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(57) ABSTRACT

A wireless telecommunications system comprising network
infrastructure equipment and a terminal device operable to

communicate over a radio interface that supports a downlink
channel for conveying a message from the network infra-
structure equipment to the terminal device, wherein the
network infrastructure equipment is operable to selectively
transmit the message with a number of repetitions to
enhance the likelihood the terminal device will successfully
decode the message, wherein the message is transmitted on
radio resources selected by the network infrastructure equip-
ment from a plurality of candidates for radio resources that
define a search space for the terminal device to search for the
message; wherein the plurality of candidates comprise can-
didates associated with a number, N, of different repetition
levels for the transmission of a message, wherein the dif-
ferent repetition levels correspond with different numbers of
repetitions for the transmission of a message; wherein the
candidates that define the search space are arranged within
a search space grid of radio resources extending in fre-
quency and time, wherein the extension in frequency is
sufficient to span a range of frequencies over which the
message may be transmitted and the extension in time is
sufficient to span a transmission of a message at a highest
repetition level associated with the highest number of rep-
etitions; wherein the terminal device comprises a number,
M, of message buffers, each message buffer having a size
sufficient to store data associated with one message, wherein
the number of message buffers M is less than the number of
repetition levels N, and wherein the arrangement of candi-
dates defining the search space within the search space grid
for the terminal device is determined in dependence on the
number of message buffers M for the terminal device and the
number of repetition levels N.
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TELECOMMUNICATIONS APPARATUS AND
METHODS

BACKGROUND

Field

[0001] The present disclosure relates to telecommunica-
tions apparatus and methods.

Description of Related Art

[0002] The “background” description provided herein is
for the purpose of generally presenting the context of the
disclosure. Work of the presently named inventor, to the
extent it is described in this background section, as well as
aspects of the description which may not otherwise qualify
as prior art at the time of filing, are neither expressly or
impliedly admitted as prior art against the present invention.
[0003] Mobile communication systems have evolved over
many years from the GSM System (Global System for
Mobile communications) to the 3G system and now include
packet data communications as well as circuit switched
communications. The third generation partnership project
(3GPP) is developing a fourth generation mobile commu-
nication system referred to as Long Term Evolution (LTE) in
which a core network part has been evolved to form a more
simplified architecture based on a merging of components of
earlier mobile radio network architectures and a radio access
interface which is based on Orthogonal Frequency Division
Multiplexing (OFDM) on the downlink and Single Carrier
Frequency Division Multiple Access (SC-FDMA) on the
uplink.

[0004] Although there are situations which benefit from
high data rates now supported in wireless telecommunica-
tions systems, there are also some situations in which high
data rates are not required. Examples include so-called
machine type communication (MTC) applications, which
are typified by semi-autonomous or autonomous wireless
communication devices (i.e. MTC devices) communicating
small amounts of data on a relatively infrequent basis.
Examples include so-called smart meters which, for
example, are located in a customer’s house and periodically
transmit information back to a central MTC server relating
to the customer’s consumption of a utility such as gas, water,
electricity and so on. Further information on characteristics
of MTC-type devices can be found, for example, in the
corresponding standards, such as ETSI TS 122 368 V12.4.0
(2014-10)/3GPP TS 22.368 version 12.4.0 Release 12 [1].
Some typical characteristics of MTC type terminal devices/
MTC type data might include, for example, characteristics
such as low mobility, high delay tolerance, small data
transmissions, infrequent transmission and group-based fea-
tures, policing and addressing.

[0005] Because MTC devices typically require only mod-
est communications capabilities they may be provided with
reduced capabilities as compared to conventional smart-
phone type devices to reduce costs. In this respect, MTC
devices may also be referred to as reduced capability
devices. Reducing costs can be particular important for
MTC devices because they can be expected to be deployed
widely.

[0006] One area where it has been proposed to reduce
costs for MTC devices is in respect of their operating
bandwidths. Whilst a conventional LTE terminal device
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might be expected to support operations over a 20 MHz
bandwidth, it can be expected MTC devices may only
support operations over relatively narrow bandwidths, for
example 1.4 MHz has been proposed. That is to say, MTC
devices may be narrowband devices. It has also been pro-
posed that MTC devices should support so-called coverage
extension/coverage enhancement, for example providing an
effective additional 15 dB in signalling power as compared
to more conventional terminal devices. This has been pro-
posed because it may be expected that MTC devices will
often be in locations which are difficult to reach from a radio
perspective, for example in the basement of a building in the
case of an MTC device associated with a smart meter.
[0007] One approach for providing coverage extension is
to rely on repeated transmissions of signalling in multiple
subframes. A terminal device may then combine the signal-
ling received for a plurality of repeated transmissions to
increase the likelihood of successtully decoding the signal-
ling, e.g. using chase combining/maximal ratio combining
techniques. This repeated transmission approach may be
applied for control signalling (e.g. sent on a physical down-
link control channel such as (E)PDCCH in LTE) and/or
other signalling (e.g. sent on a physical downlink shared
channel such as PDSCH in LTE).

[0008] One draw-back of a repeated transmission
approach for providing coverage extension, for example in
the context of low-cost MTC terminal devices, is a potential
need for increased receiver complexity to allow terminal
devices to handle the potential for repeated transmissions,
especially in situations where the network has flexibility
over the numbers of repetitions in respect of different data
transmissions. In some respects these issues can become
even more significant for narrowband operations since these
limit the ability to support repetitions in the frequency
domain, as opposed to the time domain. There is therefore
a need for schemes that support coverage enhancement
through message repetition which help reduce the hardware
requirements associated with receivers.

SUMMARY

[0009] According to one aspect of the present disclosure,
there is provided a wireless telecommunications system
comprising network infrastructure equipment and a terminal
device operable to communicate over a radio interface that
supports a downlink channel for conveying a message from
the network infrastructure equipment to the terminal device,
wherein the network infrastructure equipment is operable to
selectively transmit the message with a number of repeti-
tions to enhance the likelihood the terminal device will
successfully decode the message, wherein the message is
transmitted on radio resources selected by the network
infrastructure equipment from a plurality of candidates for
radio resources that define a search space for the terminal
device to search for the message; wherein the plurality of
candidates comprise candidates associated with a number,
N, of different repetition levels for the transmission of a
message, wherein the different repetition levels correspond
with different numbers of repetitions for the transmission of
a message; wherein the candidates that define the search
space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted and
the extension in time is sufficient to span a transmission of
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a message at a highest repetition level associated with the
highest number of repetitions; wherein the terminal device
comprises a number, M, of message buffers, each message
buffer having a size sufficient to store data associated with
one message, and wherein the arrangement of candidates
defining the search space within the search space grid for the
terminal device is selected in dependence on the number of
message buffers M for the terminal device and the number
of repetition levels N.

[0010] According to another aspect of the present disclo-
sure, there is provided a method of operating a wireless
telecommunications system comprising network infrastruc-
ture equipment and a terminal device operable to commu-
nicate over a radio interface that supports a downlink
channel for conveying a message from the network infra-
structure equipment to the terminal device, wherein the
method comprises the network infrastructure equipment
selectively transmitting the message with a number of
repetitions to enhance the likelihood the terminal device will
successfully decode the message, wherein the message is
transmitted on radio resources selected by the network
infrastructure equipment from a plurality of candidates for
radio resources that define a search space for the terminal
device to search for the message; wherein the plurality of
candidates comprise candidates associated with a number,
N, of different repetition levels for the transmission of a
message, wherein the different repetition levels correspond
with different numbers of repetitions for the transmission of
a message; wherein the candidates that define the search
space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted and
the extension in time is sufficient to span a transmission of
a message at a highest repetition level associated with the
highest number of repetitions; wherein the terminal device
comprises a number, M, of message buffers, each message
buffer having a size sufficient to store data associated with
one message, and wherein the arrangement of candidates
defining the search space within the search space grid for the
terminal device is selected in dependence on the number of
message buffers M for the terminal device and the number
of repetition levels N.

[0011] According to another aspect of the present disclo-
sure, there is provides network infrastructure equipment for
use in a wireless telecommunications system comprising the
network infrastructure equipment and a terminal device
operable to communicate over a radio interface that supports
a downlink channel for conveying a message from the
network infrastructure equipment to the terminal device,
wherein the network infrastructure equipment comprises a
controller unit and a transceiver unit configured to operate
together to cause the network infrastructure equipment to
selectively transmit the message with a number of repeti-
tions to enhance the likelihood the terminal device will
successfully decode the message, wherein the message is
transmitted on radio resources selected by the network
infrastructure equipment from a plurality of candidates for
radio resources that define a search space for the terminal
device to search for the message; wherein the plurality of
candidates comprise candidates associated with a number,
N, of different repetition levels for the transmission of a
message, wherein the different repetition levels correspond
with different numbers of repetitions for the transmission of
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a message; wherein the candidates that define the search
space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted and
the extension in time is sufficient to span a transmission of
a message at a highest repetition level associated with the
highest number of repetitions; wherein the network infra-
structure equipment is configured to determine that the
terminal device comprises a number, M, of message buffers,
each message buffer having a size sufficient to store data
associated with one message, and wherein the arrangement
of candidates defining the search space within the search
space grid for the terminal device is selected in dependence
on the number of message buffers M for the terminal device
and the number of repetition levels N.

[0012] According to another aspect of the present disclo-
sure, there is provided a method of operating network
infrastructure equipment for use in a wireless telecommu-
nications system comprising the network infrastructure
equipment and a terminal device operable to communicate
over a radio interface that supports a downlink channel for
conveying a message from the network infrastructure equip-
ment to the terminal device, wherein the method comprises
selectively transmitting the message with a number of
repetitions to enhance the likelihood the terminal device will
successfully decode the message, wherein the message is
transmitted on radio resources selected by the network
infrastructure equipment from a plurality of candidates for
radio resources that define a search space for the terminal
device to search for the message; wherein the plurality of
candidates comprise candidates associated with a number,
N, of different repetition levels for the transmission of a
message, wherein the different repetition levels correspond
with different numbers of repetitions for the transmission of
a message; wherein the candidates that define the search
space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted and
the extension in time is sufficient to span a transmission of
a message at a highest repetition level associated with the
highest number of repetitions; wherein the network infra-
structure equipment is configured to determine that the
terminal device comprises a number, M, of message buffers,
each message buffer having a size sufficient to store data
associated with one message, and wherein the arrangement
of candidates defining the search space within the search
space grid for the terminal device is selected in dependence
on the number of message buffers M for the terminal device
and the number of repetition levels N.

[0013] According to another aspect of the present disclo-
sure, there is provided circuitry for network infrastructure
equipment for use in a wireless telecommunications system
comprising the network infrastructure equipment and a
terminal device operable to communicate over a radio
interface that supports a downlink channel for conveying a
message from the network infrastructure equipment to the
terminal device, wherein the circuitry comprises a controller
element and a transceiver element configured to operate
together to cause the network infrastructure equipment to
selectively transmit the message with a number of repeti-
tions to enhance the likelihood the terminal device will
successfully decode the message, wherein the message is
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transmitted on radio resources selected by the network
infrastructure equipment from a plurality of candidates for
radio resources that define a search space for the terminal
device to search for the message; wherein the plurality of
candidates comprise candidates associated with a number,
N, of different repetition levels for the transmission of a
message, wherein the different repetition levels correspond
with different numbers of repetitions for the transmission of
a message; wherein the candidates that define the search
space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted and
the extension in time is sufficient to span a transmission of
a message at a highest repetition level associated with the
highest number of repetitions; wherein the network infra-
structure equipment is configured to determine that the
terminal device comprises a number, M, of message buffers,
each message buffer having a size sufficient to store data
associated with one message, and wherein the arrangement
of candidates defining the search space within the search
space grid for the terminal device is selected in dependence
on the number of message buffers M for the terminal device
and the number of repetition levels N.

[0014] According to another aspect of the present disclo-
sure, there is provided a terminal device for use in a wireless
telecommunications system comprising network infrastruc-
ture equipment and the terminal device operable to commu-
nicate with one another over a radio interface that supports
a downlink channel for conveying a message from the
network infrastructure equipment to the terminal device,
wherein the message is selectively transmitted by the net-
work infrastructure equipment with a number of repetitions
to enhance the likelihood the terminal device will success-
fully decode the message, wherein the message is transmit-
ted on radio resources selected by the network infrastructure
equipment from a plurality of candidates for radio resources
that define a search space for the terminal device to search
for the message; wherein the plurality of candidates com-
prise candidates associated with a number, N, of different
repetition levels for the transmission of a message, wherein
the different repetition levels correspond with different num-
bers of repetitions for the transmission of a message;
wherein the candidates that define the search space are
arranged within a search space grid of radio resources
extending in frequency and time, wherein the extension in
frequency is sufficient to span a range of frequencies over
which the message may be transmitted and the extension in
time is sufficient to span a transmission of a message at a
highest repetition level associated with the highest number
of repetitions; wherein terminal device comprises a number,
M, of message buffers, each message buffer having a size
sufficient to store data associated with one message, and
wherein the arrangement of candidates defining the search
space within the search space grid for the terminal device is
selected in dependence on the number of message buffers M
for the terminal device and the number of repetition levels
N, and wherein the terminal device comprises a controller
unit and a transceiver unit configured to operate together to
cause the terminal device to attempt to decode the message
on radio resources associated with the different candidates of
the search space.

[0015] According to another aspect of the present disclo-
sure, there is provided a method of operating a terminal
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device in a wireless telecommunications system comprising
network infrastructure equipment and the terminal device
operable to communicate with one another over a radio
interface that supports a downlink channel for conveying a
message from the network infrastructure equipment to the
terminal device, wherein the message is selectively trans-
mitted by the network infrastructure equipment with a
number of repetitions to enhance the likelihood the terminal
device will successfully decode the message, wherein the
message is transmitted on radio resources selected by the
network infrastructure equipment from a plurality of candi-
dates for radio resources that define a search space for the
terminal device to search for the message; wherein the
plurality of candidates comprise candidates associated with
a number, N, of different repetition levels for the transmis-
sion of a message, wherein the different repetition levels
correspond with different numbers of repetitions for the
transmission of a message; wherein the candidates that
define the search space are arranged within a search space
grid of radio resources extending in frequency and time,
wherein the extension in frequency is sufficient to span a
range of frequencies over which the message may be trans-
mitted and the extension in time is sufficient to span a
transmission of a message at a highest repetition level
associated with the highest number of repetitions; wherein
terminal device comprises a number, M, of message buffers,
each message buffer having a size sufficient to store data
associated with one message, and wherein the arrangement
of candidates defining the search space within the search
space grid for the terminal device is selected in dependence
on the number of message buffers M for the terminal device
and the number of repetition levels N, and wherein the
method comprises the terminal device attempting to decode
the message on radio resources associated with the different
candidates of the search space.

[0016] According to another aspect of the present disclo-
sure, there is provided circuitry for a terminal device for use
in a wireless telecommunications system comprising net-
work infrastructure equipment and the terminal device oper-
able to communicate with one another over a radio interface
that supports a downlink channel for conveying a message
from the network infrastructure equipment to the terminal
device, wherein the message is selectively transmitted by the
network infrastructure equipment with a number of repeti-
tions to enhance the likelihood the terminal device will
successfully decode the message, wherein the message is
transmitted on radio resources selected by the network
infrastructure equipment from a plurality of candidates for
radio resources that define a search space for the terminal
device to search for the message; wherein the plurality of
candidates comprise candidates associated with a number,
N, of different repetition levels for the transmission of a
message, wherein the different repetition levels correspond
with different numbers of repetitions for the transmission of
a message; wherein the candidates that define the search
space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted and
the extension in time is sufficient to span a transmission of
a message at a highest repetition level associated with the
highest number of repetitions; wherein terminal device
comprises a number, M, of message buffers, each message
buffer having a size sufficient to store data associated with
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one message, and wherein the arrangement of candidates
defining the search space within the search space grid for the
terminal device is selected in dependence on the number of
message buffers M for the terminal device and the number
of repetition levels N, and wherein the circuitry comprises a
controller element and a transceiver element configured to
operate together to cause the terminal device to attempt to
decode the message on radio resources associated with the
different candidates of the search space.

[0017] Further respective aspects and features are defined
by the appended claims.

[0018] The foregoing paragraphs have been provided by
way of general introduction, and are not intended to limit the
scope of the following claims. The described embodiments,
together with further advantages, will be best understood by
reference to the following detailed description taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] A more complete appreciation of the disclosure and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by refer-
ence to the following detailed description when considered
in connection with the accompanying drawings wherein like
reference numerals designate identical or corresponding
parts throughout the several views, and wherein:

[0020] FIG. 1 provides a schematic diagram illustrating an
example of a mobile telecommunication system;

[0021] FIG. 2 provides a schematic diagram illustrating a
LTE radio frame;

[0022] FIG. 3 provides a schematic diagram illustrating an
example of a LTE downlink radio subframe;

[0023] FIG. 4 schematically represents a wireless telecom-
munications system according to an embodiment of the
disclosure;

[0024] FIG. 5 schematically represents an L'TE search
space with 16 enhanced control channel elements and show-
ing the principle of aggregation levels in wireless telecom-
munications systems;

[0025] FIG. 6 schematically represents a search space
comprising search space candidates with different repetition
levels;

[0026] FIGS. 7 to 13 schematically represent search
spaces comprising different arrangements of search space
candidates within a search space grid.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0027] FIG. 1 provides a schematic diagram illustrating
some basic functionality of a mobile telecommunications
network/system 100 operating in accordance with LTE prin-
ciples and which may be adapted to implement embodi-
ments of the disclosure as described further below. Various
elements of FIG. 1 and their respective modes of operation
are well-known and defined in the relevant standards admin-
istered by the 3GPP® body and also described in many
books on the subject, for example, Holma H. and Toskala A
[2]. It will be appreciated that operational aspects of the
telecommunications network which are not specifically
described below may be implemented in accordance with
any known techniques, for example according to the rel-
evant standards and known variations thereof. Furthermore,
it will be appreciated that whilst some specific examples
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described herein may refer to implementations based around
particular 3GPP implementations, the same principles can be
applied regardless of the underlying operating principles of
the network. That is to say, the same principles can be
applied for wireless telecommunications networks operating
in accordance with other standards, whether past, current or
yet to be specified.

[0028] The network 100 includes a plurality of base sta-
tions 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 is transmitted from base stations 101 to terminal
devices 104 within their respective coverage areas 103 via a
radio downlink. Data is 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.

[0029] Mobile telecommunications systems such as those
arranged in accordance with the 3GPP defined Long Term
Evolution (LTE) architecture use an orthogonal frequency
division modulation (OFDM) based interface for the radio
downlink (so-called OFDMA) and a single carrier frequency
division multiple access scheme (SC-FDMA) on the radio
uplink. FIG. 2 shows a schematic diagram illustrating an
OFDM based LTE downlink radio frame 201. The LTE
downlink radio frame is transmitted from a LTE base station
(known as an enhanced Node B) and lasts 10 ms. The
downlink radio frame comprises ten subframes, each sub-
frame lasting 1 ms. A primary synchronisation signal (PSS)
and a secondary synchronisation signal (SSS) are transmit-
ted 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.

[0030] FIG. 3 is a schematic diagram of a grid which
illustrates the structure of an example conventional down-
link LTE subframe. The subframe comprises a predeter-
mined number of symbols which are transmitted over a 1 ms
period. Each symbol comprises a predetermined number of
orthogonal subcarriers distributed across the bandwidth of
the downlink radio carrier.

[0031] The example subframe shown in FIG. 3 comprises
14 symbols and 1200 subcarriers spread across a 20 MHz
bandwidth and in this example is the first subframe in a
frame (hence it contains PBCH). The smallest allocation of
physical resource for transmission in LTE is a resource block
comprising twelve subcarriers transmitted over one sub-
frame. For clarity, in FIG. 3, each individual resource
element is not shown, instead each individual box in the
subframe grid corresponds to twelve subcarriers transmitted
on one symbol.

[0032] FIG. 3 shows in hatching 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 subcarriers (i.e. 60
subcarriers), the resource allocation 343 for a second LTE
terminal (UE2) extends over six blocks of twelve subcarriers
(i.e. 72 subcarriers), and so on.



US 2018/0212722 Al

[0033] Control channel data can be transmitted in a control
region 300 (indicated by dotted-shading in FIG. 3) of the
subframe comprising the first “n” symbols of the subframe

9

where “n” can vary between one and three symbols for
channel bandwidths of 3 MHz or greater and where “n” can
vary between two and four symbols for a channel bandwidth
of 1.4 MHz. For the sake of providing a concrete example,
the following description relates to host carriers with a
channel bandwidth of 3 MHz or greater so the maximum
value of “n” will be 3 (as in the example of FIG. 3). The data
transmitted in the control region 300 includes data trans-
mitted on the physical downlink control channel (PDCCH),
the physical control format indicator channel (PCFICH) and
the physical HARQ indicator channel (PHICH). These chan-
nels transmit physical layer control information. Control
channel data can also or alternatively be transmitted in a
second region of the subframe comprising a number of
subcarriers for a time substantially equivalent to the duration
of the subframe, or substantially equivalent to the duration
of the subframe remaining after the “n” symbols. The data
transmitted in this second region is transmitted on the
enhanced physical downlink control channel (EPDCCH).
This channel transmits physical layer control information
which may be in addition to that transmitted on other
physical layer control channels.

[0034] PDCCH and EPDCCH contain control data indi-
cating which subcarriers of the subframe have been allo-
cated to specific terminals (or all terminals or subset of
terminals). This may be referred to as physical-layer control
signalling/data. Thus, the PDCCH and/or EPDCCH data
transmitted in the control region 300 of the subframe shown
in FIG. 3 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.

[0035] PCFICH contains control data indicating the size of
the control region (i.e. between one and three symbols for
channel bandwidths of 3 MHz or greater and between two
and four symbols for channel bandwidths of 1.4 MHz).

[0036] PHICH contains HARQ (Hybrid Automatic
Request) data indicating whether or not previously trans-
mitted uplink data has been successfully received by the
network.

[0037] Symbols in a central band 310 of the time-fre-
quency resource grid are used for the transmission of
information including the primary synchronisation signal
(PSS), the secondary synchronisation signal (SSS) and the
physical broadcast channel (PBCH). This central band 310
is typically 72 subcarriers wide (corresponding to a trans-
mission bandwidth of 1.08 MHz). The PSS and SSS are
synchronisation signals that once detected allow a LTE
terminal device to achieve frame synchronisation and deter-
mine the physical layer 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 terminals on
the physical downlink shared channel (PDSCH), which may
also be referred to as a downlink data channel, can be
transmitted in other resource elements of the subframe. In
general PDSCH conveys a combination of user-plane data
and non-physical layer control-plane data (such as Radio
Resource Control (RRC) and Non Access Stratum (NAS)
signalling). The user-plane data and non-physical layer
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control-plane data conveyed on PDSCH may be referred to
as higher layer data (i.e. data associated with a layer higher
than the physical layer).

[0038] FIG. 3 also shows a region of PDSCH containing
system information and extending over a bandwidth of
R344. A conventional LTE subframe will also include ref-
erence signals which are discussed further below but not
shown in FIG. 3 in the interests of clarity.

[0039] The number of subcarriers in a LTE channel can
vary depending on the configuration of the transmission
network. Typically this variation is from 72 sub carriers
contained within a 1.4 MHz channel bandwidth to 1200
subcarriers contained within a 20 MHz channel bandwidth
(as schematically shown in FIG. 3). As is known in the art,
data transmitted on the PDCCH, PCFICH and PHICH is
typically distributed on the subcarriers across the entire
bandwidth of the subframe to provide for frequency diver-
sity.

[0040] As explained above, in a LTE subframe the
PDSCH generally occupies groups of resource elements
which follow the control region. The data in the blocks of
resource elements 340, 341, 342, 343 allocated to the
different mobile communication terminals (UEs) and the
system information data in the block of resources 344 shown
in FIG. 3 have a smaller bandwidth than the bandwidth of
the entire carrier. To decode these blocks a terminal first
receives the PDCCH spread across the frequency range
R320 and/or the EPDCCH to determine if the (E)PDCCH
indicates there are PDSCH resources in the subframe that
need to be decoded by the UE. The intended recipient(s) for
(E)PDCCH signalling in LTE is established through the use
of radio network temporary identifiers (RNTI). (E)PDCCH
signalling is addressed to a particular RNTI by using the
RNTI to scramble cyclic redundancy check (CRC) bits
associated with the (E)PDCCH signalling. Each connected
UE in a cell is associated with a Cell RNTI (C-RNTT) that
may be used to address PDCCH signalling to that particular
UE. In addition there are other RNTIs defined and these may
be used to simultaneously address groups of terminal
devices. For example, a System Information RNTI (SI-
RNTTI) is defined and PDSCH transmissions comprising SI
are allocated by (E)PDCCH signalling addressed to SI-
RNTI. Various other RNTIs are defined for various other
types of signalling. Some examples include a random-access
RNTI (RA-RNTI), a Paging RNTI (P-RNTI), a Transmit
Power Control Physical Uplink Control Channel RNTI
(TPC-PUCCH-RNTI) and a Transmit Power Control Physi-
cal Uplink Shared Channel-RNTI (TPC-PUSCH-RNTTI).
[0041] Thus, once a UE has received a downlink sub-
frame, the UE searches for (E)PDCCH signalling associated
with any RNTI that apply for the UE in the subframe to
identify any corresponding allocations of transmission
resources on PDSCH. If there is an allocation message
addressed to the UE on (E)PDCCH the UE will proceed to
decode the PDSCH in the relevant frequency range (if any)
indicated by the (E)PDCCH.

[0042] FIG. 4 schematically shows a telecommunications
system 500 according to an embodiment of the disclosure.
The telecommunications system 500 in this example is
based broadly on a LTE-type architecture, e.g. LTE-ad-
vanced. As such many aspects of the operation of the
telecommunications system 500 are standard and well
understood and not described here in detail in the interest of
brevity. Operational aspects of the telecommunications sys-
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tem 500 which are not specifically described herein may be
implemented in accordance with any known techniques, for
example according to the established LTE standards and
known variations thereof.

[0043] The telecommunications system 500 comprises a
core network part (evolved packet core) 502 coupled to a
radio network part. The radio network part comprises a base
station (evolved-nodeB) 504, a first terminal device 506 and
a second terminal device 508. It will of course be appreci-
ated that in practice the radio network part may comprise a
plurality of base stations serving a larger number of terminal
devices across various communication cells. However, only
a single base station and two terminal devices are shown in
FIG. 4 in the interests of simplicity.

[0044] As with a conventional mobile radio network, the
terminal devices 506, 508 are arranged to communicate data
to and from the base station (transceiver station) 504. The
base station is in turn communicatively connected to a
serving gateway, S-GW, (not shown) in the core network
part which is arranged to perform routing and management
of mobile communications services to the terminal devices
in the telecommunications system 500 via the base station
504. In order to maintain mobility management and con-
nectivity, the core network part 502 also includes a mobility
management entity (not shown) which manages the
enhanced packet service, EPS, connections with the terminal
devices 506, 508 operating in the communications system
based on subscriber information stored in a home subscriber
server, HSS. Other network components in the core network
(also not shown for simplicity) include a policy charging and
resource function, PCRF, and a packet data network gate-
way, PDN-GW, which provides a connection from the core
network part 502 to an external packet data network, for
example the Internet. As noted above, the operation of the
various elements of the communications system 500 shown
in FIG. 4 may be broadly conventional apart from where
modified to provide functionality in accordance with
embodiments of the disclosure as discussed herein.

[0045] In this example, it is assumed the first terminal
device 506 is a conventional smart-phone type terminal
device communicating with the base station 504. Thus, and
as is conventional, this first terminal device 506 comprises
a transceiver unit 506a for transmission and reception of
wireless signals and a controller unit 5065 configured to
control the smart phone 506. The controller unit 5065 may
comprise a processor unit which is suitably configured/
programmed to provide the desired functionality using con-
ventional programming/configuration techniques for equip-
ment in wireless telecommunications systems. The
transceiver unit 5064 and the controller unit 5065 are
schematically shown in FIG. 4 as separate elements. How-
ever, it will be appreciated that the functionality of these
units can be provided in various different ways, for example
using a single suitably programmed general purpose com-
puter, or suitably configured application-specific integrated
circuit(s)/circuitry. As will be appreciated the conventional
terminal device 506 will in general comprise various other
elements associated with its operating functionality.

[0046] In this example, it is assumed the second terminal
device 508 is a machine-type communication (MTC) termi-
nal device according to an embodiment of the disclosure and
which operates over a relatively narrow bandwidth, e.g. 1.4
MHz, and which may be located in an area of restricted
coverage. As discussed above, MTC devices may be typi-
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cally characterised as semi-autonomous or autonomous
wireless communication devices communicating small
amounts of data. Examples include so-called smart meters
which, for example, may be located in a customer’s house
and periodically transmit information back to a central MTC
server data relating to the customer’s consumption of a
utility such as gas, water, electricity and so on. MTC devices
may in some respects be seen as devices which can be
supported by relatively low bandwidth communication
channels having relatively low quality of service (QoS), for
example in terms of latency. It is assumed here the MTC
terminal device 508 in FIG. 4 is such a device. It will,
however, be appreciated that embodiments of the disclosure
may also be implemented for other types of terminal device
and are not limited to machine type communication devices.

[0047] As with the smart phone 506, the MTC device 508
comprises a transceiver unit 508a¢ for transmission and
reception of wireless signals and a controller unit 5085
configured to control the MTC device 508. The controller
unit 5085 may comprise a processor unit which is suitably
configured/programmed to provide the desired functionality
described herein using conventional programming/configu-
ration techniques for equipment in wireless telecommuni-
cations systems. The transceiver unit 508a and the controller
unit 5085 are schematically shown in FIG. 4 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, for example using a
single suitably programmed general purpose computer, or
suitably configured application-specific integrated circuit(s)/
circuitry, or using a plurality of discrete circuitry/processing
elements for providing different elements of the desired
functionality. It will be appreciated the MTC device 508 will
in general comprise various other elements associated with
its operating functionality in accordance with established
wireless telecommunications techniques (e.g. a power
source, possibly a user interface, and so forth).

[0048] The base station 504 comprises a transceiver unit
504q for transmission and reception of wireless signals and
a controller unit 5045 configured to control the base station
504. The controller unit 5045 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
504 and the controller unit 5045 are schematically shown
in FIG. 4 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, for
example using a single suitably programmed general pur-
pose computer, or suitably configured application-specific
integrated circuit(s)/circuitry or using a plurality of discrete
circuitry/processing elements for providing different ele-
ments of the desired functionality. It will be appreciated the
base station 504 will in general comprise various other
elements associated with its operating functionality. For
example, the base station 504 will in general comprise a
scheduling entity responsible for scheduling communica-
tions. The functionality of the scheduling entity may, for
example, be subsumed by the controller unit 5045.

[0049] Thus, the base station 504 is configured to com-
municate data with the smart phone 506 over a first radio
communication link 510 and communicate data with the
MTC device 508 over a second radio communication link
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512. Both radio links may be supported within a single radio
frame structure associated with the base station 504. It is
assumed here the base station 504 is configured to commu-
nicate with the smart phone 506 over the first radio com-
munication link 510 in accordance with the established
principles of LTE-based communications and to communi-
cate with the MTC-device 506 over the second radio com-
munication link 512 in accordance with embodiments of the
disclosure as described herein. It will be appreciated the base
station may readily obtain information indicating the differ-
ent classes of terminal device which are attached to the base
station in accordance with conventional techniques. That is
to say, the base station will be aware that the smart phone is
of'a device class that includes conventional smartphones and
the MTC device is of a device class that includes MTC
devices. Furthermore, the base station may establish using
conventional techniques that the MTC device 508 may be
operating in a coverage limited situation such that steps such
as message repetition are needed to increase the likelihood
of the MTC device being able to decode downlink trans-
missions.

[0050] As discussed above, it has been proposed to
improve coverage for terminal devices in a wireless tele-
communications system by introducing repetitions of a
transmission which a terminal device may combine to
provide an increased likelihood of successtul decoding.
These approaches can be expected to be particularly, but not
exclusively, relevant in the field of low complexity MTC
(machine type communication) devices, which may be
referred as LC-MTC devices. Some of the main character-
istics of LC-MTC terminal devices are relatively low com-
plexity (i.e., so they can be provided that low cost), coverage
enhancement and reduced power consumption.

[0051] One proposed technique to reduce complexity/cost
for LC-MTC terminal devices is to restrict the terminal
devices to operate on a relatively narrow bandwidths, for
example within 6 PRBs (Physical Resource Blocks) in an
LTE-based wireless telecommunications system. This over-
all system bandwidth may thus be divided into multiple 6
PRB wide narrowbands and the LC-MTC terminal devices
may be able to tune into any of these narrowbands.

[0052] In respect of coverage enhancement (CE), current
proposals in an LTE-context are for the coverage for L.C-
MTC to be extended by 15 dB (relative to that of Category-1
terminal device). As noted above, one proposed technique
for providing coverage enhancement is through repeated
transmissions (repetitions) of the same message.

[0053] In accordance with established principles, Down-
link Control Information (DCI) is sent to a terminal device
(UE) by a base station (eNB) for scheduling and control
purposes. In an LTE-based context, in particular LTE-ad-
vanced, DCI is carried by Enhanced Control Channel Ele-
ments (ECCEs). An Enhanced Physical Downlink Control
Channel (EPDCCH) consists of one or more ECCEs, where
the Aggregation Level (AL) of an EPDCCH is equivalent to
the number of ECCEs in an EPDCCH. The AL can in some
respects be considered to correspond with the number of
times the DCI is repeated within an EPDCCH (i.e. the
degree of redundant transmissions). The eNB may use
EPDCCH with different ALs to send a DCI message to a UE
to take account of different radio conditions. For example
the eNB might use an EPDCCH with relatively high AL (e.g.
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AL~16) to send a DCI to a UE at a cell edge and an
EPDCCH with relatively low AL (e.g. AL=1 or 2) to a UE
close to the eNB.

[0054] A search space consists of several ECCEs over two
or more PRBs. For example, FIG. 5 schematically represents
a search space with 16 ECCEs (labelled as ECCE 01, ECCE
02, ..., ECCE 16) occupying 4 PRBs where each PRB in
this example contains 4 ECCEs. The search space is repre-
sented as a transmission resource grid extending in fre-
quency over a bandwidth corresponding to 16 ECCE and in
time by one subframe for the example represented in FIG. 5.

[0055] An EPDCCH with a specific AL occupying specific
ECCEs forms an EPDCCH candidate. Thus FIG. 5 indicates
3 different EPDCCH candidates, where Candidate 1 with
AL~1 occupies ECCE 01, Candidate 2 with AL=2 occupies
ECCE 07 and ECCE 08 and Candidate 3 with AL=4
occupies ECCE 13, ECCE 14, ECCE 15 and ECCE 16.
Multiple EPDCCH candidates with the same AL but occu-
pying different ECCEs are possible in a search space, e.g.,
for the example of FIG. 5, there are potentially 16 EPDCCH
candidates with AL=1, potentially 8 EPDCCH candidates
with AL=2, and so on up to potentially 1 EPDCCH candi-
date with AL=16. The EPDCCH candidates are predefined
for a specific search space size and are signalled to the UE.
The eNB sends a DCI message to the UE using one of the
EPDCCH candidates within the search space to the UE. The
eNB may select which EPDCCH candidate to use for a given
DCI message having regard to established scheduling con-
siderations, for example having regard to the current radio
channel conditions for the UE and the availability of radio
resources not being used for communicating with other
terminal devices (UEs). On receiving radio resources cor-
responding to the search space, the UE performs blind
decoding, i.e., attempts to decode the different EPDCCH
candidates in its search space in turn to seek to decode the
DCI on the EPDCCH candidate. That is to say, the UE does
not know which EPDCCH candidate (if any) was selected
by the base station for sending a DCI message to the
terminal device in the current scheduling opportunity and so
the UE tries to decode a DCI message on the radio resources
associated with each of the potential EPDCCH candidates in
turn until it can decode a message. Ifin a given subframe the
eNB did not address any EPDCCH message to the UE, the
UE would nonetheless attempt to decode the signalling
received on the radio resources associated with all the
different EPDCCH candidates without detecting a message.

[0056] The above description sets out some of the general
principles for operating a downlink control channel for
conveying control messages in a wireless telecommunica-
tions system, such as an LTE-based wireless telecommuni-
cations system. It is to be expected that similar principles
may be adopted in respect of MTC communications,
although potentially with dedicated channels being adopted
for supporting MTC communications. In this respect, for
LC-MTC, the DCI may be carried by a downlink control
channel which may be referred to as MPDCCH with the
general operating principles for the MPDCCH being based
on those of the EPDCCH. However, in order to reach an
LC-MTC UE in limited coverage areas using coverage
enhancement, MPDCCH may be configured to support
repeated transmissions (allowing the UE to obtain multiple
signalling samples for the message). In this regard, it may be
expected for ease of implementation for the location of
ECCE:s for an AL of a MPDCCH candidate (i.e. in terms of
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frequency location within the operating bandwidth the
MPDCCH) will be at the same locations for the repetitive
samples, i.e., the search space is repeated for each transmis-
sion. This allows the LC-MTC UE to perform simple
symbol combining of the repetitive samples (repetitions).
[0057] It is also expected that the number of repetitions to
use for any given control message transmission may be
selectable by the base station. In this respect, there may be
the potential for transmissions with the same aggregation
level and using the same ECCE locations, but having
different repetition lengths, and these may be considered
different candidates of the search space. That is to say, in
addition to AL and the position of the ECCE within the
search space, repetition level RL, (i.e. reflecting the number
of repetitions) provides another degree of freedom for
establishing the candidates defining the search space.
[0058] For the example of narrowband operation spanning
6 PRBs in an LTE context, the maximum size of an
MPDCCH search space in the frequency domain is 24
ECCEs. Hence the maximum AL for a MPDCCH is 24. By
introducing the potential for candidates having different
repetition levels there is a corresponding increase in the
number of potential candidates that may comprise a UE’s
search space. That is to say, there will be numerous com-
binations of aggregation level (AL) and repetition level (RL)
giving rise many different MPDCCH candidates. In this
regard it can be expected that in some implementations the
number of possible ALL may be reduced to reduce the blind
decoding effort of the LC-MTC UE.

[0059] An example of MPDCCH search space is sche-
matically shown in FIG. 6. This represents a search space
extending in time (along the horizontal axis) and in fre-
quency (along the vertical axis). It is, however, important to
note the horizontal bands in the figure representing the
different potential candidate radio resources for transmitting
control messages (i.e. the candidates) are shown offset from
one another in FIG. 6 for ease of representation, but in
practice these candidates will span the same/overlapping
frequency resources. Thus, referring to FIG. 6, the search
space in this example consists of 3 different RLs, namely R1,
R2 and R3. For each RL and there can be several ALs and
combinations of ECCE locations comprising different can-
didates for a given RL at different times in the search space.
Aspects of the operation relating to the different aggregation
levels and ECCE combinations for the different candidates
are not generally reflected in the figures described herein
since these aspects of the operation may be adopted gener-
ally in accordance with conventional techniques.

[0060] Thus, in addition to spanning a range of frequency
resources, the MPDCCH search space also spans the time
domain to include retransmissions, and in particular, the
possibility for different numbers of transmissions associated
with different repetition levels. For example, one candidate,
identified as R3, has the highest repetition level (i.e. corre-
sponds with the most repetitions). It is to be noted that
although FIG. 6 is referred to here as representing one
candidate for repetition of R3, it will be appreciated that in
practice there will typically be multiple candidates with
repetition of R3 with different ALL and ECCE locations.
However, for ease of explanation it is assumed here there is
only one candidate (i.e. one ALl and one combination of
ECCE locations) for each repetition level. The repetitions
associated with repetition level R3 take place over a period
of time from TO to T4. However, there are also other
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candidates with other repetition levels. For example, there
are four candidates associated with repetition level R1,
namely a candidate comprising repetitions from TO to T1, a
candidate comprising repetitions from T1 to T2, a candidate
comprising repetitions from T2 to T3, and a candidate
comprising repetitions from T2 to T4. For the middle
repetition level R2 there are two candidates, namely a
candidate comprising repetitions from TO to T2 and a
candidate comprising repetitions from T2 to T4.

[0061] This approach of supporting different repetition
levels provides a base station with flexibility in establishing
an appropriate compromise between the amount of repeti-
tion required for messages to be received and the efficiency
of resource utilisation (by allowing the base station to use
fewer transmissions when the highest number of possible
retransmissions is not needed). That is to say, providing for
multiple candidates with smaller repetitions within the time
required to transmit the repetitions for a single candidates
having more repetitions (i.e. having a higher repetition level)
can help provide more scheduling opportunities for the eNB
than would otherwise be the case. For example in the
example of FIG. 6, the eNB could potentially schedule the
LC-MTC UE with RL=R1 at four different times within the
search space period spanning TO to T4. The number of
individual retransmissions comprising is transmission level
are not significant. For example, transmission level R1
might comprise 8 retransmissions, transmission level R2
might comprise 16 retransmissions, and transmission level
R3 might comprise 32 retransmissions. However, in other
implementations there may be different numbers of retrans-
missions in the respective transmission levels, and indeed
different numbers of transmission levels. Furthermore, it is
not necessary for the number of retransmissions in the
different transmission levels to be related to another by
integer multiples, although adopting such a relationship can
be expected to simplify implementation.

[0062] Although the approach of adopting candidates as
discussed above with reference to FIG. 6 allows for control
messages to be selectively sent with high repetition levels
(e.g. using a high number of repetitions for when a UE is in
relatively poor coverage) or to be sent more efficiently with
a lower number of repetitions (e.g. when a UE is in expe-
riencing relatively good coverage), thereby providing the
base station with a great degree of flexibility in how it
schedules transmissions for the terminal device, it does have
ramifications for the hardware requirements of the terminal
device. In particular, the arrangement represented in FIG. 6
would require the terminal device to buffer multiple versions
of the transmissions received from the base station. For
example, to maximise the number of candidates in the search
space the terminal device should be provided with the
multiple MPDCCH buffers, namely one for each repetition
level. In this regard one MPDCCH buffer may be considered
to be a buffer having a size which is sufficient to store data
associated with one message. Repeat transmissions can be
accumulated in a single buffer in accordance with conven-
tional techniques. That is to say, if a message comprises K
bits of data, and these are transmitted with L repetitions, a
single buffer of length K can be used to accumulate the
samples associated with the L retransmissions by combining
the samples for each retransmission with the existing con-
tents of the buffer. However, to make full use of all available
candidates in the search space represented in FIG. 6, addi-
tional buffers are needed.



US 2018/0212722 Al

[0063] To illustrate this point, refer again to FIG. 6. An
LC-MTC UE operating with this search space would start
accumulating MPDCCH repetition samples at time TO. At
time T1 the UE would perform blind decoding for all
candidates with RL=R1 (i.e. all aggregation levels and
combinations of ECCE locations for candidates having a
number of repetitions corresponding to the repetition level
R1). If the LC-MTC UE fails to detect any MPDCCH
message at T1, it will need to accumulate MPDCCH rep-
etition samples from T1 to T2 to try other possible candi-
dates with RL=R 1. However, the UE cannot simply flush the
buffer used to accumulate samples from TO to T1 to allow it
to accumulate from T1 to T2 to check for the next set of
possible candidates with RL=R1. This is because these
buffer contents are still needed for seeking to decode can-
didates having higher levels of repetition. Hence the UE
needs to allocate a new buffer to accumulate the samples
from T1 to T2 separately from the ongoing accumulation of
these new samples with the already accumulated samples
from TO to T1. Similarly, at T2 the UE would perform blind
decoding for all candidates with R[.=R1 in respect of the
samples collected between T1 and T2 and stored in one
MPDCCH bufter and blind decoding for all candidates with
RL=R2 in respect of the samples collected between TO and
T2 and stored in another MPDCCH buffer. The same applies
for each higher repetition level. Thus, in order to implement
the search space as shown in FIG. 6, an MPDCCH buffer
(memory) is required for each different RL. This can give
rise to issues because a legacy UE may not have sufficient
memory to buffer multiple versions of EPDCCH for the
different repetition levels, and in any event providing a UE
with the ability to do this would increase device hardware
requirements, and therefore cost.

[0064] To help address this issue, the inventor has pro-
posed an approach in which the arrangement (in position and
time) of the candidates with different Repetition Levels (RL)
within a search space grid is a function of the LC-MTC UE
buffer available for MPDCCH repetition accumulation.

[0065] That is to say, the inventor has proposed a wireless
telecommunications system that comprises a base station (or
other network infrastructure equipment) and a terminal
device (such as a machine type communication device). The
base station and the terminal device communicate with one
another over a radio interface that supports a downlink
channel, e.g. a type of PDCCH, such as MPDCCH, for
conveying a message, such as a control message/DCI mes-
sage with a selected number of repetitions to enhance the
likelihood the terminal device will successfully decode the
message. The message is transmitted on radio resources
selected by the network infrastructure equipment from a
plurality of candidates for radio resources which define a
search space for the terminal device to search for the
message. The plurality of candidates comprise candidates
associated with a number, N, of different repetition levels for
the transmission of a message, wherein the different repeti-
tion levels correspond with different numbers of repetitions
for the transmission of a message. In accordance with the
terminology used herein, higher repetition levels are asso-
ciated with more repetitions. The candidates that define the
search space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted and
the extension in time is sufficient to span this a transmission
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of'a message at a highest repetition level associated with the
highest number of repetitions. The terminal device com-
prises a number, M, of message buffers, each message buffer
having a size sufficient to store data associated with one
message, wherein the number of message buffers M is less
than the number of repetition levels N. This allows a number
of different repetition level to be used without requiring a
corresponding increase in the number of buffers M. For
example, the number buffers may even be one (i.e. M=1). To
help achieve this, the inventor has recognised the arrange-
ment of candidates defining the search space within the
search space grid (i.e. the radio resource transmission grid
from which the candidates defining the search space may be
drawn) for the terminal device should be determined in a
way depends on the number of message buffers M for the
terminal device and the number of repetition levels N. There
are number of different principles can be applied when
determining an appropriate arrangement in any given imple-
mentation, as explained further below.

[0066] As noted above, a UE’s MDPCCH buffer is the
amount of memory that it has available for storing MPD-
CCH repetition samples. This can be fixed in accordance
with an operating standard of the wireless telecommunica-
tions system, for example with different categories of ter-
minal device having different predefined buffering capabili-
ties, or an indication of the UE’s buffer capabilities may be
signalled to the network, for example as part of UE capa-
bility signalling, to allow the network to configure an
appropriate search space with an appropriate number of
repetition levels for the UE based on its number of buffers
in accordance with the principles described herein.

[0067] In a scenario where the number of MPDCCH
buffers exceeds the number of RL the base station, the search
space may comprise all the potential candidates in the search
space grid, as in the example represented in FIG. 6, and
represented again in FIG. 7 in the context of an implemen-
tation with 4 repetition levels. FIG. 7 is similar to, and will
be understood from, FIG. 6 discussed above, but differs in
also represented an additional repetition level, namely R4.
[0068] Thus, in FIG. 7 the search space of candidates for
radio resources for conveying a control message includes
candidates having four different repetition levels namely R1,
R2, R3 and R4. The UE in this example scenario has
sufficient MPDCCH buffer capacity to separately accumu-
late samples for each of the repetition levels. The base
station on determining the UE has sufficient MPDCCH
buffer capacity, for example from standard specifications or
from capability information received from the terminal
device, therefore has complete freedom in scheduling MPD-
CCH for transmission within the search space grid (i.e. the
search space can correspond with the search space grid
without any gaps).

[0069] However, it is perhaps more likely there will be
scenarios where a terminal device will not have a sufficient
number of MPDCCH buffers to maintain a separate accu-
mulation of samples for each repetition level. In this case the
terminal device will not be able to make use of the complete
search space grid and its search space will be limited to a
subset of the candidates that would otherwise in principle be
available within the search space grid (i.e. the candidates
represented by shading in FIG. 7).

[0070] To facilitate explanation it can be helpful to define
a time instance of a RL as the time period the different
candidates in this RL occupy in the search space grid. For
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example, with reference to FIG. 7, there are 8 time instances
for repetition level R1 (one from TO to T1, one from T1 to
T2, one from T2 to T3, and so on up to T7 to T8). There are
four time instances for repetition level R2 (one from TO to
T2, one from T2 to T4, one from T4 to T6, and one from T6
to T8). There are two time instances for repetition level R3
(one from TO to T4 and one from T4 to T8). There is one
time instance for repetition level R4 (from TO to T8). Thus,
in FIG. 7 candidates are available for all time instances for
all repetition levels

[0071] FIG. 8 is similar to, and will be understood from,
FIG. 7, but shows an arrangement of candidates for the
situation in which the search space again comprises four
different repetition levels, but the terminal device only have
the capability to buffer (accumulate) one copy of the samples
(i.e. the UE has only one MPDCCH message buffer). In this
example the MPDCCH buffer is allocated/assigned to oper-
ate on an accumulation and flushing cycle corresponding to
the highest repetition level, i.e. R4. That is to say, the buffer
is configured to accumulate samples from TO to T8 without
any flushing (unless a message is successfully decoded
before T8). Thus, in accordance with approaches in accor-
dance with certain embodiments of the disclosure, when the
number of MPDCCH buffers is less than the number of
repetition levels, one MPDCCH buffer may always be
assigned to the largest repetition level. This recognises that
if no MPDCCH message has yet been detected within a
search space, the largest RL will remain a source of potential
candidates, and so all the sample accumulations from the
start of the search space needs to be maintained. For
example, referring to FIG. 8, if at time T4, no MPDCCH
with RL=R1, RL=R2 or RL=R3 has been detected, the
repetitive samples of the search space accumulated till time
T4 cannot be discarded since they are needed for potential
candidates with RL=R4.

[0072] The shaded regions in FIG. 8 represent the areas
(i.e. time instances) of the search space grid which can
potentially include candidates to define the search space for
the terminal device in this configuration. Although the single
available buffer is primarily allocated/dedicated to the high-
est RL, the buffer may also be used to allow for candidates
with lower repetition levels, although only for candidates
which start at the same time in the search space resource grid
as candidates for the highest repetition level. Thus, for a
terminal device having one MPDCCH buffer, the base
station may be configured to establish a search space com-
prising candidates arranged within the search space grid in
a pattern that depends on the number of buffers. In the
example of FIG. 8 there is only one time instance for each
RL that can be used as a candidate for the search space. This
is because the same buffer must be shared for all the different
RLs. Put simply, the search space cannot include candidates
of repetition level R1 in the time instances from T1 to T8
because there is no buffer capacity for separately accumu-
lating samples during these times. Allocating the single
available buffer to the highest repetition rate allows the
search space to include the greatest range of different
repetition levels to allow the base station most flexibility in
terms of efficiently scheduling the terminal device under
different radio conditions. Accordingly, although the use of
only one MPDCCH buffer impacts the scheduling flexibility
for the base station in terms of the number of scheduling
opportunities, it is still possible to select from different
repetition levels, for example to take account of changing
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radio conditions. It may be noted the arrangement of FIG. 8
supports search spaces comprising candidates on four time
instances as compared the arrangement of FIG. 7 which
supports search spaces with candidates on up to 15 time
instances.

[0073] FIG. 9 is similar to, and will be understood from,
FIGS. 7 and 8, but shows an arrangement of candidates for
the situation in which the search space again comprises four
different repetition levels, but the terminal device has the
capability to buffer (accumulate) two copies of the samples
(i.e. the UE has two MPDCCH message buffers). In this
example one MPDCCH buffer is allocated/assigned to oper-
ate on an accumulation and flushing cycle corresponding to
the highest repetition level, i.e. R4. The other MPDCCH
buffer is allocated/assigned to operate on an accumulation
and flushing cycle corresponding to a lower repetition level,
which in this case is not the second highest repetition level
R3, but the next repetition level down, R2. The shaded
regions again represent the areas (i.e. time instances) of the
search space grid which can potentially be used for candi-
dates to define the search space for the terminal device in
this configuration.

[0074] Although the available buffers are primarily allo-
cated/dedicated to the repetition levels R4 and R2, they can
again be used to accumulate samples for lower repetition
levels for time instances that start at the same time. More
generally, in accordance with certain embodiment of the
disclosure, a RL that does not have a dedicated buffer may
share its buffer with a higher RL that has a dedicated buffer,
at least in respect of time instances starting at the same time
for both RL, where the difference between the RLs is
minimised. For example, in FIG. 9, the search space has 4
RLs {R1, R2, R3, R4} and the UE has only 2 MPDCCH
buffers so dedicated buffers are allocated to R2 and R4 (the
highest RL). Candidates for R1 and R3 do not have a
dedicated buffer but share with other RLs. For R1, the next
highest RL is R2 and so rather than share its buffer with R4,
it shares with R2, which allows for more time instances of
R1 to be used as candidates than in the case of FIG. 8. More
specifically, the approach of FIG. 9 supports search spaces
comprising candidates on 10 time instances (as opposed to
4 time instances in FIG. 8).

[0075] As has been noted above, for situations in which a
single buffer is used in respect of candidates having different
repetition levels, there can only be one time instance con-
taining candidates with the lower repetition level within the
time instance for candidates having the higher repetition
level, and the candidates for the two repetition levels should
start at the same time to allow the buffer to be shared.

[0076] It may be noted the specific allocation of buffers to
R4 and R2 in FIG. 9 is only one example. Generally it is to
be expected one of the buffers should always be allocated to
the highest repetition level, but the other buffer(s) may be
allocated differently according to the application at hand.
For example if the base station wishes is to provide the
maximum number of candidates whilst also supporting at
least one candidate at the highest repetition level, the
approach of FIG. 9 should be modified to have one buffer
assigned to repetition level R4 and one buffer assigned to
repetition level R1. This would provide an increase in the
overall number of time instances for candidates (it would
provide 11 time instances, namely one each for R4, R3 and
R2 and 8 for R1). If; on the other hand, it is considered more
appropriate to provide a greater number of high level
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repetition opportunities, at the cost of fewer time instances
for candidates over all, the approach of FIG. 9 should be
modified to have one buffer assigned to repetition level R4
and one buffer assigned to repetition level R3. This would
provide a reduction in the overall number of time instances
for candidates (it would provide 7 time instances, namely
one for R4 and two each for R3, R2 and R1), but a higher
proportion of the time instances are associated with higher
repetition levels, which may be preferable for a terminal
device which frequently needs to rely on greater degrees of
coverage extension.

[0077] It will be appreciated that the repetition arrange-
ments discussed herein can reduce the number/rate of sched-
uling opportunities for the base station’s scheduler. For
example, with reference to FIG. 8, a base station may use a
candidate with repetition level R1 to convey a resource
allocation to a terminal device within the period TO to T1.
However, the base station would then wait until after T8 (i.e.
until after the end of the terminal device’s search space)
before it can reschedule the terminal device again. As well
as reducing scheduling opportunities for the eNB scheduler,
the approaches may also impact the potential peak data
throughput of the LC-MTC UE.

[0078] To help address this in accordance with certain
embodiments a terminal device’s search space may in effect
be “restarted” before the end of the longest repetition period
if a message is successfully decoded from a candidate before
the end of the search space duration.

[0079] An example of this is schematically represented in
FIG. 10. As for FIG. 8, FIG. 10 schematically represents in
shading the time instances when there may be candidates for
a situation in which there are four repetition levels and a
terminal device has only one MPDCCH buffer. In the
example of FIG. 10 it is assumed the base station elects to
transmit downlink control information comprising a
resource allocation identifying resources on a physical
downlink shared channel (PDSCH) on a candidate in the
search space with a repetition level R1, this being transmit-
ted between TO and T1. Assuming no errors in transmission,
the terminal device is thus able to derive the relevant control
information soon after time T1 and the base station is aware
that the terminal device will have done this. Thus, in
accordance with some implementations, the base station and
terminal device can be configured in this situation to in effect
stop the ongoing search space, and instead the base station
and terminal device may proceed to immediately, or after a
given offset, exchange data on the relevant resources on the
PDSCH, as schematically shown in heavy shading in FIG.
10. Not only does this avoid the terminal device having to
wait until the end of the search space (i.e. beyond T8) before
receiving the scheduled data on PDSCH, once the data on
PDSCH has been exchanged (i.e. by T3 in the example
indicated in FIG. 10), a new search space can be started, i.e.
a search space starting at T5 as schematically represented in
FIG. 10. L.e. the buffer is flushed at TS and proceeds to start
with operating with the next search space, which may again
corresponding generally to that represented in FIG. 7, except
for starting from T5 rather than TO.

[0080] Thus, in accordance with certain embodiments the
search space may be restarted when a scheduling event
completes. For downlink scheduling, this may be when the
PDSCH reception ends. In the uplink for Full Duplex FDD,
this may be when the MPDCCH reception ends (since the
LC-MTC UE can receive another MPDCCH whilst trans-
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mitting on PUSCH or PUCCH). An offset can be applied
between the end of a scheduling event and the restart of the
search space. It will be appreciated that restarting of a search
space after completion of a scheduling event (i.e. after the
scheduled data transfer has occurred) can also be used in
situations where the terminal device has more than one
MPDCCH buffer.

[0081] One aspect of the approach represented in FIG. 10
is that the new search space goes beyond the end of the
previous search space. In some situations this may not be a
preferred approach, for example because the eNB may
allocate specific time windows for MTC search spaces for
ease of scheduling. For example, the eNB may not wish to
allow an MPDCCH search space to extend beyond T8 to
leave a period of time to allow for other communications.
The approach represented in FIG. 10 may also be subject in
some situations to error propagation as the base station and
terminal device may become offset in their understanding of
the start times for the search spaces. To help mitigate any
concerns regarding these issues an alternative approach may
be adopted in accordance with some examples of the dis-
closure, for example as represented in FIG. 11. In many
respects this is similar to, and will be understood from, the
approach represented in FIG. 10, except the new search
space started before the end of the previous search space is
restricted in length so as not to extend beyond when the
previous search space would have ended. Thus, in accor-
dance with this approach only a subset of RLs of the original
search space are used for the new search space, which may
thus be referred to as a subset search space. The RLs that are
maintained are those which can be fully contained with the
time period of the original search space. Thus in the example
shown in FIG. 11 (which is again a situation with four
repetition levels and one MPDCCH buffer), if an MPDCCH
is detected on a candidate with RL=R1 at time T1 and a
PDSCH transmission is received up until time T3. A subset
of the original search space is restarted at time T4. Since
only candidates with RL=R1, R2 and R3 can complete
within the remaining search space time (which ends at time
T8), candidates with R[.=R4 are not included in this subset
of search space.

[0082] In another embodiment, schematically represented
in FIG. 12 the restarting of the search space or subset of
search space might start following the UE successfully
detecting an MPDCCH message without waiting for a
corresponding exchange of data between the base station
and terminal device on the allocated resources. That is to
say, in this configuration the search space is restarted with-
out waiting for the corresponding PDSCH to complete. The
reception of PDSCH would instead start at a later time after
completion of the search space. Thus, in the example shown
in FIG. 12, the UE detects a MPDCCH message with
RL=R1 at time T1. Instead of waiting for reception of
PDSCH, a subset of the search space is restarted (this subset
of search space can follow the principles described above in
relation to FIG. 11, for example). The reception of PDSCH
can be delayed to another time, e.g., at time T9, which can
be determined by procedures such as an indication in DCI
message on MPDCCH or a predefined offset, etc. This
approach can allows the eNB to perform consecutive sched-
uling for the UE thereby helping to increase its throughput.
For example, the eNB can proceed to schedule the UE with



US 2018/0212722 Al

another MPDCCH with RL=R1 or R[L=R2 and yet another
(subset) search space may be restarted after time T2 (for R1)
or T4 (for R2) respectively.
[0083] It will be appreciated for the approaches schemati-
cally represented in FIGS. 10, 11 and 12 that allow a new
search space to be started before the end of a preceding
search space, the new search space need not be the same as
the preceding search space (i.e. need not comprise the same
candidates). That is to say, rather than being considered as
restarting the search space, these approaches may more
generally be considered as starting a new search space which
may, or may not, correspond with the preceding search space
in terms of how the candidates are arranged within the
relevant portions of the search space (i.e. the whole search
space resource grid in the example of FIG. 10, and the
respective subsets of the search space grid in the examples
of FIGS. 11 and 12).
[0084] In another example implementation in accordance
with certain embodiments of the disclosure a terminal
device’s MPDCCH buffer may be in effect divided into a
plurality of sub-buffers whereby that each different sub-
buffer is used for non-overlapping ECCEs. Candidates that
have overlapping ECCEs would be restricted to have the
same RL. This approach recognises that instead of allocating
a full MPDCCH buffer to a single RL, the buffer can be split
with different sub-buffers allocated to different RLs as long
as the ECCEs in different sub-buffers are not the same. This
embodiment enables multiple time instances of different
RLs in a search space with only one MPDCCH buffer. An
example is schematically shown in FIG. 13, where a single
MPDCCH buffer is split into 4 sub-buffers. Such that:
[0085] Sub-buffer 1 stores ECCE 01 to ECCE 04 allo-
cated to RL=R1
[0086] Sub-buffer 2 stores ECCE 05 to ECCE 08 allo-
cated to RL=R2
[0087] Sub-buffer 3 stores ECCE 09 to ECCE 12 allo-
cated to RL=R3
[0088] Sub-buffer 4 stores ECCE 13 to ECCE 24 allo-
cated to RL=R4
[0089] Within a RL, it is possible to have multiple ALs
that overlap each other. For example, for RL=R4, there is
one candidate with AL =8 (occupying ECCE 13 to ECCE 20)
and another candidate with AL=12 (occupying ECCE 13 to
ECCE 24). Since different RL occupy different ECCE (with-
out overlap), and each RL uses a different sub-buffer of a
MPDCCH buffer, it is thus possible to have multiple time
instances of all the RL.
[0090] Thus there has been described wireless telecom-
munications system comprising network infrastructure
equipment and a terminal device operable to communicate
over a radio interface that supports a downlink channel for
conveying a message from the network infrastructure equip-
ment to the terminal device, wherein the network infrastruc-
ture equipment is operable to selectively transmit the mes-
sage with a number of repetitions to enhance the likelihood
the terminal device will successfully decode the message,
wherein the message is transmitted on radio resources
selected by the network infrastructure equipment from a
plurality of candidates for radio resources that define a
search space for the terminal device to search for the
message; wherein the plurality of candidates comprise can-
didates associated with a number, N, of different repetition
levels for the transmission of a message, wherein the dif-
ferent repetition levels correspond with different numbers of
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repetitions for the transmission of a message; wherein the
candidates that define the search space are arranged within
a search space grid of radio resources extending in fre-
quency and time, wherein the extension in frequency is
sufficient to span a range of frequencies over which the
message may be transmitted and the extension in time is
sufficient to span a transmission of a message at a highest
repetition level associated with the highest number of rep-
etitions; wherein the terminal device comprises a number,
M, of message buffers, each message buffer having a size
sufficient to store data associated with one message, wherein
the number of message buffers M is less than the number of
repetition levels N, and wherein the arrangement of candi-
dates defining the search space within the search space grid
for the terminal device is determined in dependence on the
number of message buffers M for the terminal device and the
number of repetition levels N.

[0091] Approaches in accordance with certain embodi-
ments of the disclosure may in some respects be summarised
as providing methods for arranging the MPDCCH candi-
dates with different Repetition Levels in a search space
where the position (in time and frequency) of candidates is
a function of the buffer space available for storing repetitive
samples of the MPDCCH candidates. Thus, in accordance
with certain embodiment of the disclosure, different arrange-
ments of candidates in a search space are associated with
different terminal device buffer capabilities.

[0092] Approaches in accordance with certain embodi-
ments provide methods of adding MPDCCH candidates into
an existing search space where additional MPDCCH candi-
dates are added if a message is successfully sent to a UE
before the end of the search space.

[0093] It will be appreciated there are many modifications
to the processes described above that can be adopted. For
example, whereas in the various examples the search space
grids in which the candidates defining the search space for
a terminal devices are arranged are schematically repre-
sented in the figures as comprising contiguous radio
resources in time frequency, this need not be the case in all
implementations and the resources could equally be non-
contiguous in time and frequency.

[0094] It will also be appreciated that while some of the
above-described embodiments have focused on examples in
which a base station of the wireless telecommunications
system is providing functionality in accordance with the
principles described herein, in other implementations similar
functionality may be provided by other components of the
wireless telecommunications network infrastructure. For
example, some, or all, of the processing described above in
relation to the base station may be provided by a core
network component of the wireless telecommunications
system and/or similar functionality may be provided by
other infrastructure elements, such as relay nodes.

[0095] Further particular and preferred aspects of the
present invention are set out in the accompanying indepen-
dent 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.

[0096] Thus, the foregoing discussion discloses and
describes merely exemplary embodiments of the present
invention. As will be understood by those skilled in the art,
the present invention may be embodied in other specific
forms without departing from the spirit or essential charac-
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teristics thereof. Accordingly, the disclosure of the present
invention is intended to be illustrative, but not limiting of the
scope of the invention, as well as other claims. The disclo-
sure, including any readily discernible variants of the teach-
ings herein, define, in part, the scope of the foregoing claim
terminology such that no inventive subject matter is dedi-
cated to the public.

[0097] Respective features of the present disclosure are
defined by the following numbered clauses:

[0098] Clause 1. A wireless telecommunications system
comprising network infrastructure equipment and a terminal
device operable to communicate over a radio interface that
supports a downlink channel for conveying a message from
the network infrastructure equipment to the terminal device,
wherein the network infrastructure equipment is operable to
selectively transmit the message with a number of repeti-
tions to enhance the likelihood the terminal device will
successfully decode the message,

[0099] wherein the message is transmitted on radio
resources selected by the network infrastructure equip-
ment from a plurality of candidates for radio resources
that define a search space for the terminal device to
search for the message; wherein the plurality of can-
didates comprise candidates associated with a number,
N, of different repetition levels for the transmission of
a message, wherein the different repetition levels cor-
respond with different numbers of repetitions for the
transmission of a message;

[0100] wherein the candidates that define the search
space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted
and the extension in time is sufficient to span a trans-
mission of a message at a highest repetition level
associated with the highest number of repetitions;

[0101] wherein the terminal device comprises a num-
ber, M, of message buffers, each message buffer having
a size sufficient to store data associated with one
message, and wherein the arrangement of candidates
defining the search space within the search space grid
for the terminal device is selected in dependence on the
number of message buffers M for the terminal device
and the number of repetition levels N.

[0102] Clause 2. The wireless telecommunications system
of any preceding clause, wherein the number of message
buffers M is less than the number of repetition levels N.
[0103] Clause 3. The wireless telecommunications system
of any preceding clause, wherein a first candidate associated
with a first repetition level and a second candidate associated
with a second repetition level which is higher than the first
repetition level are associated with radio resources that
overlap in the frequency domain and are arranged in the
search space grid to start at the same time.

[0104] Clause 4. The wireless telecommunications system
of any preceding clause, wherein candidates associated with
a number, N-M, of the N repetition levels are arranged in the
search space grid to start at the same time as at least one
other candidate having a higher repetition level and associ-
ated with radio resources which overlap in the frequency
domain.

[0105] Clause 5. The wireless telecommunications system
of any preceding clause, wherein candidates associated with
at least one of the N repetition levels are arranged in the
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search space grid so as to not start at times which do not
correspond with a start time for at least one other candidate
having a higher repetition level and associated with radio
resources which overlap in the frequency domain.

[0106] Clause 6. The wireless telecommunications system
of any preceding clause, wherein if the message is trans-
mitted on radio resources associated with a candidate having
a repetition level which is lower than the highest repetition
level in the search space, the network infrastructure equip-
ment is operable to transmit a further message using a
further search space that is initiated before the end of the
preceding search space.

[0107] Clause 7. The wireless telecommunications system
of clause 6, wherein the extent of the further search space in
the time domain is limited to the time remaining in the
preceding search space at the time the further search space
is initiated.

[0108] Clause 8. The wireless telecommunications system
of any preceding clause, wherein the terminal device is
operable to allocate one of the M message buffers to operate
on an accumulation and flushing cycle having a period that
corresponds to a duration spanning the number of repetitions
for the highest repetition level.

[0109] Clause 9. The wireless telecommunications system
of clause 8, wherein the terminal device is operable to not
allocate a message buffer to operate on an accumulation and
flushing cycle that matches a time period spanning the
number of repetitions for the second highest repetition level.
[0110] Clause 10. The wireless telecommunications sys-
tem of any preceding clause, wherein the terminal device is
operable to flush a message buffer before the end of its
accumulation and flushing cycle if a message is successfully
decoded from radio resources associated with one of the
candidates for the search space and to start another accu-
mulation and flushing cycle before the end of the search
space.

[0111] Clause 11. The wireless telecommunications sys-
tem of any preceding clause, wherein the terminal device is
configured to convey an indication of the number of mes-
sage buffers M to the network infrastructure equipment.
[0112] Clause 12. The wireless telecommunications sys-
tem of any preceding clause, wherein the downlink channel
comprises a downlink control channel.

[0113] Clause 13. The wireless telecommunications sys-
tem of any preceding clause, wherein the message comprises
a control message.

[0114] Clause 14. The wireless telecommunications sys-
tem of any preceding clause 3, wherein the control message
conveys downlink control information comprising an indi-
cation of an allocation of radio resources to be used for
communicating data between the network infrastructure
equipment and the terminal device on another channel
supported by the radio interface.

[0115] Clause 15. The wireless telecommunications sys-
tem of any preceding clause, wherein the network infra-
structure equipment comprises a base station.

[0116] Clause 16. The wireless telecommunications sys-
tem of any preceding clause, wherein the terminal device
comprises a machine-type communication, MTC, device.
[0117] Clause 17. The wireless telecommunications sys-
tem of any preceding clause wherein the radio resources
comprising the search space grid are contiguous in time
and/or frequency.
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[0118] Clause 18. A method of operating a wireless tele-
communications system comprising network infrastructure
equipment and a terminal device operable to communicate
over a radio interface that supports a downlink channel for
conveying a message from the network infrastructure equip-
ment to the terminal device, wherein the method comprises
the network infrastructure equipment selectively transmit-
ting the message with a number of repetitions to enhance the
likelihood the terminal device will successfully decode the
message,

[0119] wherein the message is transmitted on radio
resources selected by the network infrastructure equip-
ment from a plurality of candidates for radio resources
that define a search space for the terminal device to
search for the message; wherein the plurality of can-
didates comprise candidates associated with a number,
N, of different repetition levels for the transmission of
a message, wherein the different repetition levels cor-
respond with different numbers of repetitions for the
transmission of a message;

[0120] wherein the candidates that define the search
space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted
and the extension in time is sufficient to span a trans-
mission of a message at a highest repetition level
associated with the highest number of repetitions;

[0121] wherein the terminal device comprises a num-
ber, M, of message buffers, each message buffer having
a size sufficient to store data associated with one
message, and wherein the arrangement of candidates
defining the search space within the search space grid
for the terminal device is selected in dependence on the
number of message buffers M for the terminal device
and the number of repetition levels N.

[0122] Clause 19. Network infrastructure equipment for
use in a wireless telecommunications system comprising the
network infrastructure equipment and a terminal device
operable to communicate over a radio interface that supports
a downlink channel for conveying a message from the
network infrastructure equipment to the terminal device,
wherein the network infrastructure equipment comprises a
controller unit and a transceiver unit configured to operate
together to cause the network infrastructure equipment to
selectively transmit the message with a number of repeti-
tions to enhance the likelihood the terminal device will
successfully decode the message,

[0123] wherein the message is transmitted on radio
resources selected by the network infrastructure equip-
ment from a plurality of candidates for radio resources
that define a search space for the terminal device to
search for the message; wherein the plurality of can-
didates comprise candidates associated with a number,
N, of different repetition levels for the transmission of
a message, wherein the different repetition levels cor-
respond with different numbers of repetitions for the
transmission of a message;

[0124] wherein the candidates that define the search
space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted
and the extension in time is sufficient to span a trans-
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mission of a message at a highest repetition level
associated with the highest number of repetitions;

[0125] wherein the network infrastructure equipment is
configured to determine that the terminal device com-
prises a number, M, of message buffers, each message
buffer having a size sufficient to store data associated
with one message, and wherein the arrangement of
candidates defining the search space within the search
space grid for the terminal device is selected in depen-
dence on the number of message buffers M for the
terminal device and the number of repetition levels N.

[0126] Clause 20. A method of operating network infra-
structure equipment for use in a wireless telecommunica-
tions system comprising the network infrastructure equip-
ment and a terminal device operable to communicate over a
radio interface that supports a downlink channel for con-
veying a message from the network infrastructure equipment
to the terminal device, wherein the method comprises selec-
tively transmitting the message with a number of repetitions
to enhance the likelihood the terminal device will success-
fully decode the message,

[0127] wherein the message is transmitted on radio
resources selected by the network infrastructure equip-
ment from a plurality of candidates for radio resources
that define a search space for the terminal device to
search for the message; wherein the plurality of can-
didates comprise candidates associated with a number,
N, of different repetition levels for the transmission of
a message, wherein the different repetition levels cor-
respond with different numbers of repetitions for the
transmission of a message;

[0128] wherein the candidates that define the search
space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted
and the extension in time is sufficient to span a trans-
mission of a message at a highest repetition level
associated with the highest number of repetitions;

[0129] wherein the network infrastructure equipment is
configured to determine that the terminal device com-
prises a number, M, of message buffers, each message
buffer having a size sufficient to store data associated
with one message, and wherein the arrangement of
candidates defining the search space within the search
space grid for the terminal device is selected in depen-
dence on the number of message buffers M for the
terminal device and the number of repetition levels N.

[0130] Clause 21. Circuitry for network infrastructure
equipment for use in a wireless telecommunications system
comprising the network infrastructure equipment and a
terminal device operable to communicate over a radio
interface that supports a downlink channel for conveying a
message from the network infrastructure equipment to the
terminal device, wherein the circuitry comprises a controller
element and a transceiver element configured to operate
together to cause the network infrastructure equipment to
selectively transmit the message with a number of repeti-
tions to enhance the likelihood the terminal device will
successfully decode the message,

[0131] wherein the message is transmitted on radio
resources selected by the network infrastructure equip-
ment from a plurality of candidates for radio resources
that define a search space for the terminal device to
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search for the message; wherein the plurality of can-
didates comprise candidates associated with a number,
N, of different repetition levels for the transmission of
a message, wherein the different repetition levels cor-
respond with different numbers of repetitions for the
transmission of a message;

[0132] wherein the candidates that define the search
space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted
and the extension in time is sufficient to span a trans-
mission of a message at a highest repetition level
associated with the highest number of repetitions;

[0133] wherein the network infrastructure equipment is
configured to determine that the terminal device com-
prises a number, M, of message buffers, each message
buffer having a size sufficient to store data associated
with one message, and wherein the arrangement of
candidates defining the search space within the search
space grid for the terminal device is selected in depen-
dence on the number of message buffers M for the
terminal device and the number of repetition levels N.

[0134] Clause 22. A terminal device for use in a wireless
telecommunications system comprising network infrastruc-
ture equipment and the terminal device operable to commu-
nicate with one another over a radio interface that supports
a downlink channel for conveying a message from the
network infrastructure equipment to the terminal device,
wherein the message is selectively transmitted by the net-
work infrastructure equipment with a number of repetitions
to enhance the likelihood the terminal device will success-
fully decode the message,

[0135] wherein the message is transmitted on radio
resources selected by the network infrastructure equip-
ment from a plurality of candidates for radio resources
that define a search space for the terminal device to
search for the message; wherein the plurality of can-
didates comprise candidates associated with a number,
N, of different repetition levels for the transmission of
a message, wherein the different repetition levels cor-
respond with different numbers of repetitions for the
transmission of a message;

[0136] wherein the candidates that define the search
space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted
and the extension in time is sufficient to span a trans-
mission of a message at a highest repetition level
associated with the highest number of repetitions;

[0137] wherein terminal device comprises a number, M,
of message buffers, each message buffer having a size
sufficient to store data associated with one message,
and wherein the arrangement of candidates defining the
search space within the search space grid for the
terminal device is selected in dependence on the num-
ber of message buffers M for the terminal device and
the number of repetition levels N, and wherein the
terminal device comprises a controller unit and a trans-
ceiver unit configured to operate together to cause the
terminal device to attempt to decode the message on
radio resources associated with the different candidates
of the search space.
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[0138] Clause 23. A method of operating a terminal device
in a wireless telecommunications system comprising net-
work infrastructure equipment and the terminal device oper-
able to communicate with one another over a radio interface
that supports a downlink channel for conveying a message
from the network infrastructure equipment to the terminal
device, wherein the message is selectively transmitted by the
network infrastructure equipment with a number of repeti-
tions to enhance the likelihood the terminal device will
successfully decode the message,

[0139] wherein the message is transmitted on radio
resources selected by the network infrastructure equip-
ment from a plurality of candidates for radio resources
that define a search space for the terminal device to
search for the message; wherein the plurality of can-
didates comprise candidates associated with a number,
N, of different repetition levels for the transmission of
a message, wherein the different repetition levels cor-
respond with different numbers of repetitions for the
transmission of a message;

[0140] wherein the candidates that define the search
space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted
and the extension in time is sufficient to span a trans-
mission of a message at a highest repetition level
associated with the highest number of repetitions;

[0141] wherein terminal device comprises a number, M,
of message buffers, each message buffer having a size
sufficient to store data associated with one message,
and wherein the arrangement of candidates defining the
search space within the search space grid for the
terminal device is selected in dependence on the num-
ber of message buffers M for the terminal device and
the number of repetition levels N, and wherein the
method comprises the terminal device attempting to
decode the message on radio resources associated with
the different candidates of the search space.

[0142] Clause 24. Circuitry for a terminal device for use in
a wireless telecommunications system comprising network
infrastructure equipment and the terminal device operable to
communicate with one another over a radio interface that
supports a downlink channel for conveying a message from
the network infrastructure equipment to the terminal device,
wherein the message is selectively transmitted by the net-
work infrastructure equipment with a number of repetitions
to enhance the likelihood the terminal device will success-
fully decode the message,

[0143] wherein the message is transmitted on radio
resources selected by the network infrastructure equip-
ment from a plurality of candidates for radio resources
that define a search space for the terminal device to
search for the message; wherein the plurality of can-
didates comprise candidates associated with a number,
N, of different repetition levels for the transmission of
a message, wherein the different repetition levels cor-
respond with different numbers of repetitions for the
transmission of a message;

[0144] wherein the candidates that define the search
space are arranged within a search space grid of radio
resources extending in frequency and time, wherein the
extension in frequency is sufficient to span a range of
frequencies over which the message may be transmitted
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and the extension in time is sufficient to span a trans-
mission of a message at a highest repetition level
associated with the highest number of repetitions;

[0145] wherein terminal device comprises a number, M,
of message buffers, each message buffer having a size
sufficient to store data associated with one message,
and wherein the arrangement of candidates defining the
search space within the search space grid for the
terminal device is selected in dependence on the num-
ber of message buffers M for the terminal device and
the number of repetition levels N, and wherein the
circuitry comprises a controller element and a trans-
ceiver element configured to operate together to cause
the terminal device to attempt to decode the message on
radio resources associated with the different candidates
of the search space.
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1. A wireless telecommunications system comprising net-
work infrastructure equipment and a terminal device oper-
able to communicate over a radio interface that supports a
downlink channel for conveying a message from the net-
work infrastructure equipment to the terminal device,
wherein the network infrastructure equipment is operable to
selectively transmit the message with a number of repeti-
tions to enhance the likelihood the terminal device will
successfully decode the message,
wherein the message is transmitted on radio resources
selected by the network infrastructure equipment from
a plurality of candidates for radio resources that define
a search space for the terminal device to search for the
message; wherein the plurality of candidates comprise
candidates associated with a number, N, of different
repetition levels for the transmission of a message,
wherein the different repetition levels correspond with
different numbers of repetitions for the transmission of
a message;

wherein the candidates that define the search space are
arranged within a search space grid of radio resources
extending in frequency and time, wherein the extension
in frequency is sufficient to span a range of frequencies
over which the message may be transmitted and the
extension in time is sufficient to span a transmission of
a message at a highest repetition level associated with
the highest number of repetitions;

wherein the terminal device comprises a number, M, of

message buffers, each message buffer having a size
sufficient to store data associated with one message,
and wherein the arrangement of candidates defining the
search space within the search space grid for the
terminal device is selected in dependence on the num-
ber of message buffers M for the terminal device and
the number of repetition levels N.

2. The wireless telecommunications system of claim 1,
wherein the number of message buffers M is less than the
number of repetition levels N.

3. The wireless telecommunications system of claim 1,
wherein a first candidate associated with a first repetition
level and a second candidate associated with a second
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repetition level which is higher than the first repetition level
are associated with radio resources that overlap in the
frequency domain and are arranged in the search space grid
to start at the same time.

4. The wireless telecommunications system of claim 1,
wherein candidates associated with a number, N-M, of the N
repetition levels are arranged in the search space grid to start
at the same time as at least one other candidate having a
higher repetition level and associated with radio resources
which overlap in the frequency domain.

5. The wireless telecommunications system of claim 1,
wherein candidates associated with at least one of the N
repetition levels are arranged in the search space grid so as
to not start at times which do not correspond with a start time
for at least one other candidate having a higher repetition
level and associated with radio resources which overlap in
the frequency domain.

6. The wireless telecommunications system of claim 1,
wherein if the message is transmitted on radio resources
associated with a candidate having a repetition level which
is lower than the highest repetition level in the search space,
the network infrastructure equipment is operable to transmit
a further message using a further search space that is
initiated before the end of the preceding search space.

7. The wireless telecommunications system of claim 6,
wherein the extent of the further search space in the time
domain is limited to the time remaining in the preceding
search space at the time the further search space is initiated.

8. The wireless telecommunications system of claim 1,
wherein the terminal device is operable to allocate one of the
M message buffers to operate on an accumulation and
flushing cycle having a period that corresponds to a duration
spanning the number of repetitions for the highest repetition
level.

9. The wireless telecommunications system of claim 8,
wherein the terminal device is operable to not allocate a
message buffer to operate on an accumulation and flushing
cycle that matches a time period spanning the number of
repetitions for the second highest repetition level.

10. The wireless telecommunications system of claim 1,
wherein the terminal device is operable to flush a message
buffer before the end of its accumulation and flushing cycle
if a message is successfully decoded from radio resources
associated with one of the candidates for the search space
and to start another accumulation and flushing cycle before
the end of the search space.

11. The wireless telecommunications system of claim 1,
wherein the terminal device is configured to convey an
indication of the number of message buffers M to the
network infrastructure equipment.

12. The wireless telecommunications system of claim 1,
wherein the downlink channel comprises a downlink control
channel.

13. The wireless telecommunications system of claim 1,
wherein the message comprises a control message.

14. The wireless telecommunications system of claim 13,
wherein the control message conveys downlink control
information comprising an indication of an allocation of
radio resources to be used for communicating data between
the network infrastructure equipment and the terminal
device on another channel supported by the radio interface.

15. The wireless telecommunications system of claim 1,
wherein the network infrastructure equipment comprises a
base station.
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16. The wireless telecommunications system of claim 1,
wherein the terminal device comprises a machine-type com-
munication, MTC, device.
17. The wireless telecommunications system of claim 1
wherein the radio resources comprising the search space grid
are contiguous in time and/or frequency.
18.-21. (canceled)
22. A terminal device for use in a wireless telecommuni-
cations system comprising network infrastructure equipment
and the terminal device operable to communicate with one
another over a radio interface that supports a downlink
channel for conveying a message from the network infra-
structure equipment to the terminal device, wherein the
message is selectively transmitted by the network infrastruc-
ture equipment with a number of repetitions to enhance the
likelihood the terminal device will successfully decode the
message,
wherein the message is transmitted on radio resources
selected by the network infrastructure equipment from
a plurality of candidates for radio resources that define
a search space for the terminal device to search for the
message; wherein the plurality of candidates comprise
candidates associated with a number, N, of different
repetition levels for the transmission of a message,
wherein the different repetition levels correspond with
different numbers of repetitions for the transmission of
a message;

wherein the candidates that define the search space are
arranged within a search space grid of radio resources
extending in frequency and time, wherein the extension
in frequency is sufficient to span a range of frequencies
over which the message may be transmitted and the
extension in time is sufficient to span a transmission of
a message at a highest repetition level associated with
the highest number of repetitions;

wherein terminal device comprises a number, M, of

message buffers, each message buffer having a size
sufficient to store data associated with one message,
and wherein the arrangement of candidates defining the
search space within the search space grid for the
terminal device is selected in dependence on the num-
ber of message buffers M for the terminal device and
the number of repetition levels N, and wherein the
terminal device comprises a controller unit and a trans-
ceiver unit configured to operate together to cause the
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terminal device to attempt to decode the message on
radio resources associated with the different candidates
of the search space.
23. A method of operating a terminal device in a wireless
telecommunications system comprising network infrastruc-
ture equipment and the terminal device operable to commu-
nicate with one another over a radio interface that supports
a downlink channel for conveying a message from the
network infrastructure equipment to the terminal device,
wherein the message is selectively transmitted by the net-
work infrastructure equipment with a number of repetitions
to enhance the likelihood the terminal device will success-
fully decode the message,
wherein the message is transmitted on radio resources
selected by the network infrastructure equipment from
a plurality of candidates for radio resources that define
a search space for the terminal device to search for the
message; wherein the plurality of candidates comprise
candidates associated with a number, N, of different
repetition levels for the transmission of a message,
wherein the different repetition levels correspond with
different numbers of repetitions for the transmission of
a message;

wherein the candidates that define the search space are
arranged within a search space grid of radio resources
extending in frequency and time, wherein the extension
in frequency is sufficient to span a range of frequencies
over which the message may be transmitted and the
extension in time is sufficient to span a transmission of
a message at a highest repetition level associated with
the highest number of repetitions;

wherein terminal device comprises a number, M, of

message buffers, each message buffer having a size
sufficient to store data associated with one message,
and wherein the arrangement of candidates defining the
search space within the search space grid for the
terminal device is selected in dependence on the num-
ber of message buffers M for the terminal device and
the number of repetition levels N, and wherein the
method comprises the terminal device attempting to
decode the message on radio resources associated with
the different candidates of the search space.

24. (canceled)



