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CELLULAR TELECOMMUNICATIONS NETWORK

Field of the Invention

The present invention relates to a cellular telecommunications network.

Background to the Invention

A cellular telecommunications network includes a plurality of base stations which each
transmit wireless signals about a coverage area (typically called a “cell”) to one or more
User Equipment (UE). The base stations are also connected to a core network to
interconnect the UE with the Internet and core network nodes (such as the Operations
Support System (OSS)). In conventional cellular networks, this “backhaul” connection
between the base station and the core network is typically via an Ethernet or optical fibre
link, but in modern cellular networks this may be in part via a Digital Subscriber Line
(DSL) connection (for example, if the base station is a “Home evolved Node B” (HeNB),

also known as a small cell).

As each base station has a limited coverage area and UEs are normally mobile, cellular
networking protocols have a defined process for UEs to disconnect from one base station
and connect to another base station with seamless connectivity. This process is known
as a “handover”. A general overview of the handover process will now be described,
which is divided into three phases — preparation, execution and completion. The UE is
connected to a first base station of a plurality of base stations. The first base station is
therefore the UE’s “serving” base station, and the UE is configured to perform
measurements of various parameters of its serving base stations and of other base
stations of the plurality of base stations. In the preparation phase, the serving base
station provides one or more thresholds to the UE for the measurements. If the UE’s
measurements satisfy one or more of these thresholds, then a measurement report is
sent from the UE to the serving base station, which triggers the handover of the UE to
another base station. The serving base station determines which other base station
should become the next serving base station for the UE based on the UE’s measurement
report. The serving base station and this target base station agree for the handover to
take place. In the next phase, execution, the serving base station informs the UE that it
should handover to the target base station. The UE will then connect to the target base
station. In the completion phase, all routing of packets for the UE is changed to the target

base station. The handover is then complete.
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Conventional cellular networks have coverage areas which may span several squared
kilometres. These are now often referred to as macrocells. In recent years, small cells
(such as femtocells, metrocells, picocells and microcells) have also been deployed to
increase capacity in the network. Most cellular networking protocols currently use
frequency bands having a maximum frequency at or less than 3GHz, which can offer

large coverage areas but have limited capacity.

To increase capacity to accommodate growing demands for cellular data services, it is
expected that future cellular networking protocols will additionally operate above 3GHz
(and often above 6GHz). However, any cellular networking protocol using such relatively
high-frequencies will be presented with technical problems. For example, the
propagation distance of these relatively high-frequency transmissions will be relatively
less than conventional cellular networks. In particular, the propagation distance will be
very poor through solid materials, such that these relatively high-frequency
transmissions are unlikely to penetrate through buildings. To address this problem, it is
expected that network operators will deploy base stations using these relatively high-
frequencies at a much higher density (per unit area) compared to base station

deployment in conventional cellular networks.

Nonetheless, there is a further technical problem, which will now be described. As the
coverage areas of these relatively high-frequency base stations have propagation
distances which attenuate so rapidly (in air and especially through materials) compared
to that of conventional base stations, the relatively high-frequency base stations have
very little time to coordinate a handover. In current cellular networks, there is usually
sufficient time for the UEs to complete the three phases of the handover before the UE
moves out of the serving base station’s coverage area. This is because the received
signal power at the UE degrades at such a low rate that the handover may be triggered
and complete before the UE moves to a position where there is no service from the
serving base station at all. In relatively high-frequency base station coverage areas
where the degradation of received signal power at the cell edge may be relatively high,
it may not be possible for the UE, serving base station and target base station to
coordinate such a handover before the UE moves out of range of the serving base

station. In such a scenario, the Quality of Service (QoS) for the UE will drop significantly.
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It is therefore desirable to alleviate some or all of the above problems.

Summary of the Invention

According to a first aspect of the invention, there is provided a method of operating a
cellular telecommunications network, the network including a first base station and a
User Equipment, UE, the method comprising the steps of: receiving data from an external
sensor indicating a first change in a propagation environment between the UE and the

base station; and, in response, reconfiguring a connectivity property for the UE.

Embodiments of the present invention allow cellular networks to react to data from an
external sensor indicating (e.g. detecting or predicting) that the propagation environment
between the UE and the base station is changing. The base station may respond to this
data by reconfiguring a connectivity property for the UE in order to mitigate any negative
impact on QoS for the UE. For example, if the sensor data indicates that the coverage
area of the serving base station will soon not cover the UE (e.g. because the user is
shutting a door or is about to enter a location not covered by the serving base station),
the serving base station may receive data indicating this change from an external sensor

(e.g. a door or proximity sensor) and initiate a handover to a more suitable base station.

The step of reconfiguring the connectivity property for the UE may include adjusting the
first base station’s configuration. This may be, for example, adjusting the transmission
power of the first base station or, if the base station includes a steerable antenna, this
may include adjusting a steering angle of the steerable antenna. Thus, the step of
reconfiguring a connectivity parameter may be by adjusting the serving base station’s

settings, such as its transmission power, the antenna steering angle or its identifier.

The step of reconfiguring the connectivity property for the UE may include instructing a
handover of the UE to a second base station, and may further include adjusting the
second base station’s configuration. The second base station may include a steerable
antenna, and the step of adjusting the second base station’s configuration may include

adjusting a steering angle of the steerable antenna.

The first base station may include a database including an association between the data
from the external sensor indicating the first change in propagation environment and a

plurality of possible reconfigurations responsive to the first change in propagation
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environment, and the method may further include the steps of: determining, from the
database, a first reconfiguration of the plurality of possible reconfigurations associated
with the first change in propagation environment; and reconfiguring the connectivity
property for the UE according to the determined first reconfiguration. In this manner, the
first base station is able to record many possible reconfigurations (e.g. to handover to
one of several neighbouring base stations) and trial each possible reconfiguration in
response to received data indicating a change in the propagation environment. The
method may further comprise the steps of receiving success data indicating whether the
first reconfiguration was successful; receiving further data from the external sensor
indicating the first change in propagation environment; determining, from the database,
a second reconfiguration of the plurality of possible reconfigurations associated with the
first change in propagation environment based on the received success data; and
reconfiguring the connectivity property for the UE according to the determined second
reconfiguration. In this manner, the network may learn from previous responsive
reconfigurations and make more informed decisions in response to receiving data

indicating the same change in the propagation environment.

According to a second aspect of the invention, there is provided a computer program
comprising instructions which, when the program is executed by a computer, cause the
computer to carry out the method of the first aspect of the invention. The computer

program may be stored on a computer-readable data carrier.

According to a third aspect of the invention, there is provided a base station for a cellular
telecommunications network, the cellular telecommunications network including a User
Equipment, UE, the base station comprising: a transceiver adapted to communicate with
the UE and to receive data from an external sensor indicating a first change in a
propagation environment between the UE and the transceiver; and a processor adapted

to reconfigure a connectivity property for the UE in response to receiving the data.

The processor may be adapted to reconfigure the connectivity parameter by instructing
a handover to a second base station or by adjusting the base station’s or second base

station’s configuration.

The step of adjusting the base station’s or second base station’s configuration may

include adjusting a steering angle of an antenna.
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The base station may further comprise a database including an association between the
data from the external sensor indicating the first change in propagation environment and
a plurality of possible reconfigurations responsive to the first change in propagation
environment, and the processor is further adapted to: determine, from the database, a
first reconfiguration of the plurality of possible reconfigurations associated with the first
change in propagation environment; and to reconfigure the connectivity property for the

UE according to the determined first reconfiguration.

The transceiver may be further adapted to receive success data indicating whether the
first reconfiguration was successful and to receive further data from the external sensor
indicating the first change in propagation environment; and the processor may be further
adapted to determine, from the database, a second reconfiguration of the plurality of
possible reconfigurations associated with the first change in propagation environment
based on the received success data; and to reconfigure the connectivity property for the

UE according to the determined second reconfiguration.

According to a fourth aspect of the invention, there is provided a node for a cellular
telecommunications network, the cellular telecommunications network including a first
base station and a User Equipment, UE, the node comprising a transceiver adapted to
receive data from an external sensor indicating a first change in a propagation
environment between the UE and the first base station; and a processor adapted to

reconfigure a connectivity property for the UE in response to receiving the data.

Brief Description of the Figures
In order that the present invention may be better understood, embodiments thereof will
now be described, by way of example only, with reference to the accompanying drawings

in which:

Figure 1 is a schematic diagram illustrating a first embodiment of a cellular
telecommunications network of the present invention;

Figure 2 is a schematic diagram of a base station of the network of Figure 1;

Figure 3 is a schematic diagram of a sensor of the network of Figure 1;

Figure 4a is a schematic diagram of the network of Figure 1 in a first state;

Figure 4b is a schematic diagram of the network of Figure 1 in a second state;
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Figure 5 is a flow diagram illustrating a first embodiment of a method of the present
invention;

Figure 6a is a schematic diagram of a second embodiment of a cellular
telecommunications network of the present invention in a first state;

Figure 6b is a schematic diagram of the network of Figure 6b in a second state;

Figure 7 is a flow diagram illustrating a second embodiment of a method of the present
invention;

Figure 8a is a schematic diagram of a third embodiment of a cellular telecommunications
network of the present invention in a first state;

Figure 8b is a schematic diagram of the network of Figure 8a in a second state;

Figure 9 is a flow diagram illustrating a third embodiment of a method of the present
invention;

Figure 10a is a schematic diagram of a fourth embodiment of a cellular
telecommunications network in a first state;

Figure 10b is a schematic diagram of the network of Figure 10a in a second state;
Figure 10c is a schematic diagram of the network 10a in a third state;

Figure 11 is a schematic diagram of a remote transceiver of the network of Figure 10a;
and

Figure 12 is a flow diagram illustrating a fourth embodiment of a method.

Detailed Description of Embodiments

A first embodiment of the present invention will now be described with reference to
Figures 1 to 3. Figure 1 illustrates an enclosed area 1 and a first and second base station
10, 20. The first base station 10 is outside the enclosed area and serves a User
Equipment (UE) 30. The second base station 20 is inside the enclosed area. The
enclosed area 1 includes a door 40, which is open in Figure 1, and a door status sensor
50.

The first base station 10 is shown in more detail in Figure 2. The first base station 10
includes a first transceiver 11, a processor 13, memory 15, a second transceiver 17, and
a third transceiver 18, all connected via bus 19. In this embodiment, the first transceiver
11 is an antenna configured for wireless communication via a cellular
telecommunications protocol using a frequency band covering (at least in part)
frequencies above 3GHz. The second transceiver 17 is a backhaul interface (in this

example, an optical fibre connection) for connecting the first base station 10 to the core
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network and the Internet. The third transceiver 18 is configured for wireless

communication with the door status sensor 50.

In this embodiment, the first and second base stations 10, 20 are substantially the same

and comprise the same components.

The door status sensor 50 is shown in more detail in Figure 3. The sensor 50 includes
a transceiver 51, a processor 53, a motion sensor 55, and memory 57, all connected via
bus 59. The transceiver 51 is configured for wireless communications with the first and
second base stations 10, 20. The motion sensor 55 is positioned on the door 40 and
produces an electrical signal which is a function of the door opening angle, 8. This signal
is recorded in memory 57 together with a timestamp. It is therefore possible to determine
if the door 40 is fully closed or fully open based on the maximum and minimum values of
the door opening angle. Furthermore, it is also possible to determine whether the door
is opening or closing based on whether the door opening angle is increasing or
decreasing. The door status sensor 50 is also configured to transmit the value of the
door opening angle to the first and second base station 10, 20. In this embodiment, this
message is transmitted in response to several triggers (e.g. the rate of change of the
door opening angle exceeding a threshold, the door opening angle being at a maximum
indicating the door being fully open, and the door opening angle being at a minimum

indicating the door being fully closed).

A first embodiment of a method of the invention will now be described with reference to
Figures 4a, 4b and 5. The scenario depicted in Figure 4a is identical to that of Figure 1.
It is also noted that the UE 30 is in position Pa and is connected to the first base station
10. The door 40 is open and the door status sensor 50 sends a signal to the first and
second base stations 10, 20 indicating that the door opening angle is indicative of the
door being fully open. The first and second base stations 10, 20 receive these signals

via their first transceivers and record this data in memory.

Figure 4b illustrates the same cellular communications network but at a later time. The
UE 40 has moved from position Pa, outside the enclosed area 1, to position Pg, inside
the enclosed area 1. The user is also shutting the door such that the door opening angle

is decreasing. Accordingly, the door status sensor 50 detects that the rate of change of
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the door opening angle is greater than a threshold and transmits signals to the first and

second base stations 10, 20 indicating that the door is closing.

In this embodiment, the first and second base stations 10, 20 use relatively high-
frequency transmissions which are unable to penetrate the building materials of the
enclosed area 1. Accordingly, as the user enters the enclosed area 1 and shuts the door
behind them (i.e. as the UE 30 moves from position Pa to position Pg), the following

process (as illustrated in Figure 5) takes place.

In a first step S1.1, the first base station 10 receives the signal from the door status
sensor 50 indicating that the door is closing. In response, in step S1.2, the first base
station 10 sends a message to the second base station 20 requesting the handover of
the UE 30 to the second base station 20, and the second base station 20 responds by
sending a handover acceptance message to the first base station 10. In this
embodiment, these messages are sent using the first transceivers. In step $1.3, the first
base station sends an instruction message to the UE 30 instructing it to connect to the
second base station 20. These messages are sent and received before the door 40 is
shut such that the UE 30 may be instructed to handover to the second base station 20
whilst it may still receive the relatively high-frequency transmissions from the first base
station 10. In step S1.4, the UE 30 connects to the second base station 20 and all traffic

for the UE 30 is redirected via the second base station 20.

Thus, by implementing this embodiment of the method of the present invention, the
cellular network is able to ensure that the UE 30 receives seamless connectivity despite
the UE 30 moving to a position where there is no service from its serving base station
and the rate of change of received power of signals from the serving base station at the
edge of its coverage area is so high that there is not enough time to perform a
conventional handover. This problem is solved, in this embodiment, by using an external
sensor to indicate that the propagation environment is changing which triggers the

handover to the second base station 20.

A second embodiment of the invention will now be described with reference to Figure
6a. This embodiment uses the same enclosed area 1, first and second base station 10,
20 and UE 30 as the first embodiment, and the same reference numerals have been

used. This embodiment further includes a window 60 and a window status sensor 70,
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which operate in a similar manner to the door 40 and door status sensor 50 of the first
embodiment (such that the window may move between an open and closed state, and
the window sensor 70 is configured to produce a signal indicating that the window is
open, closed or that the rate of change of window opening angle indicates that the

window is opening or closing).

A second embodiment of the method of the present invention will now be described with
reference to Figures 6a, 6b and 7. Figure 6a depicts a first state in which the UE 30 is
positioned inside the enclosed area 1 and is connected to the second base station 20.
The window 60 is closed and the window status sensor 70 transmits a signal to the first

and second base stations 10, 20 indicating the same.

Figure 6b depicts a second state in which the UE 30 is still positioned inside the enclosed
area 1 but the window 60 is now open. Figure 7 illustrates the second embodiment of
the method of the present invention which is implemented in this scenario. In a first step
(step 2.1), the user opens the window 60 and the rate of change of the window opening
angle exceeds the threshold such that the window sensor 70 transmits a signal to the

first and second base stations 10, 20 indicating that the window 60 is opening.

In a second step (step S2.2), the second base station 20 receives this signal and, in
response, initiates a handover of the UE 30 to the first base station 10. This is performed
as signals from the first base station 10 would otherwise significantly interfere with any
transmission between the second base station 20 and the UE 30 if the UE 30 continued
to be served by the second base station 20. Accordingly, the second base station 20
sends a message to the first base station 10 requesting a handover of the UE 30 (step
S2.3), and the first base station responds by sending a message to the first base station
10 accepting the handover (step S2.4). The second base station 20 then sends a
message to the UE 30 instructing it to connect to the first base station 10 (step $S2.5),

and all traffic for the UE 30 is redirected via the first base station 10.

Thus, the second embodiment of the method of the present invention also utilises an
external sensor to identify when there is a change in the propagation environment for the
UE 30 (despite the UE being static in this example) and, in response, initiates a handover

before any reduction in the UE’s QoS.
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A third embodiment of the present invention will now be described with reference to
Figure 8a. This embodiment again uses the same enclosed area 1, first and second
base station 10, 20 and UE 30 as the first embodiment, and the same reference numerals
have been used. In this embodiment, the UE 30 is positioned inside the enclosed area
1 and is connected to the second base station 20. Furthermore, the first base station 10
is positioned outside the enclosed area 1 and has a coverage area 12 depicted in Figure
8a. The door status sensor 50 is again configured to transmit signals to the first and
second base stations 10, 20 indicating whether the door 40 is open, closed, or the rate
of change of the door opening angle has exceeded a threshold indicating that the door

40 is opening or closing.

A third embodiment of a method of the present invention will now be described with
reference to Figures 8a, 8b and 9. Figure 8a depicts a first state in which the UE 30 is
positioned inside the enclosed area 1 in position Pa and is served by the second base
station 20. The door 40 is open and the first and second base stations 10, 20 receive

signals indicating the same.

Figure 8b depicts a second state in which the UE 30 is now positioned outside the
enclosed area 1 in position Pg and the door 40 is now closed. Figure 9 illustrates the
third embodiment of a method of the present invention which is implemented in this
scenario. In a first step (step S3.1), the user moves from position Pa to Ps. The user is
also shutting the door such that the door opening angle is decreasing. Accordingly, the
door status sensor 50 detects that the rate of change of the door opening angle is greater
than a threshold and transmits signals to the first and second base stations 10, 20

indicating that the door is closing.

In step $3.2, the first and second base stations 10, 20 receive and react to this signal.
In step S3.3, the second base station 20 sends a message to the first base station 10
which requests a) the handover of the UE 30 to the first base station 10 and b) that the
first base station 10 reconfigures its antenna configuration such that its coverage area
12 covers the UE’s new position Pg. The first base station 10 responds by sending a
handover acceptance message to the second base station 20 and, in step S3.4, by
reconfiguring its antenna configuration such that its coverage area 12 includes position
Pe. Instep S3.5, the second base station 20 sends an instruction message to the UE 30

instructing it to connect to the first base station 10. These messages are sent and
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received before the door 40 is shut such that the UE 30 may be instructed to handover
to the first base station 10 and the first base station 1 reconfigures its coverage area
before the door 40 is closed. In step S3.6, the UE 30 connects to the first base station

10 and all traffic for the UE 30 is redirected via the first base station 10.

In a further enhancement to any one of the above embodiments of the present invention,
the first and second base stations 10, 20 are configured to compile a database (stored
in memory) having the following data values:

1. An event profile;

2. A possible reconfiguration profile; and

3. A success ratio.
The base stations are configured to store a plurality of different event profiles, wherein
each event profile describes a particular sequence of UE and/or sensor based events
(e.g. the UE is connected to a particular base station, the sensor detects a particular
change, etc.). The base stations are then configured to populate the database with all
possible reconfiguration profiles for each event profile, wherein each possible
reconfiguration profile describes a particular responsive action the base station may
employ in response to that particular event profile (e.g. handover to another base station,
reconfigure an antenna configuration). Lastly, the base stations are configured to receive
feedback on each reconfiguration profile used in the network and calculate a value of the
success ratio of that reconfiguration profile when used in response to that event. An

example database is illustrated in Table 1, below:

Event Profile Possible Reconfiguration Profile | Success

Ratio

E1 (UE 30 connected to first base | P1 (No reconfiguration) 0
station (BS) 10; door sensor 50

indicates that door 40 is closing)

E1 (UE 30 connected to first BS 10;
door sensor 50 indicates that door

40 is closing)

P2 (Handover UE 30 to second BS | 1

20; second BS 20 antenna

configuration 1)

E2 (UE 30 connected to second BS
20; door sensor 50 indicates that

door 40 is closing)

P3 (No reconfiguration)
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E2 (UE 30 connected to second BS
20; door sensor 50 indicates that

door 40 is closing)

P3 (Handover UE 30 to first BS 10;

first BS 10 antenna configuration 1)

0.2

E2 (UE 30 connected to second BS
20; door sensor 50 indicates that

door 40 is closing)

P3 (Handover UE 30 to first BS 10;

first BS 10 antenna configuration 2)

E3 (UE 30 connected to second BS
20; window sensor 70 indicates that

window 60 is opening)

P4 (No reconfiguration)

0.1

E3 (UE 30 connected to second BS
20; window sensor 70 indicates that

window 60 is opening)

P5 (Handover UE 30 to first BS 10,

first BS 10 antenna configuration 1)

E3 (UE 30 connected to second BS

20; window sensor 70 indicates that

P6 (Handover UE 30 to first BS 10,

first BS 10 antenna configuration 2)

window 60 is opening)

Table 1: Table illustrating event profiles, reconfiguration profiles and success ratio

The first and second base stations 10, 20 are therefore able to build an association
between each event profile and each reconfiguration profile. This database may
increase in size rapidly as each possible event profile (which may comprise a sequence
of sub-events each associated with a particular sensor) may be associated with each
possible reconfiguration profile (which may comprise each neighbouring base station
and each possible configuration of that base station, including antenna configuration,
power configuration, etc.). The first and second base stations 10, 20 may then trial each
possible reconfiguration profile whenever a particular event occurs, and receive
feedback on whether that was a success or not (e.g. by the target base station informing
it of whether the UE successfully connected and received threshold QoS values) to
calculate a success ratio value. Once these reconfiguration profiles have been trialled
several times, the database becomes a useful resource for the first and second base
stations 10, 20 to make informed decisions on a suitable response to a particular event
profile. This improves the likelihood of subsequent responsive reconfigurations being

successful.

In the above embodiments, the reconfiguration (e.g. handover) is triggered by a sensor

event and is completed before the propagation environment changes. For example, in
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the first embodiment, the sensor detects that the door is closing, and the handover is
complete before the door is closed. However, the skilled person will understand that it
is not essential for the invention to be limited to scenarios in which the reconfiguration
completes before the change in the propagation environment. For example, the base
stations may be configured to transmit these signals at a relatively low frequency that
may span a much larger coverage area and with improved propagation properties

through solid materials.

The skilled person will also understand that, in the enhanced embodiment in which the
base station improves the likelihood of a reconfiguration being a success based on prior
reconfigurations, the base station receives data regarding the success of prior
reconfigurations to calculate the success ratio value. This data may be received from
another base station, the UE, or another network entity measuring the performance of
the UE.

The skilled person will also understand that it is not essential for all steps of the handover
process to take place in the present invention. That is, the preparation phase (in which
the base station provides the UE with thresholds for its measurements, and the UE sends
a message to the base station when the measurements satisfy such thresholds) are not
necessary as the trigger for the reconfiguration is receipt of data from the external

sensor. Such a handover may be known as a “blind” handover.

The skilled person will also understand that the present invention is not limited to the
reconfiguration of a connectivity parameter for a single UE. That is, the method of the
present invention may comprise the step of a configuration parameter between a base
station and a plurality of UEs being reconfigured in response to data from an external
sensor. For example, in the example of the second embodiment in which a window
opens and signals from the first base station would significantly interfere with the
connection between the second base station and its UEs, the second base station may
receive the signal from the window sensor indicating that the window is opening and, in
response, initiate the handover of several of its connected UEs to the first base station.
There may also be an intermediate step in which the second base station instructs the
preparation of measurement reports from its UEs to determine which should be

transferred to the first base station.
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Furthermore, the method of the present invention may also include a step of determining
which UE or group of UEs should be party to the reconfiguration following receipt of the
external sensor data based on some logic, such as the determined location of one or

more UEs.

A fourth embodiment will now be described with reference to Figure 10a, in which the
same reference numerals have been used for similar components. Figure 10a illustrates
an enclosed area 1 and a first and second base station 10, 20. The first base station 10
is outside the enclosed area 1 and the second base station 20 is inside the enclosed
area 1. The enclosed area 1 includes a door 40, and a door status sensor 50. As in the
previous embodiments, the door sensor 50 is configured to determine the opening angle
of door 40 and is configured to transmit a value of the door opening angle in response to
several triggers (e.g. the rate of change of the door opening angle exceeding a threshold,
the door opening angle being at a maximum indicating the door being fully open, and the

door opening angle being at a minimum indicating the door being fully closed).

Figure 10a also illustrates a remote transceiver 80. The remote transceiver 80 is shown
in more detail in Figure 11, and includes a first transceiver 81 (configured to
communicate with a UE via an antenna), a processor 83, memory 85, and a second
transceiver 87, all connected via bus 89. The remote transceiver 80 is configured to
receive signals from a base station (such as the first or second base station 10, 20) via
the second transceiver 87, and transmit these signals via the first transceiver 81. In this
embodiment, the remote transceiver 80 is connected to the first base station 10 via their
respective second transceivers 17, 87 (such that the remote transceiver 80 may
therefore be considered a remote radio head for the first base station 10), although the
remote transceiver 80 is only configured to repeat all signals of the first base station 10

(rather than having distinct transmissions like regular remote radio heads).

A method will now be described with reference to Figures 10a to 10¢ and Figure 12. In
a first state as shown in Figure 10a, the UE 30 is positioned outside the enclosed area
(in position Pa) and is connected to the first base station 10. The UE then moves into
the enclosed area 1 to position Pg and the user closes the door 40 (as shown in Figure
10b), such that the rate of change of the door opening angle exceeds a threshold and

the door status sensor 50 produces a signal indicating that the door is closing. In this
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embodiment, this signal is transmitted to the first and second base stations 10, 20 (step
S4.1)

The first base station 10 receives this signal (step S4.2) and reacts to it by sending an
instruction signal to the remote transceiver 80 (step S4.3). This instruction signal is sent
via the second transceiver 17 of the first base station 10 to the second transceiver 87 of
the remote transceiver 80 (this may be via the cellular core network, or may be an
alternative dedicated connection). The remote transceiver 80 receives this instruction
signal and, in response, is activated (that is, it switches from an unpowered or low-power

state, to a fully powered and fully operational state).

In step S4.4, the first base station 10 also sends a stream of UE downstream data to the
remote transceiver 80 via their respective second transceivers 17, 87. In this
embodiment, this stream of UE downstream data is the same data that is transmitted by
the first transceiver 11 to all UEs served by the first base station 10. As shown in Figure
10b, the remote transceiver 80 is configured to transmit these signals (via its first
transceiver 81) about a coverage area 82 that fills the enclosed area 1 (step S4.5). In
doing so, the first base station 10 and the remote transceiver 80 are able to react to the
sensor data indicating that there is going to be a change in the propagation environment
between the UE and the first base station 10 to ensure that the UE receives seamless
connectivity. Thus, even once the door 40 closes and the UE 30 is in a position that is
no longer directly served by the first base station 10, it still maintains its downstream and

upstream connection via the remote transceiver 80.

In this embodiment, the UE 30 is encouraged to subsequently hand over to the second
base station 20 in the following process. As shown in Figure 10c, the remote transceiver
80 gradually reduces its coverage area 82 (step S4.6), for example, from 100% to 0% of
its transmission power over a time period of 10 seconds. In doing so, the UE’s 30
connection to the remote transceiver 80 will gradually deteriorate. During this time
period, the UE continues to prepare measurement reports of its serving base stations
and of other base stations in the network (e.g. the second base station). Eventually, one
or more parameters in the measurement report for the first base station will drop below
its threshold, thus triggering a handover. The UE 30 will therefore send the
measurement reports to the first base station 10 (step S4.7), and the first base station

10 will coordinate a handover of the UE 30 to the second base station 20 (step S4.8).



10

15

20

25

30

WO 2018/145797 16 PCT/EP2017/082586

The skilled person will understand that it is not essential for the remote transceiver 80 to
be a remote radio head of the first base station 10 and/or have a wired connection to the
first base station 10. Instead, the remote transceiver 80 may be a cellular repeater in
which the second transceiver 87 is an antenna. In this arrangement (and following the
example used above), the second transceiver 87 may be positioned outside the enclosed
area 1, receive the cellular signals transmitted by the first base station 10, and repeat
these signals by transmitting them from the first transceiver 81 into the enclosed area 1.
More generally, the cellular repeater may have a plurality of receiving antennas and a
plurality of transmitting antennas, which may all be positioned in distinct locations (such

as either side of a wall).

The skilled person will also understand that it is not essential for the remote transceiver
and first base station 10 to communicate using the backhaul. That is, the first base
station 10 and remote transceiver 80 may communicate using distinct antennae
operating with a lower frequency range (e.g. one that may penetrate the wall).
Furthermore, the remote transceiver 80 may be activated directly by the external sensor
(e.g. by receiving the signal from the external sensor at one of its transceivers, or a

further transceiver) with no intervention from a base station.

The above embodiments detail several forms of sensor. However, the skilled person will
understand that the invention is not limited to these examples. That is, the benefits of
the present invention may be realised by any sensor that is external to the cellular
network and that may detect or predict a change in the propagation environment between
the base station and the UE. These sensors may be, for example, mechanical, (e.g.
piezoelectric), sound, radiofrequency or motion sensors. Furthermore, the primary
purpose of the sensor does not have to be for the benefits of the invention. Any device
which has a suitable detector for detecting or predicting a change in the propagation
environment may be used. For example, a device containing an Intelligent Personal
Assistant, IPA, (such as Microsoft ® Cortana, or Amazon ® Alexa) may be used to detect
or predict a change in the propagation environment (for example, if the user instructs the
IPA to shut a door or window). Furthermore, it is not essential that the base stations
have separate wireless interfaces for communicating with the external sensor. The

interface may also be a separate wired interface, or may also be implemented by the first
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or second transceiver (e.g. the first transceiver using a different frequency to those used
with the UE).

In the above embodiments, the base station and UEs are configured for cellular
communications above 3GHz, which would be significantly attenuated by solid materials
such that they would be unlikely to penetrate into an area enclosed by solid materials.
However, the skilled person will understand that the invention is not limited to such
frequencies. The present invention is beneficial in any situation in which there are abrupt
changes in the serving base station’s coverage area. This may be realised by base
stations with relatively low-frequency transmissions (such as traditional base stations
operating below 3GHz) being unable to penetrate areas enclosed by very high density
materials (as such materials would still attenuate these transmissions over a very short

distance).

Furthermore, the skilled person will understand that any (detected or predicted) change
in the propagation environment may be used as the trigger to reconfigure a connectivity
parameter for the UE, and the invention is therefore not limited to the examples identified
above. The skilled person will also understand that the particular reconfigurations
detailed in the above embodiments are merely examples, and any form of reconfiguration
may be used. For example, the serving/target base station may use a different
transmission power, frequency band or identifier. Furthermore, the serving base station
may handover to another base station, or merely to another sector of the same base

station.

The skilled person will also understand that it is not necessary for the base station to
react to the data from the sensor indicating a change in the propagation environment.
That is, any network node may be configured to receive data from a sensor indicating a
change in a propagation environment between a base station and a UE, and, in
response, initiate the above detailed methods (such as, for example, sending an
instruction message to the base station to initiate a handover of the UE to another base

station). Furthermore, such a network node may also be the UE.

The skilled person will understand that any combination of features is possible within the

scope of the invention, as claimed.
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CLAIMS

1. A method of operating a cellular telecommunications network, the network
including a first base station and a User Equipment, UE, the method comprising the
steps of:

receiving data from an external sensor indicating a first change in a propagation
environment between the UE and the base station; and, in response,

reconfiguring a connectivity property for the UE.

2. A method as claimed in Claim 1, wherein the step of reconfiguring the

connectivity property for the UE includes adjusting the first base station’s configuration.

3. A method as claimed in Claim 2, wherein the first base station includes a
steerable antenna, and the step of adjusting the first base station’s configuration

includes adjusting a steering angle of the steerable antenna.

4. A method as claimed in Claim 1, wherein the step of reconfiguring the
connectivity property for the UE includes instructing a handover of the UE to a second

base station.

5. A method as claimed in Claim 4, wherein the step of reconfiguring the
connectivity property for the UE further includes adjusting the second base station’s

configuration.

6. A method as claimed in Claim 5, wherein the second base station includes a
steerable antenna, and the step of adjusting the second base station’s configuration

includes adjusting a steering angle of the steerable antenna.

7. A method as claimed in any one of the preceding claims, wherein the first base
station includes a database including an association between the data from the
external sensor indicating the first change in propagation environment and a plurality of
possible reconfigurations responsive to the first change in propagation environment,
and the method further includes the steps of:

determining, from the database, a first reconfiguration of the plurality of possible

reconfigurations associated with the first change in propagation environment; and
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reconfiguring the connectivity property for the UE according to the determined first

reconfiguration.

8. A method as claimed in Claim 7, further comprising the steps of:

receiving success data indicating whether the first reconfiguration was successful,
receiving further data from the external sensor indicating the first change in
propagation environment;

determining, from the database, a second reconfiguration of the plurality of possible
reconfigurations associated with the first change in propagation environment based on
the received success data; and

reconfiguring the connectivity property for the UE according to the determined second

reconfiguration.

9. A computer program comprising instructions which, when the program is
executed by a computer, cause the computer to carry out the method of any one of the

preceding claims.

10. A computer-readable data carrier having stored thereon the computer program
of Claim 9.

11. A base station for a cellular telecommunications network, the cellular
telecommunications network including a User Equipment, UE, the base station
comprising:

a transceiver adapted to communicate with the UE and to receive data from an external
sensor indicating a first change in a propagation environment between the UE and the
transceiver; and

a processor adapted to reconfigure a connectivity property for the UE in response to

receiving the data.

12. A base station as claimed in Claim 11, wherein the processor is adapted to
reconfigure the connectivity parameter by instructing a handover to a second base

station or by adjusting the base station’s or second base station’s configuration.
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13. A base station as claimed in Claim 12, wherein the step of adjusting the base
station’s or second base station’s configuration includes adjusting a steering angle of

an antenna.

14. A base station as claimed in any one of Claims 11 to 13, further comprising a
database including an association between the data from the external sensor indicating
the first change in propagation environment and a plurality of possible reconfigurations
responsive to the first change in propagation environment, and the processor is further
adapted to:

determine, from the database, a first reconfiguration of the plurality of possible
reconfigurations associated with the first change in propagation environment; and to
reconfigure the connectivity property for the UE according to the determined first

reconfiguration.

15. A base station as claimed in any one of Claims 11 to 14, wherein the
transceiver is further adapted to receive success data indicating whether the first
reconfiguration was successful and to receive further data from the external sensor
indicating the first change in propagation environment; and the processor is further
adapted to determine, from the database, a second reconfiguration of the plurality of
possible reconfigurations associated with the first change in propagation environment
based on the received success data; and to reconfigure the connectivity property for

the UE according to the determined second reconfiguration.

16. A node for a cellular telecommunications network, the cellular
telecommunications network including a first base station and a User Equipment, UE,
the node comprising

a transceiver adapted to receive data from an external sensor indicating a first change
in a propagation environment between the UE and the base station; and

a processor adapted to initiate a reconfiguration of a connectivity property for the UE in

response to receiving the data.

17. A node as claimed in Claim 16, being the UE.
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First base station 10 receives signal from door status sensor (S1.1)
50 indicating that the door 40 is closing :

First base station 10 sends a message to the second base (S1.2)
station 20 requesting a handover of the UE 30 '

First base station 10 sends an instruction message to the UE (S1.3)
30 instructing it to connect to the second base station 20 '

UE 30 connects to the second base station 20 (S1.4)

Figure 5



WO 2018/145797 PCT/EP2017/082586

6/12
1
60
()
@ ; :]
70
Figure 6a

()

Figure 6b



WO 2018/145797 PCT/EP2017/082586

712

Window sensor 70 transmits signal to base stations 10, 20 (82 1)
indicating that the window 60 is opening )

Second base station 20 receives signal from window sensor (S2.2)
70 '

Second base station 20 sends a message to the first base (S2.3)
station 10 requesting a handover of the UE 30 '

First base station 10 responds by sending a message to the (S2.4)
second base station 20 accepting the handover '

Second base station 20 instructs the UE 30 to connect to first (82 5)
base station ;

Figure 7
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Door status sensor 50 transmits signals to base stations 10, (S3 1 )
20 indicating that door is closing )

First and second base stations 10, 20 receive signal from (S3 2)
door status sensor 50 )

Second base station 20 sends message to the first base (S3.3)
station 10 requesting a handover and reconfiguration '

First base station 10 sends handover acceptance message to (S3.4)
second base station 20 and reconfigures '

Second base station 20 instructs UE 30 to connect to first (S3 5)
base station 10 ’

Figure 9
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Door status sensor 50 transmits signals to base stations 10, (S4 1 )
20 indicating that door is closing )

First and second base stations 10, 20 receive signal from (S4 2)
door status sensor 50 )

First base station 10 sends instruction message to remote (S4.3)
transmitter 80 '

First base station 10 sends stream of downstream UE data to (S4 4)
remote transmitter 80 )

A 4

Remote transmitter 80 sends and receives downstream and (S4 5)
upstream traffic to/from UE 30 about a coverage area 82 )

A 4

Remote transmitter 80 reduces transmission power such that
coverage area reduces

(S4.6)

A 4

UE sends measurement report to first base station, via remote (S4 7)
transmitter 80, triggering a handover )

UE 30 hands over from first base station 10 to second base (S4 8)
station 20 ’

Figure 12
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