
MOBILE LOCATION TECHNICAL FIELD This invention relates
to methods and apparatus for locating a mobile radio
terminal within a radio communications network.
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Terrestrial Mobile Location" and claiming priority
from Australian Provisional Patent Application Nos.
2005901735, 2005903577 and 2005906105.The entire
content of each of these applications is hereby
incorporated by reference. BACKGROUND There are a
range of existing systems for locating mobile phones.
These can be grouped into three categories as follows:
Network based systems. Such systems perform the signal
parameter measurements as well as the location
calculation in one or more network based servers.
Handset based systems. In these systems, both the
measurements and the location calculations are
performed in the handset. Hybrid. In these systems the
measurements are performed in one place while the
position calculation is performed in another. For
instance the handset may make the measurements and
report them to a network based entity where the
location calculations are performed. In some cases the
measurements are pre-processed before sending.
Limitations of current systems When operating a
particular location based service, a key determining
factor in the success of the service is the cost to
the user. In the case of location based services, a
large proportion of this cost is due to actually
obtaining the location estimate. In many cases, this
cost is incurred primarily in obtaining the signal 



parameter measurements for the location calculation.
As an example, in a handset assisted hybrid system,
the network based entity has to open a connection to
the mobile and request the measurements. The handset
in turn must transmit the measurements to the
requesting entity. This exchange consumes network
resources and as a result incurs a cost. Further the
networkresources are finite and thus limiting the
number of users that can be tracked simultaneously as
well as necessitating a compromise with respect to
other services that require the network resources. In
the following paragraphs we will outline the
limitations of current systems compared to the system
of this invention. The primary limitations are either
excessive cost or inadequate performance. Network
based systems In network based systems, network based
equipment measures parameters of signals received from
the mobile. The measuring equipment may be existing
mobile network base stations or ancillary receivers
installed as an overlay to an existing network. In
either case there is a fundamental requirement for the
mobile to be transmitting in order for signals to be
available for measurement. This represents a serious
limitation for any location based service where
frequent monitoring of a mobile's location is needed
but the use of the location for commercial benefit is
much less frequent. To illustrate, consider a mobile
advertising application. A particular store or chain
wishes to know when a registered customer approaches a
store. The aim is to transmit a targeted 



advertisement perhaps accompanied by a time limited
discount offer to entice the recipient into the store.
To operate such an application with a network based
location system, periodic location measurements would
have to be performed, say at 10 minute intervals. Each
of these location measurements requires the mobile to
be activated, incurring a cost in terms of network
resources and battery usage in the mobile. As an
indicative cost, at the current time, mobile operators
appear to be charging a similar rate per request to
that charged for Short Message Service (SMS). In the
example at hand, the location requests might continue
for an extended period of days or even weeks without
the customerbeing located near the store. The result
is a very large accumulated cost for the locations
without the store owner having the opportunity to send
a single advertisement. Store owners and other similar
potential users of such a system will not use services
under such terms. Hybrid location systems In the most
common hybrid architectures, measurements are made by
the handset and then provided to a network based
entity for position calculation. The limitation in
this case is the same as for network based systems.
Each position evaluation requires the transfer of
measurements from the handset to the network based
entity. This transfer could be via SMS, General Packet
Radio Service (GPRS) or other wireless bearer however
all incur a finite cost which accumulates with each
cycle and in no fixed proportion to the commercial
benefit being derived. 



Handset based solutions The limitations described in
the previous paragraphs can be overcome using a system
in which the location of the user can be monitored
without a transaction cost. In the application example
above, a cost should only accrue when the customer is
in the vicinity of the store. Handset based systems
can provide such a solution. There are existing
handset based solutions. Perhaps the most well known
is the satellite based solution in which a Global
Positioning System (GPS) receiver is integrated with
the handset. This type of system can provide accurate,
cost free monitoring of position and a transaction
only when useful. One disadvantage of this solution is
the relative low penetration of GPS enabled handsets
in themarketplace This means that location based
services using such handsets can be offered to only a
small percentage of mobile subscribers. Further,
reliable operation of GPS receivers is generally
limited to outdoor environments with a reasonable view
of the sky. Another existing handset based solution
provides a coarse Cell Identity (CID) based position
calculation. This uses the location of the base
station currently serving the mobile. The mobile knows
the identity of the serving base station. If the
mobile has available a table of base station
identifiers and corresponding locations then an
approximate location can be calculated. While this
approach avoids the repeated location transaction
cost, it suffers from a major disadvantage due to the
inaccuracy of the locations. In some cases the errors
can 



be several kilometres. Whilst techniques are known for
obtaining improved accuracy using more sophisticated
algorithms, these are unsuitable for implementation
either on a handset or more particularly on a
Subscriber Identity Module (SIM) card due to the very
limited processing and memory resources. SUMMARYOF THE
INVENTION According to one aspect of the present
invention, there is provided a method of obtaining
location data for use in a location calculation, the
method comprising: obtaining at least one measurement
of a plurality of radio signal parameters at a first
time; obtaining at least one subsequent measurement of
a plurality of subsequent radio signal parameters at a
second time; applying the at least one measurement and
the at least one subsequent measurement to a filter to
obtain the location data.In one form, the at least one
measurement and the at least one subsequent
measurement are obtained by a mobile radio
communications terminal. In one aspect, the location
data is stored for subsequent transmission to a
processor for use in the location calculator. In
another form, the location data is transmitted to the
processor intermittently. In a further form, the
location data is transmitted to the processor at
regular time intervals. In another form, the location
data is transmitted to the processor upon request. In
another form, the location data is transmitted to the
processor upon request of 



the processor. In one form, the location data is
transmitted to the processor upon request of the
processor. In another form, the location data is
transmitted to the processor upon request of a user of
the mobile radio terminal. In another aspect, the
location data is transmitted upon a change in location
of the mobile radio terminal.In a further aspect,
further measurements of a further plurality of radio
signal parameters are obtained, until a buffer of the
mobile radio terminal is full. In another form, the
method further comprises selecting a subset of the
obtained at least one measurement and at least one
subsequent measurement for filtering according to a
specific application. In another form, the method
further comprises storing a plurality of location
data. In another form, the method further comprises
selecting a subset of the location data according to a
specific application. In a further form, the location
data is transmitted in a variable length data message.
In another aspect, the length of the data message is
determined according to a specific application. In
another form, the method further comprises
periodically removing one or more of the at least one
measurement and or the at least one subsequent 



measurement. In another form, the step of periodically
removing the one or more of the at least one
measurement and the one or more of the at least one
subsequent measurement is done according to their
relevance.In another aspect, the method further
comprises selecting a subset of obtained location data
for transmission, according to the relevance of the
subset. In another aspect, the method further
comprises selecting a subset of obtained location data
for transmission, according to the size of the
transmission data message. In a further aspect, the
plurality of radio signal parameters include at least
one unambiguous radio signal parameter and at least
one ambiguous radio signal parameter. In one form, the
ambiguous radio signal parameter is resolved before
being applied to the filter. In a further form, the
step of resolving the ambiguous radio signal parameter
is deferred for as long as possible prior to being
applied to the filter. In another aspect, the method
further comprises sending assistance information to
the mobile radio terminal. In a further form, a
location estimation is calculated at the mobile radio
terminal using the assistance information. According
to another aspect of the present invention, there is
provided a method for calculating the location of a
mobile radio terminal in a radio communications 



network the method comprising:receiving location data
processes according to the method of any one of the
previous aspect, relating to the location of the
mobile radio terminal; and processing the data to
calculate the location of the mobile radio terminal.
In one form, the step of processing comprises
minimising a cost function. In a further form, the
cost function is given by: c (x) c,( x )+ V (x)+c (x)
where: C -is the cost associated with signal strength
observations; Ct is the cost associated with timing
advance observations; and Cu is the cost associated
with unreported cell observations. In a further form,
C1-, Ct and Cn are calculated as follows: c (x) =S r-i
; andC According to another aspect of the present
invention, there is provided a system for performing
the steps of any one of the previous aspects of the
present invention. According to a further aspect of
the present invention, there is provided a mobile
radio terminal for performing the steps of the first
aspect of the present invention. BRIEF DESCRIPTION OF
THE DRAWINGS Figure 1 - illustrates the architecture
of the proposed system; 



Figure 2 - is a process flow diagram of the processing
to resolve ambiguities in two measurements; Figure 3 -
shows an arrangement in a network in accordance with
one aspect of the present invention; Figure 4 - shows
an arrangement in a network in accordance with another
aspect of the present invention; Figure 5 illustrates
a position estimate calculated using parameters for an
urban environment; Figure 6 illustrates a position
estimate calculated using parameters for a rural
environment; and Figure 7 - illustrates the
computation of a cell centroid.DETAILED DESCRIPTION
The present invention will now be described in detail
with reference to one or more embodiments of the
invention, examples of which are illustrated in the
accompanying drawings. The examples and embodiments
are provided by way of explanation only and are not to
be taken as limiting to the scope of the invention.
Furthermore, features illustrated or described as part
of one embodiment may be used with one or more other
embodiments to provide a further new combination. It
will be understood that the present invention will
cover these variations and embodiments as well as
variations and modifications that would be understood
by the person skilled in the art. 



Throughout this specification, the term "mobile" or
"mobile phone" is used synonymously with terms such as
"cell phones" or "mobile radio terminal", and will be
understood to encompass any kind of mobile radio
terminal such as a cell phone, Personal Digital
Assistant (PDA), lap top or other mobile computer, or
pager. In the following description, when processing
is described as being carried out in a mobile
terminal, it will be understood that the processing
could be carried out in the handset, in the Subscriber
Identification Module (SIM) that is inserted in the
handset, in an additional processing or smart card
inserted into the handset, or in a combination of two
or more of these. It will also be understood that much
of the processing that occurs in the implementation of
various aspects of the present invention can also
bedistributed between the handset, one or more network
elements within the radio communications network and/
or one or more elements outside the radio
communications network. It will also be understood
that the invention may be applied to any application
in which a location estimate for a mobile terminal is
required. Architecture Figure 1 shows a part of an
exemplary radio communications network 10 having
transmitters or base transceiver stations 1, 2, and 3.
Also shown in Figure 1 is a mobile radio terminal or
mobile 20 and a server 30. The server may either be
integrated into the network or associated with the
network. 



In one embodiment of the present invention, radio
parameter measurements relating to the location of the
mobile terminal are made at the terminal. These may
include cell identifiers, channel frequencies, other
identification codes such as base station identity
codes or scrambling codes, and timings including round
trip timings or time differences. In one form of this
embodiment, the measurements are made repeatedly at a
configurable rate. The measurements are added to an
accumulator as described below. When the measurements
are required at a network based server for a location
calculation, some or all of the information in the
measurement accumulator are encoded in a message and
transmitted to the server. Optionally the information
is compressed, with or without loss. This transmission
may be initiated by a request message form the server.
Alternatively the transmission may be initiated on a
periodic basis. Alternatively the transmission may be
triggered by the mobile upon detecting a sufficient
change in position. The types of measurements
available may vary depending on the application, the
measurement capabilities of the mobileterminal as well
as the type of radio network and the bearer used to
carry the data. For instance in a GSM network, where a
SIM card is used to host the mobile terminal component
of the system, the measurements may include serving
cell identifiers, ARFCNs, BSICs and received signal
levels. In another example, where the network is a
UMTS network, the measurements may include one or more
serving cell identifiers, one or more pilot channel
(CPICH) signal level (RSCP) measurements, one or more
round trip delay (RTT) measurements and 



one or more time difference measurements (SFN-SFN
offsets). In yet another example, where the network is
a CDMA network, the measurements might include one or
more base station IDs, one or more pilot channel
(PICH) received levels, one or more PN offsets and one
or more round trip delays. At times when the terminal
has an established connection with the network timing
advance measurements are available and may also be
used. Indeed in some implementations, including SIM
Toolkit in GSM, it may be possible to detect the
establishment of a connection and opportunistically
collect one or more timing measurements at such times.
In other cases when the software is implemented
directly in the terminal, the measurements may include
all of the above mentioned measurement types plus time
differences. The radio parameter measurements are
processed at the server to obtain a location estimate
as described below. Compared to existing systems in
which a location measurement is obtained simply by
processing the most recent measurement set available
at the mobile terminal or in the network, the present
system achieves significantly better accuracy through
the use of an accumulator that maximises the diversity
of the information to be used for the calculation.This
enables short terra fluctuations in measurements to be
reduced and makes additional information available for
the location calculation. Some measurements are only
available when the mobile has an established
connection with the network. An example of such a
measurement is Timing Advance in GSM. Additional
measurements of this type can provide improve the 



accuracy of the location calculation. Some
applications might have higher quality of service (or
accuracy) requirements. To satisfy such application
requirements, the mobile may initiate a connection
with the network, gather one or more timing
measurements and then close the connection. Note that
this additional step would only be performed in
situations where a recent timing measurement is not
available and the QOS requirements necessitate such a
measurement. The connection may be a voice, data, GPRS
or other type of connection that enables a timing
advance measurement to be obtained. The one or more
timing measurements are then incorporated with the
other measurements used for location calculation.
General description of the benefits of measurement
accumulation The present invention provides a
measurement accumulator at the mobile terminal to
accumulate radio parameter measurements in a manner
that maximises the information available for location
calculation as well as mitigating some of the risks
that arise in handling ambiguous measurements.
Typically the accumulation is performed over multiple
measurement sets where each set contains a limited
number of measurements. The ambiguous measurements
refer to the lack of a unique identifier for some of
the measurements. Multiple measurements having the
same non-unique identifier do not necessarily derive
from the same base station.As an example, the Network
Measurement Report from a GSM terminal contains at
most information pertaining to one serving cell and
six neighbour cells. 



Repeated measurements however over a short period may
exhibit some diversity due to the variations in radio
propagation such as fading and non-stationary
interference. This means that compared to calculating
a location estimate using any single measurement set,
it is frequently possible to obtain a more accurate
estimate by instead accumulating the results of
several successive measurement sets and combining
these in some fashion to perform a location
calculation. It should be noted that this improvement
is likely to be more pronounced than the gain achieved
simply reporting an average of multiple noisy
observations of the same parameter as will be
understood by one skilled in the art. The Network
Measurement Report also illustrates the existence of
ambiguous measurements. The neighbour cells are
commonly identified only by their frequency and base
station identity code or just the frequency. Unlike
the cell identity, these are not guaranteed to be
unique across the network. Determining an accurate
location estimate requires that the ambiguous
measurements be associated with the correct base
station and that measurements from different base
stations are not inadvertently mixed together such as
by averaging. In the following paragraphs we show
examples taken from a mobile terminal operating in a
GSM network to illustrate the additional information
that may be gained by accumulating multiple
measurement cycles. Table 1 shows the results of two
measurement cycles taken on a standard GSM handset in
idle mode, separated by 5 seconds.TABLE1 



First cycle: cid: 25867 arfcn: [99 14 95 87 2 89 73]
rxLev: [-37 -34 -42 -58 -72 -73 -78] bsic: [20 33 34
44 1 54 15] Second cycle: cid: 25867 arfcn: [99 14 95
87 89 2 91] rxLev: [-39 -35 -42 -52 -68 -71 -73] bsic:
[20 33 34 44 54 1 57] In the first measurement set, a
cell having ARFCN 73 and BSIC 15 is reported as the
weakest neighbour cell. In the subsequent measurement
set however, this has been replaced with a cell having
ARFCN 91 and BSIC 57. By obtaining the second
measurement and combining the two sets in the
accumulator in the manner shown below, we obtain not
just the benefit of averaged power levels for these
cells, but also a measurement pertaining to an
additional cell. The availability of an additional
cell for location calculation frequently enables a
more accurate location than for instance simply a
second measurement of an existing cell. This is
because of the increased diversity of reference points
(cell sites) in the data and the corresponding
improvement in the geometric dilution as is well known
to those in the art. This geometric dilution effect is
commonly 



referred to by terms such as Horizontal Dilution Of
Precision (HDOP) or Geometric Dilution Of Precision
(GDOP). Diversity of measurements also facilitates the
rejection of distinctly erroneous measurements which
wouldotherwise cause large errors in the location
estimate. Techniques for achieving such rejection are
well known in the art. Yet another benefit can be
gained from the temporal variations in. the reported
measurements. Table 2 shows another pair of successive
measurements, again separated by 5 seconds in time,
measured on a GSM mobile terminal this time in
dedicated mode, that is, the mobile has a connection
established with the network. TABLE2 Cycle 1: cid:
9702 arfcn: [26 18 12 12 38 14 20] ta: 8 rxLev: [-74
-70 -75 -70 -74 -76 -76] bsic: [35 4 17 17 -99 -99
-99] Cycle 2: cid: 9702 arfcn: [26 18 6 12 6 20 8] ta:
8 rxLev: [-71 -63 -77 -70 -74 -76 -74] 



bsic: [35 4 33 17 33 -99 -99]In this case, observe in
the first measurement that there are 3 BSIC values
reported as -99. This is a reserved value used when
the mobile terminal has in fact been unable to decode
the BSIC for this cell, due for instance to
interference. In the second measurement set however,
the first of these cells, having an ARFCN of 6 has
been successfully decoded and in this case the BSIC is
reported as 33. By accumulating the information from
the two measurement cycles in this case we obtain the
increased identification in the form of the BSIC for
this cell. The benefits in terms of the location
accuracy described above also accrue in this case.
Detailed description of measurement Accumulator The
present invention provides a method for accumulating
radio parameter measurements from multiple measurement
cycles. Typically such an implementation on a mobile
terminal must operate within constrained resources,
for instance the memory and CPU cycles available for
operating the accumulator. The method described here
provides the benefits of accumulation along with a
framework in which the value of the information held
in the table, from the viewpoint of a location
solution can be optimised for a given set of resource
constraint. The accumulator maintains one table
holding the identities of cells that are measured and
one table holding the measurements pertaining to those
cells. Each time a new measurement cycle is completed,
these tables are updated. If a 



measurement pertaining to a new cell is received, the
cell table is updated with the new cell identifiers.
Since the size of the tables is limited (subject to
memory and CPU cycle limits) it may be necessary to
purge an existing entry from thistable before adding
the new cell. This purging of the tables is performed
on a relative value basis, taking into account the
relative value of the existing measurements associated
with each of the cells in terms of a location
calculation. The value of a cell in the cell table is
calculated as the sum of the values of the individual
entries in the measurement table which are associated
with that cell. The value of individual measurements
are calculated, taking into account the relative age,
the type of measurement, the confidence associated
with the match to the corresponding cell table entry
and also the presence of any more recent similar
measurements. The least valuable cell is purged in
order to optimise the value of the accumulated
information at any given time. The measurement details
are added to the measurement table, again after
purging the least valuable existing measurement as
required. The following paragraphs illustrate the
operation of the accumulator over two measurement
cycles, after initialisation when using the SIM
toolkit facility in a standard GSM handset. At
initialisation the tables are empty. Table 3 shows the
first measurement set obtained from the mobile
terminal. TABLE3 NMR measurement at cycle 1 



Serving cell cid = 26272 rxLev -80 Neighbour cells
arfcn bsic rxLev 12 17 -8826 35 -90 28 23 -90 40 19
-97 22 39 -99 30 5 -103 Table 4 shows the state of the
accumulator tables after adding the measurement set.
The cell identifiers are added in the cell table. In
the case of the serving cell measurement only the CID
is added because the ARFCN and BSIC are not reported
by the terminal. Conversely, for neighbour cells, the
CID is not reported and therefore remains unspecified
in the table. It should be noted that in other
embodiments of the present invention, serving cell
measurements may include the ARFCN and BSIC while
neighbour measurements may include an unambiguous
reference to the corresponding cell. The signal level
values are added to the measurement table with a cross
reference (shown in the cell Ind column) to the
associated entry in the cell table. The age of each
measurement is also recorded in the measurement table
in the time column. TABLE4 



-Cell Table Cyclerl - index cellld arfcn bsic 0 26272
XXX XX 0 XXXXX 012 17 1 XXXXX 026 35 2 XXXXX 028 23 3
XXXXX 040 19 4 XXXXX 022 395 xxxxx 030 05 -Measurement
Table-Cycle:l - celllnd time match rxLev ta 000 000 03
-80 -1 000 000 02 -88 -1 001 000 02 -90 -1 002 000 02
-90 -1 003 000 02 -97 -1 004 000 02 -99 -1 005 000 02
-103 -1 Table 5 shows the second measurement set
obtained from the mobile terminal. TABLE5 NMR
measurement at cycle 2 Serving cell 



cid = 26272 rxLev -83 Neighbour cells arfcn bsic rxLev
12 17 -88 26 35 -90 28 23 -90 18 4 -97 40 xx -97Table
6 shows the state of the accumulator tables after
adding the second measurement set. In this case the
cell table has grown by one due to the different
neighbour cell reported in the second cycle (ARFCN 18
and BSIC 4). The measurement table has grown with the
addition of all the measurements from the second
cycle. TABLE6 Cell Table Cycle:2 index cellld arfcn
bsic 0 26272 xxx xx 0 XXXXX 012 17 1 XXXXX 026 35 2
XXXXX 028 23 3 XXXXX 040 19 4 XXXXX 022 39 



5 XXXXX 030 05 6 XXXXX 018 04 - Measurement Table -
Cycle:2 - celllnd time match rxLev ta 000 005 03 -80
-1 000 005 02 -88 -1 001 005 02 -90 -1 002 005 02 -90
-1 003 005 02 -97 -1 004 005 02 -99 -1005 005 02 -103
-1 000 000 03 -83 000 000 02 -88 -1 001 000 02 -90 -1
002 000 02 -90 -1 006 000 02 -97 -1 003 000 01 -97 -1
r- While the preceding example illustrates a
particular form of the present invention in which GSM
cell ID, signal level and round trip timings are
represented in a measurement accumulator this should
not be interpreted as a limitation of the invention.
It will be clear to one of ordinary skill in the art
how 



other types of measurements such as CDMA (IS95) pilot
levels and PN offsets might be accumulated in similar
fashion. Selection and reporting When the information
maintained at the mobile terminal is needed for a
location calculation, the table contents can be
encoded into a message for transmission. A further
aspect of the present invention is the scheme for
selecting the optimal set of information to encode.
Typically there is a fixed limit on the length of the
data that can be transmitted. This might for instance
be the capacity of an SMS after other application
header or addressing information has been encoded. The
present method, scans the table and iteratively adds
information in decreasing order of their relative
value in calculating a location solution. Accordingly
the first measurement relating to each unique cell
represented in the cell table isadded. Subsequently
the 2nd measurement relating to each cell is added and
so forth until no more data can be fitted into the
message. This reflects the value ordering since a
single measurement pertaining to a new cell is as a
general rule likely to be more useful from a location
accuracy perspective than a repeat measurement for an
existing cell. An advantage of this aspect is that for
a given transmission mechanism, the optimal subset of
the information held by the mobile is sent.
Additionally, this flexibility in encoding the
information means that the amount of data transmitted
can be adjusted based on the requirements of the
application. In one instance where a lesser level of
accuracy will suffice, a single message containing
only 



those measurements that can be accommodated within a
single message might be encoded and sent. A lesser
accuracy requirement might be associated with a
service charged at a lower rate, used for instance
with an application to lookup point of interest in the
vicinity of a mobile subscriber. In other
applications, the best possible accuracy may be
required, for instance with a high value asset
tracking service. In such cases, more information, up
to the entire contents of the tables can be sent.
Depending on the bearer used to transmit the
information, the proportion of information transmitted
may be determined to a large extent by the maximum
message size supported by the bearer. In cases where
the size of a single message is limited to a maximum
value, (for instance SMS) , the proportion of the
information sent when lesser accuracy is required may
be determined by the space available in a single
message after application headers etc. Continuing with
the example of SMS, if a higher accuracy s required,
multiple concatenated SMSs might be used to transmit
all of the available information. Taking another
example, if GPRS is used, the numberand or size of
messages may be varied more finely. In one case, the
most recent set of measurements may be sent. In
another case, the most recent measurement pertaining
to each unique cell in the cell table might be sent,
in this way providing the maximum number of distinct
geographical reference points in the solution. Another
alternative is to send the most recent measurement of
each measurement type pertaining to each cell in the
table. The value ordering may differ from that
described above if different types of 



measurements are present in the table. In the previous
case, all the measurements represented signal levels.
However if some timing advance measurements were also
present in the table, a timing advance measurement
might be prioritised over a signal level measurement.
Other types of measurements may also be maintained in
the table. The corresponding full or partial cell
identifiers are maintained in the cell table while the
measurements are recorded in the measurement table
When reporting the measurements, the mobile also
indicates whether it has sent all of the available
measurements. Should Quality of Service needs require
more measurements, the network can request the
remaining measurements from the mobile. Advantage
compared to averaging Another benefit of accumulating
successive measurement sets rather than averaging
parameter measurements from a later cycle with
previous parameter measurements arises because of the
ambiguity in some parameter measurements. If using
averaging, a repeated measurement of the signal level
or timing for a given cell would be combined with the
existing measurement by averagingrather than being
preserved in the table as a separate entity, However
in cases where a cell is only partially identified in
a measurement cycle, there is a risk that the new
measurement may actually be associated with a
different cell having the same partial identify.
Therefore the measurement in the second cycle is of a
different parameter and it is an error to average it
with the first measurement. 



The present invention addresses this by maintaining a
separate table of cells and measurements as
illustrated. For each entry in the measurement table,
a tag is also added representing the degree of
certainty in the association or match with the
corresponding cell table entry. This can be observed
from table 6. Serving cell measurements for which the
full CID is reported are marked with a 3 in the match
type column. Neighbour measurements, for which the
potentially ambiguous ARFCN and BSIC are reported, are
marked with a 2 representing a lesser degree of
certainty in the association. Finally neighbour
measurements for which only the ARFCN was reported
(see for instance the last measurement in table 6) are
marked with a match type of 1. In this way the risk of
incorrectly associating ambiguous measurements with
the wrong cell and the likely resulting error in
location calculation can be mitigated, improving the
overall accuracy of location estimates. Location
engine handling ambiguous measurements While the
preceding paragraphs described a method for avoiding
the risk of an incorrect association between an
ambiguous measurement and a cell, in many cases,
ultimately to incorporate the measurement into a
location calculation, the ambiguity may need to be
resolved and thereby each measurement associated with
a specific cell. The present invention reduces the
risk of incorrect association and the attendant
location errors by deferring the association step
until the latest possible time. Indeed no explicit
association takes place in the measurementaccumulator.
When the measurements are to be processed to derive a
location 



estimate, the measurements having the least ambiguity,
such as those which have unique cell identifiers, are
processed first to derive an initial approximate
location estimate. This estimate is then used in an
ambiguity resolution step in which the remaining
measurements are associated with their corresponding
cells. The resolution process proceeds in order of
increasing ambiguity. In the case of two measurements
having the same type of ambiguity, the resolution
proceeds in order of ambiguity in the sense that the
measurement with the lowest number of candidate cell
matches is resolved first. The estimated location is
updated at each step, incorporating the newly resolved
measurement. To illustrate the operation of this
aspect, consider the measurement table contents from
table 6 reproduced in table 7 below. TABLE 7 celllnd
time match rxLev ta 000 005 03 -80 -1 000 005 02 -88
-1 001 005 02 -90 -1 002 005 02 -90 -1 003 005 02 -97
-1 004 005 02 -99 -1 005 005 02 -103 -1 000 000 03 -83
-1 



000 000 02 -88 -1 001 000 02 -90 -1 002 000 02 -90
-1006 000 02 -97 -1 003 000 01 -97 -1 In the first
step, the measurements having a match type of 3 (i.e.
having been specifically associated with a cell
identifier) are processed to obtain a location
estimate. After this the measurements having a match
type of 2 (having been reported with partially
ambiguous ARFCN and BSIC) are processed to resolve the
ambiguity and associate each with a specific cell.
Finally the single measurement having a match type of
1 (only the associated ARFCN is known) is added. This
resolution process is illustrated in figure 2. The
processing to resolve the ambiguity associated with a
single measurement is illustrated in Figure 3. An
idealised mobile network is shown. Two specific cells
1 &2 are labelled, in this example representing cells
having the same ARFCN and BSIC. A mobile terminal 20,
reports radio parameter measurements to enable a
location calculation, including a signal level
measurement for cell 1 . The location engine
identifies the signal level measurement pertaining to
cell 1 as ambiguous since only the ARFCN and BSIC were
reported and there are two cells in the network
database having that ARFCN and BSIC. The resolution
uses an approximate estimate for the mobile 30,
derived from the measurements which are not ambiguous.
This approximate estimate might correspond to the
location of a cell identified in a 



serving cell measurement for instance. Other estimates
might be used such as the centroid of a serving cell.
If multiple unambiguous measurements are available,
various combinations of these measurements might be
used to obtain the initial estimate. Using this
approximate estimate, a radio network model as
described below is used to predict the received signal
levels at the estimated location from the ambiguous
cell candidates. In the illustration shown, the
predicted level for cell 1 is -74.1 dBm, while the
predicted level for cell 2 is -127.9. The one that is
themost likely to have been received by the mobile
terminal is selected as the cell that was actually
measured, thereby resolving the ambiguity. The
selection is typically the cell with the largest
predicted received power at the approximate location
estimate, in this case cell 1. Location Engine
Algorithm The radio parameter measurements used to
calculate location may include one or more signal
levels, timing advances, time differences, or other
parameters. In the present context we refer to these
measurements as observations. As disclosed in PCT/
AU2006/ 000347, the entire contents of which is hereby
incorporated by reference, additional observations may
be deduced from a lack of any measurements being
reported for particular cells. These cells are
referred to as unreported cells. This is on the basis
that at any time, signal parameter measurements are
obtained relating to only a subset of all the cells in
the network. Further, in some networks such as GSM,
the mobile only reports a subset of the cells that it
can actually measure. For simplicity of explication,
we 



will only deal here with three types of observations:
signal levels, round trip timing measurements and
unreported cells. The algorithm described here is
readily extended to other types of observations such
as time differences as would be understood by one
skilled in the art. We make the following definitions:
The ith signal strength observation is denoted by a
vector, O1.wherewith kr = the identifier of the /"'
signal strength observation, and h= the signal level
(dBm) of the i"' signal strength observation. For a
given hypothesized location of the mobile terminal, a
cost is calculated based on the observations and
corresponding predicted values for the observed
parameters. The predicted values are obtained using a
mobile radio network propagation model as well known
in the art. The model uses information on the
configuration of the radio network including the
location of cell sites, the height and orientation of
cell antennas, the radiation pattern of the antennas
as well as the channel frequencies and any other codes
allocated to each cell. The model also covers the loss
in signal power as radio signals travel from
transmitter to receiver. Such models are well known in
the radio communications field and can be found in
most advanced level texts on the subject. Predicted
received signal powers can be generated for any or all
cells in the network. These power levels can also be
used to derive interference level estimates so that
the received quality of a signal from any particular
cell can be predicted. The application of network 



model for predicting received signal levels and
interference levels is well known to those skilled in
the art of cellular radio network design. Detailed
references exist in the literature including,W. C.Y.
Lee, Mobile Communications Engineering. McGraw-Hill,
1982, and P. L. H. A. S. Fischer, Evaluation of
positioning measurement systems " TlPl. 5/97-110,
December 1997, and IEEE VTS committee, Coverage
prediction for mobile radio systems operating in the
800/900 MHz frequency range, IEEE Transactions on VTC,
VoI 37, No 1, February 1998. The entire contents of
these references are hereby incorporated by
reference.The cost is a quantitative representation of
the difference between the measurements and the
corresponding predictions. In some contexts such a
cost function may also be known as a penalty function
as is well known to those skilled in the art of
numerical optimization. The cost associated with the
signal strength observations is, Cf , which is given
by where N.=the number of signal strength
observations, x = the hypothesised location of the
mobile. p,.(j,x) =the predicted received signal level
of the f ' cell at location x sr =the standard
deviation of the signal strength measurements. The i
timing advance observation is denoted by a vector, ot
where with kt =the identifier of the ith timing
advance observation, and 



tt = the ith timing advance observation.The cost
associated with the timing advance observations is, C
, is given by where Nt =the number of timing advance
observations, and PtU,x) =the predicted timing advance
of the j"' cell at location x st =the standard
deviation of the timing advance measurements. The ith
unreported cell observation is denoted by a scalar, ou
where o,, = t and k =the identifier of the /th
unreported cell. The cost associated with unreported
cell observations is Cu, which is given by where N is
the number of unreported cells,pu(j,x) = the predicted
signal level (dBm) of the /"' cell at location x s,.
=the standard deviation of the signal strength
measurements. rn = a fixed threshold (in dBm), as
described in PCT...., Note that we describe in a
subsequent paragraph a means for identifying the
relevant unreported cells. The total cost function, C,
is given by C(x) =Cr (x) +Ct (x) +Cu (x) The location
algorithm seeks to find the location x , that
minimises this cost function. Robust numerical methods
for minimising such a cost function are well known in
the art, and can be found in texts on the subject such
as, W.H. Press, S. 



A. Teukolsky, W.T. Vetterling &B. P. Flannery,
"Numerical Recipes in C++; The Art of Scientific
Computing", 2nd Ed, Feb. 2002, Cambridge University
Press. Identifying suitable unreported cells The set
of unreported cells for a given location calculation
potentially includes all cells not associated with any
of the measurements to be used for the location
calculation. The principle behind the use of the
unreported cells is that the lack of a report for a
cell can be used to obtain another positional
constraint on the location of the mobile terminal
making the measurements. Therefore the cells that are
of interest for use as unreported cells are those for
which the lack of a report conveys some information.
It can easily be understood that a cell at a great
distance from the approximate location of the mobile
conveys no information.Put simply it comes as no
surprise that the cell is not reported. It is for
cells that are close to the mobile that the lack of a
report conveys useful information. Figure 4 provides a
supporting illustration. It shows a mobile network
with a cluster of cells represented in the idealised
hexagonal form. A mobile terminal 20 is also shown.
The mobile terminal makes a set of radio parameter
measurements using signals transmitted from the three
cells numbered 1, 2 & 3. These have been highlighted
with the heavy shading in the figure. Based on these
measurements an initial estimate 50 for the location
of the mobile is calculated. This is shown with an
asterisk. In order to identify the candidate
unreported cells we select from all the remaining
unreported cells, the ones which it is likely could
have been measured and reported by the mobile terminal



at the estimated location. A propagation model is used
to predict the signal levels that would be received by
a mobile at the estimated location. A selection
criteria is then applied. This criteria may be either
based on the predicted received signal level or
alternatively a predicted C/ 1. In GSM for instance a
suitable C/ 1 threshold would be +9dB. . For a UMTS
network, a suitable threshold might be a CPICH Ec/ 10
level of -20 dB. Other threshold values depending on
the network and application may range from about -26dB
to about +15dB, (for example, - 26dB to -12 dB, -22dB
to -6dB, -2OdB to -12dB, -15dB to OdB, -12dB to +3dB,
-6dB to +12dB, -3dB to +15dB and +3dB to +15dB etc.).
Any cells for which the predicted C/ 1exceed this
threshold would be included in the unreported set. In
the limit, all remaining cells in the network could be
added to the unreported set, the only penalty in this
case is the waste of computing resource in evaluating
the unreported cost for these cells, most of which
would contribute negligibly to the solution.Typical
performance In the following paragraphs we outline
typical results achieved in a variety of environments
in a GSM network using a standard GSM mobile terminal.
Table 8 shows accuracy statistics computed for
measurements taken at 135 points in a dense urban
environment. The reported statistics are the radial
location error at the 67 percentile and the 95 h
percentile if all points are ordered according to
increasing radial error. This is common practice for
reporting location accuracy in the field of mobile
terminal location. Results are shown for three
different 



location estimation methods. The last row in the table
indicates the results for one embodiment of the
present invention. The first two rows show the results
for alternative methods of location estimation that
are well known in the art and serve as a reference
measure illustrating the degree of improvement offered
by the present invention. TABLE8 Table 9 shows the
results of measurements at 150 points in a suburban
environment. As will be understood by one of ordinary
skill in the art, the greater cell site spacing in
suburban environments accounts in large part for the
decreased accuracy compared to the urban
measurements.TABLE 9 Table 10 shows the results of
measurements at 115 points in a rural environment.
TABLE10 Time diversity of measurement sets An issue
arises when using measurements made over a period of
time rather than at the same instant for a mobile
terminal location calculation. The issue is that the
terminal may be in motion and successive measurement
sets may not have been made at the same location. If
the movement between measurement sets is sufficiently
large, for example greater than about 25 metres (eg.
>20m, >35m, >50m. >100m etc.), combining the
measurements in a single calculation will as a general
principle result in larger errors than if the
individual measurement sets were processed
individually.The present invention provides an
adaptive location calculation method for use 



when measurements recorded at more than one instance
are reported for use in the calculation. The first
step is to use the first measurement set to derive a
profile representing the location at which the
measurements were made. The sets to which individual
measurement belong is represented by the elapsed time
column in the measurement table. The subsequent
measurement sets are then compared against this
profile as disclosed in the co-pending application
[home zone] to check whether they are likely to have
been made in the same vicinity as the initial set of
measurements. The threshold for the comparison is set
so as to have a relatively small zone of the order of
a few tens of metres. If the comparison indicates that
the measurements are made at the same location, the
measurements are combined in a single calculation
using the method described in this specification.
Alternatively if the respective measurements appear to
be made by a moving terminal, separate location
calculations are performed using the respective
measurement sets. The results of these are then
averaged if a single location estimate is required.
Alternatively the measurements may be used to estimate
a vector representing the direction of motion as will
be understood by one skilled in the art Adaptively
Gaining More Data It is well known in the art that the
number of measurements and the relative geometry
between the mobile and the transmitters affects the
accuracy of the location estimate. The Dilution of
Precision referred to earlier in this invention is 



one metric used to quantify this effect. The mechanism
for combining the number and relative geometry of
measurements to provide an estimate of the accuracy of
a position estimate is also well known in the art. As
discussedearlier, the mobile may not make or may not
report all of the measurements that could be useful in
making a more accurate location estimate. Using the
Dilution of Precision or similar metric, the location
computation can identify and subsequently request from
the mobile which further measurements would provide
the most improvement to the location estimate. These
may be measurements of base stations not yet reported
by the mobile and/ or further measurements of base
stations already reported. Either prior to computing a
location estimate or afterwards, the location accuracy
can be estimated using methods known in the art for
instance as disclosed in C. R. Drane, Positioning
Systems - A Unified Approach, Lecture Notes in Control
and Information Sciences, Springer Verlag, Oct 1992.
If the estimated accuracy does not meet or exceed a
predefined accuracy, then further measurements can be
requested from the mobile. The predefined accuracy can
be a global requirement or a Quality of Service
parameter associated with each location request. To
avoid an endless cycle of requests for additional
information in situations where the mobile is not able
to make measurements of sufficient quantity or
quality, a second parameter can be specified to limit
the number of additional requests that are allowed.
Identifying a base station that would improve the
accuracy of the location 



estimate uses the same approach as that to identify
cells that were unreported but which may convey
location information. Having identified those cells
that could be heard based on the current position
estimate, the effect each would have on the accuracy
of the solution is evaluated. This provides a ranking
to enable the mobile to attempt to measure the cell
offering the greatest potential improvement in
accuracy first given that the mobile has limited
resources interms of measurement opportunity, memory
to store measurements and space in which to report
measurements back to the network. Optionally the
ranking may use a combined metric that includes the
potential improvement and a measure of the likelihood
that the cell could be measured as estimated during
the initial identification process. Adjusting
Measurement Confidence The quality of measurements
made by a mobile phone vary with the type of radio
environment and the type of measurement being made. In
an urban environment, relatively higher levels of fast
and slow fading and interference significantly degrade
the quality of timing measurements. The same phenomena
are also responsible for larger variations in signal
strength measurements made in urban environments. By
accounting for the effect the radio environment has on
timing measurements and signal strength, the accuracy
of position estimates can be improved. The first step
is to quantify the effect the radio environment has
had on each of the measurements that will be used to
obtain a location estimate. A common 



mechanism for quantifying such an effect is to modify
the parameters of the statistical model being used
describe the nature of measurement errors, often using
a scaling parameter. For example in a Gaussian model,
the standard deviation would be increased to reflect
the larger uncertainty associated with measurements
deriving from an urban environment. Each measurement
in a set may be considered individually and assigned
its own parameters. For a given location, it is most
likely that all measurements are affected by the same
environment and thus could all be assigned the same
parameters.A mechanism for assigning parameters is to
classify the different radio environments and for each
environment type specify for that environment the
error distribution and associated parameters. Table 11
illustrates such a classification mechanism. The
values used in table 11 can be obtained from radio
propagation models well known in the art, experimental
data, radio propagation modelling tools, or a
combination of one or more of these. TABLE11 Various
mechanisms can be defined for assigning an environment
type to a measurement. The environment type assigned
to a measurement can be that assigned to the
originating base station. The environment type of the
serving cell can be assigned to all measurements in a
given measurement set. The environment type could be
spatially defined and the measurements assigned the
environment type according to a coarse position
measurement estimate. Various mechanisms exist to
define the environment type associated with a base 



station or a region of the network coverage area.
Knowledge of the built environment can be used to
assign environment types. The density of cells is
highest in urban areas and lowest in rural areas.
Hence a metric based on the average distance to nearby
cells can be used to assign an environment type to
abase station or for a region. For example, cell radii
can be estimated to be half the average distance to
the nearest n cells or cell sites. The environment
classification could be radii less than lkm are
defined urban, >= lkm and < 4km are Suburban and >=4km
are Rural. To illustrate the effect the environment
parameters have on the location solution, consider a
radio network illustrated in Figures 5 and 6 in which
a mobile at the location labelled "o" hears 6 base
stations labelled 1-6. The received signal levels at
"o" are -85.9 -66.6 -85.3 -98.8 -99.2 and -70.6 for
base stations 1 to 6 respectively. A GSM Timing
Advance measurement provides a range estimate of 2200m
with respect to transmitter No 2. A location estimate
is made using urban cell and rural cell standard
deviations from Table 8 (12dB for received signal
levels and 1500m for range measurements for urban ,
9dB for received signal levels and 500m for range
measurements for rural. Figures 5 (rural) and 6
(urban) show contour plots of the respective cost
functions along with the true location (marked "o")
and estimated position where the cost was lowest
(marked "*"). The error using urban parameters was
670.8m and for rural parameters the error was 583.1m,
a difference of 100m in accuracy due to the difference
in the error models. 



Detecting change in position at the mobile terminal A
co-pending International Patent Application entitled
"Enhanced Terrestrial Mobile Location" and claiming
priority from Australian Provisional Patent
Application Nos. 2005901735, 2005903577 and 2005906105
(the entire contents of which is hereby incorporated
by reference).discloses a method for obtaining a
profile defining a zone based on radio parameter
measurements in the zone. The entire contents of which
are hereby incorporated by reference. An aspect of
thepresent invention utilises this method to provide a
means for reporting measurements to a network element
only when the mobile terminal has moved from a
starting position. One application of this facility is
in tracking to avoid unnecessarily reporting
measurements when the mobile has not moved. This has
the advantaged of reducing the consumption of network
resources and mobile terminal battery power. The
solution is at a starting time to use the most recent
measurements to derive a temporary local profile of
the expected measurements. The terminal then compares
subsequent measurements with this temporary profile to
check for a significant change in position. No further
reports are sent until the checks indicate that a
significant change in position has occurred.
Techniques for comparing the measurements with the
profile are discussed in the referenced application.
As also disclosed in the referenced application, the
extent of the temporary zone may be controlled to
achieve smaller or larger thresholds for the change in
position required before a new message is sent. 



Cost efficient handset based tracking The present
invention also provides a handset based location
tracking capability. On initialisation, the mobile
terminal may request from the network an initial
collection of data concerning the base stations in the
network. This request is accompanied by the current
filtered measurements to enable the server to
determine the current location of the mobile and
compile a suitable collection of data covering the
vicinity of the mobile. The server then transmits to
the mobile a collection of base station network data
covering that area, including for each base station in
the collection, identifiers and antenna details
including characteristics, orientation and location.
Compression may be applied to the data to maximisethe
region that can be covered with a fixed payload size.
Additionally in the majority of cases only one full
entry is sent per cell site because identifiers of
different co-located sectors typically differ only in
the least significant digit and the same location
values may apply to all sectors. Using the data
provided, the mobile terminal may compute a location
estimate. This calculation may be repeated
periodically or in response to user action such as a
menu selection. In some applications, location
estimates are computed repeatedly and filtered, to
reduce the errors. In some applications a coarse
velocity estimate may also be obtained. The mobile
terminal also monitors the estimated location relative
to the current collection of network data. If the
estimated position approaches the geographical limits
of the region covered by the current data, a request
is sent to the server for additional data. As before,
the request is accompanied by the 



current position and velocity if available, enabling
the server to optimise the coverage of the network
data provided. Existing collections of network data
are retained in the mobile terminal, only being
discarded when necessitated by memory constraints. The
data are discarded based on farthest distance to the
current estimated location. The mobile terminal may
also perform consistency checks to detect cases where
previously supplied network data become outdated due
to a change in the network configuration. This may
happen for instance when a base station frequency or
ID is changed. For applications where the location of
the mobile is required to be updated regularly at a
fixed terminal, the mobile terminal may be configured
to transmit reports of the current location. To
support applications where the route or total distance
travelled by the mobile is also of interest, the
mobile terminal may also maintain a history of
filtered location estimates. This information can be
retrieved as required by the network based server.
Compared to operating a tracking system using network
based methods, the present invention provides an
efficient tracking capability, withlower network and
battery impact. It provides useful accuracy without
the high transaction costs associated with location
measurements in the network or hybrid location system.
In another embodiment of the present invention, the
mobile receives the necessary details for all base
stations in the network. Such an approach may be
inefficient using radio-based resources but for
devices such as PDAs which are regularly connected to
the internet via a docking station the size of the
data to be 



received is more easily accommodated. Whenever the PDA
is docked, it may synchronise its copy of the network
data required for the location calculations. A cell ID
based location estimate can be made on the handset
provided the handset has the coordinates of the base
stations it is currently hearing. In general the
handset requires the base station identification
information that enables the mobile to associate the
signals it is measuring with the coordinates of the
origin of that signal. In one embodiment the mobile
may estimate its location as a weighted average of the
coordinates of the cells that have been measured
recently. The measurements could be considered equally
important in which case the weighting applied to each
cell would be one. Typically a serving cell is closer
to the mobile than cells for which neighbour
measurements are made. Accordingly in some cases the
serving cell may be given a higher weighting than the
other cells. For a specific example, consider a mobile
in a GSM network. To perform a cell ID based location
the mobile would need to know for each of the signals
it can hear, the Cell ID, the base station identity
code, the ARFCN, and the coordinates.The vagaries of
mobile radio propagation are such that a mobile can
occasionally detect a signal from further away than
would generally be expected for a given network
configuration. Such cells can have a significant
adverse impact on cell ID based location accuracy. To
make the estimation process more robust to such
effects, the set of cells to be used in the estimation
process can be edited to create a trimmed estimate.
This editing may occur before or after a location
estimate 



has been obtained. More than one cycle of editing may
be employed. Various criteria can be used for choosing
which cell(s) as discussed below. Consider a
single-weighted average in a cell ID location estimate
in which there are n cells. Each cell, in effect
contributes one nth of the result. Consider the cell
which is furthest away from the location estimate.
Compute a new location estimate with this cell removed
from the set of measurements. Compute the distance e
between first estimate with the new location estimate.
Compute the normalised metric e/nr where r is the
average effective radius of the cells that are in the
set. This metric is a normalised measure of how much
the farthest cell has been able to alter the estimate.
If this metric is too high, then the cell is deemed to
have had a disproportionate effect on the location
estimate and should edited from the set used to
compute a solution. This process can be repeated until
the furthest cell is not having undue control over the
estimate. Other criteria include editing the furthest
m cells or the furthest x percent of cells as measured
from the location estimate. A more accurate location
estimate can be achieved using the cell centroid
instead of base station coordinates. Computation of
the cell centroid requires information on the
directivity of the antenna, the pointing angle and the
effective radius of the cell. The equations required
to compute such a centroid are shown below.The
effective cell radius may also be provided or
alternatively estimated by the mobile based on the
distance to nearby cells. In terms of minimising the
computation in the mobile, the mobile may be simply
provided with the cell 



centroid coordinates by the network instead of, or in
addition to, the base station coordinates. To
illustrate, consider an example in a network using
sectorised cells. For a particular cell having an
effective radius R, we calculate a range If the cell
site is located at (xb,yb), the centroid will be given
by xc =xb +rcos q yc =yc+rsinq where q =pointing angle
of cell measured counter clockwise from east. Tt If f
is the angle measured clockwise from north, then q =-f
- . Figure 7 illustrates these calculations. Where
more than one cell is measured, the location estimate
is the weighted average of the cell centroids for the
cells currently being heard by the mobile.Suppose that
the centroid of the i'hcell is (xt >y,) , then the
location estimate is calculated as, c where N =the
number of cell sites used in the calculation, and W1-
the weighting applied to each cell. Note that W1 0 .
As an example, W =1,Vz, equally weights each cell.
When round trip timing information is available in the
handset, the handset can compute a location estimate
that combines the timing measurement with the base
station information. For example in GSM, the mobile
can use the Timing 



Advance and the base station pointing angle to
calculate a position estimate. It will be understood
that the term "comprise" and any of its derivatives
(eg. comprises, comprising) as used in this
specification is to be taken to be inclusive of
features to which it refers, and is not meant to
exclude the presence of any additional features unless
otherwise stated or implied.THE CLAIMS DEFINING TEiE
INVENTION ARE AS FOLLOWS: 1. A method of obtaining
location data for use in a location calculation, the
method comprising: obtaining at least one measurement
of a plurality of radio signal parameters at a first
time; obtaining at least one subsequent measurement of
a plurality of subsequent radio signal parameters at a
second time; applying the at least one measurement and
the at least one subsequent measurement to a filter to
obtain the location data. 2. A method as claimed in
claim 1 wherein the at least one measurement and the
at least one subsequent measurement are obtained by a
mobile radio communications terminal. 3. A method as
claimed in claim 2 wherein the location data is stored
for subsequent transmission to a processor for use in
the location calculator. 4. A method as claimed in
claim 3 wherein the location data is transmitted to
the processor intermittently. 5. A method as claimed
in claim 3 wherein the location data is transmitted to



the processor at regular time intervals. 6. A method
as claimed in claim 3 wherein the location data is
transmitted to the processor upon request.7. A method
as claimed in claim 5 wherein the location data is
transmitted to the processor upon request of the
processor. 8. Amethod as claimed in claim 5 wherein
the location data is transmitted to the processor upon
request of the processor. 9. A method as claimed in
claim 5 wherein the location data is transmitted to
the processor upon request of a user of the mobile
radio terminal. 10. A method as claimed in claim 9
wherein the location data is transmitted upon a change
in location of the mobile radio terminal. 11. A method
as claimed in any one of claims 2 to 10 wherein
further measurements of a further plurality of radio
signal parameters are obtained, until a buffer of the
mobile radio terminal is full. 12. A method according
to any one of claims 1 to 10 further comprising
selecting a subset of the obtained at least one
measurement and at least one subsequent measurement
for filtering according to a specific application. 13.
A method according to any one of claims 1 to 10
further comprising storing a plurality of location
data. 14. A method according to claim 13 further
comprising selecting a subset of the location data
according to a specific application.15. A method
according to any one of claims 1 to 14 wherein the
location data 



is transmitted in a variable length data message. 16.
A method as claimed in claim 15 wherein the length of
the data message is determined according to a specific
application. 17. A method as claimed in any one of
claims 1 to 16 further comprising periodically
removing one or more of the at least one measurement
and or the at least one subsequent measurement. 18. A
method as claimed in claim 17 wherein the step of
periodically removing the one or more of the at least
one measurement and the one or more of the at least
one subsequent measurement is done according to their
relevance. 19. A method as claimed in any one of
claims 1 to 18 further selecting a subset of obtained
location data for transmission, according to the
relevance of the subset. 20. A method as claimed in
any one of claims 1 to 18 further comprising selecting
a subset of obtained location data for transmission,
according to the size of the transmission data
message. 21. A method as claimed in any one of claims
1 to 20 wherein the plurality of radio signal
parameters include at least one unambiguous radio
signal parameter and at least one ambiguous radio
signal parameter.22. Amethod according to claim 21
wherein the ambiguous radio signal parameter is
resolved before being applied to the filter. 23.
Amethod according to claim 22 wherein the step of
resolving the 



ambiguous radio signal parameter is deferred for as
long as possible prior to being applied to the filter.
24. Amethod according to any one of claims 2 to 23
further comprising sending assistance information to
the mobile radio terminal. 25. A method as claimed in
claim 24 wherein a location estimation is calculated
at the mobile radio terminal using the assistance
information. 26. Amethod for calculating the location
of a mobile radio terminal in a radio communications
network the method comprising: receiving location data
processes according to the method of any one of claims
1 to 25 relating to the location of the mobile radio
terminal; and processing the data to calculate the
location of the mobile radio terminal. 27. A method as
claimed in claim 26 wherein the step of processing
comprises minimising a cost function. 28. Amethod as
claimed in claim 27 wherein the cost function is given
by: C(x) =Cr (x) +Ct (x) +Cu )where: Cr is the cost
associated with signal strength observations; Ct is
the cost associated with timing advance observations;
and Cu is the cost associated with unreported cell
observations. 29. A method as claimed in claim 28
wherein Cr , Ct and Cu are calculated as follows: 



Cu(x) 30. A system for performing the steps of any one
of claims 1 to 29. 31. A mobile radio terminal for
performing the steps of any one of claims 1 to 25. 


