to some embodiments of the present invention.
Figure 5b illustrates schematically a test setup.

Figure 6 and 7a illustrate schematically the device in a test environment comprising a test

chamber according to some embodiments of the present invention.

Figure 7b illustrates the delay profile for a reverberation chamber with and without delay

loop.

Figure 8, 9 and 10a illustrate schematically the device in a test environment comprising a
test chamber according to some embodiments of the present invention.

Figure 10b illustrates the delay profile for a reverberation chamber with the device
according to an embodiment of the present invention.

Figure 11 and 12 are flowcharts of methods according to some embodiments of the

present invention.

DETAILED DESCRIPTION

In the following, the invention will be described in more detail with reference to certain
embodiments and to accompanying drawings. For purposes of explanation and not
limitation, specific details are set forth, such as particular scenarios, techniques, etc., in
order to provide a thorough understanding of the present invention. However, it will be
apparent to one skilled in the art that the present invention may be practiced in other
embodiments that depart from these specific details.

Moreover, those skilled in the art will appreciate that the functions and means explained
herein below may be implemented using software functioning in conjunction with a
programmed microprocessor or general purpose computer, and/or using an application
specific integrated circuit (ASIC). It will also be appreciated that while the current invention
is primarily described in the form of methods and devices, the invention may also be
embodied in a computer program product as well as in a system comprising a computer
processor and a memory coupled to the processor, wherein the memory is encoded with
one or more programs that may perform the functions disclosed herein.
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The present invention is described herein by way of reference to particular example
scenarios. In particular the invention is described in a non-limiting general context in
relation to radiation testing of wireless equipment in a reverberation chamber, which is a
specially designed reverberation chamber. It should though be noted that the invention
and its exemplary embodiments may also be applied to other test environments and test

chambers, such as anechoic chambers or field test environments.

In the present invention, the drawbacks that comes with the need for testing against
different antenna configurations and with different channel characteristics, which
traditionally requires a physical shift of antennas or a switch between multiple pre-installed
antennas or reverberation chambers, are addressed by a device connectable to the
antenna port or ports of a wireless communication device such as an RBS or a mobile
station in a test environment. In the following, the present invention will be described with
the device connected to an RBS, receiving signals from a mobile station placed in a
reverberation chamber. It should though be noted that the device may alternatively be
connected to the mobile station receiving signals from the RBS. Still another possibility is
to use the device also when transmitting signals to the mobile station (or to the RBS when
connected to the mobile station). If the circuitry of the device is made reciprocal, the same
simulated channel characteristics will be achieved both in the receiving mode and in the

transmitting mode.

The device, connected to one or more antenna ports of an RBS, allows to simulate a wide
range of radio channel characteristics between the RBS and the mobile station, in a time
efficient and simple way. Instead of actually changing the test environment to produce
radio channels of a certain characteristic between the antenna of the RBS and the mobile
station, the device is connected to the RBS antenna ports and makes it possible to
simulate such a change by manipulating the signals forwarded to the RBS antenna ports
and thereby imitating a certain radio channel characteristic. Different polarization, fading
correlation, fading statistics, delay spread and delay characteristics are some examples of
radio channel characteristics that are possible to simulate.

Schematically illustrated in figure 3, and according some embodiments of the present
invention, is the device 100. The device 100 makes it possible to simulate a radio channel
in a reverberation chamber 110 with a defined characteristic between one or more
antenna ports 102a, 102b of a first device 101 which in this embodiment is an RBS, and a
second device 103 which in this embodiment is a mobile station. This device 100 will thus
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replace the ordinary antenna configuration that is normally connected to the antenna
port(s) 102a, 102b of the RBS 101. As mentioned above, the device may also be used to
simulate a radio channel in any other test chamber or environment, such as in an

anechoic chamber or in a field test environment.

The device comprises two antennas 104a, 104b, adapted to receive signals within the
reverberation chamber 110, transmitted by the mobile station 103 that is placed in the
reverberation chamber 110. The first antenna 104a is arranged to provide a first radio
channel 105a between this first antenna 104a and the mobile station 103, and the second
antenna 104b is arranged to provide a second radio channel 105b between the second
antenna 104b and the mobile station 103. The two antennas 104a, 104b may for example
have different antenna characteristics, such as different antenna polarizations, which will
in turn provide radio channels 105a, 105b with dissimilar polarization characteristics. In
another example, the antennas 104a, 104b are placed within the reverberation chamber
in a way that provides different propagation paths from the antennas to the mobile station,
and thus also dissimilar radio channel characteristics, such as delay and fading
characteristics.

The device 100 also comprises a modifying circuit 107a, 107b which is adapted to modify
the amplitude relation between the signals received on the two antennas 104a, 104b. The
modifying circuit 107a may for example be implemented as attenuators and/or amplifiers
which attenuates and/or amplifies the power of the signal received on each of the first and
second antennas 104a, 104b, thereby modifying the amplitude relation between the
signals received on the two antennas. In another exemplary embodiment, the modifying
circuit 107a may simply correspond to the inbuilt attenuation of the feeders between the
multiport circuit 106 and the antennas 104a, 104b, and will thus not correspond to an
explicitly added component such as an attenuator.

The device 100 further comprises a multiport circuit 106, which connects the two
antennas 104a, 104b with the antenna port(s) 102a, 102b of the RBS. The multiport
circuit 106 is adapted to combine signals that are received on the two antennas 104a,
104b and modified by the modifying circuit 107a, 107b. It is also adapted to forward the
combined signals to the antenna port(s) 102a, 102b of the RBS. In the case of a single
antenna RBS 101, an example of a multiport circuit 106 is a three-port circuit coupling
signals received on two ports into one port. The three-port circuit will have the two
antennas 104a, 104b connected to its incoming ports, and one outgoing port connected to
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the single antenna port 102a of the RBS 101. In one exemplary embodiment, the
modifying circuit 107b and the multiport circuit 106 are integrated. One such example is a
three-port circuit that modifies amplitude relations of incoming signals when combining
them.

As indicated above, the modifying circuit(s) 107a and/or 107b and the multiport circuit 106
may be integrated into one single circuit or unit. For example, a single multiport circuit (not
shown in the figures) may be configured to perform the functions/functionality of the
modifying circuit(s) 107a and/or 107b and the multiport circuit 106. In other words, the
modifying circuit(s) 107a and/or 107b and the multiport circuit 106 need not be separate
circuits or units, as is schematically illustrated in figure 3.

The device 100 is, in the embodiment illustrated in figure 3, arranged to simulate a radio
channel between the antenna port(s) 102a, 102b of the RBS 101 and the mobile station
103 with a characteristic which is a combination or blending of the dissimilar
characteristics of the two radio channels 105a, 105b between the two antennas 104a,
104b respectively and the mobile station 103. The modifying circuit 107a will affect how
much power of the signals received on the two antennas 104a, 104b that will be combined
by the multiport circuit 106. With e.g. an attenuator connected to each of the two
antennas 104a, 104b, modifying the amplitude of received signals, it is possible to
simulate a range of characteristics between the two exiremes of, on one hand, a
characteristic completely corresponding to the first radio channel 105a characteristic, and,
on the other hand, a characteristic completely corresponding to the second radio channel
105b characteristic. These extremes are obtained by completely attenuating the power of
signals received on one of the antennas 104a, 104b. A characteristic in between these
two extremes is obtained by modifying the amplitude relation between the received
signals in a way that gives a desired combination of characteristics.

In one embodiment of the present invention, the modifying circuit 107a, 107b is adapted
to modify also a delay and/or a phase relation between the signals received on the two
antennas 104a, 104b. This will allow more complex combinations of the signals received
on the two antennas 104a, 104b. The advantage of an implementation with more complex
combinations of signals, is that it allows for a simulation of additional radio channel
characteristics, such as delay characteristics, delay spread characteristics, polarization
characteristics and fading characteristics, and any combination of these radio channel
characteristics in one and same test setup. A modifying circuit 107a adapted to modify a
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delay relation between signals, could be implemented as one or more RF/Opto-circuits
where the delay is proportional to the length of the optical fiber. It could also be
implemented with a low loss RF-cable, where the delay is proportional to the length of the
cable. A modifying circuit 107a, 107b adapted to modify a phase relation could be
implemented as a phase shifter. Another alternative is to use a delay circuit according to
the above examples, with a very short delay which would thereby be perceived as a
phase shift rather than a delay. Still another alternative is to use a 180° or 90° hybrid
coupler, which provides two outputs of equal amplitude but with a phase difference (180°
or 90°) between them.

Figure 4a illustrates schematically a typical conventional MIMO test case example of a
mobile station 103, also referred to as a device under test (DUT), in a reverberation
chamber 110. The two RBS antennas 130a, 130b are each one arranged to provide a
radio channel 160a, 160b to the DUT 103. In the following description the first channel
160a is represented by H1(t,f) and the second 160b by H2(t,f). A certain test case could
prescribe channel conditions where the two channels are uncorrelated, e.g.

EH, (e, £)H (1, £)}=0

The expectation could be taken over time and/or frequency. Such a channel condition can
be readily achieved in a reverberation chamber by separating the two antennas by a
certain distance, typically a few wavelengths. However, a second test case might
prescribe a non-zero correlation between the two antennas 130a, 130b, e.g.

EWH (0 f)f=p

Such a non-zero correlation can be achieved by moving the two antennas closer to each
other, or by modifying the chamber to produce a smaller angular spread. However, such
solutions to achieve correlation can be impractical. Furthermore, the two antennas will
experience mutual coupling if placed close together which will result in lower antenna

efficiency.

According to one exemplary embodiment of the present invention schematically illustrated
in figure 4b, the RBS antennas 130 from the test setup illustrated in figure 4a and
described above, are replaced by the device 100 also comprising two antennas 104a,
104b. Test signals received on the two antennas 104a, 104b are coupled into two antenna
ports 102a, 102b of the RBS, via the multiport circuit 106 and the modifying circuit 107a,
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107b. In this embodiment it is preferable that the two antennas 104a, 104b are
substantially uncorrelated, thereby providing radio channels 105a, 105b with uncorrelated
fading characteristic. The modifying circuit 107a, 107b is in this embodiment adapted to
modify both the amplitude relation between the received signals and the phase relation.
An attenuator 401a, 401b at each receiving antenna 104a, 104b modifies the amplitude
relation, and a hybrid coupler modifies the phase relation and combines and forwards the
signals to the two antenna ports 102a, 102b. This embodiment of the device 100, makes it
possible to simulate two radio channels between the DUT 103 and the two antenna ports
102a, 102b respectively, which are correlated to a degree decided by the modified
amplitude relation achieved by the attenuators.

The device may also comprise additional attenuators 109a, 109b, attenuating the signals
with a factor g1 and g2 respectively, before forwarding them to the two antenna ports
102a, 102b of the RBS. These additional attenuators 109a, 109b, may in this embodiment
be used to create a power imbalance between the simulated channels, and also to adjust
the total channel gain to some desired working point.

The two simulated channels between the antenna ports 102a, 102b and the DUT 103 may
be numerically described as follows:

A,6.1)= g%f .{&er,f)}

11 g4H2(t’f)
_ 117 83H1(t’f)
Hz(t’f):gZE__J '|:g4H2(t,fJ

where g3 and g4 corresponds to the attenuation factor of the attenuators 401a, 401b at

each of the receiving antennas 104a, 104b. The correlation between these simulated
channels can be calculated to be:

2 2

A Ay L

|82 +ls.)

The above expression has been derived assuming that g, = g, =1, and that the radio

channels 105a, 105b between the two antennas 104a, 104b and the DUT 103 are
uncorrelated and have unit power. This assumption can be expressed as
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0,, =0 m#n

E{Hm(t,f)H;(t,f)}=5mn where {”’

0,,=1 m=n
Furthermore, if it is found that there is power imbalance between H1(t,f) and H2(t,f) due to
differences in the antennas 104a, 104b, this can be compensated for by the attenuators
401a, 401b at each of the receiving antennas 104a, 104b.

The advantage of this embodiment is that it allows to simulate a correlation within a
continuous range of values between -1 and 1, simply by setting g3 and g4 of the
attenuators 401a, 401b to the desired values. No complex and time-consuming
reconfiguration of the test setup, such as moving of the antennas, is thus needed. The
only requirement is that the correlation can be made essentially zero between the two
channels 105a, 105b, and that the power imbalance between them can be characterized
and thereby taken into account.

The embodiments described above can be generalized to multiple mobile stations in the
same test. One example would be a load test in which many two-antenna mobile stations
are connected to one two-antenna RBS. It would then be possible to enforce a certain
correlation between the RBS antennas and also between each pair of antennas of the
mobile stations.

It is also possible to generalize the idea to more than two RBS antennas. However, the
multiport circuit may be difficult to realize for some combinations of desired correlations.
Cascading multiple two-antenna correlating circuits like the one described above with
reference to figure 4b, is always one possibility. In this way, numerous different
correlation levels can be generated, and the final configuration may involve using only
some of the ports. Another possibility is to use a DFT matrix (Butler matrix) with more than
2x2 ports. The 180° hybrid coupler is a special case of the DFT matrix for 2x2 ports.

In still another embodiment of the present invention, the different parts of the modifying
circuit, e.g. attenuators, amplifiers, delays, delay loops, phase shifters and any other
possible circuitry, are variable and controlled, possibly remotely, from a control circuit 108,
e.g. an automated test system. This makes it possible to rapidly switch through test
conditions with different simulated radio channel characteristics, to facilitate testing. In
such an embodiment, performance data feedback from a mobile station or DUT 103, can
be used as an input to the control circuit 108.
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One important aspect in order to ensure good test conditions is the ability to characterize
the properties of the radio channels in the test setup. The result of such a characterization
may for example be a lookup table where the channel properties (correlation, polarization,
fading statistics, etc.) for each setting of the modifying circuit, e.g. each setting of
attenuation and delay combinations, are listed.

As already mentioned above, the two antennas 104a, 104b receiving the signals in
embodiments of the present invention, may for example have different antenna
characteristics, which will in turn provide radio channels 105a, 105b with dissimilar
characteristics. The antennas 104a, 104b may also be placed within the reverberation
chamber in a way that provides different propagation paths from the antennas to the
mobile station, and thus also dissimilar radio channel characteristics.

In one embodiment, the first and second antennas 104a, 104b, are arranged to provide
orthogonally polarized radio channels. In an exemplary embodiment, schematically
illustrated in figure 5a, the first antenna 104a is horizontally polarized, and the second
antenna 104b is vertically polarized. The test signal power from each such antenna can
thus be modified to create a range of polarization characteristics, ranging from pure
horizontal polarization, which is the characteristic of a first of the radio channels 105a, to
pure vertical polarization, which is the characteristic of the second radio channel 105b.
Another way of seeing it is that the setup makes it possible to simulate a radio channel
with a defined cross-polarization scattering characteristic. This embodiment of the
invention can also be combined with a modification of delay and/or phase relation
between the signals in order to simulate a defined polarization characteristic together with
some other radio channel characteristic such as a delay characteristic.

It is acknowledged that the phase shift between the polarization characteristics of the two
radio channels 105a, 105b in this embodiment may not be known, but this is anyway not a
problem since the channel conditions in the reverberation chamber can be made such
that the vertical and horizontal components fade independently. This means that the
phase is anyway randomized.

The reason for why it is desirable to simulate different cross-polarization scattering
characteristics in test environments is explained by the following. When two antennas
501a, 501b are transmitting with polarizations P1 and P2 respectively (see figure 5b), the
polarizations can be described by vectors in a spherical coordinate system centered on
the corresponding antenna.
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p,=p 0+pl
P, =p 6+ pl¢

The radial components are zero for transverse electromagnetic waves. Due to attenuation
and scattering in the radio channel, some parts of the energy transmitted with one
polarization will be scattered into the orthogonal polarization. This can be described by a

polarimetric channel matrix:

This channel matrix has been found to have certain properties in field measurements. For
instance, the components of this matrix experience uncorrelated fading, and the off-
diagonal (cross-polar) elements have weaker average power than the diagonal (co-
polarized). However, changing the polarization of the transmit antennas requires
physically modifying or replacing the antennas 501a, 501b, which is a time-consuming
and complex task. Using the above described embodiment of the present invention, will
thus enable such testing in a simple and time efficient way.

In yet another embodiment of the present invention, the above described device 100, is
used to simulate a radio channel with a defined fading statistics characteristic. In this
embodiment, schematically illustrated in figure 6, the first antenna 104a is arranged to be
in line-of-sight with the mobile station, thus providing a “line-of-sight radio channel” 105a,
and the second antenna 104b is arranged to not be in line-of-sight with the mobile station,
thus providing a “non line-of-sight radio channel” 105b. A line of sight condition between
transmitter and receiver, i.e. the ability to visually sight the transmitter from the receiver,
tend to change the fading statistics from Rayleigh to Rice. Additionally, the polarization
scattering is different (less polarization cross-coupling) in a line-of-sight situation. Rice
fading is characterized by the K factor, which captures the power ratio between the direct
(constant) path and the diffuse (Rayleigh) part. In the case where one antenna
experiences a Rayleigh fading channel and the other a constant channel (non fading) the
power ratio between the two is simply the K factor. By modifying the amplitude relation
between the signals received on the two antennas 104a, 104b, different combinations of a
Rayleigh and a Rice fading characteristics may be simulated, thereby making it possible
to simulate a range of values of the K factor without any time-consuming and complex

reconfigurations of the test environment. It is e.g. important to test that MIMO antenna
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configurations work well in line-of-sight conditions, as the Signal to Interference plus
Noise Relation (SINR) is usually high in such conditions leading to good potential for
multi-stream transmission. Fading characteristics such as fading correlation may also be
simulated by arranging the two antennas 104a, 104b to provide different fading correlation
characteristics.

In an alternative embodiment, similar to the previous one, the antennas 104a, 104b are
arranged to provide different delay spread characteristics. A first antenna may for
example provide a low delay spread channel, and the second one a higher delay spread,
and a modifying circuit such as a network of attenuators may modify the amplitude
relation between the signals received on the two antennas, in order to simulate a desired
channel delay spread as a combination of the dissimilar delay spread characteristics.

Other delay characteristics may also be simulated by delaying the signals received on the
two antennas in different ways before combining them. In such an embodiment, the
modifying circuit 107a is adapted to modify the delay relation between the received
signals. This is an alternative to the previously described embodiment, where the delay is
a characteristic of the first and second radio channels 105a, 105b provided by the two
antennas 104a, 104b.

It should be noted that according to embodiments of the present invention, the device 100
may be an integrated part of a reverberation chamber 110, with the antennas 104a, 104b
of the device 100 arranged within the reverberation chamber, as illustrated in figure 7a.
Furthermore, by adding an external delay circuit to the reverberation chamber 110, where
part of the signals in the reverberation chamber is linked through a delay line 181 and an
attenuator or amplifier 182 and then linked back to the reverberation chamber, the signal
received by the antennas 104a, 104b of the device 100, will already be distributed in time

and power.

Part of the faded radio signal will be received by the Rx antenna 183 of the delay circuit
and fed into the delay line 181 and attenuator/amplifier 182, where it will be delayed and
possibly amplified and sent back into the reverberation chamber 110 via the Tx antenna
184 of the delay circuit. When fed back into the reverberation chamber 110, a part of the
signal will be received again by the Rx antenna 183 of the delay circuit and delayed
further. This will continue until the loop back power is too small to detect. Significant for
this solution is that the power difference between delay taps will be the same, the delay
between delay taps will be the same, and the looped signal will be faded once more for
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each turn through the delay circuit and will thus fade quicker for each loop. Figure 7b
shows the delay profile for a reverberation chamber with and without a delay circuit.

In one embodiment of the present invention, schematically illustrated in figure 8, the
device 100, further comprises at least one additional antenna 104c providing a third radio
channel 105¢c, with a characteristic which may differ from both the first and the second
radio channels 105a, 105b characteristics. The modifying circuit 107a, e.g. implemented
as three delay lines and three attenuators, one delay line and one attenuator for each
antenna, is adapted to modify the delay and amplitude relation between the signals
received on all the antennas 104a, 104b, 104c, and the multiport circuit 106 is adapted to
combine all the modified signals and to forward the combined signal to one antenna port
102a of the RBS 101. If the three antennas 104a, 104b, 104c, provide three radio
channels with uncorrelated fading characteristics, the simulated channel model will
comprise three delay taps (one for each antenna) which all fade independently from each
other. The power and the delay may be varied between the delay taps, by varying the
attenuator and delay line settings. By adding still another antenna, another independently
fading delay tap will be added to the channel model.

In one further embodiment of the present invention, schematically illustrated in figure 9,
the device 100 receives signals in the reverberation chamber on two antennas 104a,
104b. The multiport circuit 106, is further adapted to split the received signals into several
split signals. The modifying circuit 107b will in this case modify the delay relations
between the split signals and also the amplitude relations. Finally, the multiport circuit
106 is also adapted to combine the split signals into one signal and forward it to one
antenna port 102a of the RBS 101. In this way, more than two signal paths with different
delays are provided between the first and second antenna 104a, 104b respectively and
the antenna port 102a, which will thus make it possible to simulate a radio channel with
different delay taps (one for each split signal). A single RBS antenna is thus replaced by
the device 100 of the present invention, comprising two antennas 104a, 104b with
uncorrelated fading. Each antenna is connected to a splitter 901a, 901b and a circuit
comprising a delay line 903a, 903b, an attenuator 902a, 902b and an amplifier 904a, 904b
for each split signal. This will allow for different delay taps for the first antenna, where the
delay between taps and the power distribution on the different taps is decided by the
delay lines 903a and the attenuators 902a and amplifiers 904a. However, with only one
antenna 104a, every delay tap would be faded in exactly the same way. In order to
simulate independently faded delay taps, a second antenna 104b is introduced with a
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connected delay circuit configured in the same way as for the first antenna 104a, but
where the delay lines 902b of the second antenna 104b has an additional phase shift
delay each compared to the corresponding delay lines 902a of the first antenna 104a.
Such a phase shift delay corresponds to a very short delay in relation to the total delay,
and will thus be perceived as a phase shift rather than a delay. The phase shift delay of
one split signal should be different from phase shift delays of other split signals, which will
result in delay taps that all fade independently when all the split signals finally are
combined into one in a combiner 905 and forwarded to the antenna port 102a of the RBS.
The implementation of the modifying circuit 107b for this embodiment could be made with

surface mounted components on a circuit board.

Still another alternative making it possible to provide more than two signal paths with
different delays between the first and second antenna 104a, 104b and the antenna port
102a in order to simulate a radio channel with different delay taps, is illustrated in figure
10a. The signal received by the first antenna 104a passes without any additional delay
through a variable attenuator 906 and a combiner 907 to the RBS antenna port 102a. The
signal received by the second antenna 104b is lead through a combiner 908 via a delay
line 909 through a second splitter 910 where the split part of the signal is fed back through
a variable attenuator 911 and an amplifier 912 to the combiner 908. Significant for this
solution is that the power difference between the first and the second tap is tunable. The
loop back signal is not submitted to any more fading since it is looped back outside the
reverberation chamber and the delay between signal taps will be the same. The delay
profile of such a solution is shown in figure 10b.

The various embodiments described above, e.g. embodiments for simulating fading
correlation, fading statistics, delay spread, and polarization characteristics, may all be
combined to provide simulation of a radio channel with a combination of different
characteristics in one test setup.

Figure 11 is a flowchart of the method according to embodiments of the present
invention. It comprises the following steps:

- 210: Receive signals on two antennas. The signals are transmitted by the mobile
station placed in a reverberation chamber. The first antenna is arranged to provide a
first radio channel between this first antenna and the mobile station, and the second
antenna is arranged to provide a second radio channel between the second antenna
and the mobile station. The two antennas may for example have different antenna
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characteristics, such as different antenna polarizations, which will in turn provide radio

channels with dissimilar polarization characteristics.

- 220: Modify an amplitude relation between the received signals. This may be done by
attenuating or amplifying the received signals. The amplitude relation decides how
much of each received signal that will be combined in a later step (see step 230
below).

- 230: Combine the modified signals.

- 240: Forward the combined signals to the antenna port(s) of the RBS. The combined
signals are either forwarded to one RBS antenna port (single antenna RBS) or to two
or more antenna ports (MIMO RBS).

In this way a radio channel between each antenna pori(s) and the mobile station is
simulated, where the simulated radio channel has a characteristic which is a combination
of the characteristics of the radio channels between the two antennas and the mobile
station, in a relation corresponding to the modified amplitude relation.

In an alternative embodiment of the present invention, the step 210 of receiving signals on
two antennas, may also comprise receiving signals on at least one additional antenna. If a
third antenna is added, the amplitude relation between all three received signals is
modified and the three modified received signals are combined are forwarded to an
antenna port of the RBS. Another alternative is to add two additional antennas, and to
combine the signals from a first and second antennas into a first antenna port of the RBS,
and a third and fourth antenna into a second antenna port of the RBS. This will make it
possible to make more complex combinations of radio channel characteristics.

According to a further embodiment, the method comprises the following steps, illustrated
in the flowchart of figure 12:

- 210: Receive signals on two antennas.
- 220: Modify an amplitude relation between the received signals.

- 225: Modify also a delay and/or phase relation. This makes it possible to do more
complex combinations of signals, allowing for a simulation of additional radio channel
characteristics, such as delay characteristics, delay spread characteristics,
polarization characteristics and fading characteristics, and any combination of these
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radio channel characteristics in one and same test setup.
230: Combine the modified signals.
240: Forward the combined signals to the at least one antenna port.

250: Control the modification. This makes it possible to rapidly switch through test
conditions with different simulated radio channel characteristics, to facilitate testing. In
such an embodiment, performance data feedback from a mobile station or DUT can
be used as an input to the control.

According to still another embodiment, the method comprises the following steps, also

illustrated in figure 12:

210: Receive signals on two antennas.

215: Splitting the signals received on at least one of the antennas 104a, 104b. In one
example, the signals received on both the first and second antennas are split into
several split signals each.

220+225: Modify an amplitude and delay relation between each split signal. In this
way, more than two signal paths with different delays are provided between the
antenna port and the first and second antenna respectively. Using different delays and
attenuations/amplifications for each of the split signals will allow for different delay
taps for the first antenna, where the delay between taps and the power distribution on
the different taps vary. In order to avoid that every tap is faded in the exact same way,
the signal received on a second antenna is necessary. Each split signal from the
second antenna is delayed and amplified/attenuated. The delays are for this antenna
equal to the delays of the first antenna with an additional phase shift delay, i.e. a very
short delay in relation to the total delay. The phase shift delay of each split signal
should be different from each other, which will thus result in delay taps that all fade
independently.

230: Combine the modified signals
240: Forward the combined signals to the at least one antenna port.

250: Control the modification.
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The above mentioned and described embodiments are only given as examples and
should not be limiting to the present invention. Other solutions, uses, objectives, and
functions within the scope of the invention as claimed in the accompanying patent claims
should be apparent for the person skilled in the art. For example, while the various
embodiments have been described with reference to a modifying circuit for modifying an
amplitude relation, there exist other possible embodiments where it is not necessary that
the modifying circuit modifies the amplitude relation. In fact, in some embodiments, it
is sufficient that the circuit achieves or provides a certain amplitude relation. Thus, as
used herein, the term modifying does not necessarily mean that the amplitude relation is
modified, but instead it would suffice that the amplitude relation is provided. However, in
advantageous embodiments such as those described throughout the specification, a
modifying circuit is adapted for modifying the amplitude relation.
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CLAIMS

. A device (100) for simulating a radio channel with a defined characteristic between at

least one antenna port (102a, 102b) of a first device (101) and a second device (103)
in a test environment, characterised in that it comprises:

a first antenna (104a) adapted to receive signals, and arranged to provide a first radio
channel (105a) between the first antenna (104a) and the second device (103) and,

a second antenna (104b) adapted to receive signals, and arranged to provide a
second radio channel (105b) between the second antenna (104b) and the second
device (103), wherein a characteristic of the second radio channel (105b) is dissimilar
to a characteristic of the first radio channel (105a),

a modifying circuit (107a, 107b) adapted to modify an amplitude relation between the
received signals, and

a multiport circuit (106) arranged to connect the first and second antennas (104a,
104b) with the at least one antenna port (102a, 102b) of the first device (101), and
adapted to combine the modified signals, and to forward the combined signals to the
at least one antenna port (102a, 102b), thereby simulating a radio channel between
the at least one antenna port (102a, 102b) and the second device (103) with a
characteristic which is a combination of the characteristic of the second radio channel
(105b) and the characteristic of the first radio channel (105a) in a relation
corresponding to the modified amplitude relation.

. The device according to claim 1, wherein the modifying circuit (107a, 107b) is further

adapted to modify a delay and/or phase relation between signals received on the first
and second antennas (104a, 104b).

. The device according to any of the preceding claims, wherein the modifying circuit

(1072, 107Db) is variable, the device further comprising a control circuit (108) arranged
to control the variable modifying circuit (107a, 107b).

. The device according to any of the preceding claims, wherein the first and second

antennas are arranged to provide orthogonally polarized radio channels.
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The device according to any of the preceding claims, wherein the first antenna is
arranged to provide a line-of-sight radio channel, and the second antenna is arranged
to provide a non line-of-sight radio channel.

The device according to any of the preceding claims, wherein the first and second
antennas are arranged to provide radio channels with dissimilar delay characteristics.

The device according to any of the preceding claims, wherein the first and second
antennas are arranged to provide radio channels with dissimilar fading characteristics.

The device according to any of claims 1-7, further comprising

- atleast one additional antenna (104c¢) adapted to receive signals, and arranged to
provide at least one additional radio channel (105c¢) between the at least one
additional antenna (104¢) and the second device (103), wherein a characteristic of
the at least one additional radio channel (105c) is dissimilar to the characteristic of
the first and second radio channel (105a, 105b), and

wherein the multiport circuit (106) is arranged to connect the first, second and at least

one additional antennas (104a, 104b, 104c) to the at least one antenna port (102a),

and is further adapted to combine all the modified signals received on the first, second

and the at least one additional antennas (104a, 104b, 104c) and to forward the

combined signals to the at least one antenna port (102a).

The device according to any of claims 2-7, wherein the multiport circuit (106) is further
adapted to split signals received on at least one of the first and second antennas
(104a, 104b) and to combine and forward the split signals to the at least one antenna
port (102a), and wherein the modifying circuit (107b) is adapted to modify a delay
relation between the split signals, in order to provide more than two signal paths with
different delays between the first and second antenna (104a, 104b) and the at least
one antenna port (102a).

A test chamber comprising a device (100) according to any of claims 1-9.
A method of simulating a radio channel with a defined characteristic between at least

one antenna port (102a, 102b) of a first device (101), and a second device (103) in a
test environment, characterised by the following:
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receiving (210) signals on a first and second antenna (104a, 104b), the first antenna
providing a first radio channel (105a) between the first antenna (104a) and the second
device (103), and the second antenna (104b) providing a second radio channel (105b)
between the second antenna (104b) and the second device (103), and wherein a
characteristic of the second radio channel (105b) is dissimilar to a characteristic of the
first radio channel (105a),

modifying (220) an amplitude relation between the received signals,

combining (230) the modified signals, and

forwarding (240) the combined signals to the at least one antenna port (102a, 102b) of
the first device (101), the method thereby simulating a radio channel between the at
least one antenna port (102a, 102b) and the second device (103) with a characteristic
which is a combination of the characteristic of the second radio channel (105b) and
the characteristic of the first radio channel (105a) in a relation corresponding to the
modified amplitude relation.

The method according to claim 11, further comprising modifying (225) a delay and/or
phase relation between the received signals.

The method according to any of the claims 11-12, further comprising controlling (250)
the modification of the received signals.

The method according to any of the claims 11-13, further comprising providing
orthogonally polarized radio channels from the first and second antennas.

The method according to any of the claims 11-14, further comprising providing a line-
of-sight radio channel from the first antenna, and providing a non line-of-sight radio

channel from the second antenna.

The method according to any of the claims 11-15, further comprising providing radio
channels with dissimilar delay characteristics from the first and second antennas.

The method according to any of the claims 11-16, further comprising providing radio
channels with dissimilar fading characteristics from the first and second antennas.
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The method according to any of the claims 11-17, wherein receiving (210) further
comprises receiving signals also on at least one additional antenna (104c) providing at
least one additional radio channel (105c) between the at least one additional antenna
(104c) and the second device (103), and a characteristic of the at least one additional
radio channel (105c) is dissimilar to the characteristic of the first and second radio
channel (105a, 105b), and wherein combining (230) comprises combining all the
modified signals received on the first, second and the at least one additional antenna
(104a, 104b, 104c), and wherein forwarding (240) comprises forwarding the combined
signal to the at least one antenna port (102a).

The method according to any of claims 12-17, further comprising splitting (215)
signals received on at least one of the first and second antennas (104a, 104b), and
wherein modifying (220) comprises modifying an amplitude and a delay relation
between the split signals, combining (230) comprises combining the modified split
signals, and forwarding (240) comprises forwarding the combined signal to the at least
one antenna port (102a), in order to provide more than two signal paths with different
delays between the first and second antenna (104a, 104b) and the at least one
antenna port (102a).
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