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TRANSMISSION OF POSITION REFERENCE SIGNALS WITHIN
WIRELESS TELECOMMUNICATION NETWORK

FIELD OF THE INVENTION

The field of the invention relates to the transmission of position reference signals for
use in the detection of user equipment position within a wireless telecommunication

network.

BACKGROUND

OTDOA or observed time difference of arrival is a downlink positioning method used in
networks for detecting a user equipment’s position. In particular, network nodes
transmit PRS position reference signals and these are detected by user equipment. The
time of arrival of the different signals at the user equipment and in particular, the
RSTD reference signal time difference measurement at the user equipment can be used

as an indication of its location.

The PRS signal is delivered with a predefined bandwidth and a set of configuration
parameters such as periodicity, duration and subframe offset. The PRS are broadcast

in predefined positioning subframes grouped by several consecutive subframes which
form predefined time periods, termed PRS occasions. These repeat a certain number of
times and with a certain periodicity. In addition, the network node may be configured
for time based blanking so-called PRS muting during a subset of these repeating PRS
occasions when the PRS signal is muted. This allows PRS signals from cooperating
network nodes involved in the OTDOA to be more easily detected by the user

equipment.

One potential problem with existing OTDOA solutions is that the PRS is transmitted by
eNB and/or small cells and as the main purpose of these network nodes is data
transmission, the resources for the PRS transmission and OTDOA positioning are
limited. Furthermore, due to the deployment costs of these complex nodes, the number

of deployed nodes for PRS transmission may not be sufficient for accurate positioning.

It would be desirable to provide additional nodes for generating PRS signals which

have lower capital and deployment costs.
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SUMMARY

Afirst aspect of the present invention provides a method performed at a beacon for
broadcasting position reference signals, said method comprising: transmitting a
network access signal indicative of a geographical location of said beacon; receiving a
network control signal from a network control node, said network control signal
comprising a configuration control signal indicative of configuration information for
broadcast of said position reference signals; and broadcasting position reference

signals in accordance with said configuration information.

The inventors of the present invention recognised the problems associated with
increasing the positioning accuracy of OTDOA by using more network nodes and
determined that one solution might be to deploy beacons. Beacons are low cost/ low
complexity nodes, which are configured to broadcast specified signals, and do not
require the more complex and expensive circuitry associated with transmitting,
receiving and decoding data signals from user equipment. In order for such beacons to
be used in OTDOA they need not only broadcast position reference signals but the
network needs to be aware of their geographical location such that the determined time
difference of arrival between different signals can be linked to position. In this regard
the RSTD reference signal time difference measurement signal generated at the UE is
transmitted to its serving network node which forwards it to a network control node
such as a location server which determines the position. Thus, these beacons are
configured to transmit an indication of their geographical location to the network. The
configuration of the PRS signals that they broadcast also needs careful control by the
network. Thus, an aspect of the invention provides a beacon configured to perform a
method whereby a signal indicative of its geographical location is transmitted and a
network control signal is received from a network control node, which signal provides
some central network control of the configuration of the PRS signal such that it can be
broadcast in conjunction with other neighbouring cooperating network nodes without
undue interference between the signals. The RSTD responses to the PRS signals
broadcast by the beacon are received at the network node serving the responding UE.
Thus, the low complexity beacon does not require a receiver for receiving signals from a

UE.

In some embodiments, the network control signals are received from a network control

node via a backhaul link which may be a wired link or a wireless link.
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In some embodiments, the method comprises, prior to receiving said network
configuration control signal: generating position reference signal configuration
information and transmitting said position reference signal configuration information
as a configuration information signal to said network control node; wherein

said network configuration control signal comprises one of a confirmation signal
indicating said position reference signal configuration information generated by said
beacon is to be used, or a configuration information signal indicating updated

configuration information for broadcast of said position reference signal.

In some embodiments, rather than receiving configuration information from the
network, the beacon may generate its own position reference signal configuration
information. However, as noted previously, there needs to be some central knowledge
and control of this configuration information in order for the technique to operate
effectively. Thus, where this is the case then this information will be transmitted to the
network control node and the network configuration control signal that is received will
be in response to this and it may be a confirmation signal indicating that the position
reference signal configuration information that the beacon generated is ok to use, or it
may be an updated configuration information signal indicating new configuration
information that the beacon should use in the place of its own generated position

reference signal configuration information.

In some embodiments, the step of generating said position reference signal
configuration information comprises one of: generating said configuration information
in accordance with a predefined generation mechanism stored within said beacon; and
generating said configuration information in accordance with a random mechanism
operable to randomly select time and frequency resources for transmission of said

position reference signals within a set of predefined available resources.

The generating of the configuration information within the beacon may be done in
accordance with a predefined generation mechanism, the mechanism taking account of
the requirements of the system, the available resources and in some cases a knowledge
of the configuration of other cooperating nodes. Alternatively, it may be done usinga
random mechanism which selects time and frequency resources for the broadcast of the
position reference signals from a set of predefined available resources. In this regard,
there may be resources that are available for PRS signals, and by randomly assigning
them to different beacons it may be that the resources that are assigned are often

different to those assigned by other nodes and therefore suitable for reception by user
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equipment. This may be an acceptable way of generating such configuration
information, as the network control node will review these and will be able to refuse the
use of these resources and provide updated configuration information where it

determines that they are not appropriate.

With regard to the generating mechanism stored within the beacon, the properties of
this may be entered manually or they may be entered at deployment or configuration.
In the latter case, the properties that are entered may take account of the resources
used by cooperating network nodes for the broadcast of their PRS signals and this helps

the beacon to select appropriate resources.

In some embodiments, the network configuration control signal comprises a
configuration information signal indicating a time and frequency resource for

broadcast of the position reference signal.

The configuration control signal received from the network may comprise configuration
information which may include an indication of a time and frequency resource for
broadcast of the position reference signal. In this regard, in order for the responses to
the PRS signals to be interpreted and indeed to be successfully received by the user
equipment, the time and frequency resource of their broadcast must be known within
the network. Furthermore, as different nodes are cooperating in this position detection
technique these signals should be broadcast in such a way that they can be individually
received by user equipment and interference is reduced. Thus, having a network
control node involved in the configuration of the broadcast of these signals allows the
configuration to be selected with some central control and these requirements to be

met.

In some embodiments, in addition to indicating time and frequency resource for the
broadcast, the configuration information may further comprise at least one of: a
frequency bandwidth of said position reference signal; a frequency hopping pattern
indicating a frequency difference between subsequent position reference signal blocks
transmitted within a position reference signal time period; a period of repetition of said
position reference signal time period; a number of position reference signal blocks
transmitted in each of said position reference signal time periods; a number of physical
resource sub-blocks from each physical reference signal block; and a muting pattern
indicating time frequency resources within the position reference signal time period

during which no position reference signals or data signals are to be transmitted.

4
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In some embodiments, the network access signal comprises at least one of: an
indication of carrier frequencies supported by said beacon, a system frame number
initialisation time, a beacon identifier, an access point position indicating an estimated
geographical position of an antenna of said beacon, an indication of position reference
signal transmission power, a request for positon reference signal configuration
information an indication of physical reference signal transmission capacity and a

tracking area code.

The network access signal transmitted from the beacon is indicative of the geographical
location of the beacon, as this is required by the network in order for it to be able to
determine user equipment location. Further information may also be transmitted and
may include an indication of the carrier frequency supported by the beacon; this may
be important where the network control node is assigning the resources, via the
configuration information, to be used by the beacon for transmitting the PRS signals.
There may also be a system frame number initialization time which allows the beacon
and the network to be synchronised and allows the time differences of arrival of PRS
signals from different nodes at the user equipment to provide an accurate indication of
position. The signal may also comprise a beacon identifier, an access point position
indicating an estimated geographical position of the antenna of the beacon and these
may form the geographical location indicators or they may be in addition to other
geographical location indicators. The network access signal may also comprise an
indication of the PRS signal transmission power and in some cases it may include a
request for PRS signal configuration information and/or an indication of physical

reference signal transmission capacity and a tracking area code.

In some embodiments, the step of transmitting a network signal indicating a
geographical location of the beacon comprises transmitting a signal indicating multiple
transmission points and corresponding indications of multiple geographical locations
for said beacon, said configuration control signal being indicative of configuration
information for broadcast of said position reference signals from each of said multiple

transmission points.

In some embodiments, the beacon may comprise multiple transmission points, perhaps
in the form of multiple antennae, and in such a case the signal indicating the
geographical location of the beacon will indicate multiple geographical locations
corresponding to the multiple transmission points. Such a beacon can be used for

transmitting signals perhaps in different directions towards different user equipment,

5



10

15

20

25

30

35

WO 2018/029331 PCT/EP2017/070403

and in order for the position of user equipment to be determined accurately the

geographical location of each transmission point should be known.

A second aspect of the present invention provides a beacon for broadcasting position
reference signals, said beacon comprising: a transmitter for transmitting a network
access signal indicating a geographical location of said beacon; a receiver for receiving a
network control signal from a network control node, said network control signal
comprising a configuration control signal indicative of configuration information for
broadcast of said position reference signals; wherein control circuitry is configured to
control said transmitter to broadcast position reference signals in accordance with said

received configuration information.

In some embodiments, said beacon further comprises a position reference signal
configuration information generator operable to generate position signal configuration
information, said transmitter being operable to transmit said position reference signal
configuration information as a configuration information signal to said network control
node; wherein said network configuration control signal comprises one of a
confirmation signal indicating said position reference signal configuration information
generated by said beacon is to be used, or a configuration information signal indicating

updated configuration information for broadcast of said position reference signal.

In some embodiments, said configuration information signal comprises an indication

of a time and frequency resource for broadcast of said position reference signal.

In some embodiments, said network access signal comprises at least one of: an
indication of carrier frequencies supported by said beacon, a system frame number
initialisation time, a beacon identifier, an access point position indicating an estimated
geographical position of an antenna of said beacon, an indication of position reference
signal transmission power, a request for positon reference signal configuration
information an indication of physical reference signal transmission capacity and a

tracking area code.

Athird aspect of the present invention provides a method performed at a network
control node comprising: receiving a network access signal indicating a geographical
location of a beacon; a configuration control signal generator operable to generate a
configuration control signal; transmitting said configuration control signal to said

beacon, said configuration control signal being indicative of configuration information

6
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for broadcast of position reference signals; and receiving user equipment responses to

said broadcast position reference signals.

Where it has been determined to deploy beacons to transmit PRS signals to improve
the location detection accuracy then the configuration of the PRS signals broadcast by
these beacons may be controlled centrally at a network control node. Such a network
control node will receive a network access signal from the beacons and from this will be
able to determine their geographical location. The network control node can then
transmit a configuration control signal to the beacon and this will be indicative of
configuration information for broadcast of the PRS signals. The network control node
will also be responsible for determining the user equipment positions and will do this
by receiving user equipment responses to the PRS signals broadcast by the different
nodes within the network. In this regard, having received an indication of geographical
location and having transmitted the configuration control signal, the network control
node will be aware of both the location of the beacon and the configuration of the PRS
signals broadcast by it and can it therefore interpret signals received from the user

equipment in response to these PRS signals.

In some cases, the method comprises a further step of receiving a configuration
information signal comprising position reference signal configuration information from
said beacon and transmitting as said network configuration control signal one of: a
confirmation information signal indicating said received position reference signal
configuration information is to be used; or a configuration information signal
indicating updated configuration information for broadcast of said position reference

signal.

The configuration information for the beacon may be generated at the beacon itself and
the network control node will receive a signal indicating what this configuration
information signal is. The network control node will then determine whether this
configuration is appropriate, given its knowledge of the other nodes within the system,
and where it is appropriate it will transmit a confirmation signal to the beacon
indicating that the configuration information is ok to use. If it determines that it is not
suitable, it will transmit updated configuration information indicating configuration
information that should be used by the beacon for the broadcast of PRS signals. In this
way, the beacon may itself generate the configuration for the PRS signals, but these are

still centrally controlled by the network control node.
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In other embodiments, said configuration control signal comprises a configuration
information signal indicating a time and frequency resource for broadcast of said

position reference signal.

In alternative embodiments, rather than the beacon generating the configuration
information, the network control node will generate it and in this case the configuration
control signal will comprise a configuration information signal which will include at
least the time and frequency resource for broadcast of the position reference signal and

may include other configuration information.

In some embodiments, the method further comprises receiving a plurality of network
access signals indicating a corresponding plurality of geographical location of a
plurality of beacons; transmitting a plurality of configuration control signal to said
plurality of beacons, said configuration control signal being indicative of configuration
information for broadcast of position reference signals; and receiving user equipment
responses to a plurality of broadcast position reference signals; and determining a

position of a user equipment from said received signals.

The network control node acts as the location determiner and, in addition to receiving
network access signals from a plurality of beacons and providing them with
configuration control signals, the network control node also receives user equipment
responses to the plurality of broadcast position reference signals which are broadcast
by the nodes within the network, which nodes include beacons but may also include
other network nodes. From these signals a position of a user equipment will be
determined and this information may be transmitted back to the network node serving

those user equipment.

The network control node may be a number of things and in some embodiments the
network control node comprises one of a location server, a network node comprising a
base station or E-UTRAN node B, a small cell node and an OAM operations

administration and maintenance server.

Although the network control node may be in a conventional location server, in some
embodiments it is placed within one of the network nodes of the system which makes
the determination of the position of the user equipment less subject to delay and thus,

where the user equipment are moving, increases the accuracy.
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Afourth aspect of the present invention provides a network control node comprising a
receiver configured to receive network access signals indicating a geographical location
of a beacon; a configuration control signal generator operable to generate a
configuration control signal; a transmitter operable to transmit said configuration
control signal to said beacon said configuration control signal being indicative of
configuration information for broadcast of position reference signals; and wherein said
receiver is configured to receive user equipment responses to said broadcast position

reference signals.

In some embodiments, the network control node receiver is further configured to
receive a configuration information signal comprising position reference signal
configuration information from said beacon and said configuration signal generator is
configured to generate as said network configuration control signal one of: a
confirmation information signal indicating said received position reference signal
configuration information is to be used; or a configuration information signal
indicating updated configuration information for broadcast of said position reference

signal.

In some embodiments, said configuration control signal generator is configured to
generate a configuration information signal indicating a time and frequency resource

for broadcast of said position reference signal.

In some embodiments, said receiver is configured to receive a plurality of network
access signals indicating a corresponding plurality of geographical location of a
plurality of beacons; and said transmitter is configured to transmit a plurality of
configuration control signal to said plurality of beacons, said configuration control
signal being indicative of configuration information for broadcast of position reference
signals; and said receiver is configured to receive user equipment responses to a
plurality of broadcast position reference signals; said network control node comprising
position determination logic configured to determine a position of a user equipment

from said received signals.

In some embodiments, said network control node comprises one of a location server, a
network node comprising a base station or E-UTRAN node B, a small cell node and an

OAM operations administration and maintenance server.
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Afifth aspect of the present invention provides a computer program which, when
executed by a processor, is operable to control said processor to perform a method

according to a first or third aspect of the present invention.

Further particular and preferred aspects are set out in the accompanying independent
and dependent claims. Features of the dependent claims may be combined with
features of the independent claims as appropriate, and in combinations other than

those explicitly set out in the claims.
Where an apparatus feature is described as being operable to provide a function, it will
be appreciated that this includes an apparatus feature which provides that function or

which is adapted or configured to provide that function.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Figure 1illustrates a network with beacons for generating position reference signals
according to an embodiment; and

Figure 2 illustrates steps of a method performed at a beacon according to a first
embodiment;

Figure 3 illustrates steps of a method performed at a beacon according to a further
embodiment;

Figure 4 illustrates steps of a method performed at a network control node according to
an embodiment; and

Figure 5 shows a muting and PRS signal pattern for adjacent beacons operating in a

frequency hopping mode according to an embodiment.

DESCRIPTION OF THE EMBODIMENTS

Before discussing the embodiments in any more detail, first an overview will be

provided.

Determining the position of a user equipment using OTDOA or observed time
difference of arrival for signals transmitted by nodes within a network is one way of
determining UE positioning which can have a high level of accuracy but which may use
significant amount of network resources. Furthermore, in order for the determination
to have a high degree of accuracy, nodes cooperating in the scheme should be deployed

geographically frequently such that there are not areas without nodes and this may

10
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increase costs. The inventors of the present invention recognised these issues and
addressed them by using beacons as cooperating nodes within the scheme. The

beacons used are low cost nodes which are configured to transmit PRS signals.

In this regard, in order to do so in a way that is compatible with other cooperating
nodes within the network also broadcasting such signals, the beacon is configured to
communicate with the network to provide it with information regarding the beacon’s
geographical location and to cooperatively determine configuration information
indicative of time and frequency resources to be used for transmitting the PRS signals

with a network control node.

In this regard, in some embodiments, the beacon may generate the configuration
information itself either by having the relevant configuration entered perhaps manually
by an operator at deployment or on configuration of the beacon. If this is done on
deployment, a knowledge of the resources used for PRS signalling by other
neighbouring nodes cooperating in the scheme can be used to select a configuration to

that it is suitable for the network that the beacon is being deployed within.

Alternatively, there may be some random generating mechanism within the beacon that
is operable to randomly select time and frequency resources from within a set of
predefined available resources to be used for the PRS signals. In either event, this
configuration information is sent to a network control node which determines if it is
suitable for use within the network and will either respond with confirmation
information indicating that this configuration can be used, or will send an updated
configuration information signal indicating configuration information that should be

used.

In alternative embodiments, rather than the beacon generating configuration
information for the PRS signals the network control node may determine the
configuration of the PRS signals itself and this will be transmitted to the beacon in
response to the network access signal received from the beacon, which signal indicates
the beacon’s geographical location and in some embodiments may include a

configuration information request.

The network control node is configured to control the OTDOA technique and to control
the PRS signalling of each of the nodes within the network that are cooperating in this

technique and to forward this information to the UEs. It is also responsible for
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collecting the UEs responses and for determining their position. With regard to the
configuration of the signals, as noted above it may receive configuration information
from the different beacons and determine if this configuration is suitable or
alternatively it may determine the PRS signalling itself and transmit this to the
beacons. In this regard a network may have both beacons that have no configuration
information generation means and which will always receive the information from a
network control node, and beacons that have some generation mechanism. The
network control node will be able to determine from the network access signal received

from each beacon which type of beacon it is.

In this regard, the OTDOA technique being used may involve the beacons and the other
network nodes broadcasting a wide band PRS signal in one or more subframes of each
PRS occasion, alternatively they may transmit narrowband PRS signals and use
frequency hopping between the different subframes such that signals of different
frequency bandwidths are transmitted in each different subframe. This pattern of
broadcast signals is repeated in each PRS occasion or PRS time period. In thisregard a
wideband signal may have a bandwidth similar to that of a wideband user equipment,
say 10 MHZ, and the narrowband bandwidth may be similar to that of narrow band
user equipment such as MTC (machine type) UEs, IoT (internet of Things) UEs and
have a bandwidth of say 1.4MHz. In the latter case where there is frequency hopping
between the signals, the overall bandwidth used by the signals will be within the wider

band resource of say I0MHZ.

Figure 1schematically shows a OTDOA positioning system with PRS-based beacons
according to an embodiment. As can be seen, there are a plurality of beacons which
communicate with a control node which in this embodiment is shown as a location
server but may be any one of an eNB, a small cell node or some other network receiver
transmission node such as an OAM server. These beacons broadcast PRS signals
within a network. In addition at least a subset of the small cells and eNBs also
broadcast these signals. The control node will control the configuration of the signals
broadcast such that neighbouring nodes do not broadcast PRS signals which overlap in
a time and frequency resource. In this regard a muting pattern as well as a pattern of
broadcast may be part of the configuration information to ensure that neighbouring
nodes do not broadcast PRS signals or transmit data signals in the time frequency
resource sued for PRS broadcast by another node. The control node will also process
the responses received from the user equipment, which indicate a time delay of receipt

of the signals from the different nodes.
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The beacons will initially access the network by sending a network access signal to the
network and this will be transmitted to the control node, generally by a backhaul link.
This signal will indicate the geographical position of the beacon and may also include a
beacon identifier, a tracking area code which also provides some indication of the
geographical location, and an access point position which is the configured estimated
geographical position of the antenna of the beacon. In this regard, in some
embodiments a beacon may have multiple antennas, in which case multiple access
point positions will be transmitted. The network access information may further
comprise an indication of the supported carrier frequencies of the beacon which may be
indicated by an EARFCN (E-UTRA Absolute Radio Frequency Channel Number), an
indication of the bandwidth of the transmitter of the beacon, and it may also include a
system frame number (SFN) initialization time which may be used by the network
control node to determine at exactly what time the PRS signals are transmitted. The
network access signal may also comprise a PRS transmission power, and a PRS
transmission capacity indication. In embodiments where the beacon does not generate
the configuration information itself then it may also include a PRS configuration

information request.

Where the beacon generates its own configuration information then, following the
network access signalling or as part of it, the beacon will transmit its proposed PRS
configuration information to the network control node which can either respond with
updated configuration information or can confirm that this configuration information
is acceptable. In this regard, the beacon will have some sort of PRS configuration
generation mechanism which may be defined at deployment or configuration of the
beacon when there is some knowledge of where it is to be located, or it may be some
random mechanism which generates such configuration information within a set of
predefined resources. It should be noted that as the information is sent to the network
control node, where there is some overlap with other beacons then at least one of the
beacons will have its configuration information refused and updated configuration
information sent. Where the network control node finds that the proposed
configuration information is acceptable to the network it will send a confirmation

signal to this effect.

In embodiments where the beacon does not have a configuration information
generation mechanism, and in such a case may have transmitted a configuration

information request, then the network control node will transmit configuration
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information regarding the PRS signal configuration to the beacon which will then

configure the signals in this way.

The network control node will also transmit this configuration information to the
various user equipment and it may do this via the network nodes and this allows the
user equipment to monitor the appropriate time frequency resource for the PRS signals
and to respond to them. The network control node will analyse the responses and
determine the position of the user equipment from the time differences between the

signals.

It should be noted that the beacons are devices for broadcasting PRS signalling for
OTDOA positioning and can work with existing LTE/ LTE-A network and/or on their
own. The PRS-based beacon may be a plug-in device and may access the network by

wired connections or wireless connections via some backhaul link.

Steps for the beacon accessing the network are now described for particular

embodiments.

Step 1: the beacon sends the network access signalling to the network control node.

Step 2: the network control node sends the PRS configuration information to the

beacon after receiving corresponding network access signalling from the beacon.

Step 3: the beacon transmits the PRS signalling according to the received PRS

configuration information.

The network access signalling includes the beacon’s geographical location and may
include other aspects of the beacon’s capabilities as noted previously, such as the
frequencies it supports, its SFN initialization time and the geographical position of its
antenna. Where there are multiple transmission points of a beacon, perhaps due to it
having multiple antennae, then the network access signalling sent by the beacon will
include one or more beacon point identifiers with each point identifier being associated
perhaps with a partial or full tracking area code, a supported carrier frequency
indication, a number of antenna points, an access point position and PRS transmission

power, as well as the information mentioned above.
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Where there is a single PRS transmission point per beacon then the location server will
send the PRS configuration information to the beacon for the PRS configuration of this
beacon. This PRS configuration information may include one or more of the following:
a beacon identifier, PRS transmission power, or carrier frequency indication for PRS
transmission which may include EARFCN, PRS bandwidth and/or PRS frequency
hopping pattern. It may also include a sub-frame indication for the PRS transmission;
for example, it may include a PRS configuration index, a number of downlink frames
and/or PRS muting configuration. The muting pattern indication may be in the time
and/or in the frequency domain. It may include the SFN initialization time, a number

of antenna points and the cyclic prefix length of the PRS.

Where the beacon has multiple PRS transmission points then the configuration
information received may include different carrier frequency indications for the PRS
transmission of each transmission point and different sub-frame indications and

potentially different transmission power.

The procedure for the beacon to access the network can be described generally as the

following steps:

PRS beacon sends the PRS configuration information to the network control node. The
PRS configuration information from the beacon might be predefined, manually

inputted or randomly generated.

In a second step, the location server sends the confirmation or updated PRS

configuration information to the beacon.

In the third step, the beacon transmits the PRS signalling according to the received
configuration information or according to its own generated configuration information

where it has received confirmation that this is acceptable.

Figure 2 shows a flow diagram illustrating a method performed at a beacon according
to one embodiment. In this embodiment, the beacon does not have a configuration
information generation mechanism and as such when it transmits its initial network
control signal to the network control node which includes an indication of its
geographical location, the signal also includes a request to the network control node for

configuration information.
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In response to this the beacon receives a configuration information signal from the
network control node and it can then broadcast PRS signals using the received
configuration information. In this way, a very simple node can broadcast this
information using a configuration that is determined more centrally by a network

control node.

Figure 3 shows steps in a method performed at an alternative embodiment of the
beacon. In this embodiment the beacon comprises a configuration information
generation mechanism. Thus in this embodiment, the initial network control signal
will simply indicate the geographical position of the beacon. This may be done by
transmitting an identifier identifying the beacon perhaps with a tracking area code
and/or with an estimate of the geographical location of the antenna. The beacon will
also generate configuration information for PRS signalling and it may do this in
response to some manual inputs or in response to some information input at
deployment or it may have some random generation mechanism that generates such
configuration information within predetermined bounds in arandom manner. In any
case, the generated configuration information is transmitted to the network control
node which receives it and transmits a response. The response will either indicate that
the configuration information that was generated is OK or it will send updated
configuration information that it would prefer the beacon to use. In response to this
signal, the beacon will either broadcast PRS signals using the generated configuration
information or it will broadcast PRS signals using the received configuration

information.

In this way the network control node can retain control of the PRS signals that are
generated by cooperating network nodes in the system, while allowing the beacon some

autonomy.

Figure 4 shows steps in a method performed at a network control node such as a
location server. The network control node will receive network access signals which
will indicate the geographical locations from a plurality of beacons. It will transmit
configuration control signals to the beacons. The configuration control signals will be
indicative of configuration information for broadcast of position reference signals by
these beacons. In this regard, where the beacons have generated their own
configuration information, the control signal will indicate either that they can use this
configuration information or that they should use different configuration information

which will be transmitted in the signal.
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Alternatively, where the beacons have no configuration information generation
mechanisms, then the network control node will simply transmit some configuration

information to the beacons.

The network control node will then receive user equipment responses to the broadcast
position reference signals that are broadcast by the beacons and perhaps by network
nodes under the control of the network control node. These received signals indicate
time delays between receiving the PRS signals from different nodes at the UEs and
from this information and a knowledge of the configuration of the PRS signals
broadcast, the position of the user equipment will be determined and this may be

transmitted to the network node serving that user equipment.

The PRS configuration information that is either generated at the beacon or at the
network control node indicates how the PRS signals of each node are to be broadcast.
It includes the frequency bandwidth of the PRS signals and the subframe(s) they are to
be broadcast in. It may also indicate their pattern of broadcast. In this regard the
signals are broadcast during PRS time periods termed occasions which are repeated a
number of times. Thus, the periodicity and number of repetitions may be part of the
configuration information along with the PRS time period. The number of PRS blocks
transmitted in each of the PRS time periods, and the number of physical resource
subblocks in each PRS block may also be included. Furthermore, there maybe a
particular pattern of broadcast and a particular pattern of muting during which no PRS
or data signals are transmitted and this pattern may be included in the configuration
information. There may also be a frequency hopping pattern such as is shown for two
neighbouring beacons termed node 1and node 3 in Figure 5. In this case within each
PRS time period node 1 broadcasts different PRS signal blocks in different frequency
bandwidths and the frequency hopping pattern indicates a frequency difference
between subsequent PRS blocks. Node 3 has a complementary muting pattern. In
some cases there may be a time gap between each PRS block broadcast and this may

also be included in the configuration information.

A person of skill in the art would readily recognize that steps of various above-
described methods can be performed by programmed computers. Herein, some
embodiments are also intended to cover program storage devices, e.g., digital data
storage media, which are machine or computer readable and encode machine-
executable or computer-executable programs of instructions, wherein said instructions

perform some or all of the steps of said above-described methods. The program storage
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devices may be, e.g., digital memories, magnetic storage media such as a magnetic disks
and magnetic tapes, hard drives, or optically readable digital data storage media. The
embodiments are also intended to cover computers programmed to perform said steps

of the above-described methods.

The functions of the various elements shown in the Figures, including any functional
blocks labelled as “processors” or “logic”, may be provided through the use of dedicated
hardware as well as hardware capable of executing software in association with
appropriate software. When provided by a processor, the functions may be provided by
a single dedicated processor, by a single shared processor, or by a plurality of individual
processors, some of which may be shared. Moreover, explicit use of the term
“processor” or “controller” or “logic” should not be construed to refer exclusively to
hardware capable of executing software, and may implicitly include, without limitation,
digital signal processor (DSP) hardware, network processor, application specific
integrated circuit (ASIC), field programmable gate array (FPGA), read only memory
(ROM) for storing software, random access memory (RAM), and non-volatile storage.
Other hardware, conventional and/or custom, may also be included. Similarly, any
switches shown in the Figures are conceptual only. Their function may be carried out
through the operation of program logic, through dedicated logic, through the
interaction of program control and dedicated logic, or even manually, the particular
technique being selectable by the implementer as more specifically understood from

the context.

It should be appreciated by those skilled in the art that any block diagrams herein
represent conceptual views of illustrative circuitry embodying the principles of the
invention. Similarly, it will be appreciated that any flow charts, flow diagrams, state
transition diagrams, pseudo code, and the like represent various processes which may
be substantially represented in computer readable medium and so executed by a

computer or processor, whether or not such computer or processor is explicitly shown.

The description and drawings merely illustrate the principles of the invention. It will
thus be appreciated that those skilled in the art will be able to devise various
arrangements that, although not explicitly described or shown herein, embody the
principles of the invention and are included within its spirit and scope. Furthermore,
all examples recited herein are principally intended expressly to be only for pedagogical
purposes to aid the reader in understanding the principles of the invention and the

concepts contributed by the inventor(s) to furthering the art, and are to be construed as
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being without limitation to such specifically recited examples and conditions.
Moreover, all statements herein reciting principles, aspects, and embodiments of the
invention, as well as specific examples thereof, are intended to encompass equivalents

thereof.
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CLAIMS

1. A method performed at a beacon for broadcasting position reference signals,
said method comprising:

transmitting a network access signal indicative of a geographical location of said
beacon;

receiving a network control signal from a network control node, said network
control signal comprising a configuration control signal indicative of configuration
information for broadcast of said position reference signals; and

broadcasting position reference signals in accordance with said configuration

information.

2. A method according to claim 1, wherein said network configuration control
signal comprises a configuration information signal indicating a time and frequency

resource for broadcast of said position reference signal.

3. A method according to claim 1, comprising prior to receiving said network
configuration control signal:

generating position reference signal configuration information and transmitting
said position reference signal configuration information as a configuration information
signal to said network control node; wherein

said network configuration control signal comprises one of a confirmation
signal indicating said position reference signal configuration information generated by
said beacon is to be used, or a configuration information signal indicating updated

configuration information for broadcast of said position reference signal.

4. A method according to claim 3, wherein said step of generating said position
reference signal configuration information comprises one of:

generating said configuration information in accordance with a predefined
generation mechanism stored within said beacon; and

generating said configuration information in accordance with a random
mechanism operable to randomly select time and frequency resources for transmission

of said position reference signals within a set of predefined available resources.

5. A method according to claim 3 or claim 4, wherein said configuration
information signal comprises an indication of a time and frequency resource for

broadcast of said position reference signal.
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6. A method according to any preceding claim wherein said network access signal
comprises at least one of: an indication of carrier frequencies supported by said beacon,
a system frame number initialisation time, a beacon identifier, an access point position
indicating an estimated geographical position of an antenna of said beacon, an
indication of position reference signal transmission power, a request for positon
reference signal configuration information, an indication of physical reference signal

transmission capacity and a tracking area code.

1. A method according to any one of claims 1 to 6, wherein said step of
transmitting a network signal indicating a geographical location of said beacon
comprises transmitting a signal indicating multiple transmission points and
corresponding indications of multiple geographical locations for said beacon, said
configuration control signal being indicative of configuration information for broadcast

of said position reference signals from each of said multiple transmission points.

8. A beacon for broadcasting position reference signals, said beacon comprising:

a transmitter for transmitting a network access signal indicating a geographical
location of said beacon;

a receiver for receiving a network control signal from a network control node,
said network control signal comprising a configuration control signal indicative of
configuration information for broadcast of said position reference signals; wherein

control circuitry configured to control said transmitter to broadcast position

reference signals in accordance with said received configuration information.

9. A beacon according to claim 8, said beacon further comprising a position
reference signal configuration information generator operable to generate position
signal configuration information, said transmitter being operable to transmit said
position reference signal configuration information as a configuration information
signal to said network control node; wherein

said network configuration control signal comprises one of a confirmation
signal indicating said position reference signal configuration information generated by
said beacon is to be used, or a configuration information signal indicating updated

configuration information for broadcast of said position reference signal.

10. A method performed at a network control node comprising:
receiving a network access signal indicating a geographical location of a beacon;

generating a configuration control signal;
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transmitting said configuration control signal to said beacon, said configuration
control signal being indicative of configuration information for broadcast of position
reference signals; and

receiving user equipment responses to said broadcast position reference signals.

11. A method according to claim 10, comprising a further step of receiving a
configuration information signal comprising position reference signal configuration
information from said beacon and transmitting as said network configuration control
signal one of:

a confirmation information signal indicating said received position reference
signal configuration information is to be used; or

a configuration information signal indicating updated configuration

information for broadcast of said position reference signal.

12. A method according to claim 10, wherein said configuration control signal
comprises a configuration information signal indicating a time and frequency resource

for broadcast of said position reference signal.

13. A method according to any one of claims 10 to 12 wherein said network control
node comprises one of a location server, a network node comprising a base station or
E-UTRAN node B, a small cell node and an OAM operations administration and

maintenance server.

14. A network control node network control node comprising:

a receiver configured to receive network access signals indicating a geographical
location of a beacon;

a configuration control signal generator operable to generate a configuration
control signal; and

a transmitter operable to transmit said configuration control signal to said

beacon.

15. A computer program which when executed by a processor is operable to control

said processor to perform a method according to any one of claims 1to 8, and 10 to 13.
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