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A method of transmitting a block of data from a transmitter
entity to a receiver entity in a wireless telecommunication
system. The method includes: establishing a plurality of
different redundancy versions for the block of data; trans-
mitting the plurality of different redundancy versions for the
block of data in a first sequence order in a first time period;
and transmitting the plurality of different redundancy ver-
sions for the block of data in a second sequence order in a
second time period, wherein the second sequence order is
different form the first sequence order.
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TELECOMMUNICATIONS APPARATUS AND
METHODS

FIELD

[0001] The present disclosure relates to methods, systems
and apparatus for use in wireless (mobile) telecommunica-
tions networks. In particular, embodiments of the disclosure
relate to repeat transmission protocols and associated
schemes for undertaking repeat transmissions of data in such
networks, for example to enhance coverage.

BACKGROUND

[0002] The “background” description provided herein is
for the purpose of generally presenting the context of the
disclosure. Work of the presently named inventors, 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] Third and fourth generation mobile telecommuni-
cation systems, such as those based on the 3GPP defined
UMTS and Long Term Evolution (LTE) architecture are able
to support more sophisticated services than simple voice and
messaging services offered by previous generations of
mobile telecommunication systems. For example, with the
improved radio interface and enhanced data rates provided
by LTE systems, a user is able to enjoy high data rate
applications such as mobile video streaming and mobile
video conferencing that would previously only have been
available via a fixed line data connection. The demand to
deploy third, fourth and higher generation networks is
therefore strong and there is a corresponding desire in such
networks to provide for reliable communications over
increasingly large coverage areas.

[0004] One important aspect of wireless telecommunica-
tions networks is the provision of retransmission protocols
to improve the overall reliability of data transmissions in
circumstances where individual transmissions may fail. The
provision of appropriate retransmission protocols becomes
more significant in circumstances where there is a higher
chance of failed transmissions. Accordingly, retransmission
protocols can be especially significant where radio propa-
gation conditions are more challenging, for example in
respect of a terminal device at the edge of a cell.

[0005] Many of the principles associated with retransmis-
sion protocols, for example the provision of redundancy
versions as discussed further below, can also be used to
support enhanced coverage by providing repeat transmis-
sions in respect of a block of data to be transmitted inde-
pendently of any acknowledgement signalling. That is to
say, a transmitter may be configured to undertake multiple
transmissions of the same data to increase the likelihood of
successful reception as a matter of course and not just as a
consequence of having received negative acknowledgement
signalling. Certain embodiments of the disclosure as
described herein are concerned in particular with repeated
transmission protocols, because of the similarity with some
aspects of retransmission protocols triggered by acknowl-
edgement signalling, some background on retransmission
protocols is provided.

[0006] In conventional telecommunications networks,
including LTE-based networks, retransmission protocols
based around HARQ (Hybrid Automatic Repeat reQuest)
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procedures are often employed. See, for example, Section
5.4.2in ETSI TS 136.321 v12.7.0 (2015 October) [1] for an
overview of HARQ in respect of LTE uplink communica-
tions. The basic principle of hybrid ARQ (HARQ) is that in
association with the transmission of a given block of data,
for example in uplink from a terminal device (UE) to a base
station (eNB), there is sent in the opposite direction (i.e. in
this case downlink from the base station to the terminal
device) some feedback (acknowledgement signalling) indi-
cating whether the uplink transmission was successfully
received. Acknowledgement signalling indicating successful
receipt of the associated uplink transmission is commonly
referred to as an ‘ACK’ while acknowledgement signalling
indicating non-successful receipt of the associated uplink
transmission is commonly referred to as a ‘NACK”. In this
regard it may be noted that the term “acknowledgment
signalling” is used herein as a convenient term for the
feedback/response signalling associated with retransmission
protocols and the term is used to refer to this signalling
generally and regardless of whether the signalling is indi-
cating successtul receipt of data (ACK) or unsuccessful
receipt of data (NACK). That is to say the term “acknowl-
edgment signalling” is intended to encompass both positive
acknowledgement signalling (ACK signalling) and negative
acknowledgement signalling (NACK signalling). In this
regard acknowledgement signalling may also be referred to
as ACK/NACK signalling, feedback signalling and response
signalling.

[0007] Uplink data will typically include some data bits
(systematic bits) and some parity bits associated with for-
ward error correction coding (FEC). If a base station fails to
correctly receive a given transmission of uplink data then
NACK signalling will be sent back to the UE.

[0008] One retransmission approach would be for the UE
to retransmit the data using a different combination of
systematic and parity bits. In LTE, these different combina-
tions are referred to as redundancy versions (RVs). An eNB
receiving such a retransmission comprising a different RV is
able to combine the two (or more) RVs in an effort to
increase the likelihood of correct decoding. This process is
known as an incremental redundancy process.

[0009] Another retransmission approach would be for the
UE to retransmit the same RV (i.e. comprising the same set
of systematic and parity bits). The eNB may then use an
approach of maximal ratio combining or similar to optimally
combine the two copies of the same data in an effort to
increase the likelihood of correct decoding in a process
known as Chase combining.

[0010] Another retransmission approach would be for the
transmitter entity to transmit the same RV more than once
and for the receiving entity to aggregate signalling received
for the different symbols in a process known as symbol
combining.

[0011] LTE networks provide for the possibility of com-
bining these two principles, for example in uplink by a UE
first transmitting a sequence of multiple transmissions (for
symbol combining) of four different RVs (for incremental
redundancy) without receiving any downlink ACK/NACK
signalling. This may also be followed by a repeated trans-
mission of the four different RVsif the base station is unable
to correctly decode the uplink data from the initial sequence
of four RVs. This approach is known as TTI bundling. When
TTI bundling is applied, the redundancy version that is
transmitted by the terminal device changes in a known
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sequence and this process of automatically changing the
redundancy version over is known as an RV cycling process.
If the same RV is repeated for multiple subframes before
being cycled to another RV, symbol combining may be
performed over the said multiple subframes.

[0012] An implementation employing symbol combining
may achieve improved system performance through
improved channel estimation and frequency tracking than an
implementation that does not employ symbol combining.
Incremental redundancy increases the likelihood of earlier
successful reception.

[0013] In accordance with established and well under-
stood LTE principles, a medium access layer (MAC) deliv-
ers a transport block (TB) to a physical layer (PHY) for
uplink transmission once every transmission time interval
(TTT). ATTI’s duration corresponds with a subframe, i.e. 1
ms. From the TB, the PHY derives four RVs which can be
used for respective (re)transmissions. In general the RVs
may be transmitted in any order, but a commonly used
default order is RV0-RV2-RV3-RV1.

[0014] Thus, in order to communicate a given TB in
uplink, in one example a UE might first transmit a sequence
of data bits corresponding to RVO0 in a given TTI. For the
purposes of explanation, a sequence of TTIs comprising an
uplink radio frame structure may be considered as being
sequentially numbered with the first RV for the data being
transmitted in TTI 0. If the base station is able to decode the
TB from the transmission it will communicate an ACK to the
UE.

[0015] On receipt of an ACK the HARQ process is able to
receive the next transport block for uplink delivery. How-
ever, if the base station is unable to decode the TB from the
transmission it will communicate a NACK to the UE. On
receipt of a NACK the HARQ process causes a retransmis-
sion of the TB using RV2 to be made. If the base station is
able to decode the TB from the combined transmissions of
RV0 and RV2 it will communicate an ACK to the UE. If the
base station still cannot correctly decodes the TB, it will
send another NACK. This will result in the HARQ process
retransmitting the TB using RV3, and so on.

[0016] To allow time for processing of the received signals
and transmission/decoding of the HARQ feedback, in accor-
dance with the LTE standards, for both uplink and downlink,
the ACK/NACK signalling for basic HARQ operation is
sent in the fourth subframe after an uplink transmission, and
any required retransmission are sent in the fourth subframe
after that in what is termed a stop-and-wait (SAW) opera-
tion.

[0017] The basic HARQ timing in this respect is sche-
matically represented in FIG. 1. FIG. 1 schematically shows
a series of T'TIs for an LTE-based communications network.
The TTIs are sequentially numbered 0, 1, 2 . . . and so on
with increasing time relative to the TTI in which an initial
transmission of RVO associated with a particular TB is made.
Thus, RVO is transmitted in TTI 0 and the HARQ process
governing transmission of the TB waits until TTI 4 to
receive a corresponding ACK or NACK associated with this
transmission. In the example of FIG. 1, a NACK is received
in TTI 4, and so the HARQ process arranges for retrans-
mission using RV2 in TTI 8. Again it is assumed this
transmission does not allow the base station to correctly
decode the TB, and so a NACK is received in TTI 12,
resulting in the HARQ process arranging for retransmission
using RV3 in TTI 16, and so on.
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[0018] As can be seen from FIG. 1, the majority of TTIs
(e.g. TTTI1to TTI 7 and TTI 9 to TTI 15) play no role in the
transmission of the transport block under control of the
HARQ process discussed above. In order to increase effi-
ciency a UE may therefore operate eight HARQ processes in
parallel with each HARQ process governing transmission of
different transport blocks. A first HARQ process operates
with uplink data transmissions in TTIs 0, 8, 16, . . . etc., and
downlink ACK/NACK signalling in TTIs 4, 12, 20, . . . as
schematically shown in FIG. 1. A second HARQ process
operates in parallel (but shifted one TTI) with uplink data
transmissions in TTIs 1, 9, 17, . . . etc., and downlink
ACK/NACK signalling in TTIs 5, 13, 21, . . . etc. Other
HARQ processes operate on the other TTIs in a similar
manner up to an eighth HARQ process operating with uplink
data transmissions in TTIs 7, 15, 23, . . . etc., and downlink
ACK/NACK signalling in TTIs 11, 19, 27, . . . etc. Each
HARQ process is associated with its own buffer for uplink
data.

[0019] Thus basic HARQ operation for uplink in a con-
ventional LTE network provides for eight HARQ processes
running in parallel and assigned to specific TTIs. The
parallel HARQ processes are maintained by a single HARQ
entity in the MAC layer at the UE so that while some HARQ
processes stop-and-wait to receive ACK/NACKSs, other pro-
cesses can be transmitting data. Each uplink (UL) HARQ
process may only transmit in specific TTIs as indicated
above with reference to FIG. 1. If a particular HARQ
process has nothing to transmit in a particular TTI to which
it is assigned, no other UL HARQ process from that UE can
make use of the TTI. This is, in some respects, in contrast to
downlink HARQ processes for which there is increased
scheduling flexibility for transmissions and any retransmis-
sions.

[0020] In the context of an LTE-type network with uplink
transmissions on PUSCH (physical uplink shared channel),
the base station (eNB) can provide HARQ feedback (ACK/
NACK signalling) for a given HARQ process in either of
two ways.

[0021] A first way is on a PDCCH (physical downlink
control channel) carrying DCI (downlink control informa-
tion), e.g. using DCI Format 0. Among the fields the DCI
message can contain are the following of relevance to UL
HARQ:

a. The New Data Indicator (NDI).

b. The RV to be used.

¢. The modulation and coding scheme (MCS) to be used.
d. An UL resource grant.

[0022] If NDI is toggled as compared with the last time it
was received, the UE determines that it should proceed with
transmitting new data (a new TB) in accordance with the rest
of the information on PDCCH. If NDI is not toggled, the
HARQ process at the UE determines that it should retrans-
mit data associated with the previously transmitted TB using
the potentially different RV, MCS, and grant indicated. This
approach may be referred to as ‘adaptive synchronous
HARQ’, since the MCS can be altered dynamically, but the
fixed timeline represented in FIG. 1 must still be adhered to.
[0023] A second way is on PHICH (physical HARQ
indicator channel). This encodes a single-bit HARQ Indica-
tor (HI) with ‘1” for ACK and ‘0’ for NACK. PHICH
transmission is distributed across the whole system band-
width in the control region at the start of a subframe in which
it occurs. If the UE does not receive a PDCCH containing
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DCI Format 0, it uses the HI decoded from PHICH. If HI=0,
the UE retransmits data associated with the previously-
transmitted TB using the same MCS and grant as previously,
but cycles through the RVs in a predefined order (e.g.
RV0-RV2-RV3-RV1), as discussed above. This approach
may be referred to as ‘non-adaptive synchronous HARQ’
since the MCS cannot be altered and the fixed timeline
represented in FIG. 1 must be adhered to. If HI=1 (corre-
sponding to an ACK), the UE does not retransmit but waits
to receive PDCCH before it can continue transmitting. Such
a PDCCH could arrive in the same subframe, and would
typically have NDI toggled indicating data for a new TB
should be transmitted on the associated uplink resource
grant provided by the PDCCH.

[0024] If there are two spatial layers in use, an indepen-
dent PHICH is sent for each spatial layer. If carrier aggre-
gation (CA) is in use, there is one PHICH per layer per
carrier, and PHICH is sent on the same component carrier as
sends the uplink resource grant to which the HARQ feed-
back corresponds.

[0025] Multiple PHICHs can be sent in the same physical
resources (in terms of time and frequency), with coinciding
(“overlapping”) PHICHs being scrambled by one of eight
complex orthogonal Walsh sequences. The resources and
sequence are signalled implicitly by the eNB as a function
of parameters of the UL resource allocation.

[0026] The UE has an RRC configuration limiting the
maximum total number of HARQ retransmissions before it
must report failure to the Radio Link Control (RLC) layer.
[0027] The above has provided an overview of what might
be termed “basic” HARQ operation in LTE. A possible
drawback with this type of approach is that the delays
between retransmissions of RVs associated with a TB which
a base station does not correctly decode can introduce
significant delays for uplink traffic. This is especially so in
circumstances where radio channel conditions are relatively
poor. An alternative HARQ mode which aims to reduce
these issues is associated with so-called TTI bundling.
[0028] With TTI bundling the four RVs associated with a
given TB are transmitted in four consecutive TTIs but the
base station does not send any associated downlink ACK/
NACK signalling until four TTIs after the final transmission.
The same MCS and grant allocation are used in all four
TTIs. This approach quickly provides a base station with all
four RVs to improve the likelihood of early correct decoding
of the associated TB at the cost of potentially wasteful
transmissions (for example if the base station could have
correctly decoded the TB from the first two RVs, the
transmission of the next two RVs was not necessary). With
TTI bundling a single HARQ process governs the retrans-
mission protocol for the bundle of four TTIs in which the
four RVs are transmitted.

[0029] The HARQ process timings associated with TTI
bundling in LTE are schematically represented in FIG. 2.
This is similar to, and will be understood from, the above-
description of FIG. 1. As schematically shown in FIG. 2,
redundancy versions associated with a first transport block,
TB1, are transmitted in TTI is O to 3 (conventionally in the
order RV0-RV2-RV3-RV1). Transmission of the four RVs
associated with TB1 is collectively governed by a first
HARQ process, H1. Acknowledgement signalling associ-
ated with a particular HARQ process for TTI bundling in
LTE is transmitted in the fourth TTI after transmission of the
last RV of the TB. If the acknowledgement signalling
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indicates the base station was unable to correctly decode the
TB, the HARQ process arranges for the four RVs to be
transmitted as another bundle starting in the 13th TTI after
transmission of the last RV of the TB in the previous attempt.
Compared to “normal” HARQ operation, for example as
represented in FIG. 1, this represents a significant increase
in potential latency if a base station is unable to decode a TB
from a first bundled transmission of RVs.

[0030] Thus, referring to FIG. 2, the HARQ process H1
governing transmission of the TB1 waits until TTI 7 to
receive a corresponding ACK or NACK associated with the
transmission of TB1. In this example NACK signalling is
received. The HARQ process H1 therefore operates to
retransmit the RV bundle associated with TB1 in TTIs 16,
17, 18 and 19, and awaits associated acknowledgement
signalling in TTT 23.

[0031] As with non-TTI bundling HARQ operation dis-
cussed above reference to FIG. 1, multiple TTI-bundled
HARQ processes can operate in parallel with each process
governing transmission of a different transport block. Thus,
referring to FIG. 2, a second HARQ process H2 is shown
controlling transmission of four RVs associated with TB2 in
TTIs 4 to 7. In accordance with the defined timings dis-
cussed above, acknowledgement signalling for this HARQ
process is received in TTI 11, and in this example it is
assumed to be an ACK. Accordingly, HARQ process H2
clears its bufter of data associated with TB2 and prepares for
transmission of a new TB in the next series of TTIs allocated
to HARQ process H2 (i.e. TTIs 20 to 23). Other HARQ
processes operate on the other TTIs in a similar manner with
atotal of four HARQ processes (labelled H1, H2, H3 and H4
in FIG. 2).

[0032] As noted above, HARQ processes generally
involve (re)transmissions of so-called redundancy versions
(RVs) associated with transport blocks for uplink commu-
nication on PUCSCH. The forward error correction (FEC)
applied for PUSCH in LTE is a rate-1/3 turbo code. Thus the
outputs of the FEC process are a stream of systematic bits
(corresponding to the TB data for uplink) and two corre-
sponding streams of parity bits. These three streams are
individually interleaved and combined to form coded data
for a buffer from which the RVs are drawn. The interleaved
systematic bits are laid down first, followed by alternating
bits from the two parity streams. This process is schemati-
cally illustrated in FIG. 4. Working down from the top, FIG.
4 begins with the transport block plus cyclic redundancy
check bits (TB+CRC). This is turbo encoded to provide the
systematic bits S and the two streams of parity bits P1 and
P2. The streams are individually interleaved to generate
respective interleaved versions of S, P1 and P2 which are
arranged in a buffer associated with the HARQ process
responsible for that particular TB in the order discussed
above.

[0033] The RVs for uplink transmission are created by
reading bits out of the buffer from different starting points
depending on the RV being used, as schematically indicated
in FIG. 4. The number of bits read out for each RV depends
on current rate matching and MCS conditions.

[0034] When the end of the buffer is reached, readout
wraps around to the beginning (i.e. it is a ‘circular buffer”).
The start point for RV number n is approximately n/4 along
the length of the buffer from the start plus a fixed offset.
[0035] The above description of conventional HARQ
operation is primarily focused on an LTE network operating
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in a frequency division duplex (FDD) mode. HARQ opera-
tion for an LTE network operating in a time division duplex
(TDD) mode follows boarding the same principles, but with
differences in timings associated with the variable arrange-
ment of uplink-only and downlink-only subframes. The
HARQ timeline for TDD is altered compared to FDD such
that the ACK/NACK signalling arrives, as a general prin-
ciple, either four subframes after the corresponding UL
transmission or at a delay close to four subframes, depend-
ing on the uplink/downlink configuration. A similar altera-
tion is made for the timing of retransmissions following
receipt of NACK signalling. To make efficient use of
resources, the specified number of uplink HARQ processes
is different for different uplink/downlink configurations.
[0036] For TTI bundling, a bundle size of four TTIs is
used for TDD, as with FDD. However none of the available
uplink/downlink configurations in current versions of LTE
specifications have four consecutive uplink subframes. This
means for the set of TDD configurations which support TTI
bundling, the four-TTI bundles are not necessarily contigu-
ous in time. Similar rearrangements to the timeline are made
with TTI bundling as for normal (non-bundled) TDD HARQ
operation.

[0037] More details on HARQ operation and the associ-
ated aspects of conventional wireless telecommunications
systems can be found in the relevant standards.

[0038] As noted above, there has been proposed for the
purposes of providing coverage enhancement in wireless till
application systems, repeat transmission protocols, which
may also make use of redundancy versions for a block of
data to be transmitted. In particular, different redundancy
versions may be transmitted at different times, possibly in
conjunction with multiple retransmissions of each redun-
dancy version, with a view to providing a receiver with an
increased chance of successful receipt of the block of data.
[0039] Accordingly, there are various well-established
protocols that can be adopted to seek to enhance reliability
in wireless telecommunications systems. Nonetheless, there
remains a desire to optimise the use of repeat transmissions
protocols in wireless telecommunications systems.

SUMMARY OF THE INVENTION

[0040] The present disclosure can help address or mitigate
at least some of the issues discussed above.

[0041] Respective aspects and features of the present
disclosure are defined in the appended claims.

[0042] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary, but are not restrictive, of the present tech-
nology. 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 DRAWINGS

[0043] 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:
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[0044] FIG. 1 schematically represents the transmissions
and timings associated with a conventional non-TTI-bundle
HARQ process in an LTE-type network;

[0045] FIG. 2 schematically represents the transmissions
and timings associated with four conventional TTI-bundled
HARQ processes in an LTE-type network;

[0046] FIG. 3 schematically represents how redundancy
versions associated with a transport block are generated for
uplink transmission in an LTE-type network;

[0047] FIG. 4 schematically represents an example of a
LTE-type wireless telecommunication network that may
incorporate approaches in accordance with the disclosure;
[0048] FIG. 5 schematically represents some aspects of a
wireless telecommunications network configured to operate
in accordance with certain embodiments of the present
disclosure;

[0049] FIG. 6 schematically illustrates some aspects of
established transport and physical channel processing chains
for PDSCH (Physical Downlink Shared Channel) transmis-
sion in an LTE-based wireless telecommunications system;
[0050] FIG. 7 schematically illustrates some aspects of
established transport and physical channel processing chains
for PDSCH (Physical Downlink Shared Channel) reception
in an LTE-based wireless telecommunications system;
[0051] FIG. 8 is a schematic representation of an approach
for using redundancy versions for repeat transmissions in
accordance with previously proposed techniques;

[0052] FIG. 9 is a schematic representation of one
approach for using frequency hopping to allow for fre-
quency diversity in accordance with previously proposed
techniques;

[0053] FIGS. 10 and 11 are schematic representations of
approaches for using redundancy versions for repeat trans-
missions with frequency hopping in accordance with previ-
ously proposed techniques;

[0054] FIGS. 12 to 14 are schematic representations of
approaches for using redundancy versions for repeat trans-
missions with frequency hopping in accordance with certain
embodiments of the disclosure;

[0055] FIG. 15 is a flow diagram schematically represent-
ing a method of operating a transmitting entity in a wireless
telecommunications system in accordance with certain
embodiments of the disclosure; and

[0056] FIG. 16 is a flow diagram schematically represent-
ing a method of operating a transmitting entity in a wireless
telecommunications system in accordance with certain
embodiments of the disclosure.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0057] FIG. 4 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. 4 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.
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[0058] 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, communications device, and so forth. Base
stations, which are an example of network infrastructure
equipment, may also be referred to as transceiver stations/
nodeBs/e-nodeBs, and so forth.

[0059] Mobile telecommunications systems such as those
arranged in accordance with the 3GPP defined Long Term
Evolution (LTE) architecture may often 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, but other approaches may be adopted in
other systems.

[0060] FIG. 5 schematically shows a telecommunications
system 500 according to an embodiment of the present
disclosure. The telecommunications system 500 in this
example is based broadly around an LTE-type architecture.
As such many aspects of the operation of the telecommu-
nications system 500 are known and understood and are not
described here in detail in the interest of brevity. Operational
aspects of the telecommunications system 500 which are not
specifically described herein may be implemented in accor-
dance with any known techniques, for example according to
the current LTE-standards.

[0061] 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 coupled to a plurality of ter-
minal devices. In this example, two terminal devices are
shown, namely a first terminal device 506 and a second
terminal device 508. It will of course be appreciated 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. 5
in the interests of simplicity.

[0062] 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
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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. 5 may be broadly conventional apart from where
modified to provide functionality in accordance with
embodiments of the present disclosure as discussed herein.

[0063] In this example, it is assumed the first and second
terminal devices 506, 508 are both smartphone type terminal
device communicating with the base station 504 in accor-
dance with the principles described herein. However, it will
be appreciated similar principles can be applied in respect of
other types of terminal devices, for example machine type
communication (MTC) type communication devices. The
terminal devices 506, 508 respectively comprises a trans-
ceiver unit 506a, 508a for transmission and reception of
wireless signals and a processor unit 5065, 5085 configured
to control the respective devices 506, 508. The respective
processor units 5065, 5085 may comprise a processor unit
which is suitably configured/programmed to provide the
functionality described herein using conventional program-
ming/configuration techniques for equipment in wireless
telecommunications systems. The respective transceiver
units 506a, 5084 and processor units 5065, 5085 for each
terminal device are schematically shown in FIG. 5 as
separate elements. However, it will be appreciated that the
functionality of these units can be provided for each terminal
device in various different ways, for example using a single
suitably programmed general purpose computer, or suitably
configured application-specific integrated circuit(s)/cir-
cuitry. As will be appreciated the terminal devices 506, 508
will in general comprise various other elements associated
with their operating functionality, for example a battery, a
user interface, and so forth.

[0064] The base station 504 comprises a transceiver unit
504q for transmission and reception of wireless signals and
a processor unit 5045 configured to control the base station
504 to operate in accordance with the principles described
herein. The processor unit 50656 may comprise various
sub-units, such as a scheduling unit, which operate together
to provide functionality in accordance with the principles
described herein. These sub-units may be implemented as
discrete hardware elements or as appropriately configured
functions of the processor unit. Thus, the processor unit
5045 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 504a and the processor
unit 5045 are schematically shown in FIG. 5 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. It will be appreciated the base station 504 will in
general comprise various other elements associated with its
operating functionality.

[0065] FIG. 6 schematically illustrates some aspects of
established transport and physical channel processing chains
for PDSCH (Physical Downlink Shared Channel) in an
LTE-based wireless telecommunications system in respect
of a transport block (TB) for transmission. The transport
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channel processing chain for the PUSCH (Physical Uplink
Shared Channel) is similar. As will be understood, the
principles described herein may be applied in respect of
downlink communications and uplink communications. For
the sake of a concrete example, this description mainly
focuses on a downlink communication scenario, for example
in respect of PDSCH in an LTE-based wireless telecommu-
nications system, but, as will be readily understood, the
same principles can also be applied in respect of uplink
communications, and indeed in respect of device-to-device
commutations. That is to say, the operating principles
described herein are generally applicable in respect of
communications between a first communications/network
entity and a second communications/network entity operat-
ing in a wireless telecommunications system and the specific
nature of the respective entities, for example whether they
are a base station, or other network infrastructure equipment,
or a terminal device, is not significant to the principles
underlying the approaches described herein.

[0066] As will be recognised, the processing chain repre-
sented in FIG. 6 is represented in simplified form in only
representing transmit modes 1 and 2 (where Alamouti modes
are employed), whereas in practice more complicated modes
will usually be supported (e.g. to support MIMO), and also
the transport channel processing chain is only shown for
single codeblock transmissions. As is conventional, for
larger transport block sizes, transport blocks are typically
segmented/concatenated into smaller code blocks around the
Turbo coding function.

[0067] Various elements of the transport channel process-
ing chain represented in FIG. 6 are conventional and well
understood, and may be summarised as follows:

[0068] CRC attachment 600: 24 bit CRC is added to the
transport block (the transport block is the input mes-
sage that is to be transmitted)

[0069] Turbo coding 602: Forward error correction cod-
ing is applied. LTE uses a rate 1/3 Turbo code. In such
a code, for every one input bit, three output bits are
produced: namely one systematic bit and two parity
bits. However, it will be appreciated the approaches
described herein are not limited to communication
systems that employ Turbo codes, but may, for
example, be similarly adopted in systems employing
other forward error correction coding schemes, such as
convolutional codes and various forms of block codes
(e.g. Low Density Parity Check, LDPC, codes).

[0070] Interleaving 604: The bit order of the bits pro-
duced by the Turbo code is changed. This helps to
ensure that bursts of errors are not fed into the Turbo
decoding function, if received bits are subject to burst
errors (e.g. when the communication channel fades).

[0071] Rate matching 606: The rate matching function
either punctures or repeats its input bits. The rate
matching function matches the number of input bits to
the number of bits that can actually be transmitted over
the radio-interface. The rate matching function is con-
trolled by an RV (redundancy version) controller. The
RV controller indicates a redundancy version that the
rate matching function should produce.

[0072] When the rate matching function punctures bits, it
does so by applying a puncturing pattern (the puncturing
pattern defines which set of input bits will be transmitted and
which set of input bits will not be transmitted). The RV
indicates which puncturing pattern shall be applied.
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[0073] As a simple example, consider a situation in which
the number of bits that can be transmitted over the air
interface is exactly half the number of input bits to the rate
matching function. In this case, the rate matching function
converts an input 1/3 code rate into an output 2/3 code rate.
By way of a concrete example, in this situation the following
redundancy versions might be applied (in the following
notation the output bits are identified as “bx” (e.g. b0, b1, b2,
b3) and input bits are identified as “ax” (e.g. a0, al, . .. a7)):

RVO: output bit=every even indexed input bit: i.e. {b0, b1,
b2, b3}={a0, a2, a4, a6}

RV1: output bit=every odd indexed input bit: i.e. {b0, b1, b2,
b3}={al, a3, a5, a7}

RV2: output bit pair=every even indexed input bit pair: i.e.
{b0, b1, b2, b3}={a0, al, a4, a5}

RV3: output bit pair=every odd indexed input bit pair: i.e.
{b0, b1, b2, b3}={a2, a3, a6, a7}

[0074] Thus, if the transmitting entity (e.g. the base station
504 in downlink or terminal device 506, 508 in uplink)
transmits RVO in an initial transmission, and RV1 in a
subsequent transmission, then after the second transmission,
the receiver entity will have received all of the bits that were
produced by the Turbo encoder (assuming no transmissions
failure).

[0075] As will be understood, there are more sophisticated
rate matching function that can be used (in comparison to the
above simple example). For example, the circular buffer rate
matching function specified in Section 5.1.4 in ETSI TS
136.212 v12.6.0 (2015 September) [3].

[0076] Different redundancy versions may also have the
bits ordered in different ways in order to map the bits to
constellation points in the modulation symbol (in the sub-
sequent modulation function). This function is can be
referred to as “constellation rearrangement”.

[0077] RV controller 608: The RV controller indicates
to the rate matching function the redundancy version
that is to be applied. The RV controller can determine
the RV to use either through indication in a control
channel (for example in an LTE-based network the
Physical Downlink Control Channel, PDCCH, or vari-
ants of that channel, such as the Enhanced Physical
Downlink Control Channel, ePDCCH, or Physical
Downlink Control Channel for MTC, M-PDCCH); or
through a known (i.e. predefined/derivable) RV cycling
pattern (for example, the first transmission could
always use RVO, the second transmission could always
use RV2, the third transmission could always use RV3,
the fourth transmission could always use RV1, which as
noted above is a commonly used default ordering in an
LTE context).

[0078] Scrambling 610: The bit stream is scrambled
with a known scrambling sequence. This can help to
minimize intercell interference.

[0079] Modulation 612: The bits stream is modulated to
produce modulation symbols. Typical modulations that
could be applied are QPSK and 16QAM.

[0080] Layer mapping 614: The modulation symbols
are divided into streams, where each stream corre-
sponds to a “layer”.

[0081] Precoding 616: Modulation symbols from the
different layers are combined, e.g. using a Space Fre-
quency Block Code (SFBC). Alamouti coding could be
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applied in an SFBC mode. When the signal is trans-
mitted using a single transmit antenna, the precoding
function is transparent.

[0082] Resource element mapping 618: The modulation
symbols produced by the precoding function are
mapped to resource elements using a known mapping
rule (in LTE, a resource element is a single subcarrier
within a single OFDM symbol). In the example repre-
sented in FIG. 6, there are assumed to be two antennae
(ant0 and antl) associated with the transmitting entity,
and hence two resource element mapping blocks. It will
be appreciated there are other processing elements that
are not shown in the figure for simplicity, for example
prior to resource element mapping, such as Fast Fourier
Transform (FFT) operations.

[0083] Reference signal generation 620: Reference sig-
nals (i.e. known modulation symbols) are transmitted
in known resource elements to allow the UE to perform
channel estimation, to facilitate coherent demodulation
of the signal at the receiver.

[0084] In order to seek to improve coverage, a transmit-
ting entity (transmitter) may repeat transmissions. The
receiving entity (receiver) may thus combine the received
repeated signals, thereby increasing the effective signal to
noise ratio of the received signal with a view to improving
the chances of successful decoding of the received signal. As
noted above, the transmitter can either transmit identical
redundancy versions when repeating transmissions for sym-
bol combining (e.g. repeatedly transmit RVO0), or it can cycle
the redundancy version that is applied to the repeated
transmissions. For example, the transmitter can transmit the
following sequence of redundancy versions, relating to the
same transport block: RV0, RV2, RV3, RV1. Redundancy
version cycling (RV cycling/incremental redundancy) is
known to improve system performance.

[0085] FIG. 7 schematically illustrates some aspects of
established transport and physical channel processing chains
for PDSCH (Physical Downlink Shared Channel) reception
in an LTE-based wireless telecommunications system in
respect of a transport block (TB) being received. The
transport channel processing chain for a section of the
PUSCH (Physical Uplink Shared Channel) is similar. In this
regard, FIG. 7 represents the receiver-side processing chain
corresponding to the transmitter-side processing chain rep-
resented in FIG. 6.

[0086] Elements of the transport channel processing chain
represented in FIG. 7 are conventional and well understood,
and may be summarised as follows:

[0087] Resource element demapping 700: The received
modulation symbols are demapped from the resource
elements using the known mapping rule (in LTE, a
resource element is a single subcarrier within a single
OFDM symbol). In the example represented in FIG. 7,
there are assumed to be two antennae (ant0 and antl)
associated with the receiving entity, and hence two
resource element demapping blocks.

[0088] Channel estimation 702: The channel estimation
algorithm for each antenna channel compares the
received reference symbols to the known transmitted
reference symbols in order to estimate the channel (e.g.
the magnitude and phase distortion applied at each time
interval and at each subcarrier frequency). The channel
estimation can be improved by averaging the received
channel estimates across multiple subframes, or across
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multiple subcarriers. As part of the averaging process,
the channel estimator may combine samples of multiple
received subframes or symbols before performing other
channel estimation operations. The combination of
multiple received subframes or symbols is termed
“symbol combining”. Symbol combining relies on the
transmitted signals being identical for the time duration
over which symbol combining is to be performed.

[0089] Detection 704: The detection process may take
the form of an equalizer and decision circuit, or other
algorithms such as Maximum Likelihood Detection
(ML Detection), or reduced complexity versions of ML,
decoding, such as Soft Sphere Decoding (SSD decod-
ing). When symbol combining is performed, the detec-
tion process can be performed on the symbol combined
signal. The output from the detection process com-
prises LLRs (log-likelihood ratios).

[0090] Descrambling 706: The bit stream is
descrambled to in effect reverse the known scrambling
sequence applied at the transmitter side (see element
610 in FIG. 6).

[0091] De-rate matching 708: The bit stream is de-rate
matched to in effect reverse the rate-matching applied
at the transmitter side (see element 606 in FIG. 6).

[0092] HARQ combining 710: The HARQ combining
function combines and accumulates LLRs from the
repeated or re-transmitted transmissions of the same
transport block. The HARQ combining function can
combine transmissions with different redundancy ver-
sions, since the combination is performed on LLRs
(log-likelihood ratios), where each LLR corresponds to
one output bit of the Turbo coder. With knowledge of
the redundancy version, the HARQ combining function
is able to determine which input LLRs correspond to
which Turbo coder bits.

[0093] RV controller 712: The RV controller controls
the rate matching function such that the same redun-
dancy version is applied at both the transmitter and the
receiver.

[0094] De-interleaving 714: The data are de-interleaved
to in effect reverse the interleaving applied at the
transmitter side (see element 604 in FIG. 6).

[0095] Turbo decoding 716: The data are Turbo
decoded to in effect reverse the coding applied at the
transmitter site side (see element 602 in FIG. 6).

[0096] CRC check 718: A CRC check is performed to
seek to detect errors.

[0097] FIG. 8 is a schematic representation of one
approach for using redundancy versions to allow for symbol
combining at the receiving entity in accordance with con-
ventional techniques. The figure schematically represents a
sequence of eight subframes with an indication of which
redundancy version is applied for each subframe. In this
example, redundancy version RVO is applied for the first
four subframes represented in the figure and redundancy
version RV2 is applied for the subsequent four subframes.
The symbol combining function at the receiver is able to
operate on those subframes for which the same redundancy
version is applied. Hence the symbol combining function
can operate on the first four subframes (those using RV0)
and then on the second set of four subframes (those using
RV2). By virtue of symbol combining, the channel estima-
tion and decoding functions at the receiver can operate on
signals with an effective higher signal to noise ratio, thereby
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improving performance and allowing for reducing receiver
complexity. Furthermore, the approach represented in FIG.
8 in which different redundancy versions are used in differ-
ent groups of subframes also provides for incremental
redundancy (RV cycling). Thus, the advantages associated
with both techniques (symbol combining and RV cycling)
can be realised with this signal format.

[0098] Another technique known to provide for improved
system performance, for example in terms of communica-
tions reliability, in a frequency selective channel (i.e. a
where fading occurs in different portions of the channel
bandwidth) is frequency hopping. In a frequency hopped
signal, the physical resource blocks (PRB) or narrowbands
used to transmit the signal may be changed from one
subframe to the next. In an L'TE-based context a physical
resource block consists of 12 subcarriers and 7 OFDM
symbols (for a signal constructed with a normal cyclic
prefix). A PRB-pair consists of two PRBs and hence consists
of 12 subcarriers and 14 OFDM symbols (for the normal
cyclic prefix case).

[0099] FIG. 9 schematically represents a frequency
hopped signal, where the signal is hopped on a subframe-
by-subframe basis between frequencies F1 and F2. When the
same data is transmitted at two different frequencies in such
a frequency hopped pattern, the communication can be more
resilient to narrowband fading that might arise in respect on
one of the channels, for example as compared to schemes
that use only one of the channels. It will be appreciated that
FIG. 9 represents a fairly simple frequency-hopping pattern
(i.e. hopping between two frequencies for alternating sub-
frames), but more sophisticated frequency hopping patterns
can be adopted. However, a simple frequency-hopping pat-
tern, such as the present in FIG. 9, can be advantageous in
terms of simplifying radio resource scheduling.

[0100] Frequency hopping approaches, such as repre-
sented in FIG. 9 can be combined with the use of redundancy
versions to seek to further improve communications liabil-
ity. A schematic example of this is represented in FIG. 10.
[0101] Thus, FIG. 10 schematically represents a sequence
of 20 subframes which are arranged in to groups of four
subframes alternating between a first frequency F1 and a
second frequency F2. In the approach of FIG. 10, RVO is
applied for the first four (i.e. leftmost) subframes with
transmissions made in frequency band F2, thereby allowing
symbol combining to be applied at the receiver in respect of
these subframes. RV2 is then applied for the next four
subframes with the transmissions made in frequency band
F1, thereby allowing symbol combining to be applied at the
receiver in respect of the subframes, while also providing for
RV cycling based redundancy in respect of the use of RV0
in the first four subframes and RV1 in the next four sub-
frames, and also making use of frequency hopping. The next
four subframes have RV3 applied with transmissions in
frequency band F2. The next four subframes have RV1
applied with transmissions in frequency band F1, and so on
as represented in the figure. Thus, in accordance with this
approach a receiving device can make use of symbol com-
bining in respect of the transmissions of the same redun-
dancy version in different subframes and can make use of
cyclic RV (incremental redundancy) techniques in respect of
the transmissions of the different redundancy versions in a
manner similar to that represented in FIG. 8, but can
additionally be less prone to narrowband frequency fading
because of the additional use of frequency hopping.
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[0102] FIG. 11 is similar to, and will be understood from,
FIG. 10, but represents a greater number of subframes (i.e.
a longer period of time). The respective groups of four
subframes using the same redundancy version represented in
FIG. 10 are shown in FIG. 11 as single blocks for simplicity.
That is to say, each separate block in FIG. 11 represents four
subframes to which the same redundancy version is applied
(i.e. as schematically indicated by the labelling beneath the
leftmost block). The subframes associated with different
redundancy versions are also differently shaded/hatched in
FIG. 11. In particular, subframes associated with redundancy
version RVO are shown in uniform grey, subframes associ-
ated with redundancy version RV1 are shown with horizon-
tal hatching, subframes associated with redundancy version
RV2 are shown with diagonal hatching, and subframes
associated with redundancy version RV3 are shown with
diagonal brick hatching. A similar shading/hatching scheme
is used to identify subframes/transmissions associated with
different redundancy versions in various other figures.
[0103] FIG. 11 represents a scenario in which a first
transport block (transport block 1) is repeated 32 times,
namely, in time order starting from the left of the figure:
[0104] 4 subframes using RV0O with transmissions in
frequency band F2
[0105] 4 subframes using RV2 with transmissions in
frequency band F1
[0106] 4 subframes using RV3 with transmissions in
frequency band F2
[0107] 4 subframes using RV1 with transmissions in
frequency band F1
[0108] 4 subframes using RV0O with transmissions in
frequency band F2
[0109] 4 subframes using RV2 with transmissions in
frequency band F1
[0110] 4 subframes using RV3 with transmissions in
frequency band F2
[0111] 4 subframes using RV1 with transmissions in
frequency band F1
[0112] Thus the receiver can make use of both symbol
combining and RV cycling (LLR combining) approaches,
and furthermore the various repeat transmissions are spread
across two frequency bands to help reduce any impact of
narrowband fading that may arise in respect of one or other
frequency band (or both frequency bands at different times).
[0113] After the 32 subframes comprising repeat transmis-
sions associated with transport block 1, the following sub-
frames are associated with transmissions of the next trans-
port block to be transmitted, i.e. transport block 2, which 16
repetitions (i.e. for blocks of four subframes) are represented
in FIG. 11 for this transport block.
[0114] These kinds of approach for seeking to enhance
communications reliability are based on generally conven-
tional techniques.
[0115] Thus, there are established principles for use in
wireless telecommunications systems to help increase the
reliability of communications between a transmitting entity
and a receiving entity by making use of redundancy versions
and frequency hopping for repeat transmissions.
[0116] However, the inventors have recognised there is
scope for improving on these established techniques. In
particular, the inventors have recognised that in accordance
with known techniques, each redundancy version is trans-
mitted in the same frequency band and on a periodic basis.
For example, referring to FIG. 11, transmissions using RVO0
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and RV3 are respectively transmitted on a periodic basis
using only radio resources within the frequency band F2
while transmissions using RV2 and RV1 are respectively
transmitted on a periodic basis using only radio resources
within the frequency band F1. Consequently, there is a lack
of frequency, time and RV diversity in respect of transmis-
sions made using a given redundancy version, which can
impact the overall performance, for example in terms of
communications reliability, because RV cycling (LLR com-
bining) diversity is compromised (i.e. communications in
respect of a particular redundancy version can be repeatedly
affected by narrowband frequency fading or periodic inter-
ference that coincides with the radio resources used for
transmissions for that redundancy version).

[0117] To help address this issue in accordance with
certain embodiments of the present disclosure, approaches
are proposed in which a transmitting entity (e.g. a base
station 504 in a downlink communications context or a
terminal device 506, 508 in an uplink or device-to-device
(D2D) communications context) is arranged to transmit a
block of data (e.g. a transport block) to a receiver entity (e.g.
a terminal device 506, 508 in a downlink or D2D commu-
nications context or a base station 504 in an uplink com-
munications context) by establishing a plurality of different
redundancy versions for the block of data, for example in
accordance with generally conventional techniques. How-
ever, in contrast to generally conventional techniques, the
transmitting entity is configured to transmit the plurality of
different redundancy versions for the block of data in a first
sequence order in a first time period and to transmit the
plurality of different redundancy versions for the block of
data in a second sequence order in a second time period,
wherein the second sequence order is different form the first
sequence order. That is to say, the transmitting entity is
configured to transmit the redundancy versions in a different
order in different time periods. The inventors have recog-
nised this can help reduce the impact of poor channel
conditions by helping to ensure the same redundancy ver-
sion is transmitted on different frequency resources in the
different time periods when a frequency-hopping approach
is used, and also to help ensure the same redundancy version
is not transmitted in accordance with a regular periodicity,
which may be helpful in cases where there is a periodic
source of interference that would otherwise systematically
interfere with a particular redundancy version.

[0118] FIG. 12 is similar to, and will be understood from,
FIG. 11. However, whereas in accordance with the approach
of FIG. 11 the order in which the different redundancy
versions are transmitted is continuously repeated (i.e. four
subframes of RVO0, four subframes of RV2, four subframes
of RV3, four subframes of RV1, and then repeat), in the
approach of FIG. 12, the order in which the different
redundancy versions are transmitted is varied in different
time periods. As with FIG. 11, in FIG. 12 each separate
block represents four subframes to which the same redun-
dancy version is applied. The relevant redundancy version is
indicated above each block and the subframes associated
with different redundancy versions are also shaded/hatched
in FIG. 12 the same way as for FIG. 11.

[0119] FIG. 12 represents a scenario in which a first
transport block (transport block 1) is repeated 32 times.
Thus, in a first time period for transport block 1 (schemati-
cally labelled “Time period 0” in FIG. 12) there are:
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[0120] 4 subframes using RV0O with transmissions in
frequency band F2
[0121] 4 subframes using RV2 with transmissions in
frequency band F1
[0122] 4 subframes using RV3 with transmissions in
frequency band F2
[0123] 4 subframes using RV1 with transmissions in
frequency band F1
[0124] And in a second time period for transport block 1
(schematically labelled “Time period 1” in FIG. 12) there
are:
[0125] 4 subframes using RV2 with transmissions in
frequency band F2
[0126] 4 subframes using RV3 with transmissions in
frequency band F1
[0127] 4 subframes using RV1 with transmissions in
frequency band F2
[0128] 4 subframes using RV0O with transmissions in
frequency band F1
[0129] Thus, as described above with reference to FIG. 11,
the receiver entity can make use of both symbol combining
and RV cycling (LLR combining) approaches. However,
significantly, in accordance with the approach represented in
FIG. 12, the different redundancy versions are transmitted in
a different order in the first time period as compared to the
second time period. Consequently, each redundancy version
is transmitted using radio resources in both frequency bands.
For example, RVO is transmitted on radio resources in
frequency band F2 in the first time period and on radio
resources in frequency band F1 in the second time period.
Furthermore, the different redundancy versions are not
transmitted in accordance with a regular and repeating
periodicity, which can help reduce systematic periodic inter-
ference from impacting transmissions for one of the redun-
dancy versions more than the others.
[0130] After the 32 subframes comprising repeat trans-
missions associated with transport block 1, the following
subframes are associated with transmissions of the next
transport block to be transmitted. In accordance with the
approach represented in FIG. 12, for the transmission of the
next transport block (transport block 2), the ordering of the
redundancy versions reverts to the initial ordering for the
transmission of transport block 1.
[0131] In the example represented in FIG. 12, the first
transport block is transmitted using 32 repetitions. However,
in another implementation a transport block may be trans-
mitted using, for example, 64 repetitions. In which case
there may be more than two different time periods, with the
ordering of the redundancy versions in different time periods
again being different.
[0132] For example, the 64 repetitions may be transmitted
as follows:
[0133] In a first time period for a given transport block
there may be:
[0134] 4 subframes using RV0O with transmissions in
frequency band F2
[0135] 4 subframes using RV2 with transmissions in
frequency band F1
[0136] 4 subframes using RV3 with transmissions in
frequency band F2
[0137] 4 subframes using RV1 with transmissions in
frequency band F1
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[0138] And in a second time period for the transport block
there may be:
[0139] 4 subframes using RV2 with transmissions in
frequency band F2
[0140] 4 subframes using RV3 with transmissions in
frequency band F1
[0141] 4 subframes using RV1 with transmissions in
frequency band F2
[0142] 4 subframes using RVO with transmissions in
frequency band F1
[0143] And in a third time period for the transport block
there may be:
[0144] 4 subframes using RV3 with transmissions in
frequency band F2
[0145] 4 subframes using RV1 with transmissions in
frequency band F1
[0146] 4 subframes using RVO with transmissions in
frequency band F2
[0147] 4 subframes using RV2 with transmissions in
frequency band F1
[0148] And in a fourth time period for the transport block
there may be:
[0149] 4 subframes using RV1 with transmissions in
frequency band F2
[0150] 4 subframes using RVO with transmissions in
frequency band F1
[0151] 4 subframes using RV2 with transmissions in
frequency band F2
[0152] 4 subframes using RV3 with transmissions in
frequency band F1
[0153] It will of course be appreciated these are just some
specific examples and different approaches may adopt dif-
ferent orderings in different time periods and different num-
bers of subframes using each redundancy version, and in
principle also with different numbers of redundancy version
and different numbers of frequency bands. That is to say,
what is significant is not the specific configurations set out
in this particular examples, but the underlying concept of
transmitting a block of data using a plurality of redundancy
versions arranged in a first sequence order in one time period
and arranged in a second sequence order in another time
period.
[0154] There are various ways in which the ordering of the
redundancy versions in the different time periods may be
determined. For example, each time period may correspond
with the time taken to undertake four transmissions of each
redundancy version (i.e. corresponding to 16 subframes), as
in the example of FIG. 12, and the RV ordering in each time
period may be based on different cyclic shifts of a base
sequence order.
[0155] Forexample, a base sequence order may be defined
which corresponds with that normally used in an LTE-
context with four redundancy versions, ie. {RV0, RV2,
RV3, RV1}. The order to use in a given time period for a
given block of data (transport block) may correspond with
the base sequence order with a cyclic shift of n mod 4, where
n corresponds with the time period index (where the first
time period has index 0, next time period has index one, and
so on until the end of the transmission of the transport
block).
[0156] Thus, the ordering in different time periods with
this approach would be:
[0157] Time period 0: {RVO0, RV2, RV3, RV1}
[0158] Time period 1: {RV2, RV3, RV1, RV0}
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[0159] Time period 2: {RV3, RV1, RV0, RV2}
[0160] Time period 3: {RV1, RV0, RV2, RV3}
[0161] Time period 4: {RVO, RV2, RV3, RV1}
[0162] Time period 5: {RV2, RV3, RV1, RV0}
[0163] Time period 6: {RV3, RV1, RV0, RV2}
[0164] Time period 7: {RV1, RV0, RV2, RV3}
[0165] etc.
[0166] Of course it will be appreciated the number of time

periods associated with the transmission of a given transport
block will depend on implementation (e.g. in the example of
FIG. 12, there are only two time periods associated with the
transmission of transport block 1).

[0167] It will of course be appreciated that the specific RV
cycling pattern used may be different in different implemen-
tations, and need not follow the cyclic shift approach
described above. For example, it could correspond with a
cyclic shift made in the other direction (e.g. so the first two
orderings might be {RV0, RV2, RV3, RV1} and {RV1, RVO0,
RV2, RV3}), or could be based on any predefined sequences,
for example:

[0168] Time period 0: {RV0, RV2, RV3, RV1}
[0169] Time period 1: {RV2, RV3, RV1, RV0}
[0170] Time period 2: {RVO, RV1, RV3, RV2}
[0171] etc.
[0172] In another example implementation there may be

‘M’ different predefined sequences for the redundancy ver-
sion respectively associated with an index 1 to M. In the first
time period of a transport block the first RV pattern may be
used (i.e. the sequence order associated with index 1); in the
second time period, the second RV pattern may be used; and
so on up to the M’th time period in which the M’th RV
pattern may be used. In the M+1’th time period, it may
return to the sequence order associated with index 1, and so
on.

[0173] Thus, in one particular case of this approach with
M=2, the sequence order may in effect alternate between
time periods, for example so that even numbered time
periods use one sequence order and odd-numbered time
periods use another sequence order. Again, one of the RV
patterns may be derivable from the other RV pattern (e.g.
one RV pattern may be a cyclic shift of the other RV pattern),
or the different RV patterns may be defined with no particu-
lar relation between them, except that they are different from
one another. In an example with M=2, the two RV patterns
might be {RV0, RV2, RV3, RV1} (sequence index 1) and
{RV2, RV3, RV1, RV0} (sequence index 2) and their usage
in the time periods may follow the sequence:

[0174] Time period O (even): {RV0, RV2, RV3, RV1}
[0175] Time period 1 (0dd): {RV2, RV3, RV1, RV0}
[0176] Time period 2 (even): {RV0, RV2, RV3, RV1}
[0177] Time period 3 (odd): {RV2, RV3, RV1, RV0}
[0178] etc.

[0179] In another example implementation, the RV

sequence order used in a given subframe may be based on
a pseudo random sequence known to (or at least derivable
by) both the transmitter entity and receiver entity.

[0180] It will be appreciated the principles described
herein may be also be adopted in implementations which do
not involve frequency hopping between two frequency
bands. For example, similar approaches may be used where
there are more frequency bands, for example four frequency
bands, and an example of this is schematically shown in
FIG. 13.
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[0181] FIG. 13 is in many respects similar to, and will be
understood from, FIG. 12. However, whereas FIG. 12 sche-
matically represents an implementation supporting fre-
quency hopping between two frequency bands, namely F1
and F2, FIG. 13 schematically represents an implementation
supporting frequency hopping between four frequency
bands, namely F1, F2, F3 and F4.
[0182] As with FIG. 12, in FIG. 13 each separate block
represents four subframes to which the same redundancy
version is applied. The relevant redundancy version is
indicated above each block and the subframes associated
with different redundancy versions are also shaded/hatched
in FIG. 13 the same way as for FIG. 12.
[0183] FIG. 13 again represents a scenario in which a first
transport block (transport block 1) is repeated 32 times.
Thus, in a first time period for transport block 1 (schemati-
cally labelled “Time period 0” in FIG. 13) there are:
[0184] 4 subframes using RVO with transmissions in
frequency band F4
[0185] 4 subframes using RV2 with transmissions in
frequency band F3
[0186] 4 subframes using RV3 with transmissions in
frequency band F2
[0187] 4 subframes using RV1 with transmissions in
frequency band F1
[0188] And in a second time period for transport block 1
(schematically labelled “Time period 1” in FIG. 13) there
are:
[0189] 4 subframes using RV2 with transmissions in
frequency band F4
[0190] 4 subframes using RV3 with transmissions in
frequency band F3
[0191] 4 subframes using RV1 with transmissions in
frequency band F2
[0192] 4 subframes using RVO with transmissions in
frequency band F1
[0193] Thus, as described above with reference to FIG. 12,
the receiver can make use of both symbol combining and RV
cycling (LLR combining) approaches with frequency and
temporal diversity in respect of different transmissions of the
same redundancy version.
[0194] After the 32 subframes comprising repeat trans-
missions associated with transport block 1 represented in
FIG. 13, the following subframes are associated with trans-
missions of the next transport block to be transmitted. In
accordance with the approach represented in FI1G. 13, for the
transmission of the next transport block (transport block 2),
the ordering of the redundancy versions reverts to the initial
ordering for the transmission of transport block 1.
[0195] In the examples described above, the time periods
are in effect restarted at the beginning of the transmission of
each new transport block. That is to say, each transport block
in effect starts with the same sequence order corresponding
to that used for time period 0. However, in another embodi-
ment, the selection of the particular RV sequence order may
be based on a global timing reference, such as a system
frame number (SFN) rather than a timing reference which is
relative to the start of a new transport block transmission.
For example, in an implementation in which there are four
redundancy versions transmitted four times each in each
time period (i.e. for time periods having a duration of 16
subframes), the particular sequence order to use in a par-
ticular time period (i.e. in a particular block of 16 subframes)
may be based on a system frame number associated with
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those 16 subframes. That is to say, if there are four different
RV sequence orders that may be used, these may be cycled
through in turn for each time period comprising 16 sub-
frames, regardless of the timings of the transmission of
particular transport blocks.

[0196] In another implementation, the same redundancy
version sequence order may be used for a number of repeats,
before switching to a different redundancy version sequence
order. For example, the same sequence order may be used
repeatedly during an attempt to successfully transmit a
transport block, and only if'it is determined that the transport
block was not successfully received by the receiving entity,
for example based on the principles of conventional
acknowledgement signalling, does the transmitting entity
switch to a different RV sequence order for the retransmis-
sion attempt. This approach is schematically represented in
FIG. 14.

[0197] FIG. 14 is similar to, and will be generally under-
stood from, FIG. 12 (although FIG. 14 does not include the
shading/hatching for the different RVs). However, in FIG.
14, and unlike FIG. 12, the same sequence order is used
throughout a first transmission attempt of a transport block,
and a second, different, sequence order is used throughout a
second transmission attempt (i.e. a first retransmission
attempt) as schematically indicated in the figure. In this
regard, the first transmission attempt may be considered to
correspond with a first time period and the second transmis-
sion attempt may be considered to correspond with a second
time period. Although not shown in FIG. 14, if a further
retransmission is needed, for example if the second trans-
mission (first retransmission) attempt is not successful, a
third transmission (second retransmission) may be
attempted with yet another different sequence order for the
redundancy versions, or perhaps with the same order as for
the initial attempt.

[0198] It will be appreciated there are various modifica-
tions to the approaches described above that may be made
for other implementations.

[0199] For example, whereas the examples described
above have focused on examples which allow for symbol
combining as well as incremental redundancy combining,
the same principles may be used in an approach that does not
allow for symbol combining, for example in an approach
where the signal is frequency hopped between every sub-
frame, rather than having a sequence of four subframes
transmitted contiguously with the same redundancy value
before frequency hopping, as in the examples described
above.

[0200] Furthermore, it will be appreciated that although
the examples described above have focused on approaches
that use frequency hopping, the same principles may be
applied in other implementations which do not rely on
frequency hopping. This can still be advantageous in helping
to avoid what would otherwise be a regular/periodic repeti-
tion of transmissions with the same redundancy version
which can help reduce the likelihood of a periodic source of
interference impacting one of the redundancy versions more
than the others.

[0201] FIG. 15 is a flow diagram schematically represent-
ing a method of transmitting a block of data from a trans-
mitter entity to a receiver entity in a wireless telecommu-
nication system in accordance with the principles described
herein. Thus, in step S1 the transmitter entity establishes a
plurality of different redundancy versions for the block of
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data. In a second step S2, the transmitter entity transmits the
plurality of different redundancy versions for the block of
data in a first sequence order in a first time period. In a third
step S3, the transmitter entity transmits the plurality of
different redundancy versions for the block of data in a
second sequence order in a second time period, wherein the
second sequence order is different form the first sequence
order. The step of establishing the redundancy versions may
be performed in accordance with conventional techniques.
Furthermore, apart from the use of the different RV sequence
orders in different time periods for the transmissions, the
steps of transmitting the redundancy versions may otherwise
be performed in accordance with conventional techniques.
[0202] FIG. 16 is a flow diagram schematically represent-
ing a method of receiving a block of data from a transmitter
entity in a wireless telecommunication system in accordance
with the principles described herein. Thus, in step T1 the
receiver entity receives a plurality of different redundancy
versions for the block of data in a first sequence order in a
first time period, for example as transmitted by the trans-
mitter entity in step S2 of FIG. 15. In step T2 the receiver
entity receives the plurality of different redundancy versions
for the block of data in a second sequence order in a second
time period, wherein the second sequence order is different
form the first sequence order, for example as transmitted by
the transmitter entity in step S3 of FIG. 15. In step T3 the
receiver entity determines the first sequence order and
second sequence order, for example through knowledge of
the algorithm used by the transmitter entity to determine the
sequence order to use for its transmissions, to thereby allow
the redundancy versions received in the different time peri-
ods to be combined.

[0203] In principle the transmitter entity could communi-
cate an indication of the sequence order used for a given
time period to the receiver entity, but in practice it may be
advantageous if the receiver is able to independently deter-
mine the sequence order applicable for a given time period
to save on signalling overhead. Thus, it may be appropriate
for the sequence order to be used by the transmitter entity to
be independently derivable by the receiver entity, for
example because the sequence order for a given time period
is determined in accordance with predefined rules, for
example as defined in an operating standard for the wireless
telecommunications system or derivable/configured in sig-
nalling previously communicated to the receiver entity, for
example in association with a radio resource control con-
nection process.

[0204] As discussed herein, in accordance with certain
approaches at least some of the different redundancy ver-
sions are transmitted in different time periods using radio
resources in a first frequency band and at least some of the
different redundancy versions are transmitted using radio
resources in a second frequency band, wherein the second
frequency band is different from the first frequency band.
Also, there may be frequency hopping within each time
period such that at least some of the different redundancy
versions are transmitted using radio resources in different
frequency bands in the different time periods.

[0205] Respective ones of at least some of the different
redundancy versions may transmitted multiple times in each
of'the first and second time periods, for example to allow for
symbol combining.

[0206] As already discussed above, in accordance with
some implementations a first RV sequence order may cor-
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respond with a first cyclic shift of a base sequence order and
a second sequence order may corresponds with a second
cyclic shift of the base sequence order. That is to say, the
second sequence order (and any other sequence orders) may
in effect correspond with a cyclic shift of the first sequence
order.

[0207] The cyclic shift to use for a given time period may
be determined from a timing associated with the time period,
for example a timing relative to a global timing reference,
such as a system frame number timing reference, or a timing
relative to a particular transport block transmission, for
example a timing relative to the start of transmission of a
given transport block.

[0208] Thus there has been described a method of trans-
mitting a block of data from a transmitter entity to a receiver
entity in a wireless telecommunication system, wherein the
method comprises: establishing a plurality of different
redundancy versions for the block of data; transmitting the
plurality of different redundancy versions for the block of
data in a first sequence order in a first time period; and
transmitting the plurality of different redundancy versions
for the block of data in a second sequence order in a second
time period, wherein the second sequence order is different
form the first sequence order.

[0209] It will be appreciated that various modifications
can be made to the embodiments described above without
departing from the scope of the present invention as defined
in the appended claims. In particular although embodiments
of the invention have been described with reference to an
LTE mobile radio network, it will be appreciated that the
present invention can be applied to other forms of network
such as GSM, 3G/UMTS, CDMA2000, etc. The term user
equipment (UE) as used herein can be replaced with other
terms user equipment (UE), mobile communications device,
terminal device etc. Furthermore, although the term base
station has been used interchangeably with eNodeB it should
be understood that there is no difference in functionality
between these network entities.

[0210] It will further 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 entities operating in
the wireless telecommunications system, for example other
components of the wireless telecommunications network
infrastructure and/or terminal device is providing infrastruc-
ture-like functionality (for example a terminal device sup-
porting virtual cell operation). Thus, some, or all, of the
processing functionality described above in relation to a
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 ele-
ments or other network entities, such as relay nodes and/or
dedicated units for supporting an ITS (intelligent transport
system) scheme, for example roadside units (RSUs)
deployed in association with a road network to facilitate
vehicle-to-vehicle communications, or a terminal device
providing some aspects of operating functionality more
usually associated with a base station, for example a termi-
nal device sporting a virtual cell. In this regard a base station
may be considered as merely one example of network entity
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that may be configured to provide functionality of the kind
described herein in respect of communications with a ter-
minal device.

[0211] 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.

[0212] 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-
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.

[0213] Respective features of the present disclosure are
defined by the following numbered paragraphs:

1. A method of transmitting a block of data from a trans-
mitter entity to a receiver entity in a wireless telecommu-
nication system, wherein the method comprises: establishing
a plurality of different redundancy versions for the block of
data; transmitting the plurality of different redundancy ver-
sions for the block of data in a first sequence order in a first
time period; and transmitting the plurality of different redun-
dancy versions for the block of data in a second sequence
order in a second time period, wherein the second sequence
order is different form the first sequence order.

2. The method of paragraph 1, wherein in each of the first
and second time periods at least some of the different
redundancy versions are transmitted using radio resources in
a first frequency band and at least some of the different
redundancy versions are transmitted using radio resources in
a second frequency band, wherein the second frequency
band is different from the first frequency band.

3. The method of paragraph 1 or 2, wherein respective ones
of at least some of the different redundancy versions are
transmitted using radio resources in different frequency
bands in the different time periods.

4. The method of any preceding paragraph, wherein respec-
tive ones of at least some of the different redundancy
versions are transmitted multiple times in each of the first
and second time periods.

5. The method of any preceding paragraph, wherein the first
sequence order corresponds with a first cyclic shift of a base
sequence order and the second sequence order corresponds
with a second cyclic shift of the base sequence order.

6. The method of paragraph 5, wherein the first cyclic shift
is determined from a timing associated with the first time
period and the second cyclic shift is determined from a
timing associated with the second time period.

7. The method of any preceding paragraph, wherein the
second sequence order corresponds with a cyclic shift of the
first sequence order.

8. The method of any preceding paragraph, wherein the first
and second sequence orders are predetermined in accor-
dance with an operating standard for the wireless telecom-
munications system.
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9. The method of any preceding paragraph, wherein the
respective sequence orders are predetermined in accordance
with configuration information previously received by the
transmitter entity from another network entity.

10. The method of any preceding paragraph, wherein trans-
mitting the plurality of different redundancy versions in the
first sequence order in the first time period corresponds with
a first attempt to successfully transmit the block of data to
the receiver entity, and wherein transmitting the plurality of
different redundancy versions in the second sequence order
in the second time period corresponds with a second attempt
to successfully transmit the block of data to the receiver
entity following a determination the first attempt to success-
fully transmit the block of data to the receiver entity was not
successful.

11. The method of any preceding paragraph, further com-
prising transmitting the plurality of different redundancy
versions for the block of data in a further sequence order in
a further time period, wherein the further sequence order is
different form the first and second sequence orders.

12. The method of any preceding paragraph, further com-
prising transmitting the plurality of different redundancy
versions for the block of data in a further sequence order in
a further time period, wherein the further sequence order is
the same as one of the first and second sequence orders.
13. The method of any preceding paragraph, wherein the
transmitter entity is a network infrastructure element of the
wireless telecommunications system or wherein the receiver
entity is a network infrastructure element of the wireless
telecommunications system.

14. The method of any preceding paragraph, wherein the
transmitter entity is a terminal device operating in the
wireless telecommunications system and/or the receiver
entity is a terminal device operating in the wireless tele-
communications system.

15. A transmitter entity for use in a wireless telecommuni-
cation system, wherein the transmitter entity is operable to
transmit a block of data to a receiver entity, wherein the
transmitter entity comprises a controller unit and a trans-
ceiver unit configured to operate together to cause the
transmitter entity to: establish a plurality of different redun-
dancy versions for the block of data; transmit the plurality of
different redundancy versions for the block of data in a first
sequence order in a first time period; and transmit the
plurality of different redundancy versions for the block of
data in a second sequence order in a second time period,
wherein the second sequence order is different form the first
sequence order.

16. Circuitry for a transmitter entity for use in a wireless
telecommunication system, wherein the transmitter entity is
operable to transmit a block of data to a receiver entity,
wherein the circuitry comprises a controller element and a
transceiver element configured to operate together to: estab-
lish a plurality of different redundancy versions for the block
of data; transmit the plurality of different redundancy ver-
sions for the block of data in a first sequence order in a first
time period; and transmit the plurality of different redun-
dancy versions for the block of data in a second sequence
order in a second time period, wherein the second sequence
order is different form the first sequence order.

17. A method of receiving a block of data from a transmitter
entity in a wireless telecommunication system, wherein the
method comprises: receiving a plurality of different redun-
dancy versions for the block of data in a first sequence order
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in a first time period; receiving the plurality of different
redundancy versions for the block of data in a second
sequence order in a second time period, wherein the second
sequence order is different form the first sequence order; and
determining the first sequence order and second sequence
order to allow the redundancy versions received in the
different time periods to be combined.

18. A receiver entity for use in a wireless telecommunication
system, wherein the receiver entity is operable to receive a
block of data from a transmitter entity, wherein the receiver
entity comprises a controller unit and a transceiver unit
configured to operate together to cause the receiver entity to:
receive a plurality of different redundancy versions for the
block of data in a first sequence order in a first time period;
receive the plurality of different redundancy versions for the
block of data in a second sequence order in a second time
period, wherein the second sequence order is different form
the first sequence order; and determine the first sequence
order and second sequence order to allow the redundancy
versions received in the different time periods to be com-
bined.

19. Circuitry for a receiver entity for use in a wireless
telecommunication system, wherein the receiver entity is
operable to receive a block of data from a transmitter entity,
wherein the circuitry comprises a controller element and a
transceiver element configured to operate together to:
receive a plurality of different redundancy versions for the
block of data in a first sequence order in a first time period;
receive the plurality of different redundancy versions for the
block of data in a second sequence order in a second time
period, wherein the second sequence order is different form
the first sequence order; and determine the first sequence
order and second sequence order to allow the redundancy
versions received in the different time periods to be com-
bined.
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1: A method of transmitting a block of data from a
transmitter entity to a receiver entity in a wireless telecom-
munication system, wherein the method comprises:

establishing a plurality of different redundancy versions

for the block of data;

transmitting the plurality of different redundancy versions

for the block of data in a first sequence order in a first
time period; and

transmitting the plurality of different redundancy versions

for the block of data in a second sequence order in a
second time period, wherein the second sequence order
is different form the first sequence order.

2: The method of claim 1, wherein in each of the first and
second time periods at least some of the different redun-
dancy versions are transmitted using radio resources in a
first frequency band and at least some of the different
redundancy versions are transmitted using radio resources in
a second frequency band, wherein the second frequency
band is different from the first frequency band.

Dec. 27,2018

3: The method of claim 1, wherein respective ones of at
least some of the different redundancy versions are trans-
mitted using radio resources in different frequency bands in
the different time periods.

4: The method of claim 1, wherein respective ones of at
least some of the different redundancy versions are trans-
mitted multiple times in each of the first and second time
periods.

5: The method of claim 1, wherein the first sequence order
corresponds with a first cyclic shift of a base sequence order
and the second sequence order corresponds with a second
cyclic shift of the base sequence order.

6: The method of claim 5, wherein the first cyclic shift is
determined from a timing associated with the first time
period and the second cyclic shift is determined from a
timing associated with the second time period.

7: The method of claim 1, wherein the second sequence
order corresponds with a cyclic shift of the first sequence
order.

8: The method of claim 1, wherein the first and second
sequence orders are predetermined in accordance with an
operating standard for the wireless telecommunications sys-
tem.

9: The method of claim 1, wherein the respective
sequence orders are predetermined in accordance with con-
figuration information previously received by the transmitter
entity from another network entity.

10: The method of claim 1, wherein transmitting the
plurality of different redundancy versions in the first
sequence order in the first time period corresponds with a
first attempt to successtully transmit the block of data to the
receiver entity, and wherein transmitting the plurality of
different redundancy versions in the second sequence order
in the second time period corresponds with a second attempt
to successfully transmit the block of data to the receiver
entity following a determination the first attempt to success-
fully transmit the block of data to the receiver entity was not
successful.

11: The method of claim 1, further comprising transmit-
ting the plurality of different redundancy versions for the
block of data in a further sequence order in a further time
period, wherein the further sequence order is different form
the first and second sequence orders.

12: The method of claim 1, further comprising transmit-
ting the plurality of different redundancy versions for the
block of data in a further sequence order in a further time
period, wherein the further sequence order is the same as one
of the first and second sequence orders.

13: The method of claim 1, wherein the transmitter entity
is a network infrastructure element of the wireless telecom-
munications system or wherein the receiver entity is a
network infrastructure element of the wireless telecommu-
nications system.

14: The method of claim 1, wherein the transmitter entity
is a terminal device operating in the wireless telecommuni-
cations system and/or the receiver entity is a terminal device
operating in the wireless telecommunications system.

15: A transmitter entity for use in a wireless telecommu-
nication system, wherein the transmitter entity is operable to
transmit a block of data to a receiver entity, wherein the
transmitter entity comprises a controller unit and a trans-
ceiver unit configured to operate together to cause the
transmitter entity to:
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establish a plurality of different redundancy versions for

the block of data;

transmit the plurality of different redundancy versions for

the block of data in a first sequence order in a first time
period; and

transmit the plurality of different redundancy versions for

the block of data in a second sequence order in a second
time period, wherein the second sequence order is
different form the first sequence order.

16-17. (canceled)

18: A receiver entity for use in a wireless telecommuni-
cation system, wherein the receiver entity is operable to
receive a block of data from a transmitter entity, wherein the
receiver entity comprises a controller unit and a transceiver
unit configured to operate together to cause the receiver
entity to:

receive a plurality of different redundancy versions for the

block of data in a first sequence order in a first time
period;

receive the plurality of different redundancy versions for

the block of data in a second sequence order in a second
time period, wherein the second sequence order is
different form the first sequence order; and

determine the first sequence order and second sequence

order to allow the redundancy versions received in the
different time periods to be combined.

19. (canceled)



