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Characterisation of a Wireless Communications Link

Field of the invention

The present invention relates to the field of wireless communications. In particular the
present invention relates to the characterisation of a wireless communications link as
either line-of-sight (LOS) or non line-of-sight (NLOS).

Background of the invention

Wireless communication systems may be represented in terms of a transmitter 100 and
receiver 104, separated by a channel 102, as shown in Figure 1. The transmitter
transforms the data into a signal suitable for transmission over the channel. For the
purposes of determining the transmitted data, the goal of the receiver 104 is to remove
the effects of the channel distortions from the signal and to obtain an estimate of the
data. The receiver 104 may also provide parameters pertaining to the received signal,

such as a measure of received power.

The channel 102 represents the effects induced by the environment surrounding the |
wireless communications system. The channel 102 may distort the transmitted signal in
some way. Channel distortions may include amplitude distortions, frequency offsets,
phase offsets, Doppler effects, distortions resulting from multipath channels, additive

noise or interference.

Spatial parameters pertaining to the transmitter 102 and/or receiver 104 devices may be
known. Such parameters may include spatial coordinates, velocity, and acceleration.
For example, the devices may be positioned at known fixed locations. Spatial
parameters may also be obtained from a Global Positioning S&/stem (GPS) receiver or
similar device. Furthermore, spatial information relating to the transmitter 102 may be

passed to the receiver 104 within the transmitted data content. An example of such a

case occurs in Dedicated Short Range Communications (DSRC) systems, where
transmitted data may include position, speed, acceleration and heading information, as
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described in SAE International, “Dedicated Short Range Communications (DSRC)
Message Set Dictionary,” J2735, December 2006.

Reference to any prior art in the specification is not, and should not be taken as, an
acknowledgement or any form of suggestion that this prior art forms part of the common
general knowledge in Australia or any other jurisdiction or that this prior art could
reasonably be expected to be ascertained, understood and regarded as relevant by a
person skilled in the art. '

Summary of the invention

The present invention provides methods for characterisation of a wireless
communications link, by processing information pertaining to system components and
information extracted from the received waveform. The wireless communications link

may be characterised as a line-of-sight (LOS) or non-line-of-sight (NLOS) link.

In one aspect of the invention transmitters include their state in the messages they
transmit. At the receiver the messages are recovered and form part of the receiver’s

view of the transmitter state.

In another aspect of the invention there is provided a method for characterising a
wireless communications link, comprising:

receiving data representing a position of a transmitter;

receiving data representing a position of a receiver;

receiving a measure of transmitted power at an output of the transmitter;

receiving a measure of received power at an input to the receiver;

generating at least one non line-of-sight metric to characterise the wireless link
between the transmitter and the receiver based on the position of the receiver, the
position of the transmitter, the transmitted power and the received power; and

outputting the non line-of-sight metric to characterise the wireless

communications link.
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In another aspect of the invention, a system' is provided for characterising a wireless

communications link, comprising:

e an input operable to receive a point in space representing the position of the
transmitter,;

e an input operable to receive a point in space representing the position of the
receiver,

e an input operable to receive a measure of transmitted power at the output of the
transmit antenna;

e an input operable to receive a measure of received power at the input to the receive
antenna;

¢ an non line-of-sight (NLOS) detector operable to generate at least one non line-of-
sight metric for the wireless link based on the inputs; and

e an output for providing the non line-of-sight metric.

According to a another aspect of the invention said non line-of-sight detector includes a
transmitter-to-receiver distance calculator which calculates and outputs the distance
between the transmitter and the receiver, using said position of the transmitter and

position of the receiver inputs.

According to a further aspect of the invention said non line-of-sight detector includes an
observed path loss calculator which calculates and outputs an observed path loss,

using said measure of transmitted power and measure of received power inputs.

According to another aspect of the invention said non line-of-sight detector includes a
modelled path loss calculator which determines a modelled path loss, according to a

model using the transmitter-to-receiver distance as input.

In another aspect of the invention said path loss model is adjusted depending on
environmental conditions.

In another aspect of the invention said position of the transmitter and/or receiver input
are provided by a fixed location, communication to the non line-of-sight detector; a
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global positioning system (GPS), stored data, and/or inclusion in data transmitted to the

receiver.

In another aspect of the invention said measure of transmitted power input is provided
by a fixed level, communication to the non line-of-sight detector, a measure relative to
some stage of the transmitter prior to the transmit antenna, stored data, inclusion in

data transmitted to the receiver, and/or an estimate.

In another aspect of the invention said measure of received power input is provided by
at least one of, output from the receiver, a measure relative to receiver input or some

stége prior to the receiver input, and/or stored data.

In another aspect of the invention at least one parameter used to calculate said
measure of transmitted power input and/or said measure of received power input is
provided to the non line-of-sight detector, or a value for such a parameter is assumed.

In another aspect of the invention said non line-of-sight detector includes a non line-of-
sight metric generator which uses a measured path loss input and a modelled path loss
input to generate and output at least one non line-of-sight metric, e.g. where said output

is the difference between the two path loss inputs.

In another aspect of the invention the non line-of-sight metric generator maps the
difference between the two path loss inputs onto another value prior to output.

In another aspect of the invention said non line-of-sight metric generator bypasses said
measured and modelled path loss calculators according to the value of said transmitter-

to-receiver distance input.

The non line-of-sight metric generator may map the path loss difference to a non line-of-
sight metric value prior to output.

The mapping may comprise at least one of:
said path loss difference mapped onto said non line-of-sight metric according to

some predetermined function;
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said path loss difference mapped onto a predetermined said non line-of-sight
metric assigned to said path loss difference value;

said path loss difference and said transmitter-to-receiver distance mapped onto
said non line-of-sight metric according to some predetermined function; '

said path loss difference and said transmitter-to-receiver distance mapped onto a
predetermined said non line-of-sight metric assigned to that combination of said path

loss difference and said transmitter-to-receiver distance;

a function that quantizes said path loss difference; and

a function that quantizes said transmitter-to-receiver distance.
The map may have an input space segmented into bins.

Each bin may be defined by predetermined lower boundary and upper boundary, and

said oUtput metric values are assigned to each bin.

The non line-of-sight metric generator may determine bin membership for said path loss
difference input, such that said path loss difference lies between said lower and upper
bin boundaries, and then outputs said metric value assigned to said bin membership.

The bin segmentation may comprise at least one of:

two bins, with boundary between bins selected such that it demarcates the
expected value of said path loss difference input as either line-of-sight (LOS) or non
line-of-sight; and

three bins, with boundary between first and second bins selected such that it
demarcates the expected value of said path loss difference input as either line-of-sight
or unknown, and boundary between second and third bins selected such that it
demarcates the expected value of said path loss difference input as either unknown or
non line-of-sight.

The non line-of-sight metric generator may bypass said measured and modelled path
loss calculators according to the value of said transmitter-to-receiver distance input.

The bypass may occur when:
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said transmitter-to-receiver distance is above some threshold value;

said transmitter-to-receiver distance is below some threshold value;

During said bypass said non line-of-sight metric generator output may comprise at least
one of:

a fixed value metric;,

a metric value calculated according to some function of said transmitter-to-

receiver distance.
The receiver may have two or more receive antennas.
The observed path loss is calculated for each receive antenna.

The transmitter-to-receiver distance calculation may comprise at least one of:
a calculation for each receive antenna where per-antenna position information is
available;

a value considered equivalent across antennas.

The non line-of-sight metric generator may use at least one metric calculated from at
least one antenna to output at least one of:

a per-antenna metric value;

maximum per-antenna metric value;

minimum per-antenna metric vélue;

average per-antenna metric value, taken across all receive antennas;

average per-antenna metric value, taken across a subset of receive antennas;
and

a statistic relating to the per-antenna metric values;

The non line-of-sight detector may make an estimate of the power at the output of the
transmit antenna and uses this to represent said measure of transmitted power at the

output of the transmit antenna input.
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An expected loss may be calculated according to some model when said transmitter-to-
receiver distance is below some value; and then said expected loss is summed with
said measure of received power at the input to the receive antenna to produce said
estimate of the power at the output of the transmit antenna.

The model may be some base loss at a distance with an additional loss per distance

decade.

The non line-of-sight metric generator may record a said estimate of the power at the
output of the transmit antenna for the specific transmitter and uses it to characterise the
link for further signals received from the same transmitter, assuming power at the output
of the transmit antenna equal to said estimate of the power at the output of the transmit

antenna.

The non line-of-sight metric generator combines said metrics derived from said inputs

received during some time window.

The combination may be performed by filtering metrics over the time window according
to some function.

The filter function may be at least one of:
Performing a block average of metrics over the time window;
Performing an auto-regression of metrics over the time window; and

Combining a time-based selection of samples from the window.

The non line-of-sight detector is employed to provide input into at least one connected

system.

The connected system may be at least one of:
a vehicular system;
a road side system; and

a safety system.
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Information received by said non line-of-sight detector may be used for at least one of:
providing an alert when detecting a potential collision threat;
modifying the nature of an alert;
modifying the trigger of an alert;

reducing the likelihood of false alerts.

The non line-of-sight detector output may be used for altering map information via at

least one of:
detecting erroneous map information;
correcting erroneous map information; and

éugmenting existing map information.

The map alterations may be provided to a central body responsible for reviewing the
map data and distributing updates.

The non line-of-sight detector may be run online as inputs become available.

The non line-of-sight detector may be run offline, post processing input data that was

collected prior to its execution.
The wireless communications link may be IEEE 802.11 compliant.

In yet another aspect of the invention method said receiver has two or more receive

antennas.

In another aspect of the invention said non line-of-sight metric generator combines said
metrics derived from said inputs received during some time window.

In another aspect of the invention said non line-of-sight detector may be run online as
inputs become available, or run offline by post processing input data that was collected
prior to its execution.

Functional uses for outputs of the environment estimator are also described.
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Brief description of the drawings‘

Embodiments of the present invention will now be described with reference fo the
drawings, in which:

Figure 1. is a schematic drawing of a communications system;

Figure 2: is an example of a line-of-sight link;

Figure 3: is an example of a non line-of-sight link;-

Figure 4: is a schematic drawing of a non line-of-sight detector;

Figure 5: is a detailed schematic drawing of a non line-of-sight detector;

Detailed description of the embodiments

Embodiments of a non line-of-sight detector are described that allows characterisation
of a wireless communications link as either line-of-sight (LOS) or non line-of-sight
(NLOS), by processing information pertaining to system components and information

extracted from the received waveform.

The described techniques have potential application to wireless communications
systems, e.g. DVB-T, DVB-H, IEEE 802.11, |EEE 802.16, 3GPP2, Dedicated Short
Range Communications (D_SRC), Communications Access for Land Mobiles

(CALM),and proprietary systems.

In a wireless communications link, a signal is transmitted from transmitter (Tx) 100 to
receiver (Rx) 104. The presence of objects in the environment surrounding the
transmitter 100 and receiver 104 may lead to multiple paths arriving at the receiver.
The transmitted signal may be inflected by objects in the environment, e.g. through
reflection or diffraction. Examplés of inflectors include vehicles, signs, buildings or other

structures within the environment.

A wireless communications link is categorised as LOS if it includes a direct line-of-sight
path between transmitter 100 and receiver 104. Figure 2 shows an example of a LOS

link. The transmitted signal arrives at the receiver 104 via two paths. Path PO is a
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direct line-of-sight path between transmitter 100 and receiver 104, making this a LOS

link. Path P1 arrives at and receiver after being reflected off an object 200.

If a direct line-of-sight path between transmitter 100 and receiver 104 is absent then a
link is categorised as NLOS. Figure 3 shows an example NLOS link. As with the
previous example, the transmitted signal arrives at the revceiver 104 via two paths.
However, in this case path PO is obstructed by a second object 300 and the signal is
diffracted. There is no longer a direct line-of-sight path between transmitter 100 and
receiver 104, making this a NLOS link.

Figure 4 shows a block diagram for one arrangement of the non line-of-sight detector
400. Inputs to the NLOS detector 400 are:

T Point in space representing the position of the transmitter;

R Point in space representing the position of the receiver;

PT A measure of transmitted power at the output of the transmit antenna; and

PR A measure of received power at the input to the receive antenna;

The NLOS detector 400 may be collocated with the receiver or transmitter, or at some
other location. The NLOS detector 400 may be run online as inputs become available,
or in offline mode, post processing input data that was collected prior to its execution.

The transmitter position, T, may be at a fixed location, known at the NLOS detector 400.
The transmitter position may also be communicated to the NLOS detector 400, or read
from stored data in offline mode. The transmitter 100 may include its position in data
transmitted to the receiver, which is then made available to the NLOS detector 400. For
example, a DSRC system may include a GPS that determines the position of the
transmitter 100. This information. may be included in the transmitted data, determined
at the receiver 104, and input to the NLOS detector 400.

The receiver position, R, may be at a location known at the NLOS detector 400. For
examplé, a DSRC system may include a GPS that determines the position of the
receiver 104. The receiver position may also be communicated to the NLOS detector
400, or read from stored data in offline mode.
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The transmitted power, PT, may be at a fixed level known at the NLOS detector 400.
The transmitter power may also be communicated to the NLOS detector 400, or read
from stored data in offline mode. The transmitter 100 may include the transmit power
PT in data transmitted to the receiver, which is then input to the NLOS detector 400. In
another embodiment the transmitted data may include transmit power level relative to
some stage of the transmitter prior to the transmit antenna input, and/or information
regarding system losses and gains, antenna configuration and gain, and other
parameters that can be used to calculate PT. In another embodiment, where one or
more of the system losses and gains, antenna configuration and gain, and other
parameters that can be used to calculate PT are unknown, these may be assigned

assumed values.

The received power, PR, may be output from the receiver 104 for input to the NLOS
detector 400. In another embodiment the receiver 104 may output receiver power level
relative to receiver input or some stage prior to the receiver input. This output may be
combined with information regarding system losses and gains, antenna configuration
and gain, and other available system parameters, to determine PR. In another
embodiment, where one or more of the system losses and gains, antenna configuration
and gain, and other parameters that can be used to calculate PR are unknown, these

may be assigned assumed values.

Inputs may also be accompanied with statistical information, for example confidence
intervals, with such information being employed by the non line-of-sight detector 400 to

generate one or more statistics on the output metric.

Figure 5 shows a block diagram of the NLOS detector 400. The transmitter-to-receiver
distance calculator 501 calculates and outputs the distance between the transmitter
position T and the receiver position R, as follows:

a=|r-1,

where | . ||2 denotes the L2 Norm:
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The observed path loss calculator 503 calculates a measure of the path loss, Lo, as

follows:
Lo = PT - PR

The modelled path loss calculator 502 calculates the modelled path loss, Ly, according
to some propagation model. In one arrangement the expected path loss is calculated
for a line-of-sight link between transmitter 100 and receiver 104, using the following log-

distance free-space path-loss model:

Ly = L,y +107log,, 2
ref

Where:
d is the distance between transmitter and receiver,
drer is the reference distance (in same units as d);
L. is the path loss (dBm) at dp;
Pr s the received power in dBm; and

y is the path loss distance exponent;

In another embodiment, the log-distance free space path loss model is replaced with an
equivalent linear model. Other embodiments are also possible where the modelled path
loss, Ly, is calculated using some other path loss model, as will be apparent to those
skilled in the art.

In another embodiment, environmental conditions may be known and used by the
NLOS metric generator 504. For example the presence of rain, fog or snow may be
known, e.g. via one or more sensors collocated with the NLOS metric generator 504, or
communicated to the NLOS metric generator 504 as detected by sensors located
elsewhere, e.g. collocated with the transmitter 100. In the case when the NLOS metric
generator 504 or transmitter 100 is onboard a vehicle the status of the windscreen
wipers may be used to detect rain. In this embodiment, the NLOS metric generator 504
may app]y a specific propagation model in the case when rain is detected. For
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example,.the NLOS metric generator 504 may use the above model with an adjusted

value of path loss exponent, y, in the presence of rain, fog, and/or snow.

The NLOS metric generator 504 uses the measured and modelled line-of-sight path
losses to generate and output a metric that characterises the link as either LOS or
NLOS. In one arrangement the NLOS metric generator 504 calculates the difference
between the observed and modelled line-of-sight path losses:

AL=L,~1,
The calculation of AL may be performed in either the log or linear domains.

In one embodiment, the NLOS metric generator 504 outputs a NLOS metric A =AL. A
small value of A indicates that the model is well matched to the observed channel.
When the modelled path loss calculator 502 uses a line-of-sight model, if 4 is close to
zero, or negative, this indicates that the link is more likely to be LOS than NLOS.
Conversely, a high positive value of 1 indicates that the link is more likely to be NLOS
than LOS.

In another embodiment the NLOS metric generator 504 maps AL to a metric value prior
to output. Such a mapping may be via one of the following:

e Input AL mapped onto output value A according to some predetermined function;
e Input AL mapped onto a predetermined output value A assigned to that input value;

e Inputs AL and transmitter-to-receiver distance d mapped onto output value A
according to some predetermined function;

e Inputs AL and transmitter-to-receiver distance d mapped onto a predetermined
output value A assigned to that combination of input values;

e A function that quantizes inputs AL and/or transmitter-to-receiver distance d prior to

applying one of the above maps.
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In one embodiment the map input space is segmented into n bins labelled 5,....,5,.

n

Each bin b, is defined by predetermined lower boundary 5/ and upper boundary 5*.
Output metric values 4,,...,4, are assigned to each bin. The NLOS metric generator
504 determines bin membership for input AL, such that b’ <AL <5" , and then outputs

the metric value 4, .

In one embodiment, with n=2, the input AL is mapped onto one of two values 4 or 4,,
and the boundary between b, and b, is selected such that it demarcates the expected

value of AL as either LOS or NLOS.

In another embodiment, with n=3, the input AL is mapped onto one of three values

A>4,4,. The boundary between b, and b, is selected such that it demarcates the
expected value of AL as either LOS or unknown. The boundary between b, and b, is

selected such that it demarcates the expected value of AL as either unknown or NLOS.

In another embodiment, the NLOS metric generator 504 bypasses the measured and
modelled path loss calculators if the transmitter-to-receiver distance d is below some
threshold value. In one embodiment, during bypass mode the NLOS metric generator
504 outputs a fixed value metric value, e.g. indicating that the link is LOS. In another
embodiment, during bypass mode the NLOS metric generator 504 outputs a metric
value that is calculated according to some function of the transmitter-to-receiver

distance d.

In another embodiment, the NLOS metric generator 504 bypasses the measured and
modelled path loss calculators if the transmitter-to-receiver distance d is above some
threshold value. In one embodiment, during bypass mode the NLOS metric generator
504 outputs a fixed value metric value, e.g. indicating that the link is NLOS. In another
embodiment, during bypass mode the NLOS metric generator 504 outputs a metric
value that is calculated according to some function of the transmitter-to-receiver

distance d.
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In another embodiment the receiver 104 has two or more receive antennas with values

P, per-antenna available, allowing per-antenna calculation of L,. If per-antenna

position information is available for receive antennas then d is calculated per—ahtenna,
otherwise d is considered equivalent across receive antennas. In this case, the NLOS
metric generator 504 may use metrics calculated from each antenna to output one or

more metrics, such as:

e Each per-antenna metric value;

e The maximum per-antenna metric value;

e The minimum per-antenna metric value;

e The average per-antenna metric value, taken across all receive antennas;

¢ The average per-antenna metric value, taken across a subset of receive antennas;
e Some statistic relating to the per-antenna metric values, e.g. variance;

e Some combination of the above.

In another embodiment, the NLOS detector 400 makes an estimate of the power at the
oUtput of the transmit antenna, P;, and uses this to represent the input PT, as follows.
When the transmitter-to-receiver distance d is below some value, e.g. 25m, the
expected loss L, is calculated according to some model. For example, L, may be
calculated from the transmitter-to-receiver distance, as some base loss at a distance
with an additional loss per distance decade, e.g. 60dB at 20m plus 27dB per distance
decade. The estimate is then calculated according to P/ =P,+L.. The NLOS metric
generator 504 may record this value for the specific transmitter 100. For further signals
received from the same transmitter 100, the wireless link may be characterised as LOS
or NLOS using the above methods, assuming power at the output of the transmit

antenna equal to 7.

In another embodiment the NLOS metric generator 504 combines metrics derived from
inputs received during some time window. Combination may be performed by filtering
metrics over the time window according to some function. Example functions include:

o Performing a block average of metrics over the time window;

e Performing an auto-regression of metrics over the time window;
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e Combining a time-based selection of samples from the window.

Information obtained by characterising LOS or NLOS conditions of a wireless link may
be processed and provided to recipients, e.g. the driver and/or occupants of a vehicle,
and/or used as input to another connected system, such as:

a vehicle system;

a road side system;

a safety system;

For example, the information may be used to:
provide an alert when detecting a potential collision threat;
modify alerts, e.g. by changing the nature of the alert or the alert trigger;

réduce the likelihood of false alerts.

Information obtained by characterising LOS or NLOS of a wireless link between two
points in space may also be used to detect and/or correct erroneous map information,
or to augment existing map information. These map alterations may also be provided to
a central body responsible for reviewing the map data and distributing updates.

The functional modules described herein may be implemented in hardware, for example
application-specific integrated circuits (ASICs). Other hardware implementations
include, but are not limited to, field-programmable gate arrays (FPGAs), structured
ASICs, digital signal processors and discrete logic. Alternatively, the functional modules
may be implemented as software, such as one or more application programs
executable within a computer system. The software may be stored in a computer-
readable medium and be loaded into a computer system from the computer readable
medium for execution by the computer system. A compuier readable medium having a
computer program re‘corded on it is a computer program product. Examples of such
media include,‘but are not limited to CD-ROMSs, hard disk drives, a ROM or integrated
circuit. Program code may also be transmitted via computer-readable transmission
media, for example a radio transmission channel or a networked connection to another

computer or networked device.
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It will be understood that the invention disclosed and defined in this specification
extends to all alternative combinations of two or more of the individual features
mentioned or evident from the text or the drawings. All these different combinations

constitute various alternative aspects of the invention.

It will also be understood that the term “comprises” and its grammatical variants as used
in this specification is equivalent to the term “includes” and should not be taken as

excluding the presence of other elements or features.
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CLAIMS

1. -A method for characterising a wireless communications link, comprising:
receiving data representing a position of a transmitter;
receiving data representing a position of a receiver;
receiving a measure of transmitted power at an output of the transmitter;
receiving a measure of received power at an input to the receiver:
generating at least one non line-of-sight metric to characterise the wireless link
between the transmitter and the receiver baéed on the position of the receiver, the
position of the transmitter, the transmitted power and the received power; and
outputting the non line-of-sight metric to characterise the wireless

communications link.

2. A method as claimed in claim 1 comprising:
determining a distance between the transmitter and the receiver, using said
position of the transmitter and position of the receiver.

3. A method as claimed in claims 1 or 2 comprising:
~ determining outputs an observed path loss, using said measure of transmitted

power and said measure of received power inputs.

4. A method as claimed in claim 3 wherein said observed path loss is calculated as:

where:
Lo is the observed path loss;

P, is a measure of transmitted power at the output of a transmit antenna; and

P, is a measure of received power at the input to a receive antenna;

5. A method as claimed in any one of claims 2 to 4 comprising:

determining a modelled path loss based on the distance and a model of path losses.
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6. A method as claimed in claim 5 wherein said model of path losses is:

d
L, = L,ef +10y log,, —
drcf

where:

Ly is the modelled path loss;

d is the distance;

deer is a reference distance (in same units as d);
Ly is the path loss (dBm) at dp;

Pr is the received power in dBm; and

y  is a path loss distance exponent;

7. A method as claimed in claim 5 or 6 comprising adjusting a parameter of the
model of path losses according to environmental conditions. .

8. A method as claimed in claim 7 wherein the path loss distance exponent is

adjusted in the presence of at least one of:

. rain;
. fog; and
. SNOw.

9. A method as claimed in claims 7 or 8 comprising detecting said environmental
conditions using at least one of: |
. a sensor collocated with a non line-of-sight metric generator that
generates said non line-of-sight metric;
. a sensor collocated with the transmitter, an output of the sensor being
communicated to the non line-of-sight metric generator;
. a status of vehicle windscreen wipers where the non line-of-sight metric
generator is mounted onboard a vehicle; and
. a status of vehicle windscreen wipers where the transmitter is mounted
onboard a vehicle and the status is communicated to the non line-of-sight

metric generator.
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10. A method as claimed in any of the preceding. claims wherein said step of
receiving a measure of the position of the transmitter comprises at least one of:
determining a fixed location of the transmitter;
obtaining the measure from a global positioning system (GPS);
retrieving the position from stored data; and
extracting the position of the transmitter from data transmitted to the receiver.

11. A method as claimed in any of the preceding claims wherein said measure of
transmitted power input is provided by at least one of:

o a fixed level;

. a measure relative to some stagé of the transmitter prior to a transmit
antenna; |

. stored data; and

. inclusion in data transmitted to the receiver.

12. A method as claimed in any of the preceding claims wherein said measure of

received power input is provided by at least one of:

. output from the receiver;

. a measure relative to receiver input or some stage prior to the receiver
input;

. stored data.

13. A method as claimed in any of the preceding claims comprising receiving at least
one parameter used to calculate said measure of transmitted power input or said
measure of received power input, the parameter comprising at least one of:

. information regarding system losses;
. information regarding system gains;
« antenna configuration; and

. antenna gain.

14. A method as claimed in claim 5 comprising calculating a path loss difference

between an observed and modelled path losses as:
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AL=L,-1L,

where:

AL

is the path loss difference;

Lo is the observéd path loss; and

Ly is the modelled path loss.

15. A method as 6Iaimed in claim 14 comprising mapping said'path Ibss difference

to a non line-of-sight metric value prior to output.

16. A method as claimed in claim15 wherein said mapping comprises at least one

of:

said path loss difference mapped onto said non line-of-sight metric according -

to some predetermined function;

said path loss difference mapped onto a predetermined said non line-of-sight

metric assigned to said path loss difference value;

said path loss difference and said transmitter-to-receiver distance mapped

onto said non line-of-sight metric according to some predetermined function;

said path loss difference and said transmitter-to-receiver distance mapped
onto a predetermined said non line-of-sight metric assigned to that
combination of said path loss difference and said transmitter-to-receiver

distance;
a function that quantizes said path loss difference; and

a function that quantizes said transmitter-to-receiver distance.

17. A method as claimed in claim 15 or 16 wherein said mapping comprises

segmenting input space into bins.

18. A method as claimed in claim 17 wherein each said bin is defined by

predetermined lower boundary and upper boundary, and said output metric values

are assigned to each bin.
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19. A method as claimed in claims 17 or 18 wherein said bin segmentation

comprises at least one of:

. two bins, with a boundary between bins selected such that the boundary
demarcates the expected value of said path loss difference input as either
line-of-sight (LOS) or non line-of-sight; and

. three bins, with a boundary between first and second bins selected such that
the boundary demarcates the expected value of said path loss difference
input as either line-of-sight or unknown, and a boundary between second and
third bins selected such that the boundary demarcates the expected value of
said path loss difference input és either unknown or non line-of-sight.

20. A method as claimed in any one of the preceding claims comprising calculating

an observed path loss for each of a plurality of receive antenna.

21. A method for characterising a wireless communications link, comprising:
receiving data representing a distance between a transmitter and a receiver;
receiving a measure of transmitted power at an output of the transmitter;
receiving a measure of received power at an input to the receiver;
generating at least one non line-of-sight metric to characterise the wireless link

between the transmitter and the receiver based on the distance, the transmitted

power and the received power; and '

outputting the non line-of-sight metric to characterise the wireless

communications link.

22. A computer program product comprising machine readable program code
recorded on a machine readable recording medium, for controlling the operation of a
data processing apparatus on which the program code executes to perform a

method for characterising a wireless communications link, comprising:
receiving data representing a position of a transmitter;
receiving data represénting a position of a receiver,
réceiving a measure of transmitted power at an output of the transmitter;

receiving a measure of received power at an input to the receiver;
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generating at least one non line-of-sight metric to characterise the wireless link
between the transmitter and the receiver based on the position of the receiver, the
position of the transmitter, the transmitted power and the received power; and

outputting the non line-of-sight metric to characterise the wireless

communications link.

23. An apparatus for characterising a wireless communications link, comprising:
means for receiving data representing a position of a transmitter;
means for receiving data representing a position of a receiver;

means for receiving a measure of transmitted power at an output of the
transmitter,;

means for receiving a measure of received power at an input to the receiver;

means for generating at least one non line-of-sight metric to characterise the
wireless link between the transmitter and the receiver based on the position of the
receiver, the position of the transmitter, the transmitted power and the received

power; and

means for outputting the non line-of-sight metric to characterise the wireless

communications link.
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