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ANTENNA SYSTEM AND METHOD FOR OPERATING AN ANTENNA SYSTEM

Technical Field

In general, the present invention relates to

antenna systems. More particularly, the present invention

relates to an antenna system comprising a plurality of

antennas and an impedance matching network. The present

invention also relates to a method for operating an antenna

system having a plurality of antennas and an impedance

matching network.

Description of Related Art

In recent years, multiple antenna systems have

been a subject of great interest in wireless communication

systems. In general, they include: (i) the use of multiple

antennas on one end of the system (either transmit or

receive system) , commonly known as smart antenna system or

adaptive antenna system,- (ii) the use of multiple antennas

on both ends of the system, commonly known as multiple-

input-multiple-output (MIMO) system. Prior art smart

antenna systems can offer performance benefits . These

include e.g. beamforming gain, diversity gain, and

interference suppression, resulting in cell coverage

extension and/or quality-of-service improvements. In

addition to these benefits, MIMO systems can also offer the

possibility of transmitting in parallel, non-interfering

channels, with the maximum number of such channels limited

by the number of transmit and receive antennas . As a

consequence, the over-the-air data throughput can

potentially increase linearly with number of antennas.



In the prior art, a necessary condition for

obtaining multiple parallel channels for MIMO systems, and

likewise diversity gain for smart antenna systems, is that

the antennas should be placed sufficiently apart so that

the received signals at different antennas are as

dissimilar to one another as possible. In other words, a

low correlation between the signals is needed. Typically, a

separation of more than λ/2 is required, where λ is the

wavelength of the signals. Antennas at mobile base stations

can therefore be sufficiently separated spatially. However,

in small-sized mobile terminals, e.g. mobile telephones,

the (largest) dimension of the terminal is typically less

than or equal to λ/2. Therefore, this is not a feasible

option for small-sized mobile terminals where the distance

between the antennas may be less than or equal to λ/2 .

Apart from the problem with correlation, closely spaced

antennas may strongly interact with one another

electromagnetically . In turn, this may change the antenna

characteristics, resulting in an increase in the impedance

mismatch of the antennas and thus a reduction in the

received power at the outputs of the antennas . In addition,

the correlation between the signals is also affected by

mutual coupling.

FIG. 1 illustrates a prior art single antenna

system 10. The single antenna system 10 is operable to tune

the input impedance of a single antenna 101 to that of a

load circuit 102. This is performed by means of a matching

network 103, which is ideally a lossless circuit. The

matching network 103 may e.g. comprise either lumped or

distributed elements connected between the antenna 101 and



the load circuit 102. In the prior art, the tuning is

performed only once and is fixed for a given antenna 101.

Adaptive impedance matching has recently become a

subject of interest for mobile terminals. Such adaptive

impedance matching relies on the matching network 103 to

reduce the mismatch between the single antenna 101 and the

load 102 . The detection of mismatch is performed by varying

the matching network 103 through all possible matching

points and measuring the received power (in the case of a

receiver) or the reflected power (in the case of a

transmitter) . The optimum matching network may correspond

to the maximum received power (for receiver) or minimum

reflected power (for transmitter) . A main goal may be to

reduce the mismatch loss resulting from nearby objects

changing the antenna impedance.

In a multiple- antenna system having well

separated antennas, the mutual coupling is in general

negligible and single -antenna matching technique can be

readily used. In other words, for such a system, the

matching network can comprise separated or non-

interconnected sub-networks, each matching an antenna to

its load circuit, as in the single -antenna case illustrated

in FIG . 1 . In general , a matching network for an antenna

system 20 with multiple antennas take the form of FIG. 2 ,

where there are interconnections between the input ports

Pl, P2,..., PiV and output ports connected to antennas Al,

A2,..., AIV. It is known from circuit theory that a multiple-

port (or multiport) network (e.g., multiple antennas) can

be perfectly matched (in respect of maximum power transfer

between the multiport antennas and multiport load) by an

extension to the complex conjugate match of single port (or



antenna) network. In addition to almost zero impedance

mismatch, the signals between the antennas are

uncorrelated, as shown for an environment where the

wireless signals arrive from all directions (3-D) in space

with equal probability. This is, however, generally not the

case with mobile communication environments where the

wireless signals generally arrive nonuniformly from

different directions. Moreover, the environment includes

both near-field objects such as the user and far-field

scatterers such as buildings and landscape. Hence, known

antenna matching techniques fail to provide efficient

matching in mobile communication environments for closely

spaced multiple antennas .

There is consequently a need for providing

improved performance of antenna systems, especially in

those antenna systems where the antennas of a plurality of

antennas are placed closely together.

Summary of the Invention

Accordingly, the present invention preferably

seeks to mitigate, alleviate or eliminate one or more of

the above-identified deficiencies in the art and

disadvantages singly or in any combination.

According to an aspect of the invention, there is

provided an antenna system comprising a plurality of

antennas and an impedance matching network, wherein the

network is adaptive.

At least two of the antennas may be separated by

a distance such that coupling exists. The at least two

antennas may, e.g., be separated with a distance of less

than or equal to λ /2, where λ is a wavelength of the



signals. Furthermore, the network may be adaptive with

regard to said coupling.

The impedance matching network may be adapted to

counteract any performance degradation resulting from

coupling among the plurality of antennas.

The antenna system may also comprise a means for

channel measurement adapted to estimate at least one

channel parameter from received signals, and a means for

signal processing adapted to generate a control signal

based on said at least one channel parameter and at least

one predefined parameter of the antenna system. The

impedance matching network may be controllable in

dependence of said control signal. For example, the at

least one channel parameter may be at least one statistical

measure of the channel, such as an open-circuit correlation

measure .

According to another aspect of the invention,

there is provided a mobile terminal, e.g. a mobile

telephone, which comprises the antenna system according to

the embodiments of the invention.

According to yet another aspect of the invention,

there is provided a method for operating an antenna system

having a plurality of antennas and an impedance matching

network, wherein the method comprises adaptive impedance

matching performed by the network.

The antenna system may comprise at least two

antennas, which are separated by a distance such that

coupling exists. The distance may, e.g., be less than or

equal to λ /2, where λ is a wavelength of the signals. The

method may comprise adaptation of the impedance matching

network taking into consideration said coupling.



Additionally, or alternatively, the method may

comprise counteracting any performance degradation

resulting from coupling among the plurality of antennas .

Furthermore, the method may comprise estimating

at least one channel parameter from received signals,

generating a control signal based on said at least one

channel parameter and at least one predefined parameter of

the antenna system, and controlling the network in

dependence of said control signal. For example, the at

least one channel parameter may be at least one statistical

measure of the channel, such as an open-circuit correlation

measure .

According to still another aspect of the

invention, there is provided a computer program product

comprising program instructions for causing a computer

system to perform the method according to the embodiments

of the invention when the program instructions are run on a

computer system having computer capabilities. The computer

program product may e.g. be embodied on a record medium,-

stored in a computer memory, embodied in a read-only

memory, or carried on an electrical carrier signal.

Further embodiments of the invention are defined

in the dependent claims .

Brief Description of the Drawings

Fig. 1 is a block diagram of a prior art antenna

system with a single antenna.

Fig. 2 is a block diagram of a prior art antenna

system with multiple antennas.



Fig. 3 is a block diagram of an embodiment of an

antenna system having multiple antennas and an impedance

matching network;

Fig. 4 is a block diagram of a circuit model of

two receive antennas, each with an equivalent load ZL,

wherein the load ZL represents the equivalent load

(matching network + load in cascade) as seen by the

antennas .

Fig. 5 is a contour plot of the mean capacity

variation (in units of bits /s/Hz) with load impedance

matching with RL and XL (in units of ohm) .

Detailed Description of Embodiments

The embodiments described hereinbelow disclose

the best mode and enables a person ordinary skilled in the

art to carry out the present invention. The different

features of the embodiments can be combined in other

manners than described below. The invention may be embodied

in many different forms and should not be construed as

limited to the embodiments set forth herein. Rather, these

embodiments are provided so that this disclosure will be

thorough and complete, and will fully convey the scope of

the invention to those skilled in the art. The invention is

only limited by the appended patent claims .

An embodiment of the antenna system will be

described below. The antenna system generally comprises a

plurality of antennas and an impedance matching network.

The impedance matching network is adaptive.

The antenna system comprises two or more

antennas, wherein the two or more antennas are separated by

a distance (in relation to each other) such that coupling



exists. The antennas may e.g. be separated by a distance,

which is less than or equal to λ/2 . The adaptive impedance

matching network may be adaptive with regard to said

coupling. For example, the adaptive impedance matching

network may be adapted to counteract any performance

degradation resulting from coupling (e.g. electromagnetic

or mutual coupling) among the plurality of antennas .

The antenna system may comprise a means for

channel measurement adapted to estimate at least one

channel parameter from received signals, and a means for

signal processing adapted to generate a control signal

based on said at least one channel parameter and at least

one predefined parameter of the antenna system. The

adaptive impedance matching network may be controllable in

dependence of said control signal.

For example, the adaptive impedance matching

network can be used for optimizing the performance of an

antenna system having multiple antennas, in particular, in

response to changes in the environment, taking into account

of coupling (e.g. electromagnetic or mutual coupling) among

the antennas of the plurality of antennas .

An adaptive impedance matching network according

to embodiments of the invention can be used to improve the

performance of antenna systems having multiple antennas in

wireless communications, especially in those antenna

systems where the antennas of the plurality of antennas are

placed closely together and wherein mutual coupling exists

among the antennas .

The antenna system according to embodiments of

the invention may advantageously be used in compact

systems, such as e.g. mobile terminals, in which the



inclusion of multiple antennas generally imply strong

electromagnetic (or mutual) coupling among the antennas,

which by itself result in severe performance degradations,

regardless of the environment.

In particular, the antenna system according to

embodiments of the invention may utilize a multiple-port

adaptive impedance matching network to counteract the

performance degradation resulting from mutual coupling

and/or changes in the environment as seen by the antennas.

In addition to impedance mismatch, which also exists in the

single antenna system, the performance of multiple antenna

system is also dependent on the correlation between the

received signals. Therefore, the application of adaptive

matching for multiple antennas is not a simple extension to

the single antenna case.

FIG. 3 illustrates an embodiment of an antenna

system 30 comprising a plurality of antennas 301 and an

impedance matching network 302. The impedance matching

network 302 is adaptive. The radio- frequency (RF) signals

propagate from transmit antennas of a transmitter (not

shown) to the set 301 of receive antennas Al, A2,..., AW, via

multiple propagation paths, due to the existence of

scattering objects (e.g., cars, buildings, road signs) in

the environment. The transfer function between a transmit

antenna and a receive antenna Al, A2,..., A is a function of

these signal paths, each with distinct parameters such as

path length (or delay), direction of departure and arrival,

and Doppler frequency. The overall transfer function is a

summation over all paths for all possible pairs of transmit

and receive antennas is known as the MIMO channel matrix H .

A means 303 for channel measurement, such as a channel



measurement unit is adapted to extract or estimate the

matrix H from the received signals . This operation can be

performed at a regular interval, for example, using

training signals. A means 304 for signal processing, such

as e.g. a signal processing unit is adapted to generate an

optimum multiport matching network with respect to a

performance metric over operating frequency band(s) of

interest, based on the estimated H and known

characteristics of the receive antennas (e.g.

characteristics with respect to self impedance and mutual

impedance) . The performance metric may e.g. be received

power, correlation, and/or capacity. The predicted optimum

matching network may then be realized in the adaptive

matching network 302 by applying control signals from the

signal processing unit 304. The measurement or estimation

of the matrix H may be aided by control signals, which

temporarily disconnect all antennas 301 by open-circuits

(e.g., in the adaptive matching network 304) except the

antenna for which transfer function is being measured.

According to an embodiment, an instantaneous

estimate of H may be used for adaptation. Alternatively, or

additionally, the statistics of H (e.g., correlation

between the different received signals) may also be used.

The statistics may be calculated from estimates of H

obtained over multiple channel measurement instances over a

time interval where the statistics of the environment is

considered stable. In a slowly changing environment, such

adaptive matching based on channel statistics, i.e. an

average behavior, has the benefits of reducing the

computational efforts involved in the adaptation procedure,

e.g. because less information is required and it is less



frequently performed. It may also offer a more robust

performance due to reduced sensitivity to estimation

errors .

According to another embodiment, in the following

referred to as a full implementation of the antenna system

30, the adaptive matching network 302 is arranged to

realize any N by N impedance matrix, as seen from the

antenna ports .

According to other embodiments, a simplified

adaptive matching network 302, having restrictions imposed

on the realizable impedance matrices, may be utilized. For

example, the matching network may be uncoupled, i.e. the

adaptive matching network 304 comprises a separate matching

network for each antenna Aj arranged to be connected

between said antenna Aj and the corresponding port Pj,

without any interconnection between said separate matching

networks .

Further reduction of complexity may be obtained.

For example, the channel measurement unit 303 may be

adapted to limit the channel estimation to only generate

the open-circuit correlation, which is a statistical

measure of the channel . Based on the open circuit

correlation, the performance metric can be evaluated as

function of matching impedance.

Further, if the matching network is uncoupled,

i.e. there is no interconnection between the matching

circuits connecting each antenna with its load, the

optimization may be performed by a two-dimensional grid

search within the signal processing unit 30, over the range

of matching impedance afforded by the particular circuit

realization of the adaptive matching network. An optimized



solution is then realized in the adaptive matching network

304 by appropriate control signals. Known circuit

realizations, which were originally intended for single

antenna adaptive matching, can be used to implement the

separate matching networks, connected to each antenna Al,

A2, ..., AN, of the adaptive matching network 10.

As an illustration of benefits of the adaptive

matching system, a simple MIMO system with two transmit and

two receive antennas is considered in the following. As an

example, all antennas are identical half -wavelength (or

/1/2) electric dipoles. The downlink transmission is

considered, where the transmit antennas at the mobile base

station are assumed to be far apart and thus uncorrelated.

The receive antennas are placed compactly on or within a

mobile terminal, e.g. with the spacing between them at

0.05/1. The self and mutual impedances of the receive dipole

antennas are respectively Z
11

= 92.7+j'39.4 Ω and Z
12

=

91 .l+j'17 .87Ω . The impedance matching network is

represented by an impedance load ZL connected to each

antenna. The environment is represented as voltages Voci and

V C2 , which are voltages across the respective antenna ports

when they are open-circuited. The circuit model for the

receive antennas is given in FIG 4 .

The channel matrix for the well known Kronecker

model can be formed as follows:

H =Ψi"Hw , (1)

where



a
Ψ =

a

is the receive correlation matrix, a the open circuit

correlation at the receive antennas , * denotes the complex -

conjugate operator and the elements of the matrix n are

complex Gaussian random variables with zero mean and

average power of 1 . The open circuit correlation is

obtained from open-circuit voltages, i.e.

E(F 2)/ JE(|F
1
|2)E(|F

2
|2) , (2)

The instantaneous capacity of the 2x2 MIMO system

for equal transmit power at the transmitter can be derived

as :

C = log2 detll +2χref Re(Zn )Re(Z )Z- 1H(Z- 1H ) (3 )

where

zJz i+
7 7

I is the 2x2 identity matrix, {.) H the Hermiti an-transpose

operator, γ
ref

= 20 dB the reference SNR. The channel matrix

is normalized against the average received power a single

antenna system with conjugate impedance match at both the

transmit and receive antennas.

The Laplacian distribution is assumed for the

propagation environment :



where φ0=90° (endfire direction) and σ =15° are

respectively the mean and the standard deviation of the

distribution, C1 is a normalization factor such that the

integral of p (φ) over the azimuth plane is 1 .

In order for the adaptive matching system to

function, the open-circuit correlation is first calculated

from open-circuit voltages of the antennas using Equation

(2) in the channel measurement unit 303. In this example,

α = 0.96-J 0 .27. The value is then passed on to the signal

processing unit 304, where the performance metric, in this

case, mean or ergodic capacity is generated based on

matching load impedance ZL . The mean capacity may be

conveniently obtained from the instantaneous capacity of

Equation (3) using e.g. an approximate closed form

expression in the paper by G . Alfano, A . M . TuI ino, A .

Iozano, and S . Verdu, "Capacity of MIMO channels with one-

sided correlation," in Proc. ISSSTA, vol. 1 , pp. 515-519,

Sydney, Australia, 30 Aug. -2 Sep. 30204. A two-dimensional

grid search over the load impedance plane of load

resistance and reactance may then be performed to find the

maximum mean capacity. The contour plot of mean capacity

over the load impedance plane is given in FIG. 5 . The

optimum matching load corresponding to maximum mean

capacity (7.4 bits/s/Hz) in this case is 2-j'22Ω . This

matching point is then relayed to the adaptive matching

network through control signals, which realize this

matching condition.



As a comparison, this optimized mean capacity is

compared with the capacity obtained from implementing a

complex conjugate match on only the self -impedance of the

antenna (ZL = Z11
*), also known as self -impedance matching.

As indicated in FIG. 5 , the optimum capacity (point marked

by * ) is 7.4 bits/s/Hz, as opposed to that of the self-

impedance match (point marked by o ) of 6.32 bits/s/Hz. This

indicates a capacity gain of over 1 bits/s/Hz from the

proposed adaptive technique. Another figure of merit can be

given by the extra signal power needed for the self-

impedance match to attain the capacity 7.4 bits/s/Hz. This

is obtained by increasing the reference SNR γ
ref

until the

capacity for the self -impedance match is equal to 7.4

bits/s/Hz. In this example, it is found that >3 dB of

additional power is required, which translates to an

equivalent of 3 dB gain in signal strength through the

adaptation. Even higher gains can be expected from the full

implementation, discussed above, that utilizes a

generalized adaptive matching network.

The adaptive matching network that is used in the

embodiments described above in the context of a receiver

may also be used to improve transmit signals if a compact

multiple antenna system (e.g., a mobile terminal such as a

mobile telephone) shares the same transmit and receive

frequency (and antennas) , as in the case of time-division

duplex (TDD) systems. This is because the propagation

channels as seen by the transmit antennas are the same as

those by the collocated receive antennas .

Some embodiments of the invention provide for

improved performance of antenna systems comprising a

plurality of antennas. In particular, some embodiments of



the invention allow for improved performance of antenna

systems where the antennas of a plurality of antennas are

placed closely together and wherein strong electromagnetic

or mutual coupling may exist among the antennas.

It is an advantage with some embodiments of the

invention that they can be used in compact systems, e.g. in

mobile terminals such as mobile telephones . Since there is

a trend towards more compact mobile terminals in the

future, some embodiments of the present invention may be

advantageously utilized in prospective compact mobile

terminals .

Applications and use of the above-described

embodiments according to the invention are various and

include all fields wherein an antenna system with multiple

antenna is used, and especially in those antenna systems

where the antennas of a plurality of antennas are placed

closely in relation to each other.

Unless otherwise defined, all terms (including

technical and scientific terms) used herein have the same

meaning as commonly understood by one of ordinary skill in

the art to which the present invention belongs . It will be

further understood that terms, such as those defined in

commonly used dictionaries, should be interpreted as having

a meaning that is consistent with their meaning in the

context of the relevant art and will not be interpreted in

an idealized or overly formal sense unless expressly so

defined herein.

As used herein, the term "optimize/optimizing" is

used to mean achieve /achieving an improved performance or

result in some respect. Accordingly, the term "optimum" is

used to mean an improved performance or improved result in



some respect. Optimizing may mean optimizing in respect of

e.g. received power, correlation, capacity, BER (Bit Error

Rate) , FER (Frame Error Rate) , et cetera.

As used herein, the singular forms "a", "an" and

"the" are intended to comprise the plural forms as well,

unless expressly stated otherwise. It will be further

understood that the terms "includes /including" and/or

"comprises/comprising" when used in this specification, is

taken to specify the presence of stated features, integers,

steps, operations, elements, and/or components, but do not

preclude the presence or addition of one or more other

features, integers, steps, operations, elements,

components, and/or groups thereof.

The present invention has been described above

with reference to specific embodiments. However, other

embodiments than the above described are equally possible

within the scope of the invention. Combinations and

modifications of the above-mentioned embodiments should be

able to be implemented by a person ordinary skilled in the

art to which this invention belongs. The different features

of the invention may be combined in other combinations than

those described. The different embodiments described above

do not limit the scope of the invention, but the scope of

the invention is only limited by the appended patent

claims.



Claims

1 . An antenna system (30) comprising a plurality

of antennas (301) and an impedance matching network (302),

characterized in that the network (302) is adaptive.

2 . The antenna system (30) according to claim 1 ,

characterized in that at least two of the antennas are

separated by a distance such that coupling exists and that

the network (302) is adaptive with regard to said coupling.

3 . The antenna system (30) according to claim 2 ,

characterized in that the at least two antennas are

separated with a distance of less than or equal to λ/2,

where λ is a wavelength of signals .

4 . The antenna system (30) according to any of

the preceding claims, characterized in that the network

(302) is adapted to counteract any performance degradation

resulting from coupling among the plurality of antennas

(301) .

5 . The antenna system (3 0 ) according to any of

the preceding claims, comprising:

a means (303) for channel measurement adapted to

estimate at least one channel parameter from received

signals, and

a means (304) for signal processing adapted to

generate a control signal based on said at least one

channel parameter and at least one predefined parameter of

the antenna system (30) ,



wherein the network (302) is controllable in dependence of

said control signal .

6 . The antenna system (30) according to claim 5 ,

wherein the at least one channel parameter is at least one

statistical measure of the channel, such as an open-circuit

correlation measure.

7 . A mobile telephone, characterized in that it

comprises the antenna system (3 0 ) according to any of the

preceding claims .

8 . A method for operating an antenna system (30)

having a plurality of antennas (301) and an impedance

matching network (302), characterized by adaptive impedance

matching performed by the network (302) .

9 . The method according to claim 8 , wherein the

antenna system (3 0 ) comprises at least two antennas, which

are separated by a distance such that coupling exists,

characterized by adaptation of the impedance matching

network taking into consideration said coupling.

10. The method according to claim 8 or 9 ,

characterized by:

estimating at least one channel parameter from

received signals;

generating a control signal based on said at least

one channel parameter and at least one predefined parameter

of the antenna system (3 0 ) ; and



controlling the network (302) in dependence of said

control signal .
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