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POSITION DETECTION OF USER EQUIPMENT WITHIN A WIRELESS
TELECOMMUNICATION NETWORK

FIELD OF THE INVENTION
The invention relates to position detection of user equipment 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 their location.

Existing OTDOA solutions have some delay in the RSTD measurement and reporting
mechanisms and this can lead to inaccuracies when measuring the position of moving
user equipment. For example, if there are 16 PRS occasions each 160 ms apart with
different network nodes being muted in different ones of these occasions, then RSTD
measurement time is at least 16 X 160 ms = 2560 ms which were the UE speed to be
30KM/h for example then the UE will have moved about 21m in each RSTD
measurement period. Faster moving UEs will of course move further. 160ms is the
closest time period for the PRS occasions and for longer periodicities the errors will be

increased.

It would be desirable to produce an improved positioning measurement scheme that
was applicable to all UEs, had increased accuracy for moving UEs and did not use an

undue amount of resource.

SUMMARY

A first aspect of the present invention provides a method performed at a network node
of broadcasting position reference signals, said position reference signals being
broadcast as a repeating pattern within a periodically repeating position reference
signal time period, said method comprising: controlling said network node to broadcast
during each of said position reference signal time periods, a plurality of position
reference signal blocks each within a time frequency resource block, at least one of said

plurality of position reference signal blocks comprising a plurality of consecutive
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subblocks, at least one position reference signal subblock comprising a time period in
said time frequency resource block during which said network node broadcasts said
position reference signal and at least one muted subblock comprising a different time
period within said time frequency resource block during which said network node
broadcasts no position reference or data signal in a frequency bandwidth of said time

frequency resource block.

By dividing at least one position reference signal block into subblocks in the time
domain and providing muting in at least one subblock and broadcasting a signal in at
least one other subblock, at least one reference position signal is broadcast in the block
while some resource of the block is muted leaving it available for other network nodes
to broadcast their own position reference signals. This allows the resource of a position
reference signal block used by one network node to also be used by a further network
node as there is resource available within the muted subblocks. A position reference
signal block comprises a time frequency resource block which includes a plurality of
physical resource blocks in one or more contiguous carrier frequency resource blocks
and contiguous subframes. Each subblock comprises at least one physical resource

block comprising at least one subframe.

In effect by dividing a PRS block into subblocks in the time domain, each subblock may
be used to either transmit a position reference signal or to be muted, that is not to
transmit a data or position reference signal in this time frequency resource subblock.
Muting in this way provides an opportunity for one or more further network nodes to
use the same position reference signal block provided that a complementary muting
pattern is chosen, allowing position reference signals to be transmitted by multiple
network nodes within one PRS block. Thus, rather than two nodes muting on different
PRS time periods or occasions, muting occurs within one PRS block such that two or
more nodes may send their signals in a same PRS block. In order to determine a user
equipment’s position the user equipment must respond to PRS signals from different
network nodes. Thus, responding to different nodes in a same time block enables the
time period of the positon detection to be reduced which in turn reduces latency and for

faster moving UEs in particular, improves accuracy.

In some embodiments, at least two of said plurality of position reference signal blocks
broadcast within said reference signal time period are broadcast in different frequency
bands.
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User equipment which communicate using a wireless communication network are used
in increasingly different types of applications and as such are designed with very
different properties. There are smart phone user equipment for example which
generally have wideband receivers capable of receiving and transmitting a lot of data.
These wideband receivers may have bandwidths of between 10 and 30 MHZ, preferably
10 MHZ. Other user equipment may be low complexity equipment used simply to
transmit and receive particular information such as a meter reading. These are
sometimes termed MTC or machine type user equipment and typically have
bandwidths of between 1 and 2 MHZ, preferably 1.4MHZ. Narrowband Internet of
Things devices may have even lower bandwidths perhaps between 100 and 500 KHZ
and often 180KHZ. PRS signals have conventionally been broadcast in a bandwidth
suitable for wider band user equipment. This is expensive in resources and where the
user equipment has a narrowband receiver this wideband resource is wasted. Thus, in
some embodiments the PRS signals may be transmitted in narrower bandwidths
perhaps a bandwidth of a narrow bandwidth user equipment. This allows signals to be
transmitted at different frequencies and yet still remain with the conventional
wideband. These different frequency signals can either be broadcast in the same time
period in which case the different signals may be directed to different UEs, or they may
be broadcast in different time periods in which case they will be directed to the same
UE, the idea of changing the frequency being to increase the frequency bandwidth of
the signals received while not reserving an increased bandwidth for the broadcast of the

signal.

In this regard, using a reduced frequency bandwidth has the advantage of reducing
resources used; however, it has a disadvantage of reduced accuracy of measurement.
In order to address this and still used reduced resources it may be advantageous to
transmit different PRS blocks at different frequencies. In this way position reference
signals across a wider frequency range are transmitted while only a reduced bandwidth

is reserved at any one time for these signals.

In some embodiments, each of said plurality of said position reference signal blocks
comprise at least one position reference subblock and at least one muted subblock,
while in other embodiments a subset of the position reference signal blocks contain
broadcast and muted subblocks while another subset comprise uniform subblocks, all

broadcasting PRS signals or all muted.
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In some embodiments, each of said plurality of reference signal blocks are broadcast
within a predetermined frequency bandwidth, at least two of said position reference
signal blocks broadcast subsequent to each other are broadcast at frequencies that are

remote from each other by at least one of said predetermined bandwidth.

In some cases, it may be advantageous if the position reference signals that are
transmitted closest to each other in time are not close to each other in frequency, that is
they do not form adjacent frequency bandwidths but are remote from each other by at
least one of the predetermined frequency bandwidths. This allows for an increased
overall bandwidth of the signals that are transmitted and may reduce interference

effects.

In some embodiments, said method comprises following broadcast of one of said
plurality of position reference signal blocks waiting a predetermined time before
broadcasting a subsequent position reference signal block such that there is a time gap
between broadcast of said position reference signal blocks within said position

reference time period.

It may be advantageous to leave a time gap between broadcast of the position reference
signals and this is particularly the case where frequency hopping is involved as the user
equipment receiving the signals will need to change the frequency bandwidth of the
receiver to compensate for the frequency hopping of the reference signals and as such,
providing a time delay may enable the user equipment to perform this action in good

time to receive this signal.

In some embodiments, each of said position reference blocks comprises a same
broadcast pattern of said positon reference subblock and said muted reference
subblock.

Providing a same pattern for each position reference block provides a configuration
that is easier to define and communicate to the different elements involved and one

which is simple to execute and produce a complementary pattern to.

In other embodiments, at least two of said position reference blocks broadcast within a
position reference signal time period comprises a different broadcast pattern of said
subblocks.
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Although the simplest solution may be to have identical subblock patterns within all
position reference signal blocks in a position reference signal time period, in some
embodiments they may be different. Having different blocks allows a greater choice of
patterns for muted and signal subblocks. In this regard, in some cases a whole block

may be muted or a whole block may contain a position reference signal.

In some embodiments, at least one of said position reference signal block comprises at
least two position reference signal subblocks and at least one muted subblock, at least
one of said position reference signal subblocks being broadcast before and at least one

after said muted subblock.

In some cases the muted subblock in at least one of the blocks will not be an edge of the

position reference signal block, while in other cases it may be.

In some embodiments, said method further comprises transmitting position reference
signal configuration information to at least one further network node, said position
reference signal configuration information comprising an indication of a broadcast
pattern of said at least one position reference signal subblock and muted subblock

within at least one of said position reference signal block.

The configuration information regarding how the position reference signals are to be
broadcast may be transmitted to a further network node which may be a base station
(e.g. eNB) or a location server. The configuration information includes the broadcast
pattern of the subblocks within at least one position reference block. Where the
position reference blocks are identical then configuration information for one block will
be sufficient. However, where position reference blocks broadcast within a position
reference time period are different then a plurality of such configuration information
will be transmitted. This further network node may then transmit the information to
user equipment, in some cases via this network node. In some embodiments the
further network node may use this information to analyse signals received from user

equipment in response to the position reference signal blocks broadcast.

In some embodiments, said reference signal configuration information further
comprises at least one of: a period of repetition of said position reference signal time
period, an indication of a subframe of a start of a first position reference block in a first
position reference time period, a number of physical signal blocks transmitted in each

of said position reference signal time periods, an indicator of a pattern of frequency
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locations of said position reference signal blocks broadcast within said position
reference signal time period, a number of position reference subblocks in each position
reference block, a number of subframes between transmission of position reference

blocks within a position reference time period.

In order for the user equipment to be able to monitor the appropriate resources and for
the further network node to analyse the response signals received from the user
equipment further configuration information regarding the PRS signals may be

required.

In some embodiments, the method further comprises receiving reference signal
configuration information from at least one further network node, said method
comprising receiving response signals from a user equipment to said position reference
signals broadcast by said network node and by said at least one further network node
and deriving location information for said user equipment from said received

responses.

The network node may also receive configuration information from other network
nodes indicative of the resources they are using to broadcast PRS blocks. This allows
the network node to be able to analyse responses from user equipment both to its own
position reference signals but also to those broadcast by other network nodes. With
suitable analysis a location of a user equipment can be derived. Conventionally this has
not been done at a network node itself but rather at a location server which although in
some embodiments is on the network node is often remotely located within a control
node. Performing the analysis at the network node that transmits the position
reference signals reduces latency and again helps in increasing the accuracy of the

analysis of a position of a user equipment, particularly a fast moving user equipment.

A second aspect provides a network node for broadcasting position reference signals as
a repeating pattern within a periodically repeating position reference signal time
period, said network node comprising: a transmitter for broadcasting signals; control
circuitry for controlling said transmitter to broadcast within each of a plurality of
position reference signal time periods, a plurality of position reference signal blocks, at
least one position reference signal block in a time frequency resource block, said at
least one position reference signal block comprising at least one position reference
signal subblock comprising a time period in said time frequency resource block during

which said network node broadcasts said position reference signal and at least one
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muted subblock comprising a different time period within said time frequency resource
block during which said network node broadcasts no position reference or data signal

in a frequency bandwidth of said time frequency resource block.

In some embodiments, the network node is configured to broadcast at least two of said
plurality of position reference signal blocks broadcast within said reference signal time

period in different frequency bands

A third aspect provides a method performed at a location server comprising: receiving
position reference signal configuration information from a network node for at least
one user equipment, said position reference signal configuration information
comprising: an indication of a broadcast pattern of at least one position reference
signal subblock and muted subblock within at least one position reference signal block
broadcast by said network node, said at least one position reference signal block being
broadcast in a time frequency resource block and each subblock being broadcast for a
different time period within said time period of said frequency resource block;
transmitting said position reference signal configuration information towards said at
least one user equipment; and receiving user equipment responses to said broadcast

position reference signals.

A location server may be used to analyse the responses of the user equipment to the
different position reference signals and in such a case, the location server will be
provided with configuration information from the network node indicating how the
broadcasting of position reference signals is configured. It will forward this
information to the user equipment and it will also use it in its analysis of responses to
the signals from the user equipment and it will also transmit this information to the
user equipment. In some cases it may receive configuration information for multiple
network nodes that has a complementary muting and broadcast pattern, and the
location server will transmit this configuration information to the user equipment and
receive user equipment response signals pertaining to responses to PRS signals

broadcast by each of the network nodes during a same PRS time period.

In some embodiments, said configuration information comprises configuration
information for a plurality of position reference signal blocks, said configuration
information indicating that at least two of said plurality of position reference signal
blocks broadcast within said reference signal time period are broadcast in different

frequency bands.
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A fourth aspect provides a method performed at a user equipment, said method
comprising: receiving position reference signal configuration information for a network
node and a further network node, said position reference signal configuration
information comprising: an indication of a time frequency resource of a plurality of
position reference signal blocks to be broadcast by said network node and an indication
of a time frequency resource of a plurality of position reference signal blocks to be
broadcast by said further network node, said reference signal configuration information
further comprising an indication of a broadcast pattern of at least one position
reference signal subblock and muted subblock within at least one position reference
signal block broadcast by each of said network node and said further network node;
wherein at least one of said time frequency resource of said position reference signal to
be broadcast by said first and said further network node are a same time frequency
resource, said broadcast patterns of each being complementary broadcast patterns;
monitoring for said position reference signal at said indicated time and frequency
resources; and transmitting responses to receipt of said position reference signals
broadcast during said at least one same time frequency resource to said network node
and said further network node.

User equipment is provided that is able to detect PRS signals from multiple network
nodes within a time period of one PRS block. In this regard the time frequency
resource of the PRS block that contains signals from more than one network node is
divided in the time domain into subblocks and each network node broadcasts a PRS
block in this time frequency domain that has a different complementary muting and
broadcast pattern such that one of the network node broadcasts a PRS block during a
subblock time period during which the other node is muted, and vice versa. This allows
signals from two or more network nodes to be received during a time period of one PRS
block reducing latency in the response time of the user equipment. Where a user
equipment is moving, this ability to respond to two signals in quick succession

increases accuracy significantly.

In some embodiments, at least two of said plurality of position reference signal blocks
broadcast within one reference signal time period are broadcast in different frequency
bands, said monitoring step comprising monitoring said different frequency bands

during said indicated times.

A fifth aspect of the present invention provides a user equipment comprising: a receiver

configured to receive position reference signal configuration information from a
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plurality of network nodes, said position reference signal configuration information
comprising: an indication of a time frequency resource of position reference signal
blocks to be broadcast by each of said network nodes, said reference signal
configuration information further comprising an indication of a broadcast pattern of at
least one position reference signal subblock and muted subblock within at least one of
said position reference signal block broadcast by each of said network nodes; wherein
at least one of said time frequency resource of said position reference signal to be
broadcast by a network node and a further network node are a same time frequency
resource, said broadcast patterns of each being complementary broadcast patterns;
monitoring circuitry for monitoring for said position reference signals at said indicated
time and frequency resources, said user equipment being configured to monitor for
signals from said network node and said further network node during said same time
frequency resource; and a transmitter for transmitting responses to receipt of said
position reference signals broadcast during said at least one same time frequency

resource, to said network node and said further network node.

A sixth aspect of the present invention provides a computer program operable when
executed by a computer to control said computer to perform steps in a method

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

A seventh aspect provides a location server comprising: a receiver configured to receive
position reference signal configuration information from a network node for at least
one user equipment, said position reference signal configuration information
comprising: an indication of a broadcast pattern of at least one position reference
signal subblock and muted subblock within at least one position reference signal block
broadcast by said network node, said at least one position reference signal block being
broadcast in a time frequency resource block and each subblock being broadcast for a
different time period within said time period of said frequency resource block; and a
transmitter configured to transmit said position reference signal configuration
information towards said at least one user equipment; and a receiver configured to

receive user equipment responses to said broadcast position reference signals.

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.
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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 1 illustrates PRS signalling according to the prior art;

Figures 2a and 2b illustrates PRS signalling involving frequency hopping according to a
related technique;

Figure 3 illustrates PRS signalling with finer muting patterns according to an
embodiment;

Figure 4 illustrates PRS signalling with finer muting patterns and frequency hopping
according to an embodiment; and

Figure 5 schematically shows a network according to an embodiment.

DESCRIPTION OF THE EMBODIMENTS

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

provided.

OTDOA observe time difference of arrival is a downlink positioning method used in
networks for detecting user equipment’s position. In particular, network nodes
transmit PRS position reference signals and these are detected by user equipment UE.
The time of arrival of the different signals detected 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 the UE’s location. As noted previously when
a UE’s speed increases, the existing PRS configuration and RSTD reporting
mechanisms for OTDOA positioning will result in serious positioning errors due to the
RSTD measurement reporting delay. In this regard, PRS signals are conventionally
transmitted as multiple PRS blocks within a time period sometimes denoted as a PRS
occasion. The transmission of these signals within this time period is repeated

periodically a predetermined number of times.

Conventionally, the PRS signal has been broadcast across a relatively wide frequency
band within one or more subframes and in order to avoid interference with
neighbouring nodes, there may be muting pattern so that for some of the time periods

in the periodic repeating pattern rather than transmitting the PRS signals, the network
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node will be muted such that in the time frequency resources where the PRS signals are
muted, no PRS and no data signals will be broadcast, leaving this PRS time frequency
resource available for other network nodes to transmit their PRS signals. This means
that for a user equipment to receive PRS signals from multiple network nodes, multiple
time periods will have passed and thus, these multiple time periods will be required
before it can determine the relative time differences between arrival of these different
signals. This has been addressed in embodiments of the invention by in effect
providing a finer muting and broadcast pattern. This is done by dividing a PRS block
into subblocks in the time domain and providing a broadcast pattern for each block
such that some of the subblocks are used by one network node for broadcasting PRS
signals and some of the subblocks are muted, such that the network node does not
broadcast PRS signals or data signals during these muted subblocks. This allows other
cooperating network nodes to use these resources for broadcast of their own PRS

signals.

In this way, cooperating network nodes will have complimentary broadcasting patterns
for PRS signals and muting signals in the same time frequency resources, such that if
network node 1 transmits a first subblock with a PRS signal, a second sub block as a
muted sub block and a third sub block as a PRS signal, then in the same time frequency
resource node 2 might be muted in the first sub block, broadcast a PRS signal in the
second subblock and be muted in the third subblock. In this way, a user equipment will
receive a PRS signal from network node 1 in the first sub block, a PRS signal from
network node 2 in the second sub block and a PRS signal from network node 1 in the
third subblock. It will therefore be able to determine RSTD measurements for the two
nodes within this block and send responses thereto to the network control node or
location server determining its location. In this way, delays in the system are
significantly reduced and particularly for fast moving user equipment, a more accurate

result can be determined.

It should be noted that the particular muting pattern used by the blocks is configurable
and configuration information is received at the network node indicating the pattern to
be used. This may be configured on deployment of a node and for some blocks, there
may be no muted subblocks and the pattern may be a whole block being muted or a
whole block being broadcast. However, for at least some of the blocks, there will be

some muting some of the time.
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In some cases, each block in each PRS time period has the same muting and broadcast
pattern while in other cases the patterns between blocks in a particular PRS time period
may be different. In each case, the PRS time periods that are repeated will have the
same PRS blocks within them.

Figure 1 shows a conventional solution for the broadcast of PRS signals from a network
node. In this example, there are four PRS occasions and there is a muting pattern of
1010. Furthermore, the PRS signal is transmitted across four subframes and is

transmitted across a relatively wide frequency band of 10MHz.

It should be noted that in the conventional solution, one PRS occasion which is
periodically repeated with a PRS period could have one, two, four or six PRS subframes
and the period of the PRS occasion can be 160, 320, 640 or 1,280 ms. One PRS pattern
in the time domain could include 2, 4, 8 or 16 PRS occasions. A PRS occasion is the
time period during which the PRS signals are transmitted. The PRS muting pattern
indicates whether the PRS in the corresponding PRS occasion is muted or not and in
the example of Figure 1 the muting pattern is 1010, indicates that the signal is not
muted for the first and third occasions but is muted for the second and fourth
occasions. Where the PRS occasion is muted, then there is no PRS signal and no data
transmission and no EPDCCH, in this PRS occasion. This improves PRS hearability for

signals from other cells.

Figures 2a and 2b show an alternative pattern of PRS signals broadcast according to a
related technique devised by Nokia and detailed in a co-pending application. In this
example, the PRS signal is broadcast in narrow bandwidths within the wider bandwidth
that was available in the conventional PRS signalling. Thus, in this example, the
10MHz frequency band is shown but each PRS signal block will only use a subset of this
frequency band and in fact, in this example, each PRS signal block covers a bandwidth
of 1.4MHz and one subframe each block having either a muted signal or a PRS signal.
There is frequency hopping between the signals such that they are each sent in a
different frequency range. It should be noted that the PRS time period and the number
of PRS signals broadcast in each time period and their width in the frequency and time

domain is all configurable.

In the examples of Figure 2 there is also a frequency gap equal to the bandwidth of the
signal, that is 1.4MHz, between the different PRS signal blocks. Each PRS block is in

this case 1.4MHz wide in the frequency domain and one subframe wide in the time
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domain. As can be seen in the figure, the carrier frequencies of one PRS block will be
changed in the following PRS subframe according to a predefined frequency hopping
pattern and in the case of Figure 2B, there will be a PRS hopping gap between these
PRS blocks. Leaving a time gap between the signals which are transmitted in different
frequency bands allow user equipment receiving them to adjust the frequency of its
receiver and may improve performance. However, as can be appreciated, it delays the
time for receiving the entire signal and thus, for fast moving UEs, may have

disadvantages.

As can be seen from Figure 2, node 3 has a muting pattern that corresponds to the
broadcast pattern of node 1. Thus, not only is the frequency bandwidth required for
transmitting the PRS signals reduced, but the muting bandwidth is also reduced which
means that additional resources compared to the conventional system are available for
other signalling. By using frequency hopping, the frequency bandwidth of the entire
signal is increased and this can improve the accuracy of measurement while still

conserving resources.

Figure 3 shows PRS signals with a muting pattern according to an embodiment of the
present invention. In this embodiment, narrowband PRS signals are broadcast but
without the frequency hopping. In this embodiment each PRS block is four subframes
wide and there is a muting pattern within each PRS block such that for a first subframe,
node 1 will broadcast a PRS signal whereas for a subsequent subframe, it will be muted.
For the next two subframes, it will broadcast the signal. Cooperating node, node 3, will
have a complimentary pattern to this such that during the first subframe it will be
muted, and during the second subframe it will broadcast a signal and during the third
and fourth subframes it will be muted. In this way, during each PRS occasion multiple
network nodes can broadcast PRS signals with complimentary broadcast and muting
patterns such that user equipment served by these nodes will receive signals from
multiple nodes. Each PRS block includes one or more physical resource blocks (PRB)

in contiguous carrier frequencies and in one or more subframes.

Furthermore, as the signals are broadcast in a narrower bandwidth than the
conventional signals, more than one set of signals can be broadcast by a network node
within a same time period. Where more than one PRS signal is broadcast at a same
time, the configuration information sent to the user equipment receiving the signals
will depend on their properties. So a wideband UE may receive configuration

information for each of the signals and may therefore be able to monitor for and receive
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each thereby increasing its accuracy. A narrowband UE which cannot receive more
than one of the signals may receive configuration information relating to one of the
multiple signals sent during one time period, with another narrowband UE receiving

configuration information relating to a different one of the multiple signals.

In the embodiment shown the muting pattern for the two blocks shown as being
broadcast in a same time period are the same, however, in other embodiments they
may be different and in fact the second block may have a complementary broadcast and
muting pattern shared with a different cooperating node, so that rather than node 3

having the complementary pattern, a node 4 may have it for the second PRS block.

Figure 4 shows an alternative embodiment which combines the finer muting pattern
within a PRS block as shown in Figure 3 with the frequency hopping suggested in
Figure 2. Thus, in this embodiment, reduced frequency bandwidth signals are
transmitted in each block and frequency hopping occurs between the blocks, but within
each block there is a muting pattern such that cooperating nodes may have
complimentary muting patterns and use the same time frequency resources, thereby
reducing latency. As there is frequency hopping between the PRS signals within a PRS
time period or occasion, there may be a time gap equal to a subframe between the
broadcast of the PRS signals allowing the user equipment to adjust to the frequency of
its receiver. This of course increases delay to some extent but may improve
performance. The frequency hopping increases the bandwidth of the signals as a whole
that are received and increases accuracy compared to signals where no frequency

hopping occurs without increasing the resources used.

The example shown in Figure 4 has a PRS time period that is longer than the PRS time
period shown in Figure 1 for the conventional example, however, more signals are sent
during this time period and a much reduced frequency band, albeit one that changes

during the time period is used. It should be noted that this time period is configurable

and will be sent with the rest of the PRS configuration information.

In summary, the PRS signals have a finer muting pattern than the muting pattern of
conventional PRS signals, may use a narrower bandwidth, may incorporate more than
one PRS signal in a same time period and in addition may utilise frequency hopping to
conserve resources and yet widen the bandwidth of the overall signal. The solution

with muting is particularly applicable to high speed user equipment. The narrower
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bandwidth may correspond to that of a narrowband UE such as an MTC UE or
narrowband IoT UE.

In the example shown in Figure 4, there are multiple PRS blocks in one PRS occasion
and the carrier frequencies of these PRS blocks is changed based on predefined PRS
frequency hopping patterns. One or more of these PRS subblocks have one or more
muted PRS subblocks. In some cases there may be zero muted PRS sub blocks within
some of the PRS blocks. In each muted PRS subblock there is no data transmission.
One PRS block spans one or more PRBs physical resource blocks with contiguous

carrier frequencies and with one or more subframes.

The benefits of embodiments are that they provide support for RSTD measurements for
more cells in one PRS occasion. They therefore support RSTD measurements for more

cells in a shorter time. Embodiments also support PRS frequency hopping which allow

for positioning improvement and where narrowband signals are used fewer resources

are required.

Figure 5 schematically shows a network which is adapted to perform methods
according to embodiments. In this embodiment, there is a local node 1 which may be a
eNB base station and a node 2 which may also be a base station, but may be a location
server. The local node 1 will determine the PRS configuration information for the PRS
signal that the local node 1 broadcasts and it will transmit this to the node 2, which will
forward it to the UEs. This information may contain the following;:

the period of the PRS occasions, the subframe offset of any of the PRS occasion,

that is the subframe from beginning of the PRS occasion time period where the

first PRS block occurs;

the number of PRS blocks in one PRS occasion; and

where there is frequency hopping, the frequency hopping of the PRS blocks.

This may include the frequency hopping offset, the narrowband indication of the first
PRS block in one PRS occasion and an indication of the frequency hopping pattern
which may be an index in a predefined table. The configuration information may also
include the number of PRS subframes in one PRS block, the number of subframes in
any PRS frequency hopping gap and also the PRS muting pattern in one PRS block.
Where the muting pattern is not the same in each PRS block, there may be multiple

muting patterns transmitted in the configuration information.
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The configuration information being sent to the node 2 and to the user equipment,
allows the user equipment to monitor at the appropriate time and frequency for the
PRS signals and also allows the node 2 to perform a location measurement calculation
in response to signals received from the UE indicating time differences between when it

receives the different PRS signals from different network nodes.

Local node 1 and node 2 may be in the same location and they may share the node and
new UE information as well as the PRS configuration information. They may

alternatively be in different devices and transmit signals between themselves.

Local node 1 will transmit the PRS signals to the UE the PRS measurements and node 2
will transmit the PRS configuration information to the UE, so that the UE knows how

to measure the PRS information.

In some embodiments, the PRS configuration information can also be exchanged
between two local nodes where each local node is requesting and/or sending its own
PRS configuration to the other local node. This allows location calculations to be
performed on the local node which has the advantage of reducing latency and not

requiring the information be sent to the location server which may be more remote.

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
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
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“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
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 network node of broadcasting position reference
signals, said position reference signals being broadcast as a repeating pattern within a
periodically repeating position reference signal time period, said method comprising:
controlling said network node to broadcast during each of said position
reference signal time periods, a plurality of position reference signal blocks each within
a time frequency resource block, at least one of said plurality of position reference
signal blocks comprising a plurality of consecutive subblocks, at least one position
reference signal subblock comprising a time period in said time frequency resource
block during which said network node broadcasts said position reference signal and at
least one muted subblock comprising a different time period within said time frequency
resource block during which said network node broadcasts no position reference or

data signal in a frequency bandwidth of said time frequency resource block.

2. A method according to claim 1, wherein
at least two of said plurality of position reference signal blocks broadcast within

said reference signal time period are broadcast in different frequency bands.

3. A method according to claim 2, wherein at least two of said plurality of position
reference signal blocks broadcast in said different frequency bands are broadcast in a

same time period.

4. A method according to claim 2 or 3, wherein at least two of said plurality of
position reference signal blocks broadcast in said different frequency bands are

broadcast in different time periods.

5. A method according to any preceding claim, wherein each of said plurality of
position reference signal blocks are broadcast within a predetermined frequency
bandwidth, wherein at least two of said position reference signal blocks provided
subsequent to each other in time are broadcast at frequencies that are remote from

each other by at least one of said predetermined bandwidth.
6. A method according to claim 5, said method comprising following broadcast of

one of said plurality of position reference signal blocks waiting a predetermined time

before broadcasting a subsequent position reference signal block such that there is a
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time gap between broadcast of said position reference signal blocks within said position

reference time period.

7. A method according to any preceding claim, wherein each of said position
reference blocks comprises a same broadcast pattern of said positon reference subblock

and said muted reference subblock.

8. A method according to any one of claims 1 to 6, wherein at least two of said
position reference blocks broadcast within a position reference signal time period

comprises a different broadcast pattern of said subblocks.

9. A method according to any preceding claims, said method further comprising
transmitting position reference signal configuration information to at least one further
network node, said position reference signal configuration information comprising an
indication of a broadcast pattern of said at least one position reference signal subblock

and muted subblock within at least one of said position reference signal block.

10. A method according to any preceding claim, comprising receiving reference
signal configuration information from at least one further network node, said method
comprising receiving response signals from a user equipment to said position reference
signals broadcast by said network node and by said at least one further network node
and deriving location information for said user equipment from said received

responses.

11. A network node for broadcasting position reference signals as a repeating
pattern within a periodically repeating position reference signal time period, said
network node comprising;:

a transmitter for broadcasting signals;

control circuitry for controlling said transmitter to broadcast within each of said
position reference signal time periods, a plurality of position reference signal blocks
each within a time frequency resource block, at least one of said plurality of position
reference signal blocks comprising a plurality of consecutive subblocks, at least one
position reference signal subblock comprising a time period in said time frequency
resource block during which said network node broadcasts said position reference
signal and at least one muted subblock comprising a different time period within said

time frequency resource block during which said network node broadcasts no position
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reference or data signal in a frequency bandwidth of said time frequency resource
block.

12. A method performed at a location server comprising:

receiving position reference signal configuration information from a network
node for at least one user equipment, said position reference signal configuration
information comprising: an indication of a broadcast pattern of a plurality of position
reference signal subblock and muted subblock within at least one position reference
signal block broadcast by said network node, said plurality of position reference signal
blocks being broadcast in a time frequency resource block and each subblock being
broadcast for a different time period within said time period of said frequency resource
block;

transmitting said position reference signal configuration information towards
said at least one user equipment; and.

receiving responses to said broadcast positon reference signals from said user

equipment.

13. A method performed at a user equipment, said method comprising;:

receiving position reference signal configuration information for a network
node and a further network node, said position reference signal configuration
information comprising:

an indication of a time frequency resource of a plurality of position reference
signal blocks to be broadcast by said network node and an indication of a time
frequency resource of a plurality of position reference signal blocks to be broadcast by
said further network node, said reference signal configuration information further
comprising an indication of a broadcast pattern of at least one position reference signal
subblock and muted subblock within at least one position reference signal block
broadcast by each of said network node and said further network node; wherein

at least one of said time frequency resource of said position reference signal to
be broadcast by said first and said further network node are a same time frequency
resource, said broadcast patterns of each being complementary broadcast patterns;

monitoring for said position reference signal at said indicated time and
frequency resources; and

transmitting responses to receipt of said position reference signals broadcast
during said at least one same time frequency resource to said network node and said

further network node.
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14. A user equipment comprising;:

a receiver configured to receive position reference signal configuration
information from a plurality of network nodes, said position reference signal
configuration information comprising: an indication of a time frequency resource of
position reference signal blocks to be broadcast by each of said network nodes, said
reference signal configuration information further comprising an indication of a
broadcast pattern of at least one position reference signal subblock and muted subblock
within at least one of said position reference signal block broadcast by each of said
network nodes; wherein

at least one of said time frequency resource of said position reference signal to
be broadcast by a network node and a further network node are a same time frequency
resource, said broadcast patterns of each being complementary broadcast patterns;

monitoring circuitry for monitoring for said position reference signals at said
indicated time and frequency resources, said user equipment being configured to
monitor for signals from said network node and said further network node during said
same time frequency resource; and

a transmitter for transmitting responses to receipt of said position reference
signals broadcast during said at least one same time frequency resource, to said

network node and said further network node.
15. A computer program operable when executed by a computer to control said

computer to perform steps in a method according to any one of claims 1 to 10 or 12 to

13.
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