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DESCRTIPTTION

WIRELESS COMMUNICATION APPARATUS

Technical Field

This invention relates to methods, apparatus, and
processor control code for signal detection in Multiple
Input Multiple Output (MIMO) communications systems.
More particularly, it relates to signal detection in
MIMO Orthogonal Frequency Division Multiplexed (MIMO-
OFDM) communications systems.

Background Art

Conventional communication systems can be
represented mathematicFlly as:

y=Hx+v
in which, for a MIMO communication systém, y is an
n-by-1 vector representing the received signal, H is an
n-by-m channel matrix modelling the transmission
characteristics of the communications channel, x is an
m-by-1 vector representing transmit symbols, v is an
n-by-1 noise vector and wherein m and n denote the
number of transmit and receive antennas respectively.

Recent publications have demonstrated how the use
of a technique called Lattice Reduction can improve the
performance of MIMO detection methods.

For example, “Lattice-Reduction-Aided Detectors

for MIMO Communication Systems”, (H. Yao and G.W.
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Wornell, Proc. IEEE Globecom, Nov 2002, pp. 424-428)
describes Lattice-reduction (LR) techniques for
enhancing the performance of multiple-input multiple-
output (MIMO) digital communication systems.

| In addition, “MMSE-Based Lattice-Reduction for
Near-ML Detection of MIMO Systems”, (D. Wubben, R.
Bohnke, V. Kuhn and K. Kammeyer, in Proc. ITG Wofkshop
on Smart Antennas, Jul 2004, pp. 106-113, hereinafter
referred to as “Wubben et al.”) adopts the lattice-
reduction aided schemes to the MMSE criterion.

“From lattice—reduction—aided detection towards
maximum-likelihood detection in MIMO systems”, (C.
Windpassinger, L.H.-J. Lampe and R.F.H. Fischer, in
Wireless and Optical Communications, WOC 2003) extends
the lattice-reduction-aided detection scheme described
in Wubben et al. with the use of the well-known LLL
algorithm, which enables the application to MIMO
systems with arbitrary numbers of dimensions.

Furthermore, “Lattice reduction aided pre-coding”,
(C. Windpassinger, R.F.H. Fischer and J.B. Huber, in
IEEE Transactions on Communications, Dec 2004, vol. 52,
issue 12. pp. 2057-2060) shows the use of lattice
reduction applied to MIMO pre-coding.

The techniques used in the publications described
above use the concept that mathematically, the columns
of the channel matrix, H, can be viewed as describing

the basis of a lattice. An equivalent description of
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this lattice (a so-called ‘reduced basis’) can
therefore be calculated so that the basis vectors are
close to orthogonal. The MIMO receiver, or pre-coder,
can employ this reduced basis to equalize the channel,
yielding a significant performance advantage over a
non-lattice aided linear detector or pre-coder.

Orthogonal Frequency Division Multiplexing (OFDM)
is a well-known technique for transmitting high bit
rate digital data signals. Rather than modulate a
single carrier with the high speed data, the data is
divided into a number of lower data rate channels each
of which is transmitted on a separate subcarrier.
MIMO-OFDM based systems are likely to form the core of
future wireless communication standards, for example
the IEEE 802.11n WLAN standard.

For example, “Lattice-Reduction-Aided Receivers
for MIMO-OFDM in Spatial Multiplexing Systems” (I.
Berenguer, J. Adeane, I. Wassell and X. Wang, in Proc.
Int. Symp. on Personal Indoor and Mobile Radio
Communications, Sept 2004, pp. 1517—1521, hereinafter
referred to as “Berenguer et al.”) describes that |
Lattice-reduction techniques can be applied to MIMOf
OFDM based systems and can yield a significant
performance advantage over other reduced complexity
detection techniques (such as, as illustrated in
FIGS. 6 to 9 in Berenguer et al.).

“Improved detection methods for MIMO-OFDM-CDM
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communication systems” (J. Adeane, M.R.D. Rodrigues,
I. Berenguer, and I.J. Wassell, in Proc. IEEE Vehicular
Technology Conference (VTC 2004), Sep 2004,
pp. 1604 1608, hereinafter referred to as "“Adeane
et al.”) applies MIMO detection methods based on
lattice reduction, partial decision feedback (PDF), and
BLAST ordering techniques to MIMO-OFDM-CDM systems.

Berenguer et al. and Adeane et al. employ the most
common lattice reduction algorithm, the Lenstra-
Lenstra-Lovasz (LLL) algorithm disclosed in “Factoring
Polynomials with Rational Coefficients”, (A. Lenstra,
H. Lenstra and L. Lovasz, Math Ann., Vol. 261,
pp. 515-534, 1982, hereinafter referred to as “Lenstra
et al.”), on a per-sub-carrier basis. However, none of
the above literature discusses the principle of
applying the LLL algorithm, or any other lattice
reduction algorithm, to groups of sub-carriers.

A MIMO detector which employs lattice reduction on
a per-sub-carrier basis 200 is shown in FIG. 3. 1In
Step S1-2 in FIG. 3, the channel matrix, Hy, for sub-
carrier k, is obtained.

According to Step S1-4, the channel matrix, Hy,
for sub-carrier k, is decomposed into:

H, =0,R,
using a standard QR decomposition, or any of its sorted
variants. The LLL algorithm, or more generally, any

suitable lattice reduction algorithm S1-6, can then be
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applied to Qx and Ryg:

[Tk’ék’ik 1=LLL(Q,.R,,P)
where, P is a permutation matrix S1-8, which in this
configuration is normally initialised to be an identity
matrix with the same dimensions as H. The LLL
algorithm produces:

H,T, =ékik
which describes the reduced lattice for sub-carrier k.
This process is repeated for all N sub-carriers
independently S1-10. As shown in FIG. 3, this per-sub-
carrier lattice reduction process, which requires a QR
decomposition S1-4 and lattice reduction S1-6 per sub-
carrier.

It should be noted that the LLL algorithm in its
standard form employs an iterative technique, where it
is not known a-priori how maﬁy iterations it will take
before the algorithm converges. This means that the
complexity of the algorithm is variable and dependant
upon the matrix to be reduced.

The lattice reduction detectors for MIMO-OFDM
systems described in the above references all assume
that the LLL algorithm (although any other lattice
Reduction algorithm could be employed) is applied on a
per-sub-carrier basis. This per-sub-carrier lattice
reduction represents a significant proportion of the

overall detector complexity. Therefore, it is

desirable to reduce the complexity of this stage of the
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detector algorithm.

For example, in Berenguer et al., a MIMO-OFDM
system with 16 information-bearing sub-carriers is
considered. In that method, the LLL algorithm is

5 applied independently to the channel matrix for each
individual sub-carrier, as described above. This
procesé must be undertaken for each OFDM packet
received. In future MIMO-OFDM WLAN systems, such as

IEEE 802.11n, it is expected that 52 or more
10 information bearing sub-carriers will be employed. 1In
future cellular systems, where this technique is
equally applicable, there may be hundreds of active
sub-carriers, each of which requires lattice reducﬁion.

Disclosure of Invention

15 ‘ There is therefore a need to reduce the complexity

of the basis reduction of each sub-carrier channel
matrix for a multi-carrier system.

Embodiments of the invention include apparatus and
methods for determining outputs from a received signal
20 in a lattice-reduction-aided receiver based multi-
carrier wireless communications system.

In a first aspect of the present invention there
is provided a method for determining outputs from a
received signal in a lattice-reduction-aided receiver
25 based multi-carrier wireless communications system
having a plurality of sub-carriers divided into a

plurality of sets of sub-carriers, the method
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comprising performing a detection method for each of
said sets, the detection method comprising the step of
applyihg lattice reduction to said set of sub-carriers
thereby generating a reduced basis channel response.
In an embodiment of the present invention, said

method further comprises the step of determining a

single value channel response matrix from a set of

channel response matrices.

The step of determining said single value channel
response may be performed by any one of:

i. mean value of said channel response matrices,

and;

ii. median value of said channel response

matrices.

In another embodiment of the present invention,
said method further comprises the step of processing
said single value channel response matrix thereby
generating an unitary matrix and'a triangular matrix.

The step of processing said single value channel
response matrix may be a QR decomposition of said
single value channel response matrix.

Preferably, the step of applying said lattice
reduction to said plurality of sub-carriers includes
the step of applying said lattice reduction to said
unitary matrix and said triangular matrix.

In another embodiment of the present invention

said method further comprises the step of determining a
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reduced basis of a sub-carrier in accordance with said
reduced basis channel response.

In another embodiment of the present invention,
the method further comprises the step of determining a
unitary matrix and a triangular matrix for said sub-
carrier.

The step of determining an unitary matrix and a
triangular matrix for said sub-carrier may be performed
by any one of:

i. A QR decomposition, and;

ii. An interpolation method.

Preferably, the lattice reduction is in accordance
with the LLL algorithm.

Preferably, the LLL algorithm provides the
following relationship:

[T,0,,R,1=LLL@,.R,.P)

where P is a permutation matrix.

Preferably, said permutation matrix comprises an
identity matrix.

In another embodiment of the present invention,
said method further comprises the step of applying
lattice reduction to said unitary matrix and the
relationship of said triangular matrix to said sub-
carrier is:

[T,,0,.R, 1=LLLQ,.R,,T)

where T is a permutation matrix.

In a further aspect the invention provides an
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apparatus for determining outputs from a received
signal in a lattice-reduction-aided receiver based
multi-carrier wireless communicationé system having a
plurality of sub-carriers divided into a plurality of
sets of sub-carriers, the apparatus comprising
detection means for performing detection on each of
said sets, the detection means comprising means for
applying lattice reduction to said sub-carriers in said
set thereby generating a reduced basis channel
response.

The invention further provides a receiver
incorporating an apparatus as described above.

The skilled person will recognise that the above-
described apparatus and methods may be implemented
using and/or embodied in processor control code. Thus
in a further aspect the invention provides such code,
for example on a carrier medium such as a disk, CD- or
DVD-ROM, programmed memory such as read-only memory
(Firmware) or on a data carrier such as an optical or
electrical signal carrier. Embodiments of the
invention may be implemented on a DSP (Digital Signal
Processor), ASIC (Application Specific Integrated
Circuit) or FPGA (Field Programmable Gate Array). Thus
the code may comprise conventional program code, or
micro-code, or, for example, code for setting up or
controlling an ASIC or FPGA. In some embodiments the

code may comprise code for a hardware description



WO 2007/139237 PCT/JP2007/061504

10

15

20

25

10

language such as Verilog (Trade Mark), VHDL (Very high

speed integrated circuit Hardware Description

Language), or SystemC. As the skilled person will

appreciate, processor control code for embodiments of

the invention may be distributed between a plurality of

coupled componénts in communication with one another.
Brief Description of Drawings

FIG. 1 illustrates schematically a MIMO system
including a transmitter and a receiver;

FIG. 2 illustrates in further detail the receiver
of FIG. 1; |

FIG. 3 illustrates a conventional per-sub-carrier
lattice reduction process;

FIG. 4 illustrates a cooperative basis reduction
process for multi-carrier communications systems in
accordance With a first embodiment of the present
invention;

FIG. 5 illustrates avgroup basis reduction process
for multi-carrier communications systems in accordance
with a second embodiment of the present invention; and

FIG. 6 illustrates the performance of the basis
sub-carrier grouping method in comparison with the per-
sub-carrier method in accordance with an embodiment of
the present invention.

Best Mode for Carrying Out the Invention
The present invention will be described in further

detail on the basis of the attached diagram.
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FIG. 1 illustrates such a system, comprising a
MIMO data communications system 10 of generally known
construction. New components, in accordance with a
specific embodiment of the invention, will be evident
from the following description.

The communications system 10 comprises a
transmitter device 12 and a receiver device 14. It
will be appreciated that, in many circumstances, a
wireless communications device will be provided with
the facilities of a transmitter and a receiver in
combination but, for this example, ﬁhe devices have
been illustrated as one way communications devices for
reasons of simplicity.

The transmitter device 12 comprises a data source
16, which provides data (comprising information bits)
to a baseband mapping unit 20, which optionally
provides forward error correction coding, channel
interleaving and which outputs modulated symbols. The
modulated symbols are provided to a multiplexer 22
which combines them with pilot symbols from a pilot
symbol generator 18, which provides reference
amplitudes and phases for frequency synchronisation and
coherent detection in the receiver and known (pilot and
preamble) data for channel estimation. The multiplexed
symbols are provided to a parser 24, which creates a
plurality of parallel spatial streams. The combination

of blocks 26, 28 and 30 convert the serial spatial data
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stream from parser 24 to a plurality of parallel,
reduced data rate streams, performs an IFFT on these
data streams to provide an OFDM symbol, and then
converts the multipie subcarriers of this OFDM symbol
to a single serial data stream. Processes 26, 28 and
30 are performed in parallel for each spatial stream.
The space-time encoder 32 encodes an incoming symbol or
symbols as a plurality of code symbols for simultaneous
transmission from a transmitter antenna array 34
comprising a plurality of transmit antennas. In this
illustrated example, two transmit antennas are
provided, though practical implementations may include
more antennas depending on the application.

The encoded transmitted signals propagate through
a MIMO channel 36 defined between the transmit antenna
array 34 and a corresponding receive antenna array 38
of the receiver device 14. The receive antenna array
38 comprises a plurality of receive antennas which
provide a plurality of inputs to a parallel bank of
blocks 40, 42 and 44 which perform a serial-to-parallel
conversion, FFT, and parallel-to-serial re-conversion
independently for each received stream, providing an
output to the lattice-reduction-aided decoder 46. In
this specific embodiment, the receive antenna array 38
comprises two receive antennas.

The lattice-reduction-aided decoder 46 has the

task of removing the effect of the MIMO channel 36.

[
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The output of the lattice-reduction-aided decoder 46
comprises a plurality of signal streams, one for each
transmit antenna, each carrying so-called soft or
likelihood data on the probability of a transmitted bit
having a particular value. This data is provided to a
de-parser 48 which reverses the effect of the parser
24, and the de-parsed bits output by this de-parser 48
are then presented to a de-multiplexer 50 which
separates the pilot symbol signal 54 from the data
symbols. The data symbols are then demodulated and de—
mapped by base-band de-mapping unit 52 to -provide a
detected data output 56. Broadly speaking the receiver
14 is a mirror image of the transmitter 12. The
transmitter and receiver may be combined to form an
OFDM transceiver.

The specific function of the lattice-reduction-
aided decoder 46 will be described in due course.

FIG. 2 illustrates schematically hardwafe operably
configured (by means of software or application
specific hardware components) as the receiver device
14. The receiver device 14 comprises a processor 110
operable to execute machine code instructions stored in
a working memory 112 and/or retrievable from a mass
storage device 116. By means of a general purpose bus
114, user operable input devices 118 are capable of
communication with the processor 110. The user

operable input devices 118 comprise, in this example, a
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keyboard and a mouse though it will be appreciated that
any other input devices could also or alternatively be
provided, such as another type of pointing device, a
writing tablet, speech recognition means, or any -other
means by which a user input action can be interpreted
and converted into data signals.

An alternative implementation could also include a
transceiver without predefined user interface.

Audio/video output hardware devices 120 are
further connected to the general purpose bus 114, for
the output of information tova user. Audio/video
output hardware devices 120 can include a visual
display unit, a speaker or any other device capable of
presenting information to a user.

Communications hardware devices 122, connected to
the general purpose bus 114, are connected to the
receive antennas 26. In the illustrated embodiment in
FIG. 2, the working memory 112 stores user applications
130 which, when executed by the processor 110, cause
the establishment of a user interface to enable
communication of data to and from a user. The
applications in this embodiment establish general
purpose or specific computer implemented utilities that
might habitually be used by a user.

Communications facilities 132 in accordance with
the specific embodiment are also stored in the working

memory 112, for establishing a communications protocol



WO 2007/139237 PCT/JP2007/061504

10

15

20

25

15

to enable data generated in the execution of one of the
applications 130 to be processed and then passed to the
communications hardware devices 122 for transmission
and communication with another communicationsldevice.
It will be understood that the software defining the
applications 130 and the communications facilities 132
may be partly stored in the working memory 112 and the
mass storage device 116, for convenience. A memory
manager could optionally be provided to enable this to
be managed effectively, to take account of the possible
different speeds of access to data stored in the
working memory 112 and the mass storage device 1ll6.

On execution by the processor 110 of processor
executable instructions corresponding with the
communications facilities 132, the processor 110 is
operable to establish communication with another device
in accordance with a recognised communications
protocol.

In the present embodiment, prior to the processing
stage, it is assumed that the sub-carriers have been
grouped into sets. These sets need not be of uniform
size. The size of the sets will be a function of the
frequency selectivity of the channel, i.e. in the case
where the channel has low frequency selectivity,
adjacent sub-carriers are highly correlated and
therefore large sets may be emploYed. At the other

extreme, where a highly frequency selective channel is
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encountered, the sets may contain only a small number
of sub-carriers. The allocation of sub-carriers to
sets may be accomplished dynamically depending upon the
channel conditions, or it may be fixed.

The manner in which this grouping is achieved 1is
immaterial: any appropriate sub-carrier grouping
technique may have been used.

In the following description, without loss of
generality, K sub—carriers'are allocated to each set.
Basis reduction is described for a single set with the
method being repeated identically for the remaining
sets.

Referring to FIG. 4, the following 5 stages are
performed on a per-set basis:

1. Firstly, in step S2-2, the process 1is
initialised for a set derived from the channel matrix.
As noted in step $2-4 in FIG. 4, and referred to as
“CSI processing” a single value, H, is computed to be
input to the lattice reduction algorithm from the set
of Hx. It is possible to employ a number of different
metrics to achieve this. 1In this embodiment the mean

value is derived as follows:

L]

H=LYH,
K

Il
(=3

Other metrics, such as the modal or median value,
or one of the individual Hy could be employed as the

basis of H.
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2. As identified in step S2-6, QR, or sorted QR,
decomposition is applied to the matrix H to yield Q'
and R.

3. Basis reduction is applied using the LLL
algorithm S$2-8 applied to Q-and R. This step also
calls upon initialisation, in step S2-10, of a
permutation matrix P such that it is a suitably
dimensioned identity matrix in this method. The LLL
function will yield T, é and R for the average
channel transfer function, so that iI_T=QI~L

It will be appreciated that any other suitable
basis reduction algorithm could be used instead.

4. The reduced basis for each sub-carrier H,T is
computed in step S2-12.

5. Finally, in step S2-14, the reduced basis for
each sub-carrier (QR, or sorted QR) is decomposed to
yield @, and R,. It is possible that an interpolation
technique may be employed in this stage, rather than
explicitly computing each QR decompositidn on a per-
sub-carrier basis.

Steps S-12 and S-14 are‘repeated for each
subcarrier in a set, as indicated with regard to step
S2-16. |

The method therefore yields the outputs @, and R,
on a per-sub-carrier basis and T which is common to
the set of sub-carriers. These outputs can be employed

in the subsequent stages of a lattice reduction aided
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detector (or pre-coder) in the same way as the outputs
of a per-sub-carrier lattice reduction method. This
method is therefore sub-optimal, in that a common T is
employed for the set whereas in the per-sub-carrier
processing algorithm an optimal Ty is obtained per-sub-
carrier.

The complexity reduction of this method stems from
the fact that there is only a single LLL function and
K+1 QR decompositions per K grouped sub-carriers,
whereas in the per-sub-carrier case, K LLL functions
and K QR decompositions are required. For this to
yield a significant complexity reduction, the QR
decomposition must have significantly lower complexity
than the LLL reduction, as the number of QR
decompositions required is increased by 1 per set. The
complexity of the LLL reduction is variable, but in
general, the LLL reduction will have greater complexity
than the QR decomposition.

A further embodiment of the invention will now be
described with reference to FIG. 5, in which steps S3—?
to S3-12 correspond directly to steps $S2-2 to S2-12 as
previously described. The described method offers
additional complexity saving, using additional lattice
reduction stages S3-16 (employing a permutation matrix
T determined in step $3-20) after the per-sub-carrier
QR decompositions S3-14 in the grouped method. The

purpose of these additional lattice reduction stages is
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to refine the common T, produced by the grouped
technique, into per-sub-carrier (or smaller set) basis
reductions. An individual basis reduction can be
obtained by using the reduction:

(T,,0,.R,1=LLL(@,.R,.T)

It is important to note that the permutation
matrix input to the LLL reduction is in this case not
initialised to the identity matrix, but is initialised
to T .

This refinement adds additional complexity to the
per-sub-carrier method, but will result in a more
accurate lattice reduction. Assuming that the common
T is a good approximation to Tk, then the additional
complexity involved in the refinement LLL should be
minimal.

FIG. 6 shows the performance of the basic sub-
carrier grouping technique in comparison with the
per-sub-carrier method. Results are for an 802.11ln
MIMO-OFDM system, over a channel with limited delay-
spread (and therefore frequency-selectivity). This
channel is a good model for common indoor operating
environments and is therefore representative of a real
world scenario. Set sizes of 4 and 8 sub-carrier
groupings are shown for two modulation and coding
scheme (MCS) values. These results demonstrate that,
for this operating environment, only minimal

degradation in performance is observed with grouping
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reduction. For example, for MCS value of 11, the
degradation at a 1% Packet Error Rate (PER) associated
with the use of a set size of 8 is only 1 dB compared
to per-sub-carrier processing.

The person skilled in the art will appreciate that
the description above can also be applied to a MIMO
pre-coder.

It will be appreciated that fhe foregoing provides
description of specifi; embodiments of the invention
and that no limitation on the scope of protection
sought herein is to be implied therefrom. The scope of
protection sought is to be determined from the claims,
read with reference to, but not bound by, the

description and drawings.
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CLAIMS

1. A method for determining outputs from a
received signal in a lattice-reduction-aided receiver
based multi-carrier wireless communications system
having a plurality of sub-carriers divided into a
plurality of sets of sub-carriers, the method
comprising performing a detection method for each of
said sets, the detection method comprising the step of
applying lattice reduction to said set of sub-carriers
thereby generating a reduced basis channel response.

2. A method in accordance with claim 1 further
comprising the step of determining a single value
channel response matrix from a set of channel response
matrices.

3. A method in accordance with claim 2, wherein
the step of determining said single value channel
response is performed by any one of:

i. mean value of said channel response matrices,

and;

ii. median value of said channel response

matrices.

4. A method in accordance with any one of
claims 1 to 3 further comprising the step of processing
said single value channel response matrix thereby
generating an unitary matrix and a triangular matrix.

5. A method in accordance with claim 4, wherein

the step of processing said single value channel
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response matrix is a QR decomposition of said single
value channel response matrix.

6. A method in accordance with claim 4 or
claim 5, wherein the step of applying said lattice
reduction to said plurality of sub-carriers includes
the step of applying said lattice reduction to said
unitary matrix and said triangular matrix.

7. A method in accordance with any one of
claims 1 to 6 further comprising the step of
determining a reduced basis of a sub-carrier in
accordance with said reduced basis channel response.

8. A method in accordance with claim 7 further
comprising the step of determining an unitary matrix
and a triangular matrix for said sub-carrier.

9. A method in accordance with claim 8, wherein
the step of determining said unitary matrix and said
triangular matrix for said sub-carrier is performed by
any one of:

i. A QR decomposition, and;

ii. An interpolation method.

10. A method in accordance with any one of
claims 1 to 9, wherein the lattice reduction is in
accordance with the LLL algorithm.

11. A method in accordance with any one of
claims 7 to 10, further comprising the step of applying
lattice reduction to said unitary matrix and said

triangular matrix to said sub-carrier has the following
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relationship:

[7,,0,. R, 1=LLL(Q,.R,.T)

where T is a permutation matrix.

12. An apparatus for determining outputs from a
received signal in a lattice-reduction-aided receiver
based multi-carrier wireless communications system
having a plurality of sub-carriers divided into a
plurality of sets of sub-carriers, the apparatus
comprising detection means for performing detection on
each of said sets, the detection means comprising means
for applying lattice reduction to said sub-carriers in
said set thereby generating a reduced basis channel
response.

13. An apparatus in accordance with claim 12
further comprising means for determining a single value
channel response matrix from a set of channel response
matrices.

14. An apparatus in accordance with claim 13,
wherein said means for determihing said single value
channel response is operable to determine any one of:

i. mean value of said channel response matrices,

and;

ii. median value of said channel response

matrices.

15. An apparatus in accordance with any one of
claims 12 to 14 further comprising means for processing

said single value channel response matrix to generate a
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unitary matrix and a triangular matrix.

16. An apparatus in accordance with claim 15,
wherein said processing means is operable to perform a
QR decomposition of said single value channel response
matrix.

17. A MIMO-OFDM wireless communications apparatus
including a detector comprising apparatus in accordance
with any one of claims 12 to 16.

18. A computer program product comprising
computer executable instructions which, when executed
on general purpose computer controlled communications
apparatus, cause the apparatus to become configured to
perform the method of any of claims 1 to 11.

19. A storage medium storiﬁg computer executable
instructions which, when executed on general purpose
computer controlled communications apparatus, cause the
apbaratus to become configured to perform the method of
any of claims 1 to 11.

20. A signal carrying computer receivable
information, the information defining computer
executable instructions which, when executed on general
purpose computer controlled communications apparatus,
cause the apparatus to become configured to perform the

method of any of claims 1 to 11.
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