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(54) TELECOMMUNICATIONS APPARATUS AND METHODS

(57) A wireless telecommunication system compris-
es base stations for communicating with terminal devic-
es. One or more base stations support a power boost
operating mode in which a base station’s available trans-
mission power is concentrated in a subset of its available
transmission resources to provide enhanced transmis-
sion powers as compared to transmission powers on
these transmission resources when the base station is
not operating in the power boost mode. A base station
establishes an extent to which one or more base stations
in the wireless telecommunications system support the
power boost operating mode conveys an indication of
this to a terminal device. The terminal device receives
the indication and uses the corresponding information to
control its acquisition of a base station of the wireless
telecommunication system, for example by taking ac-
count of which base stations support power boosting
and/or when power boosting is supported during a cell
attach procedure.



EP 3 264 837 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to methods and apparatus for use in wireless (mobile) telecommunications sys-
tems. In particular, embodiments of the invention relate to methods and apparatus for providing coverage extension in
wireless telecommunications systems.
[0002] Third and fourth generation mobile telecommunication systems, such as those based on the 3GPP defined
UMTS and Long Term Evolution (LTE) architecture are becoming able to support more sophisticated services than
simple voice and messaging services offered by previous generations of mobile telecommunication systems. For ex-
ample, with the improved radio interface and enhanced data rates provided by LTE systems, a user is able to enjoy high
data rate applications such as mobile video streaming and mobile video conferencing that would previously only have
been available via a fixed line data connection. The demand to deploy third and fourth generation networks is therefore
strong and there is a corresponding desire to extend the coverage available in such telecommunications systems (i.e.
there is a desire to provide more reliable access to wireless telecommunications systems for terminal devices operating
in coverage-limited locations).
[0003] A typical example of a coverage-limited terminal device might be a so-called machine type communication
(MTC) device, such as a smart meter located in a customer’s house and periodically transmitting information back to a
central MTC server relating to the customer’s consumption of a utility, such as gas, water, electricity and so on. Such a
terminal device might operate in a coverage-limited location because, for example, it may be located in a basement or
other location with relatively high penetration loss.
[0004] In some situations a terminal device in a coverage-limited situation in a particular communication cell served
by a base station might be unable to receive communications from the base station unless specific provision is made
for it to do so. One simple way to increase coverage in this situation would be for the base station to increase the power
of its transmissions. However, a blanket increase in transmission power from a base station would be expected to give
rise to correspondingly increased interference in neighbouring communication cells. An alternative approach would be
for the base station to in effect focus / concentrate its available transmission power budget into a subset of transmission
resources (e.g. in terms of frequency) which are selected from within the base station’s overall transmission resources
and allocated for transmissions to coverage-limited terminal devices. In this manner increased power may be made
available for communicating with terminal devices in "hard to reach" locations without exceeding a base station’s overall
power budget. Such an approach may be referred to as power boosting. Thus, a base station with power boosting
capability may focus its available transmission power within a restricted subset of transmission resources allocated to
coverage-limited terminal devices.
[0005] This power boosting approach is schematically represented in Figures 1A and 1B which show example plots
of maximum allowed transmission power P versus frequency f for two modes of operation for a base station in an LTE-
based wireless telecommunication network. Figure 1A represents a normal mode of operation in which the maximum
allowed transmission power is uniform across the base station’s full operating bandwidth SBW (e.g. 20 MHz) at a level
of P0. Figure 1B, on the other hand, represents a power boosted mode of operation for the base station in which the
overall available transmission power is in effect concentrated with transmissions being allowed at a power level PPB,
which is greater than the power P0 for the normal operating mode, across a bandwidth PBBW, which is less than the
bandwidth SBW for the normal operating mode. It can be expected a base station will be adapted to switch between
normal and power boosted operating modes, for example depending on current or expected traffic conditions. The overall
transmission power will typically be broadly the same in both operating modes (i.e. the areas under the curves in Figures
1A and 1B will be the same). For the sake of a concrete example, in one power boosted operating mode implementation
PBBW may be approximately one quarter of SBW (e.g. SBW = 20 MHz and PBBW = 5 MHz) while PPB may be approximately
four times P0. Thus, in this example implementation the base station may transmit up to four times more power on
transmission resources allocated to a coverage-limited terminal device within the frequency bandwidth PBW without
exceeding an overall power budget for the base station. In practice, communications with specific terminal devices on
specific subcarriers may be made with less power than the maximum allowed, taking into account the conventional
power control mechanisms provided in wireless telecommunications systems.
[0006] Thus, a wireless telecommunications network adapted to provide coverage in challenging situations by power
boosting may at times re-configure itself to concentrate its available transmit power into a number of resource elements
(REs) occupying in total less than the nominal system bandwidth. A coverage-limited terminal device may be allocated
resources on these power-boosted resource elements making it more likely to be able to use the cell.
[0007] As is well understood, in an LTE type network there are two Radio Resource Control (RRC) modes for terminal
devices, namely: (i) RRC idle mode (RRC_IDLE); and (ii) RRC connected mode (RRC_CONNECTED). When a terminal
device transmits data, RRC connected mode is required. In RRC idle mode, the core network (CN) part of the wireless
telecommunications system recognizes the terminal device is present within the network, but the radio access network
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(RAN) part of the wireless telecommunications system does not. As is conventional for an LTE-type wireless telecom-
munications network, a terminal device may conduct Reference Signal Received Power (RSRP) / Reference Signal
Received Quality (RSRQ) measurements in communication cells in which it can operate and may autonomously decide
to camp on one particular cell (e.g. according to RSRP / RSRQ threshold tests and the Public Land Mobile Network
(PLMN) identities of the cells) in order to receive system information (SI) and paging messages. In accordance with this
approach the base stations supporting communications in the respective cells do not themselves play a role in cell
selection for terminal devices in idle mode with the process of cell selection / reselection in idle mode being performed
autonomously by the terminal devices. This is in contrast to the cell-change procedures in RRC connected mode in
which case terminal devices are under control of the RAN and the handover process is a network controlled behaviour
(with assistance from terminal device measurements).
[0008] A terminal device that could benefit from power boosting as described above to more reliably operate in a
communication cell will typically not know at the point of trying to acquire or camp on a cell whether the base station of
the cell supports power-boosting. As a consequence, a terminal device may spend time and power resources undertaking
a camp on procedure for a cell, for example by decoding Primary Synchronisation Signalling (PSS), Secondary Syn-
chronisation Signalling (SSS), a Physical Broadcast Channel (PBCH) and SI of a cell, and then subsequently undertake
a random access procedure using Physical Random Access Channel (PRACH) resources to access the cell, only to
find the cell does not support power boosting and so cannot reliably support communications with the terminal device
on channels such as a Physical Downlink Control Channel (PDCCH) and Physical Downlink Shared Channel (PDSCH).
[0009] Even for a base station which is able to support power boosting, it may be that the above-discussed power
boosting approach to extending coverage may not be supported by the base station at all times so as to reduce the
impact on other terminal devices operating in the cell. For example, power boosting may only be supported at certain
times of day or night within a given communication cell according to when it is expected the resources required to properly
support conventional terminal devices operating in the cell may be reduced. In these cases it may be appropriate for
terminal devices requiring power boosting to wait ("sleep") until such time that power boosting is supported before seeking
to acquire the relevant cell.
[0010] There is therefore a need for schemes which assist in the process by which a terminal device which may benefit
from power boosting for reliable communications in a wireless telecommunications system seeks to camp on / access
base stations of the wireless telecommunications system.

SUMMARY OF THE INVENTION

[0011] According to a first aspect of the invention there is provided a method of operating a terminal device in a wireless
telecommunication system comprising one or more base stations which support a power boost operating mode in which
a base station’s available transmission power is concentrated to provide enhanced transmission powers in a subset of
its available transmission resources, the method comprising: receiving an indication of the extent to which one or more
base stations support the power boost operating mode in the wireless telecommunication system; and controlling ac-
quisition of a base station of the wireless telecommunication system in a manner that takes account of the indicated
extent to which one or more base stations support the power boost mode.
[0012] In accordance with certain embodiments the indication of the extent to which one or more base stations support
the power boost operating mode comprises one or more indications selected from the group comprising: (i) an indication
of whether or not one or more base stations are configured to have the ability to operate in the power boost operating
mode; (ii) an indication of times during which one or more base stations are configured to use the boost operating mode;
(iii) an indication of available enhanced transmission powers for one or more base stations when operating in the power
boost operating mode; (iv) an indication of which downlink physical channels of the wireless telecommunications system
can be transmitted by one or more base stations using the power boost operating mode.
[0013] In accordance with certain embodiments the step of controlling acquisition of a base station comprises choosing
a base station to acquire from among a plurality of available base stations in a manner that takes account of the indicated
extent to which one or more base stations support the power boost mode in the wireless telecommunication system.
[0014] In accordance with certain embodiments the step of choosing a base station to acquire is performed during a
cell section or a cell reselection procedure of the terminal device.
[0015] In accordance with certain embodiments the step of controlling acquisition of a base station comprises delaying
acquisition of the base station for a period of time based on the indication of the extent to which one or more base
stations support the power boost operating mode in the wireless telecommunication system.
[0016] In accordance with certain embodiments the method further comprises the terminal device entering a reduced
activity mode during a period of time for which acquisition of the base station is delayed.
[0017] In accordance with certain embodiments the method further comprises deriving one or more characteristics of
received signals from one or more base stations in the wireless telecommunications system, and wherein the step of
controlling acquisition of a base station also takes account of the one or more derived characteristics.
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[0018] In accordance with certain embodiments the derived one or more characteristics are derived from reference
signal received power (RSRP) measurements and / or reference signal received quality (RSRQ) measurements asso-
ciated with reference signals transmitted by one or more base stations in the wireless telecommunications system.
[0019] In accordance with certain embodiments the indication of the extent to which one or more base stations support
the power boost operating mode in the wireless telecommunication system includes an indication which is specific to
an individual base station.
[0020] In accordance with certain embodiments the indication of the extent to which one or more base stations support
the power boost operating mode in the wireless telecommunication system comprises an indication which is applicable
for a plurality of base stations.
[0021] In accordance with certain embodiments the step of receiving the indication of the extent to which one or more
base stations support the power boost operating mode comprises receiving from a first base station an indication of the
extent to which the first base station supports the power boost operating mode.
[0022] In accordance with certain embodiments the step of receiving the indication of the extent to which one or more
base stations support the power boost operating mode further comprises receiving from a further base station an indication
of the extent to which the further base station supports the power boost operating mode.
[0023] In accordance with certain embodiments the step of receiving the indication of the extent to which one or more
base stations support the power boost operating mode comprises receiving from a first base station an indication of the
extent to which a second, different, base station supports the power boost operating mode.
[0024] In accordance with certain embodiments the first base station is a base station to which the terminal device is
connected and the second base station is a base station to which the terminal device is not connected.
[0025] In accordance with certain embodiments the step of controlling acquisition of a base station of the wireless
telecommunication system comprises determining whether or not to disconnect from the first base station and to connect
to the second base station.
[0026] In accordance with certain embodiments the indication of the extent to which one or more base stations support
the power boost operating mode is received by the terminal device in communications received from one or more base
station to which terminal device is not connected.
[0027] In accordance with certain embodiments the indication of the extent to which one or more base stations support
the power boost operating mode is implicitly conveyed to the terminal device in association with transmissions made by
base stations in the wireless telecommunications system for communicating other information.
[0028] In accordance with certain embodiments the step of receiving the indication of the extent to which one or more
base stations support the power boost operating mode in the wireless telecommunication system comprises receiving
broadcast signalling from one or more base stations and deriving the indication of the extent to which one or more base
stations support the power boost operating mode from the transmission resources used for the broadcast signalling.
[0029] In accordance with certain embodiments the broadcast signalling comprises synchronisation signalling
[0030] In accordance with certain embodiments the indication of the extent to which one or more base stations support
the power boost operating mode is received by the terminal device using explicit signalling.
[0031] In accordance with certain embodiments the explicit signalling comprises system information signalling received
from a base station.
[0032] In accordance with another aspect of the invention there is provided a terminal device for use in a wireless
telecommunication system comprising one or more base stations which support a power boost operating mode in which
a base station’s available transmission power is concentrated to provide enhanced transmission powers in a subset of
its available transmission resources, wherein the terminal device is configured to: receive an indication of the extent to
which one or more base stations support the power boost operating mode in the wireless telecommunication system;
and control acquisition of a base station of the wireless telecommunication system in a manner that takes account of
the indicated extent to which one or more base stations support the power boost mode.
[0033] In accordance with another aspect of the invention there is provided a method of operating a base station in a
wireless telecommunication system comprising one or more base stations which support a power boost operating mode
in which a base station’s available transmission power is concentrated to provide enhanced transmission powers in a
subset of its available transmission resources, the method comprising: establishing an extent to which one or more base
stations support the power boost operating mode; and, conveying an indication of the extent to which one or more base
stations support the power boost operating mode to a terminal device operating in the wireless telecommunication system
so the terminal device can take account of the indication of the extent to which one or more base stations support the
power boost operating mode for controlling its acquisition of a base station of the wireless telecommunication system.
[0034] In accordance with certain embodiments the indication of the extent to which one or more base stations support
the power boost operating mode comprises one or more indications selected from the group comprising: (i) an indication
of whether or not one or more base stations are configured to have the ability to operate in the power boost operating
mode; (ii) an indication of times during which one or more base stations are configured to use the boost operating mode;
(iii) an indication of available enhanced transmission powers for one or more base stations when operating in the power
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boost operating mode; (iv) an indication of which downlink physical channels of the wireless telecommunications system
can be transmitted by one or more base stations using the power boost operating mode.
[0035] In accordance with certain embodiments the method further comprises transmitting reference signals to allow
the terminal device to derive one or more characteristics of received reference signals for use in conjunction with the
indication of the extent to which one or more base stations support the power boost operating mode when controlling
acquisition of a base station of the wireless telecommunication system.
[0036] In accordance with certain embodiments the indication of the extent to which one or more base stations support
the power boost operating mode in the wireless telecommunication system includes an indication which is specific to
the base station.
[0037] In accordance with certain embodiments the indication of the extent to which one or more base stations support
the power boost operating mode in the wireless telecommunication system is applicable for a plurality of base stations.
[0038] In accordance with certain embodiments the indication relates to the extent the base station supports the power
boost operating mode in the wireless telecommunication system and does not relate to the extent any other base station
supports the power boost operating mode in the wireless telecommunication system.
[0039] In accordance with certain embodiments the indication relates to the extent at least one other base station
supports the power boost operating mode in the wireless telecommunication system.
[0040] In accordance with certain embodiments the terminal device is connected to the base station and is not con-
nected to the at least one other base station.
[0041] In accordance with certain embodiments the method further comprises receiving from at least one further base
station an indication of the extent to which the at least one further base station supports the power boost operating mode
in the wireless telecommunication system.
[0042] In accordance with certain embodiments the terminal device is not connected to the base station at the time
the indication of the extent to which one or more base stations support the power boost operating mode is conveyed to
the terminal device.
[0043] In accordance with certain embodiments the indication of the extent to which one or more base stations support
the power boost operating mode is implicitly conveyed to the terminal device in association with transmissions made by
the base station for communicating other information.
[0044] In accordance with certain embodiments the step of conveying the indication of the extent to which one or more
base stations support the power boost operating mode in the wireless telecommunication system comprises transmitting
broadcast signalling using transmission resources selected according to the indication to be conveyed.
[0045] In accordance with certain embodiments the broadcast signalling comprises synchronisation signalling
[0046] In accordance with certain embodiments the indication of the extent to which one or more base stations support
the power boost operating mode is conveyed to the terminal device using explicit signalling.
[0047] In accordance with certain embodiments the explicit signalling comprises system information signalling.
[0048] In accordance with another aspect of the invention there is provided a base station for use in a wireless
telecommunication system comprising one or more base stations which support a power boost operating mode in which
a base station’s available transmission power is concentrated to provide enhanced transmission powers in a subset of
its available transmission resources, wherein the base station is configured to: establish an extent to which one or more
base stations support the power boost operating mode; and, convey an indication of the extent to which one or more
base stations support the power boost operating mode to a terminal device operating in the wireless telecommunication
system so the terminal device can take account of the indication of the extent to which one or more base stations support
the power boost operating mode for controlling its acquisition of a base station of the wireless telecommunication system.
[0049] It will be appreciated that features and aspects of the invention described above in relation to the first and other
aspects of the invention are equally applicable to, and may be combined with, embodiments of the invention according
to other aspects of the invention as appropriate, and not just in the specific combinations described above.

BRIEF DESCRIPTION OF DRAWINGS

[0050] Embodiments of the present invention will now be described by way of example only with reference to the
accompanying drawings where like parts are provided with corresponding reference numerals and in which:

Figures 1A and 1B schematically show example plots of transmission power versus frequency for two modes of
operation for a base station in an LTE-based wireless telecommunication network operating at it maximum permis-
sible power output
Figure 2 provides a schematic diagram illustrating an example of a conventional mobile telecommunication network;
Figure 3 provides a schematic diagram illustrating a conventional LTE radio frame;
Figure 4 provides a schematic diagram illustrating an example of a conventional LTE downlink radio subframe;
Figure 5 provides a schematic diagram illustrating a conventional LTE "camp-on" procedure;
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Figure 6 schematically represents some elements of a wireless telecommunication system in accordance with some
embodiments of the invention;
Figure 7 is a ladder diagram schematically representing some operational aspects of elements of the wireless
telecommunication system of Figure 6 in accordance with some embodiments of the invention;
Figure 8 is a flow diagram schematically representing some operational aspects of a terminal device in accordance
with some embodiments of the invention; and
Figure 9 is a ladder diagram schematically representing some operational aspects of elements of the wireless
telecommunication system of Figure 6 in accordance with some embodiments of the invention;

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0051] Figure 2 provides a schematic diagram illustrating some basic functionality of a wireless telecommunications
network / system operating in accordance with LTE principles. Various elements of Figure 2 and their respective modes
of operation are well-known and defined in the relevant standards administered by the 3GPP (RTM) body and also
described in many books on the subject, for example, Holma, H. and Toskala, A. [1].
[0052] The network includes a plurality of base stations 101 connected to a core network 102. Each base station
provides a coverage area 103 (i.e. a cell) within which data can be communicated to and from terminal devices 104.
Data are transmitted from base stations 101 to terminal devices 104 within their respective coverage areas 103 via a
radio downlink. Data are transmitted from terminal devices 104 to the base stations 101 via a radio uplink. The core
network 102 routes data to and from the terminal devices 104 via the respective base stations 101 and provides functions
such as authentication, mobility management, charging and so on. Terminal devices may also be referred to as mobile
stations, user equipment (UE), user terminal, mobile radio, and so forth. Base stations may also be referred to as
transceiver stations / nodeBs / e-NodeBs, and so forth.
[0053] Mobile telecommunications systems such as those arranged in accordance with the 3GPP defined Long Term
Evolution (LTE) architecture use an orthogonal frequency division multiplex (OFDM) based interface for the radio downlink
(so-called OFDMA) and a single carrier frequency division multiplex based interface for the radio uplink (so-called SC-
FDMA). Figure 3 shows a schematic diagram illustrating an OFDM based LTE downlink radio frame 201. The LTE
downlink radio frame is transmitted from an LTE base station (known as an enhanced Node B) and lasts 10 ms. The
downlink radio frame comprises ten subframes, each subframe lasting 1 ms. A primary synchronisation signal (PSS)
and a secondary synchronisation signal (SSS) are transmitted in the first and sixth subframes of the LTE frame. A
physical broadcast channel (PBCH) is transmitted in the first subframe of the LTE frame.
[0054] Figure 4 is a schematic diagram of a grid which illustrates the structure of an example conventional downlink
LTE subframe. The subframe comprises a predetermined number of symbols which are transmitted over a 1ms period.
Each symbol comprises a predetermined number of orthogonal sub-carriers distributed across the bandwidth of the
downlink radio carrier.
[0055] The example subframe shown in Figure 4 comprises 14 symbols and 1200 sub-carriers spread across a 20MHz
bandwidth. The smallest allocation of user data for transmission in LTE is a resource block comprising twelve sub-
carriers transmitted over one slot (0.5 subframe). For clarity, in Figure 4, each individual resource element (a resource
element comprises a single symbol on a single subcarrier) is not shown, instead each individual box in the subframe
grid corresponds to twelve sub-carriers transmitted on one symbol.
[0056] Figure 4 shows resource allocations for four LTE terminals 340, 341, 342, 343. For example, the resource
allocation 342 for a first LTE terminal (UE 1) extends over five blocks of twelve sub-carriers (i.e. 60 sub-carriers), the
resource allocation 343 for a second LTE terminal (UE2) extends over six blocks of twelve sub-carriers and so on.
[0057] Control channel data are transmitted in a control region 300 (indicated by dotted-shading in Figure 4) of the
subframe comprising the first n symbols of the subframe where n can vary between one and three symbols for channel
bandwidths of 3MHz or greater and where n can vary between two and four symbols for channel bandwidths of 1.4MHz.
For the sake of providing a concrete example, the following description relates to carriers with a channel bandwidth of
3MHz or greater so the maximum value of n will be 3. The data transmitted in the control region 300 includes data
transmitted on the physical downlink control channel (PDCCH), the physical control format indicator channel (PCFICH)
and the physical HARQ indicator channel (PHICH).
[0058] PDCCH contains control data indicating which sub-carriers on which symbols of the subframe have been
allocated to specific LTE terminals. Thus, the PDCCH data transmitted in the control region 300 of the subframe shown
in Figure 4 would indicate that UE1 has been allocated the block of resources identified by reference numeral 342, that
UE2 has been allocated the block of resources identified by reference numeral 343, and so on.
[0059] PCFICH contains control data indicating the size of the control region (i.e. between one and three symbols).
[0060] PHICH contains HARQ (Hybrid Automatic Request) data indicating whether or not previously transmitted uplink
data has been successfully received by the network.
[0061] Symbols in a central band 310 of the time-frequency resource grid are used for the transmission of information
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including the primary synchronisation signal (PSS), the secondary synchronisation signal (SSS) and the physical broad-
cast channel (PBCH). This central band 310 is typically 72 sub-carriers wide (corresponding to a transmission bandwidth
of 1.08 MHz). The PSS and SSS are synchronisation signals that once detected allow an LTE terminal device to achieve
frame synchronisation and determine the cell identity of the enhanced Node B transmitting the downlink signal. The
PBCH carries information about the cell, comprising a master information block (MIB) that includes parameters that LTE
terminals use to properly access the cell. Data transmitted to individual LTE terminals on the physical downlink shared
channel (PDSCH) can be transmitted in other resource elements of the subframe.
[0062] Figure 4 also shows a region of PDSCH containing system information and extending over a bandwidth of R344.
A conventional LTE frame will also include reference signals which are not shown in Figure 4 in the interests of clarity.
[0063] The number of sub-carriers in an LTE channel can vary depending on the configuration of the transmission
network. Typically this variation is from 72 sub carriers contained within a 1.4MHz channel bandwidth to 1200 sub-
carriers contained within a 20MHz channel bandwidth (as schematically shown in Figure 4). As is known in the art, data
transmitted on the PDCCH, PCFICH and PHICH is typically distributed on the sub-carriers across the entire bandwidth
of the subframe to provide for frequency diversity. Therefore a conventional LTE terminal must be able to receive the
entire channel bandwidth in order to receive and decode the control region.
[0064] Figure 5 illustrates an LTE "camp-on" process, that is, the process followed by a terminal so that it can decode
downlink transmissions which are sent by a base station via a downlink channel. Using this process, the terminal can
identify the parts of the transmissions that include system information for the cell and thus decode configuration information
for the cell.
[0065] As can be seen in Figure 5, in a conventional LTE camp-on procedure, the terminal first synchronizes with the
base station (step 400) using the PSS and SSS in the centre band and then decodes the PBCH (step 401). Once the
terminal has performed steps 400 and 401, it is synchronized with the base station.
[0066] For each subframe, the terminal then decodes the PCFICH which is distributed across the entire bandwidth of
carrier 320 (step 402). As discussed above, an LTE downlink carrier can be up to 20 MHz wide (1200 sub-carriers) and
an LTE terminal therefore has to have the capability to receive and decode transmissions on a 20 MHz bandwidth in
order to decode the PCFICH. At the PCFICH decoding stage, with a 20MHz carrier band, the terminal operates at a
much larger bandwidth (bandwidth of R320) than during steps 400 and 401 (bandwidth of R310) relating to synchronization
and PBCH decoding.
[0067] The terminal then ascertains the PHICH locations (step 403) and decodes the PDCCH (step 404), in particular
for identifying system information transmissions and for identifying its resource allocations. The resource allocations are
used by the terminal to locate system information and to locate its data in the PDSCH as well as to be informed of any
transmission resources it has been granted on PUSCH. Both system information and UE-specific resource allocations
are transmitted on PDSCH and scheduled within the carrier band 320. Steps 403 and 404 also require the terminal to
operate on the entire bandwidth R320 of the carrier band.
[0068] At steps 402 to 404, the terminal decodes information contained in the control region 300 of a subframe. As
explained above, in LTE, the three control channels mentioned above (PCFICH, PHICH and PDCCH) can be found
across the control region 300 of the carrier where the control region extends over the range R320 and occupies the first
one, two or three OFDM symbols of each subframe as discussed above. In a subframe, typically the control channels
do not use all the resource elements within the control region 300, but they are scattered across the entire region, such
that a LTE terminal has to be able to simultaneously receive the entire control region 300 for decoding each of the three
control channels.
[0069] The terminal can then decode the PDSCH (step 405) which contains system information or data transmitted
for this terminal.
[0070] As explained above, in an LTE subframe the PDSCH generally occupies groups of resource elements which
are neither in the control region nor in the resource elements occupied by PSS, SSS or PBCH. The data in the blocks
of resource elements 340, 341, 342, 343 allocated to the different mobile communication terminals (UEs) shown in
Figure 4 have a smaller bandwidth than the bandwidth of the entire carrier, although to decode these blocks a terminal
first receives the PDCCH spread across the frequency range R320 to determine if the PDCCH indicates that a PDSCH
resource is allocated to the UE and should be decoded. Once a UE has received the entire subframe, it can then decode
the PDSCH in the relevant frequency range (if any) indicated by the PDCCH. So for example, UE 1 discussed above
decodes the whole control region 300 and then the data in the resource block 342.
[0071] As noted above, it is expected that certain terminal devices might be in locations with relatively high penetration
loss as regards radio communications with a base station. For example, an MTC-type terminal device associated with
a smart meter application may be located in a basement. This can mean certain devices may require a base station to
transmit with significantly higher power levels than for other terminal devices coupled to the base station in order to
support reliable communications. Although it may be expected that MTC type terminal devices might often be in "harder
to reach" locations than other types of terminal device, it will be appreciated the issues relating to coverage extension
as discussed herein can equally apply to non-MTC type terminal devices. As schematically represented in Figure 1B
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and discussed above, one proposal for reliably supporting communications with terminal devices in areas of relatively
poor coverage without simply increasing the overall transmission power from a base station is to focus a base station’s
transmission budget into relatively high powered transmissions in a subset of frequencies spanning a bandwidth which
is less than the normal operating bandwidth for the base station. However, as also noted above, a terminal device
seeking to camp on / access a particular base station in accordance with conventional techniques will generally be
unaware of the circumstances in which the base station can support power boosting until the terminal device has been
able to decode relatively high-level system information associated with the base station. That is to say, the terminal
device must undergo the process of Figure 5 before determining whether or not the base station can in fact reliably
support communications with the terminal device in a power-boosted mode of operation. Certain embodiments of the
invention are directed to schemes for providing terminal devices with information on base stations’ capabilities to operate
in a power boosting mode (e.g. in terms of if / when a base station supports power boosting) with a view to reducing
wasted camp on attempts.
[0072] Figure 6 is a schematic diagram showing part of a telecommunications system 1400 arranged in accordance
with an example of the present invention. The telecommunications system 1400 in this example is based broadly on an
LTE-type architecture. As such many aspects of the operation of the telecommunications system 1400 are known and
understood and are not described here in detail in the interest of brevity. Operational aspects of the telecommunications
system 1400 which are not specifically described herein may be implemented in accordance with any known techniques,
for example according to the current LTE standards.
[0073] Represented in Figure 6 are three communication cells 1404A, B, C supported by respective base stations
1401A, B, C coupled to a core network 1408. The communication cells are nominally represented in Figure 6 as adjacent
hexagons, but it will be appreciated in practice the respective coverage areas associated with the different base stations
will overlap such that an individual terminal device may be located within the nominal geographic footprint of more than
one base station. For example, it is assumed here a terminal device 1403 in accordance with an embodiment of the
invention happens to be at a location which is within the nominal coverage areas of all three base stations 1401A, B, C.
This is schematically shown in Figure 6 by the terminal device 1403 being represented at a point where the three
hexagons schematically representing the three communication cells 1404A, B, C meet. Accordingly, the terminal device
1403 may in principle access (i.e. connect to or camp on) any of the base stations 1401A, B, C. In accordance with
common practice, the terms base station and cell may sometimes be used herein interchangeably, for example, the
process of a terminal device connecting to the radio access part of a wireless telecommunications system might be
referred to as accessing a cell or accessing a base station.
[0074] It will be appreciated that in general a system such as that represented in Figure 6 will comprise a greater
number of cells arranged to provide coverage over a more extended geographic area. As is conventional for LTE-type
networks, the respective base stations 1401A, B, C may communicate with one another over the so-called X2 interface
which interconnects base stations in a peer-to-peer fashion.
[0075] For the sake of a concrete example, it will be assumed here the two base stations 1401A, 1402B are configured
to support a power boosting mode of operation while the base station 1401C is not configured to support a power boosting
mode of operation.
[0076] Referring to Figure 6, communication cell 1404A thus includes base station (enhanced Node B / eNB) 1401A
connected to the core network 1408. The base station 1401A comprises a transceiver unit 1410A for transmission and
reception of wireless signals and a controller unit 1411A configured to control the base station 1401A. The controller
unit 1411A may comprise various sub-units, such as a scheduling unit 1409A and other functional units for providing
functionality in accordance with embodiments of the invention as explained further below. These sub units may be
implemented as discrete hardware elements or as appropriately configured functions of the controller unit. Thus, the
controller unit 1411A may comprise a processor unit which is suitably configured / programmed to provide the desired
functionality described herein using conventional programming / configuration techniques for equipment in wireless
telecommunications systems. The transceiver unit 1410A and the controller unit 1411A are schematically shown in
Figure 6 as separate elements for ease of representation. However, it will be appreciated that the functionality of these
units can be provided in various different ways following established practices in the art, for example using a single
suitably programmed integrated circuit coupled to an antenna. It will be appreciated the base station 1401A will in general
comprise various other elements associated with its operating functionality.
[0077] The base station 1401A may communicate with a plurality of conventional LTE terminals 1402A within the
coverage area of the cell 1404A in accordance with conventional techniques. The base station 1401A is arranged to
transmit downlink data using a subframe structure that follows that schematically represented in Figure 4, and furthermore,
this may be done in either a normal operating mode or a power boosted operating mode as discussed above and
schematically represented in Figures 1A and 1B.
[0078] As noted above, it is assumed here for the sake of a concrete example the base stations 1401A, 1401B
associated with communication cells 1404A, 1404B both support a power boosted mode of operation, whereas the base
stations 1401C associated with communication cells 1404C does not. The various elements and functionality associated
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with the communication cell 1404B are thus in essence the same as for the communication cell 1404A. Similarly, the
various elements and functionality associated with the communication cell 1404C are in essence the same as for the
communication cell 1404A (except the base station 1401C of communication cell 1404C is assumed in this example to
not support the power boosted mode of operation). With this in mind, it will be appreciated the various elements of
communication cells 1404B, 1404C represented in Figure 6 will be similar to, and will be understood from, the corre-
sponding elements of communication cell 1404A (except for the inability of base station 1401C to support power boosted
transmissions).
[0079] As noted above, a terminal device 1403 in accordance with an embodiment of the invention is also represented
in Figure 6 at a location within the nominal geographic footprint of each of the three communication cells 1404A, B, C
associated with the three base stations 1401A, B, C. The terminal device 1403 may be based around any conventional
terminal device with adaptions to support operation in accordance with embodiments of the invention as described herein.
[0080] The terminal device 1403 comprises a transceiver unit 1405 for transmission and reception of wireless signals
and a controller unit 1407 configured to control the device 1403. The controller unit 1407 may comprise various sub-
units for providing functionality in accordance with embodiments of the invention as explained herein. These sub units
may be implemented as discrete hardware elements or as appropriately configured functions of the controller unit. Thus
the controller unit 1407 may comprise a processor unit which is suitably configured / programmed to provide the desired
functionality described herein using conventional programming / configuration techniques for equipment in wireless
telecommunications systems. The transceiver unit 1405 and the controller unit 1407 are schematically shown in Figure
6 as separate elements for ease of representation. However, it will be appreciated that the functionality of these units
can be provided in various different ways following established practices in the art, for example using a single suitably
programmed integrated circuit. It will be appreciated the terminal device 1403 will in general comprise various other
elements associated with its operating functionality. Operational aspects of the terminal device 1403 which are not
described herein may be implemented in accordance with conventional techniques.
[0081] A mode of operation whereby the terminal device 1403 controls its acquisition of one of the base stations 1401A,
B, C of the wireless telecommunications system 1400 in accordance with an embodiment of the invention will now be
described. The base station 1401C is assumed in this example to not support a power boosted operating mode, and as
such the operation of this base station may be entirely conventional.
[0082] Various examples will be described in which a terminal device controls its acquisition of a base station of a
wireless telecommunications system based on information received from one or more base stations regarding the extent
to which one or more base stations in the wireless telecommunications system support a power boosted mode of
operation. In this respect controlling acquisition may be considered to correspond with controlling a camp-on / cell-attach
procedure through which a terminal device receives signalling from a particular base station. The terms acquire and
access (and derivatives thereof) may sometimes be used interchangeably throughout this description and should be
interpreted accordingly unless the context demands otherwise. In some cases, for example when a terminal device is
first switched on, the acquisition may correspond with a cell selection procedure. In other cases, for example where a
terminal device is to camp on a different base station, the step of controlling acquisition may correspond with controlling
a cell reselection or handover procedure.
[0083] By taking account of different base stations’ capabilities with regard to the power boosted mode of operation
a terminal device may be able to more efficiently control its acquisition of a base station in accordance with embodiments
of the invention. For example, if a terminal device relies on power boosting to reliably receive data it might avoid attempting
to attach to base stations which do not support a power boosted mode of operation and / or might delay accessing a
base station until a later time when power boosting is available for the base station.
[0084] In a first example it will be assumed the terminal device 1403 has just been switched on, and needs to determine
which of the available base stations 1401A, 1401B, 1401C it will access / camp on. In accordance with standard tech-
niques, a terminal device which is within the coverage area of multiple cells will in these circumstances typically undertake
measurements of signalling received from the different cells to establish a measure of radio link conditions for commu-
nications from each base station and access one of the base stations based on the measured radio link conditions.
However a drawback of this approach is that the terminal device is unaware of the extent to which radio link conditions
may be improved because of the availability of power boosting. Thus, in accordance with certain embodiments of the
invention terminal devices may receive an indication of the extent to which base stations in the wireless telecommuni-
cations network support power boosting to assist in the process of accessing the network through an appropriate base
station.
[0085] In some embodiments the individual base stations which support the power boosted mode of operation are
each configured to implicitly convey their own indication of the extent to which they support the power boost mode to
terminal devices. In some examples the indication may be conveyed in association with broadcast signalling received
by terminal devices in idle mode. For example, in some cases an indication of the extent to which a base station supports
a power boosted mode (i.e. an indication of power boost availability (PBA)) may be implicitly conveyed according to the
transmission resources selected by the base station in association with broadcast signalling, such as synchronisation
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signalling. The power boost availability (PBA) indication might, for example, indicate the level, times of availability, or
simply the existence, of power boosting for particular base stations. As already noted, this information can help a terminal
device control its acquisition of a base station, for example by governing how the terminal device conducts and responds
to signal measurements for cell selection / re-selection, as well as for handover, in order to take account of the potentially
improved suitability of a cell that supports power boosting, as well as governing how a terminal device might enter a
sleep mode before waking up to connect to a cell for which a PBA indication indicates better coverage might be available
at some particular time of day.
[0086] More generally, by taking account of different base stations’ capabilities with regard to the power boosted mode
of operation a terminal device is able to more efficiently control its acquisition of base stations, for example by avoiding
attempting to attach to a base station which does not support a power boosted mode of operation if the terminal device
requires the power boosted mode of operation to reliably receive data, or by delaying a procedure for accessing a base
station until a time when power boosting is indicated as being available for the base station. In this respect controlling
access may be considered to correspond with controlling a camp-on / cell-attach procedure through which a terminal
device connects to a particular base station. In some cases, for example when a terminal device is first switched on, the
access may correspond with a cell selection procedure. In other cases, for example where a terminal device is to move
to a different base station, the access may correspond with a cell reselection procedure.
[0087] In one example embodiment a base station may provide for repetitions of synchronisation signalling sequences,
such as the primary synchronisation sequences (PSS) and secondary synchronisation sequences (SSS) employed in
LTE-type networks. As noted above, synchronisation signalling is provided on certain specified transmission resources
according to the implemented standard to help a terminal device which has just switched on to easily locate the syn-
chronisation signalling, thereby allowing the terminal device to more rapidly synchronise to transmissions from the base
station to help the acquisition of further signalling associated with connecting to a network.
[0088] Co-pending UK patent application numbers GB 1305233.7 - filed 21 March 2013 [2] and GB 1350234.5 - filed
21 March 2013 [3] disclose mechanisms for conveying information regarding a range of Physical Cell Identities (PCI)
and/or SSS values that a terminal device searches. This is achieved by varying the subframes or OFDM symbols in
which some additional repetition(s) of PSS/SSS occur. A similar approach could be taken in accordance with an em-
bodiment of the invention in which base station wishing to broadcast a particular PBA indication may do so by selecting
an appropriate format of synchronisation signalling repetition according to the information to be conveyed. For example,
in a simple case the network may allow base stations to simply indicate whether or not the base station is currently able
to adopt the power boosted mode. A base station may in effect advertise its capabilities in this respect by introducing a
repetition of synchronisation signalling at a pre-specified location in its downlink subframe, for example at a particular
time and / or frequency offset relative to conventional synchronisation signalling. A terminal device detecting such a
repetition may therefore conclude the base station is advertising its ability to operate in a power boosted mode and take
this information into account when taking decisions on how the terminal device is to access the network. It may be noted
that a terminal device which requires power boosting to reliably receive, for example, the physical downlink shared
channel (PDSCH) in a wireless telecommunications system may nonetheless be able to reliably receive other signalling,
such as synchronisation signalling, since this is generally transmitted with a significantly higher degree of redundancy
than PDSCH transmissions. Thus, it may be expected that a terminal device which is in a location which makes it difficult
to reliably receive PDSCH transmissions may nonetheless reliably receive other signalling.
[0089] Different mappings between transmission resources used for broadcast signalling and information regarding
power boost capabilities may be established according to a standard. For example, different locations (in the time /
frequency domain) for synchronisation signalling repetitions may be associated with different information to be conveyed
regarding the extent to which one or more base stations support a power boost mode of operation. A base station may
thus establish the extent to which it (or other base stations as discussed further below) is to support the power boost
mode, this may be a fixed characteristic of the base station or determined dynamically, for example according to how
much disruption the power boost mode of operation would cause for other users of the network, and convey this information
implicitly by appropriately selecting transmission characteristics for broadcast signalling, such as synchronisation sig-
nalling, according to a pre-established mapping between transmission characteristic and information to be conveyed.
As will be appreciated, more "bits" of information (different states) can be communicated by increasing the number of
different options a base station may choose from with regards to its broadcast signalling. For example, allowing for
potentially more repetitions of synchronisation signalling provides a correspondingly greater number of states that can
be distinguished for indicating different extents of power boost availability. A terminal device expecting to need coverage
extension on PDSCH/PDCCH to operate reliably can simply choose not to connect to a cell associated with an indication
of insufficient availability of power boosting. This saves power at the terminal device and can reduce uplink interference
(and therefore re-transmissions) on PRACH since there is a corresponding reduction in terminal devices attempting to
acquire cells that are unable to support their power boosted needs.
[0090] As noted above, a PBA indication may be selected by a base station to convey various types of information
regarding the extent to which one or more base stations support power boosting in the network. For example, depending
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on the implementation, a PBA indication conveyed from a base station to terminal devices may in accordance with some
embodiments be used to indicate one or more of the following:

(i) the availability of any power boosting for one or more base stations;
(ii) the level of any power density boost that is available, for example the power enhancement (e.g. in dB) that is
available for resources on which power boosted transmissions may be made relative to the default / nominal power
levels available without power boosting.
(iii) time(s) when power boost (or an amount of power boost) can be expected to be available. This could, for example,
be based on a fairly coarse division of each day into segments to match the available number of states of the PBA
indication mechanism for a given implementation. In one simple example the extent to which a base station supports
power boosting may correspond with supporting power boosting at a high boost level (power enhancement) between
00:00-05:30, supporting power boosting at a low boost level between 22:00 - 00:00, and not supporting any power
boosting between 05:30 - 22:00. This extent of power boost support could be conveyed to a terminal device with a
three-states PBA indication. The specific meanings in such a case for ’high’ and ’low’ (e.g. in terms of actual power
level enhancement) could be established in various ways, for example it could be agreed between network operators
and terminal device manufacturers outside a standard specification, or it could be written into a standard’s specifi-
cations.
(iv) on which downlink physical channels power boosting is available (for example, where power boosting may be
supported on some downlink physical channels, but not others).

[0091] Methods of operation of elements of the wireless telecommunications system 1400 represented in Figure 6 in
accordance with some embodiments of the invention will now be described. In the first examples to be described it will
be assumed the terminal device 1403 is initially not connected (attached / camped-on) to any base station.
[0092] As is conventional for LTE-type networks, a terminal device in RRC_IDLE mode detects the presence of
available base stations / cells and measures their RSRP/RSRQ levels. Based on these measurement results, a base
station is selected to which the terminal device will attempt to attach from rankings based on the measurement. Terminal
devices use the selected base station / cell for various terminal device procedures, such as receiving paging messages,
reading system information (SI), and eventually random access procedures, for example when the terminal device is to
move to RRC_CONNECTED mode.
[0093] Typically, initial cell selection is performed immediately after a terminal device is powered on. In accordance
with standard techniques, a newly switched on terminal device starts to scan its supported bands and select a cell to
camp-on based on its preferred operator’s network (i.e. PLMN identity in its SIM card) and terminal device measurement
results according to established cell selection procedure. Further details on these procedures in the context of an LTE-
type network can be found, for example, in the 3GPP document ETSI TS 136 304 V 11.2.0 (2013-02) / 3GPP TS 36.304
Version 11.2.0 Release 11 [4]
[0094] Later cell selection procedures after an initial cell selection procedure are sometimes called "cell reselection"
procedure is in LTE. With cell reselection, a terminal device looks for neighbouring cells with better RSRP/RSRQ than
its currently-selected cell. The reselection criteria/procedure is considered a separate procedure from (initial) cell selec-
tion, but in many respects the principles described herein apply equally for both types of procedure. Further details on
cell reselection procedures in the context of an LTE-type network can also be found in ETSI TS 136 304 V11.2.0 (2013-02)
/ 3GPP TS 36.304 Version 11.2.0 Release 11 [4].
[0095] As mentioned above the amount of information to be conveyed to terminal devices regarding base stations’
capabilities as regards a power boost operating mode may be different in accordance of different implementations. Some
examples may employ a simple one-bit indication of whether or not power boosting is available in the cell at all (for
example at a fixed predefined level), and this may be referred to as a ’single-level’ indication. A single level indication
for a given base station may be provided, for example, according to whether or not the base station is broadcasting a
synchronisation signalling repetition on a particular transmission resources defined for this purpose. Some other examples
may convey more than one-bit of information. For example, the indication of the extent to which a base station supports
power boosting might include an indication of which of a number of possible different levels of power boost are being
offered by a cell, and this may be referred to as a ’multi-level’ indication. The latter may arise, for example, if a cell can
change its power boost over time, or if the network as a whole supports more than one power boost level, and per-cell
PBA-level indication is therefore desired.
[0096] Based on the above two characteristics four different cases may be considered for an idle mode terminal device,
namely:

+ Cell selection with single-level PBA indication
+ Cell selection with multi-level PBA indication
+ Cell re-selection with single-level PBA indication
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+ Cell re-selection with multi-level PBA indication

[0097] Examples of these different cases will now be described. However, as will be appreciated the underlying
principles of operation are to large extent the same for each case. In each case it is assumed the terminal device 1403
make use of information received from one or more of the base stations represented in Figure 6 regarding the extent to
which the various base stations support power boosting.
[0098] Figure 7 is a ladder diagram schematically representing some operational aspects of the terminal device 1403
and the base stations 1401A, B, C of Figure 6 for an example of initial cell selection with single PBA indication in
accordance with an embodiment of the invention. The PBA indication is thus provided simply to identify whether or not
the base station supports power boosting. The level of power boosting, for example in terms of a potential power increase
in dB for the transmission resources in which power is concentrated when power boosting, may be predefined in ac-
cordance with the standards. For example, operating standards associated with the wireless telecommunications system
may specify a power boosting mode as comprising a four-fold increase in available power (around 6 dB) within one
quarter of the available transmission resources.
[0099] Thus, in a first step the terminal device wakes up, for example on initial switch on / after a quiescent period. In
accordance with conventional LTE principles, the terminal device scans for synchronisation signalling being broadcast
by surrounding base stations. As noted above, it is assumed for the example of Figure 6 the terminal device is within
the nominal coverage area of all three base stations 1401A, B, C. Thus, and as schematically represented in Figure 7,
the terminal device is able to receive primary (PSS) and secondary (SSS) signalling from each of the base stations. In
accordance with the principles described above, the respective base stations which support power boosting are config-
ured to indicate this by making transmissions in association with their synchronisation signalling (e.g. signalling repeti-
tions) on transmission resources specifically defined for this purpose. This is schematically represented in Figure 7 for
the base stations which support power boosting (i.e. base stations 1401A and 1401B) by the labelling "[PB]" associated
with the representation of their PSS/SSS signalling. A base station which does not support power boosting (such as
base station 1401C) does not make transmissions associated with synchronisation signalling on the pre-defined trans-
mission resources, thereby in effect indicating its inability to use power boosting.
[0100] The terminal device 1403 is configured to search for synchronisation signalling repetitions on the transmission
resources defined for indicating the availability of power boosting, and if such synchronisation signalling is found, the
terminal device 1403 determines the corresponding base station supports power boosting. Thus the terminal device
1403 determines that the base stations 1401A and 1401B support power boosting, whereas the base station 1401C
does not. Thus, the terminal device 1403 reaches a stage at which it has identified what base stations are in range and
which of them support power boosting.
[0101] In the next two stages represented in Figure 7, the terminal device 1403 establishes which base stations
correspond with its preferred (priority) PLMN and makes RSRP measurements for each base station. Here it is assumed
that all three base stations correspond with the terminal device’s preferred PLMN, and so RSRP measurements are
undertaken for each base station / cell. These two stages may be performed in accordance with conventional techniques.
[0102] Having obtained the RSRP measurements, and taking account of the information previously-received regarding
the extent to which the various base station support power boosting, the next stages of operation for the terminal device
1403 represented in Figure 7 are a cell ranking stage and a cell selection stage. In these stages the terminal device
controls how it will subsequently access a base station of the wireless telecommunications system by determining which
of the available base stations is most appropriate for connecting to, taking account of the RSRP measurements and
abilities to support power boosting for the respective base stations.
[0103] In general, the cell ranking stage may follow the same general principles as for a conventional cell attach
procedure, except that in addition to taking account of the RSRP measurements, account is also taken of the extent to
which the base station support power boosting. One way to do this is to in effect uprate the RSRP measurements for
base stations which support power boosting. For example reference signal received power measurements (RSRP) for
base stations which support power boosting may be replaced for the purpose of cell ranking with a modified RSRP
corresponding to the measured RSRP plus and offset corresponding to the available power boosting enhancement. For
example, if the specification defines power boosting as corresponding to a 6 dB enhancement, the RSRP measurements
for base stations which indicate they support power boosting may be increased by 6 dB. The modified RSRP thus reflects
the channel characteristics that may be achievable when power boosting is active for a given base station.
[0104] For example, if the terminal device 1403 were to determine the RSRP measurements for base station 1401C
(which does not support power boosting) were 2 dB higher than for base station 1401A (which does support power
boosting) and 3 dB higher than for base station 1401B (which also supports power boosting), the terminal device would
in accordance with conventional cell selection techniques determine that base station 1401C should be preferred for
the purposes of accessing the network. However, in accordance with an embodiment of the invention, the terminal device
can recognise at this early stage in the attach procedure that base station 1401A in fact has the potential for higher
received signal powers because it has provided an indication of the potential for a 6 dB power enhancement through



EP 3 264 837 A1

13

5

10

15

20

25

30

35

40

45

50

55

power boosting. Thus, in accordance with an embodiment of the invention, the terminal device may instead determine
that base station 1401A is in fact the first base station through which to access the network. This is schematically
represented in Figure 7 by the indication that cell A is selected at the cell selection stage.
[0105] Having selected a base station (cell) through which to access the network in accordance with an embodiment
of the invention, the terminal device 1403 may proceed in line with conventional techniques. Thus, as schematically
represented in Figure 7, the base station may proceed to receive and decode the physical broadcast channel (PBCH)
transmitted by the selected base station, in this case base station 1401A serving cell 1404A, and follow the remainder
of the camp on procedure schematically represented in Figure 5 to derive system information, and so forth.
[0106] Thus, in accordance with the techniques described above with reference to Figure 7, the terminal device is
able to avoid undertaking an unnecessary camp on procedure for base station 1401C which might happen to be associated
with the highest RSRP, but which ultimately may not be able to reliably support communications with the terminal device
because it does not support power boosting.
[0107] Figure 8 is a flow diagram schematically representing some aspects of the operation of the terminal device
1403 in accordance with an implementation of an embodiment of the invention as described above with reference to
Figure 7. Steps S2 to S6 are shown as representing steps associated with one base station, but it will be appreciated
that corresponding steps are performed for other base stations that are in range of the terminal device. Steps corre-
sponding to steps S2 to S6 may thus be performed for multiple base stations, either in series, parallel or interleaved
manner.
[0108] Processing starts in a step S1, for example when the terminal device is initially switched on.
[0109] In step S2 the terminal device detects synchronisation signalling from a base station in range.
[0110] In step S3 the terminal device determines whether the signalling received from the base station comprises an
indication of an availability of power boosting.
[0111] In step S4 the terminal device determines a power boost level corresponding to the extent to which power
boosting is indicated as being available for the base station. For example, if no power boost indication is associated with
the synchronisation signalling for this particular base station, the terminal device may identify there is 0 dB power boost
available for the base station (e.g. as for base station 1401C in Figure 6). If, on the other hand, the terminal device
determines there is an indication that the base station supports power boosting, the indication may be converted into a
corresponding power boost level. For example, a fixed potential power boost level of 6 dB in the case of the example
provided above. The power boost level may, for example be referred to as an offset.
[0112] In step S5 the terminal device undertakes RSRP measurements for the base station.
[0113] In step S6 the terminal device adjusts the measured RSRP for the base station to take account of the potential
power boost enhancement (offset) established in step S4. For example, a modified RSRP corresponding to the measured
RSRP plus the available power boost level may be determined.
[0114] In step S7 the terminal device determines from reference signalling measurements, taking account of any
potential improvement from power boosting, whether or not the base station base station meets certain minimum re-
quirements for selection. If a base station fails to meet these requirements, it may be discounted from any further
consideration. If, on the other hand, a base station meets these requirements, it may remain as a candidate for selection.
The minimum selection criterion may broadly correspond with those applied in a conventional LTE networks but modified
to take account of what, if any, power boosting is indicated as available for the base station under consideration.
[0115] Thus, a base station may be considered to meet the minimum selection criterion if both the following inequalities
are satisfied: 

[0116] It will be recognised these inequalities closely correspond with tests applied for cell selection in a conventional
LTE type network, for example as described in the 3GPP document ETSI TS 136 304 V11.2.0 (2013-02) / 3GPP TS
36.304 Version 11.2.0 Release 11 [4]. In each case, it is only the left-hand side of the inequality that is different. For a
conventional LTE approach the left-hand side of these inequalities would respectively correspond simply to RSRP (for
Equation 1) and RSRQ (for Equation 2), whereas in accordance with embodiments of the invention, the left-hand side
of the inequalities are modified to take account of the potential improvements (offsets) associated with the level of the
available power boosting. For example in both cases the offset might be 6 dB in accordance with an embodiment of the
invention. The various parameters listed on the right hand side of the above inequalities are defined in the relevant
standards, for example in 3GPP TS 36.304 Version 11.2.0 Release 11 [4] where they are defined according to the
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following table (see Section 5.2.3.2):

[0117] Although Equations 1 and 2 show the left-hand sides of the inequalities being increased by the relevant offset,
the same test result can of course be achieved by having the right hand sides reduced by the respective offsets.
[0118] In step S8 the terminal device in effect ranks the various base stations that have been considered and which
meet the quality test of step S7 according to the modified values of RSRP (i.e. measured RSRP plus the level of available
power boosting offset). Thus, the terminal device may select the base station for which the modified RSRP value is
highest as the base station with which the terminal device is to continue an attach procedure.
[0119] In step S9 the terminal device proceeds with attaching to the selected cell / base station. Once the desired cell
is selected, the attach (camp on) procedure may continue as normal.
[0120] It will be appreciated that in other embodiments of the processing represented in Figures 7 and 8 may be subject
to modification. For example, in some implementations it may be decided that a terminal device should never attempt
to camp on a base station that does not support power boosting. In this case, if a terminal device determines in a step
corresponding to step S3 in Figure 8 that no power boosting is available for a particular base station, the base station
may be discarded from any further consideration.
[0121] Thus, in accordance with an embodiment of the invention as described above, a terminal device is provided
with an early indication of the extent to which base stations to which the terminal device may consider attaching support
power boosting, thereby allowing the terminal device to take account of this information when determining the most
appropriate base station through which to connect to the network.
[0122] While the example represented in Figures 7 and 8 is in effect based around a single bit indication regarding
the extent to which base station support power boosting (i.e. whether not they do support power boosting), in other
examples more information may be conveyed. As noted above, this may be referred to as a multi-level approach. For
example, in accordance with certain embodiments different base stations may support different levels of power boosting.
For example, one base station may only allow for power boosting up to 3 dB, while another base station may allow power
boosting up to 9 dB. Different predefined arrangements of transmission resources for broadcast signalling repetitions
may be associated with different power boost levels. Thus, a base station can establish the extent to which it will support
power boosting (for example whether at 3 dB or at 9 dB, or whichever other values might be available for a given
implementation), and convey this to terminal devices through an appropriate selection of transmission resources for
synchronisation signalling. For example, one approach may allow for four states of power boost availability to be indicated
(e.g. based on the selective presence or absence of two signalling repetitions) corresponding to power boost levels of
0 dB, 3 dB, 6dB and 9 dB. Individual base stations may establish the power boost level they are to support either based
on fixed configuration information, or dynamically based on current traffic. For example a relatively congested base
station may determine that it should not apply any power boosting because this will reduce its ability to serve other
terminal devices. However, a base station which is relatively lightly loaded may determine that it can operate using the
maximum power boost mode for certain terminal devices without significantly impacting its overall operation for other
terminal devices.
[0123] A multi-level approach may follow generally the approach of Figures 7 and 8 except the terminal device may

Srxlev Cell selection RX level value (dB)

Squal Cell selection quality value (dB)

Qrxlevmeas Measured cell RX level value (RSRP)

Qqualmeas Measured cell quality value (RSRQ)

Qrxlevmin Minimum required RX level in the cell (dBm)

Qqualmin Minimum required quality level in the cell (dB)

Qrxlevminoffset Offset to the signalled Qrxlevmin taken into account in the Srxlev evaluation as a result of a periodic 
search for a higher priority PLMN while camped normally in a VPLMN [5]

Qqualminoffset Offset to the signalled Qqualmin taken into account in the Squal evaluation as a result of a periodic 
search for a higher priority PLMN while camped normally in a VPLMN [5]

Pcompensation max(PEMAX -PPowerClass, 0) (dB)

PEMAX Maximum TX power level an UE may use when transmitting on the uplink in the cell (dBm) defined 
as PEMAX in [6]

PPowerClass Maximum RF output power of the UE (dBm) according to the UE power class as defined in [6]
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determine a different power boost enhancement/offset for different base stations according to the indications provided
in association with their synchronisation signalling. The cell ranking procedure may then correspondingly take account
of the different power boost levels available for the different base stations when determining the most appropriate base
station to access and whether particular base stations are able to meet the minimum selection requirements.
[0124] The examples described above with reference to Figures 7 and 8 have primarily focused on an initial cell
acquisition process (cell selection). However, as noted above, broadly similar principles can apply during a cell reselection
process. For example when an idle mode terminal device is already camped on an initial cell / base station, it may be
appropriate to consider moving to another cell, for example because the quality of signalling associated with the initial
cell has deteriorated. A terminal device may perform a cell reselection procedure taking account of the extent to which
different base stations offer power boosting using what are in effect the same selection processes as described above
for initial cell selection. However, it may also be noted that for cell reselection the terminal device has already camped
on to a base station of the network and so will have had access to system information. Thus in accordance with some
embodiments of the invention, information conveyed in system information may be used to provide an indication of the
extent to which different base stations support power boosting in the network to assist terminal devices control their
acquisition of base stations. This type of approach may be provided in conjunction with the implicit signalling approach
described above or may be provided on its own independently of an implicit approach.
[0125] Thus, in accordance with some embodiments the concept of a list of which base stations support power boosting
within a wireless telecommunications system, and potentially characteristics of the power boosted they offer, for example
in terms of power boost level, times during which power boosted available, and so forth, may be introduced. This may
conveniently be referred to as a white list for power boost availability. The list may, for example, be broadcast by the
base station in association with system information normally received by terminal devices attached to the base station.
Thus, terminal devices which are already connected to a station may be readily provided with information regarding the
extent to which other base stations in the network support power boosting. This information can assist terminal devices
determine whether to move to another base station by allowing terminal devices to take account of what improvements
in radio link conditions might be expected to be achievable over measured channel conditions for various base stations
according to the availability of power boosting. The following table represents an example power boost availability white
list linking communication cell identities (PCIs) to example levels of power boost supported by the respective cells.

[0126] Each base station may be configured to maintain the white list for communication to their connected terminal
devices. The list may be maintained (semi)dynamically based on communications between base stations regarding their
intended support for power boosting, for example using the X2 interface between base stations using newly-defined
extra information elements. For an example, individual base stations may communicate to neighbouring base stations
using X2 signalling when they change their support for the power boosted mode. Alternatively, the list may be (semi)static
based on an operator selected network configuration. Thus, when a terminal device in idle mode measures the
RSRP/RSRQ of Cell ID 432 it may modify the measurements to account for the potential 6 dB power boost improvement
offered by cell ID 432, and so forth.
[0127] Thus, in accordance with some embodiments, a serving cell to which a terminal device has already connected
may provide a PBA indication relevant for a neighbouring cell or cells. If a terminal device is connected to the serving
cell (possibly, but not necessarily, after deciding to connect in a manner taking account of indications of power boost
availability such as described above), RRC configuration signalling can be used to convey PBA indications relevant for
other base station(s) / cell(s). A terminal device can then use this information to judge whether, and potentially when,
to try to acquire a neighbouring cell. The terminal device may, for example, determine that it would be preferable to
abandon the serving cell and attach to a neighbour cell if the neighbour is reported as being able to offer better service
taking account of the availability of power density boosting. This could be achieved through an explicit request made to
the currently serving cell which could then initiate a handover (HO) procedure or, if uplink coverage is too poor in the
serving cell, by simply commencing a new cell acquisition procedure on the neighbour cell.
[0128] In a variation of this approach where PBA indications contain information regarding the time(s) of day at which
one or more base stations / cells can offer power density boosting, a terminal device may control its access to the network
by deciding to enter a power saving state, perhaps amounting to a switch-off, until a time at which power density boosting

Cell ID power boost

43 3 dB

432 6 dB

124 9 dB

156 6 dB
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is available. The terminal device can then wake up at the relevant time and connect to the power-boosting cell. This
could represent a significant power saving advantage for the terminal device.
[0129] As noted above, neighbour cell PBA information can also be provided to idle terminal devices by including
relevant information in the System Information (SI) broadcasts. Idle-mode terminal devices check periodically for SI
changes by checking a configured pattern of subframes for a paging PDCCH which identifies the PDSCH resources in
which the SI is held in the subframe. This provides a mechanism for idle mode terminal devices to receive explicit
signalling regarding one or more base stations’ capabilities as regards power boosted operation
[0130] It may be noted that in principle a particular cell identity could be associated with a negative power boost level.
This would have the effect of discouraging terminal devices from camping on to this cell even if the cell provides good
RSRP/RSRQ measurements without any power boosting, thereby providing a mechanism for controlling traffic levels.
[0131] A simpler version of a PBA whitelist might simply indicate cell IDs that are able to provide PBA at a pre-defined
(e.g. specified or agreed) level. This approach is broadly equivalent to the ’single level’ indication approach described
above.
[0132] It will be appreciated that a conventional LTE network allows for the definition of so-called white-lists and black
lists of PCIs. A white list is a list of PCIs for which a terminal device is required to make reference signal measurements,
and other cells may also be measured. A black list instructs a terminal device not to measure any black-listed PCIs for
neighbour cell reselection. The configurations of these PCI white and black lists are sent via RRC (Radio Resource
Control) signalling as part of the RRM (Radio Resource Management) configurations. The black list may be used to
prevent a terminal device from reselecting to specific intra- and inter-frequency neighbouring cells. This existing white
and black this functionality can complement the power boost availability white list concepts described herein.
[0133] The above-described embodiments have focused primarily on methods of operation in accordance with em-
bodiments of the invention for a terminal device in an idle mode. However, corresponding principles may be applied
where a terminal device is in a connected mode, for example to assist handover procedures.
[0134] When a terminal device is in RRC_CONNECTED mode, such that mobility is under control of E-UTRAN, with
assistance from terminal device measurements, etc., a white-listing approach similar to that discussed above may be
adopted to in effect improve the relevance of the RRM measurements sent to the base station to ensure that handover
decisions take account of information regarding the extent to which different base stations support power boosting (and
black lists can operate as normal also). Similarly to in the RRC_IDLE case, this can help avoid terminal devices making
unnecessary reports for base stations / cells that the terminal device can detect, but which are not in its white-list and
cannot support its coverage needs.
[0135] Figure 9 is a ladder diagram schematically representing some operational aspects of the terminal device 1403
and the base stations 1401A, B, C of Figure 6 for an example embodiment of the invention in which the terminal device
is assumed to be in RRC connected mode with base station 1401A.
[0136] In a first step the terminal device wakes up after a quiescent period. In accordance with conventional LTE
principles, the terminal device scans for synchronisation signalling being broadcast by base stations with a view to
establishing whether it would be appropriate to handover to another base station. As noted above, it is assumed for the
example arrangement of Figure 6 the terminal device is within the nominal coverage area of all three base stations
1401A, B, C. Thus, and as schematically represented in Figure 9, the terminal device is able to receive primary (PSS)
and secondary (SSS) signalling from each of the base stations. In accordance with the principles described above, the
respective base stations which support power boosting are configured to indicate this by making transmissions in as-
sociation with their synchronisation signalling (e.g. signalling repetitions) on transmission resources specifically defined
for this purpose. This is schematically represented in Figure 9 for the base stations which support power boosting (i.e.
base stations 1401A and 1401B) by the labelling "PBA indicated" associated with the representation of their PSS/SSS
signalling. A base station which does not support power boosting (such as base station 1401C) does not make trans-
missions associated with synchronisation signalling on the pre-defined transmission resources, thereby in effect indicating
its inability to use power boosting (as represented in Figure 9 by the labelling "PBA not indicated" for the PSS/SSS
signalling from base station 1401C).
[0137] In a manner similar to the embodiments described above, the terminal device 1403 is configured to search for
synchronisation signalling repetitions on the transmission resources defined for indicating the availability of power boost-
ing, and if such synchronisation signalling is found, the terminal device 1403 determines the corresponding base station
supports power boosting. Thus the terminal device 1403 determines that the base stations 1401A and 1401B support
power boosting, whereas the base station 1401C does not. Thus, the terminal device 1403 reaches a stage at which it
has identified what base stations are in range and which of them support power boosting.
[0138] In the next two stages represented in Figure 9 the terminal device 1403 establishes which base station has the
potential (taking account of power boosting availability) for providing the optimum channel conditions. This is based on
RSRP measurements for each base station and a ranking process that takes account of the availability of power boosting
for the respective base stations. These stages may be performed in broadly the same manner as for the corresponding
steps of Figure 7.



EP 3 264 837 A1

17

5

10

15

20

25

30

35

40

45

50

55

[0139] In the example of Figure 7 (cell selection from RRC idle) the terminal device determines from the cell ranking
procedure which base station it will proceed to camp on. However, in the example of Figure 9 the terminal device is
already connected to base station 1401A. Thus after the cell ranking stage represented in Figure 9, the terminal device
proceeds with sending a measurement report to the base station 1401A regarding the RSRP measurements that have
been made for the neighbouring cells. In general the procedures and format for sending this report may follow established
practices for LTE type networks. However, a significant difference from conventional schemes in this example embod-
iment is that the measurement report sent from the terminal device 1403 to the base station 1401A will based on RSRP
measurements which have been modified to take account of the availability of power boosting (e.g. by adding an offset
based on the indicated over the power boosting) in accordance with the principles described above.
[0140] When the base station 1401A to which the terminal device 1403 is camped on receives the measurement
report, it may proceed as normal to determine whether or not to handover the terminal device to another base station.
That is to say, from the point of view of the base station the handover procedure may be conventional. That is to say, it
does not matter for the subsequent procedure that the handover decision is being based on modified (as opposed to
actual) RSRP measurements received from the terminal device 1403.
[0141] In this example it is assumed the measurement report from the terminal device indicates that base station
1401B is associated with better operating conditions for the terminal device 1403, or at least it would be when using the
power boosting it can support. Accordingly, the base station 1401A makes a decision to handover the terminal device
to base station 1401B as schematically represented in the next stage of Figure 9. In accordance with established
techniques, the base station 1401A (handover source cell), the base station 1401B (handover target cell), and the
terminal device 1403 exchange signalling to allow the terminal device to switch to our syndicated mode with base station
1401B and report when this is complete, as schematically represented in Figure 9.
[0142] In a variation of the approach of Figure 9, the respective base stations might not communicate an indication of
the extent to which they support power boosting to the terminal device. The terminal device may therefore make RSRP
measurements and provide a measurement report in accordance with conventional techniques. The base station to
which the terminal device is RRC connected may then make a handover decision based on the conventional RSRP
measurements reported by the terminal device in conjunction with information regarding the extent to which neighbouring
base stations support power boosting. That is to say, the base station itself may be responsible for in effect modifying
the RSRP measurements received from the terminal device to take account of available power boosting in neighbouring
cells. For example, the base station may add an appropriate power offset to the RSRP measurements associated with
the other base stations based on information received from other stations, for example over X2 signalling as discussed
above, regarding their ability to support power boosting.
[0143] Although embodiments of the invention have been described with reference to an LTE mobile radio network,
it will be appreciated that the present invention can be applied to other forms of network such as GSM, 3G / UMTS,
CDMA2000, etc. The term MTC terminal as used herein can be replaced with user equipment (UE), mobile communi-
cations device, terminal device etc. Furthermore, although the term base station has been used interchangeably with
eNodeB it should be understood that there is no difference in functionality between these network entities.
[0144] Thus, a wireless telecommunication system is described which comprises base stations for communicating
with terminal devices. One or more base stations support a power boost operating mode in which a base station’s
available transmission power is concentrated in a subset of its available transmission resources to provide enhanced
transmission powers as compared to transmission powers on these transmission resources when the base station is
not operating in the power boost mode. A base station establishes an extent to which one or more base stations in the
wireless telecommunications system support the power boost operating mode conveys an indication of this to a terminal
device. The terminal device receives the indication and uses the corresponding information to control its acquisition of
a base station of the wireless telecommunication system, for example by taking account of which base stations support
power boosting and/or when power boosting is supported during a cell attach procedure.
[0145] Embodiments of the invention can thus allow a network operator to provide for additional information to be
conveyed to terminal devices as regards the suitability of different cells for meeting the terminal devices’ needs. This
can help to reduce wasted connection attempts by the terminal device. This can in turn reduce power wastage at the
terminal, and could reduce uplink interference on PRACH since in general fewer terminal devices may attempt to acquire
certain cells. The configurable nature of approached in accordance with embodiments of the invention means that an
operator might enable coverage extension (power boosting) only at selected times of the day, for example to provide a
balance between cell efficiency and coverage, rather than having to always tolerate some degree of sacrifice, and thus
inefficient resource and power use, for both. In RRC_IDLE, a terminal device may be able to avoid choosing to camp
on a cell which will not be able to support it when the terminal device eventually becomes RRC_CONNECTED. The
terminal device is therefore able to avoid the power wastage of listening for paging and SI on such cells. Such cells also
need not be stored in the typically limited space for the list of candidate cells for cell re-selection.
[0146] Embodiments of the invention can also allow a terminal device (UE) to sleep for relatively long periods of time,
and to only wake up when the network has indicated it will be able to serve it efficiently (because power boosting will
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be available), again offering the potential for significant reductions in power consumption. These consequences may be
particularly relevant in some MTC scenarios where a terminal device may be in an inaccessible location and may have
a limited battery life.
[0147] Further particular and preferred aspects of the present invention are set out in the accompanying independent
and dependent claims. It will be appreciated that features of the dependent claims may be combined with features of
the independent claims in combinations other than those explicitly set out in the claims.

Various aspects of the invention are defined in the following numbered paragraphs.

[0148]

Paragraph 1. A method of operating a terminal device in a wireless telecommunication system comprising one or
more base stations which support a power boost operating mode in which a base station’s available transmission
power is concentrated to provide enhanced transmission powers in a subset of its available transmission resources,
the method comprising:

receiving an indication of the extent to which one or more base stations support the power boost operating
mode in the wireless telecommunication system; and
controlling acquisition of a base station of the wireless telecommunication system in a manner that takes account
of the indicated extent to which one or more base stations support the power boost mode.

Paragraph 2. The method of paragraph 1, wherein the indication of the extent to which one or more base stations
support the power boost operating mode comprises one or more indications selected from the group comprising:

(i) an indication of whether or not one or more base stations are configured to have the ability to operate in the
power boost operating mode;
(ii) an indication of times during which one or more base stations are configured to use the boost operating mode;
(iii) an indication of available enhanced transmission powers for one or more base stations when operating in
the power boost operating mode;
(iv) an indication of which downlink physical channels of the wireless telecommunications system can be trans-
mitted by one or more base stations using the power boost operating mode.

Paragraph 3. The method of any preceding paragraph, wherein the step of controlling acquisition of a base station
comprises choosing a base station to acquire from among a plurality of available base stations in a manner that
takes account of the indicated extent to which one or more base stations support the power boost mode in the
wireless telecommunication system. Paragraph 4. The method of paragraph 3, wherein the step of choosing a base
station to acquire is performed during a cell section or a cell reselection procedure of the terminal device. Paragraph
5. The method of any preceding paragraph, wherein the step of controlling acquisition of a base station comprises
delaying acquisition of the base station for a period of time based on the indication of the extent to which one or
more base stations support the power boost operating mode in the wireless telecommunication system.
Paragraph 6. The method of paragraph 5, further comprising the terminal device entering a reduced activity mode
during a period of time for which acquisition of the base station is delayed.
Paragraph 7. The method of any preceding paragraph, further comprising deriving one or more characteristics of
received signals from one or more base stations in the wireless telecommunications system, and wherein the step
of controlling acquisition of a base station also takes account of the one or more derived characteristics.
Paragraph 8. The method of paragraph 7, wherein the derived one or more characteristics are derived from reference
signal received power (RSRP) measurements and / or reference signal received quality (RSRQ) measurements
associated with reference signals transmitted by one or more base stations in the wireless telecommunications
system.
Paragraph 9. The method of any preceding paragraph, wherein the indication of the extent to which one or more
base stations support the power boost operating mode in the wireless telecommunication system includes an indi-
cation which is specific to an individual base station.
10. The method of any preceding paragraph, wherein the indication of the extent to which one or more base stations
support the power boost operating mode in the wireless telecommunication system comprises an indication which
is applicable for a plurality of base stations.
Paragraph 11. The method of any preceding paragraph, wherein the step of receiving the indication of the extent
to which one or more base stations support the power boost operating mode comprises receiving from a first base
station an indication of the extent to which the first base station supports the power boost operating mode.
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Paragraph 12. The method of paragraph 11, wherein the step of receiving the indication of the extent to which one
or more base stations support the power boost operating mode further comprises receiving from a further base
station an indication of the extent to which the further base station supports the power boost operating mode.
Paragraph 13. The method of any preceding paragraph, wherein the step of receiving the indication of the extent
to which one or more base stations support the power boost operating mode comprises receiving from a first base
station an indication of the extent to which a second, different, base station supports the power boost operating mode.
Paragraph 14. The method of paragraph 13, wherein the first base station is a base station to which the terminal
device is connected and the second base station is a base station to which the terminal device is not connected.
Paragraph 15. The method of paragraph 14, wherein the step of controlling acquisition of a base station of the
wireless telecommunication system comprises determining whether or not to disconnect from the first base station
and to connect to the second base station.
Paragraph 16. The method of any preceding paragraph, wherein the indication of the extent to which one or more
base stations support the power boost operating mode is received by the terminal device in communications received
from one or more base station to which terminal device is not connected.
Paragraph 17. The method of any preceding paragraph, wherein the indication of the extent to which one or more
base stations support the power boost operating mode is implicitly conveyed to the terminal device in association
with transmissions made by base stations in the wireless telecommunications system for communicating other
information.
Paragraph 18. The method of any preceding paragraph, wherein the step of receiving the indication of the extent
to which one or more base stations support the power boost operating mode in the wireless telecommunication
system comprises receiving broadcast signalling from one or more base stations and deriving the indication of the
extent to which one or more base stations support the power boost operating mode from the transmission resources
used for the broadcast signalling.
Paragraph 19. The method of paragraph 18, wherein the broadcast signalling comprises synchronisation signalling
Paragraph 20. The method of any preceding paragraph, wherein the indication of the extent to which one or more
base stations support the power boost operating mode is received by the terminal device using explicit signalling.
Paragraph 21. The method of preceding paragraph 20, wherein the explicit signalling comprises system information
signalling received from a base station.
Paragraph 22. A terminal device for use in a wireless telecommunication system comprising one or more base
stations which support a power boost operating mode in which a base station’s available transmission power is
concentrated to provide enhanced transmission powers in a subset of its available transmission resources, wherein
the terminal device is configured to:

receive an indication of the extent to which one or more base stations support the power boost operating mode
in the wireless telecommunication system; and
control acquisition of a base station of the wireless telecommunication system in a manner that takes account
of the indicated extent to which one or more base stations support the power boost mode.

Paragraph 23. The terminal device of paragraph 22, wherein the indication of the extent to which one or more base
stations support the power boost operating mode comprises one or more indications selected from the group com-
prising:

(i) an indication of whether or not one or more base stations are configured to have the ability to operate in the
power boost operating mode;
(ii) an indication of times during which one or more base stations are configured to use the boost operating mode;
(iii) an indication of available enhanced transmission powers for one or more base stations when operating in
the power boost operating mode;
(iv) an indication of which downlink physical channels of the wireless telecommunications system can be trans-
mitted by one or more base stations using the power boost operating mode.

Paragraph 24. The terminal device of any of paragraphs 22 to 23, wherein the step of controlling acquisition of a
base station comprises choosing a base station to acquire from among a plurality of available base stations in a
manner that takes account of the indicated extent to which one or more base stations support the power boost mode
in the wireless telecommunication system. Paragraph 25. The terminal device of paragraph 24, wherein the step of
choosing a base station to acquire is performed during a cell section or a cell reselection procedure of the terminal
device.
Paragraph 26. The terminal device of any of paragraphs 22 to 25, wherein the terminal device is configured to control
acquisition of a base station by delaying acquisition of the base station for a period of time based on the indication
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of the extent to which one or more base stations support the power boost operating mode in the wireless telecom-
munication system.
Paragraph 27. The terminal device of paragraph 26, wherein the terminal device is configured to enter a reduced
activity mode during a period of time for which acquisition of the base station is delayed.
Paragraph 28. The terminal device of any of paragraphs 22 to 27, wherein the terminal device is configured to derive
one or more characteristics of received signals from one or more base stations in the wireless telecommunications
system, and to control acquisition of a base station by also taking account of the one or more derived characteristics.
Paragraph 29. The terminal device of paragraph 28, wherein the terminal device is configured to derive the one or
more characteristics from reference signal received power (RSRP) measurements and / or reference signal received
quality (RSRQ) measurements associated with reference signals transmitted by one or more base stations in the
wireless telecommunications system.
Paragraph 30. The terminal device of any of paragraphs 22 to 29, wherein the indication of the extent to which one
or more base stations support the power boost operating mode in the wireless telecommunication system includes
an indication which is specific to an individual base station.
Paragraph 31. The terminal device of any of paragraphs 22 to 30, wherein the indication of the extent to which one
or more base stations support the power boost operating mode in the wireless telecommunication system comprises
an indication which is applicable for a plurality of base stations.
Paragraph 32. The terminal device of any of paragraphs 22 to 31, wherein the terminal device is configured to
receive the indication of the extent to which one or more base stations support the power boost operating mode by
receiving from a first base station an indication of the extent to which the first base station supports the power boost
operating mode.
Paragraph 33. The terminal device of paragraph 32, wherein the terminal device is configured to receive the indication
of the extent to which one or more base stations support the power boost operating mode by receiving from a further
base station an indication of the extent to which the further base station supports the power boost operating mode.
Paragraph 34. The terminal device of any of paragraphs 22 to 33, wherein the terminal device is configured to
receive the indication of the extent to which one or more base stations support the power boost operating mode by
receiving from a first base station an indication of the extent to which a second, different, base station supports the
power boost operating mode.
Paragraph 35. The terminal device of paragraph 34, wherein the first base station is a base station to which the
terminal device is connected and the second base station is a base station to which the terminal device is not
connected.
Paragraph 36. The terminal device of paragraph 35, wherein the terminal device is configured to control acquisition
of a base station of the wireless telecommunication system by determining whether or not to disconnect from the
first base station and to connect to the second base station. Paragraph 37. The terminal device of any of paragraphs
22 to 36, wherein the terminal device is configured to receive the indication of the extent to which one or more base
stations support the power boost operating mode in communications received from one or more base station to
which terminal device is not connected.
Paragraph 38. The terminal device of any of paragraphs 22 to 37, wherein the terminal device is configured such
that the indication of the extent to which one or more base stations support the power boost operating mode is
implicitly conveyed to the terminal device in association with transmissions made by base stations in the wireless
telecommunications system for communicating other information.
Paragraph 39. The terminal device of any of paragraphs 22 to 38, wherein the terminal device is configured to
receive the indication of the extent to which one or more base stations support the power boost operating mode in
the wireless telecommunication system by receiving broadcast signalling from one or more base stations and deriving
the indication of the extent to which one or more base stations support the power boost operating mode from the
transmission resources used for the broadcast signalling.
Paragraph 40. The terminal device of paragraph 39, wherein the broadcast signalling comprises synchronisation
signalling
Paragraph 41. The terminal device of any of paragraphs 22 to 40, wherein the terminal device is configured such
that the indication of the extent to which one or more base stations support the power boost operating mode is
received by the terminal device using explicit signalling. Paragraph 42. The terminal device of preceding paragraph
41, wherein the explicit signalling comprises system information signalling received from a base station.

REFERENCES

[0149]

[1] Holma, H. and Toskala, A., "LTE for UMTS OFDMA and SC-FDMA based radio access", John Wiley and Sons,



EP 3 264 837 A1

21

5

10

15

20

25

30

35

40

45

50

55

2009

[2] GB 1305233.7 - filed 21 March 2013

[3] GB 1305234.5 - filed 21 March 2013

[4] ETSI TS 136 304 V11.2.0 (2013-02) / 3GPP TS 36.304 Version 11.2.0 Release 11

[5] ETSI TS 123 122 V11.4.0 (2013-01) / 3GPP TS 23.122 Version 11.4.0 Release 11

[6] ETSI TS 136 101 V11.3.0 (2013-02) / 3GPP TS 36.101 Version 11.3.0 Release 11

Claims

1. Circuitry for a terminal device for use in a wireless telecommunication system comprising one or more base stations
which support a power boost operating mode in which a base station’s available transmission power is concentrated
to provide enhanced transmission powers in a subset of its available transmission resources, wherein the circuitry
comprises a controller unit and a transceiver unit configure to function so terminal device is configured to:

receive an indication of the extent to which one or more base stations support the power boost operating mode
in the wireless telecommunication system; and
control acquisition of a base station of the wireless telecommunication system in a manner that takes account
of the indicated extent to which one or more base stations support the power boost mode.

2. The terminal device of claim 1, wherein the indication of the extent to which one or more base stations support the
power boost operating mode comprises one or more indications selected from the group comprising:

(i) an indication of whether or not one or more base stations are configured to have the ability to operate in the
power boost operating mode;
(ii) an indication of times during which one or more base stations are configured to use the boost operating mode;
(iii) an indication of available enhanced transmission powers for one or more base stations when operating in
the power boost operating mode;
(iv) an indication of which downlink physical channels of the wireless telecommunications system can be trans-
mitted by one or more base stations using the power boost operating mode.

3. The terminal device of any of claims 1 to 2, wherein the step of controlling acquisition of a base station comprises
choosing a base station to acquire from among a plurality of available base stations in a manner that takes account
of the indicated extent to which one or more base stations support the power boost mode in the wireless telecom-
munication system.

4. The terminal device of claim 3, wherein the step of choosing a base station to acquire is performed during a cell
section or a cell reselection procedure of the terminal device.

5. The terminal device of any of claims 1 to 4, wherein the terminal device is configured to control acquisition of a base
station by delaying acquisition of the base station for a period of time based on the indication of the extent to which
one or more base stations support the power boost operating mode in the wireless telecommunication system.

6. The terminal device of claim 5, wherein the terminal device is configured to enter a reduced activity mode during a
period of time for which acquisition of the base station is delayed.

7. The terminal device of any of claims 1 to 6, wherein the terminal device is configured to derive one or more char-
acteristics of received signals from one or more base stations in the wireless telecommunications system, and to
control acquisition of a base station by also taking account of the one or more derived characteristics.

8. The terminal device of any of claims 1 to 7, wherein the indication of the extent to which one or more base stations
support the power boost operating mode in the wireless telecommunication system includes an indication which is
specific to an individual base station.
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9. The terminal device of any of claims 1 to 8, wherein the indication of the extent to which one or more base stations
support the power boost operating mode in the wireless telecommunication system comprises an indication which
is applicable for a plurality of base stations.

10. The terminal device of any of claims 1 to 9, wherein the terminal device is configured to receive the indication of the
extent to which one or more base stations support the power boost operating mode by receiving from a first base
station an indication of the extent to which the first base station supports the power boost operating mode.

11. The terminal device of any of claims 1 to 10, wherein the terminal device is configured to receive the indication of
the extent to which one or more base stations support the power boost operating mode by receiving from a first
base station an indication of the extent to which a second, different, base station supports the power boost operating
mode.

12. The terminal device of any of claims 1 to 11, wherein the terminal device is configured to receive the indication of
the extent to which one or more base stations support the power boost operating mode in communications received
from one or more base station to which terminal device is not connected.

13. The terminal device of any of claims 1 to 12, wherein the terminal device is configured such that the indication of
the extent to which one or more base stations support the power boost operating mode is implicitly conveyed to the
terminal device in association with transmissions made by base stations in the wireless telecommunications system
for communicating other information.

14. The terminal device of any of claims 1 to 13, wherein the terminal device is configured to receive the indication of
the extent to which one or more base stations support the power boost operating mode in the wireless telecommu-
nication system by receiving broadcast signalling from one or more base stations and deriving the indication of the
extent to which one or more base stations support the power boost operating mode from the transmission resources
used for the broadcast signalling.

15. The terminal device of any of claims 1 to 14, wherein the terminal device is configured such that the indication of
the extent to which one or more base stations support the power boost operating mode is received by the terminal
device using explicit signalling.
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