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Description

Technical Field

[0001] Embodiments of the present disclosure relate
to methods and apparatus in a wireless communication
network, and particularly to methods and apparatus for
enabling low-latency communications between two wire-
less devices, or between a wireless device and the wire-
less communication network.

Background

[0002] Efforts are on-going to develop and standardize
communications networks and protocols intended to
meet the requirements set out for the fifth generation (5G)
of wireless systems, as defined by the Next Generation
Mobile Networks Alliance. Such networks are expected
to support a large number of use cases, with different
use cases having widely different requirements in terms
of the service provided by the network.
[0003] For example, some use cases may involve the
remote control of machinery, or surgical instruments. In
such cases, it is important that data transmitted between
the controller (e.g. a surgeon) and the controlled device
(e.g. surgical instruments) is reliable and has low latency.
A class of communications requiring such performance
has been defined as "ultra-reliable and low-latency com-
munications" (URLLC). See, "Study on New Radio Ac-
cess Technology; Radio Interface Protocol Aspects"
(3GPP TR 38.804, v0.4.0). Note that URLLC traffic is
applicable in a wide range of use cases not limited to the
surgical/machinery examples set out above.
[0004] In current legacy schedulers, in order to ensure
a reliable service, data units transmitted by a sender to
a receiver over the radio interface are normally followed
by an acknowledgement message sent by the receiver
to the sender. If a positive acknowledgement message
is not received for the transmitted data unit (i.e. the ac-
knowledgement message is negative, or no acknowl-
edgement message is received within a defined time win-
dow), then a re-transmission of the data unit may take
place. This process is known as automatic repeat request
(ARQ).
[0005] This scheme or variations of it are used in LTE
in the following cases:

- In the Medium Access Control (MAC) protocol, the
sender may re-transmit a MAC protocol data unit
(PDU), also referred to as a transport block, in case
of no successful acknowledgement from the receiv-
er.

- In the Radio Link Control (RLC) protocol, the sender
may re-transmit an RLC PDU in case it has received
a status report from the receiver indicating negative
acknowledgement for the indicated RLC PDU.

[0006] In both of these cases, there will be some la-

tency while the sender is waiting for the acknowledge-
ment from the receiver before it can re-transmit the data
unit, if necessary, and this will introduce additional laten-
cy in the overall end-to-end round-trip-time (RTT). US
2012/057560 A1 discloses duplicated transmission of
PDUs on different component carriers. The duplication
can comprise different redundancy versions.

Summary

[0007] Apparatus and methods are disclosed that al-
leviate some or all of the problems discussed above. The
invention is defined solely by the appended claims. Any
other reference to embodiments or aspects not falling
within the scope of the claimed subject-matter is to be
interpreted as examples for understanding the invention.
[0008] Embodiments of the disclosure relate to dupli-
cation of data units transmitted between a sender and a
receiver.
[0009] In one aspect, the disclosure provides a method
in a user equipment for a wireless communications net-
work according to appended claim 1.
[0010] In a further aspect, there is provided a method
in a first user equipment for a wireless communications
network. The method comprises: receiving a configura-
tion message, the configuration message indicating that
data to be transmitted between the first user equipment
and a second user equipment over a direct communica-
tion link is to be duplicated; and, responsive to receipt of
the configuration message, transmitting a first data unit
and a second data unit to the second user equipment, or
receiving a first data unit and a second data unit from the
second user equipment. The second data unit is a dupli-
cate of the first data unit. The first data unit is transmitted
or received using first radio resources, and the second
data unit is transmitted using second radio resources that
are different than the first radio resources.
[0011] The disclosure further provides a user equip-
ment or apparatus configured to perform these and other
methods.
[0012] For example, in another aspect the disclosure
provides a user equipment for a wireless communica-
tions network. The user equipment comprises process-
ing circuitry and a non-transitory computer-readable me-
dium storing instructions which, when executed by the
processing circuitry, cause the user equipment to: re-
ceive a configuration message from a base station for
the wireless communications network, the configuration
message indicating that data to be transmitted between
the user equipment and the wireless communications
network is to be duplicated; and, responsive to receipt of
the configuration message, transmit a first data unit and
a second data unit to the wireless communications net-
work, or receive a first data unit and a second data unit
from the wireless communications network. The second
data unit is a duplicate of the first data unit. The first data
unit is transmitted or received using first radio resources,
and the second data unit is transmitted using second
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radio resources that are different than the first radio re-
sources.
[0013] A further aspect provides a first user equipment
for a wireless communications network. The first user
equipment comprises processing circuitry and a non-
transitory computer-readable medium storing instruc-
tions which, when executed by the processing circuitry,
cause the first user equipment to: receive a configuration
message, the configuration message indicating that data
to be transmitted between the first user equipment and
a second user equipment over a direct communication
link is to be duplicated; and, responsive to receipt of the
configuration message, transmit a first data unit and a
second data unit to the second user equipment, or re-
ceiving a first data unit and a second data unit from the
second user equipment. The second data unit is a dupli-
cate of the first data unit. The first data unit is transmitted
or received using first radio resources, and the second
data unit is transmitted using second radio resources that
are different than the first radio resources.
[0014] Another aspect of the disclosure provides a
method in a base station for a wireless communications
network according to appended claim 10.
[0015] The disclosure further provides a base station
configured to perform these and other methods.
[0016] For example, one aspect provides a base sta-
tion for a wireless communications network. The base
station comprises processing circuitry and a non-transi-
tory computer-readable medium storing instructions
which, when executed by the processing circuitry, cause
the base station to: transmit a configuration message to
a user equipment, the configuration message indicating
that data to be transmitted between the user equipment
and the wireless communications network is to be dupli-
cated; and transmit a first data unit and a second data
unit to the user equipment, or receive a first data unit and
a second data unit from the user equipment. The second
data unit is a duplicate of the first data unit. The first data
unit is transmitted or received using first radio resources,
and the second data unit is transmitted using second
radio resources that are different than the first radio re-
sources.
[0017] In any of the embodiments set out above, the
first radio resources may comprise a first carrier, while
the second radio resources comprise a second carrier
(i.e. the first and second data units are transmitted on
different carriers).
[0018] The first and second data units may be trans-
mitted simultaneously or, alternatively, the second data
unit may be transmitted within a time window following
transmission of the first data unit.
[0019] The first radio resources and second radio re-
sources may comprise different time slots, different trans-
mission frequencies, different orthogonal codes for en-
coding the data units, different directional beams and/or
transmissions to different base stations.
[0020] The configuration message may be received
over a physical control channel, such as the physical

downlink control channel (PDCCH). Additionally or alter-
natively, the configuration message may comprise an in-
dication of the first and second radio resources. Addition-
ally or alternatively, configuration message may com-
prise an indication of the transport formats to be used for
the transmission of the first and second data units.
[0021] The second data unit may be transmitted prior
to receipt of any acknowledgement message from the
base station in respect of the first data unit.
[0022] The first and second data units may be protocol
data units, service data units comprised within different
protocol data units, or control information.
[0023] The first and second data units may relate to
ultra-reliable, low-latency communications (URLLC).
[0024] In these and other embodiments, duplicated
transmission may be supported in one or more of the
following methods:
One way to achieve duplicated transmission is for exam-
ple by using one DCI format for one PDCCH, where the
UE is instructed to be aware that duplicated transmis-
sions will happen at a couple of carriers or more carriers
so that proper reception of data and corresponding signal
processing such as soft-combining or signal selection
could be carried out. By such a DCI format and instruction
mechanism, a duplicated transmission scheme can be
used to achieve the diversity gain whenever necessary.
[0025] Another way to achieve duplicated transmission
may be to configure certain logical channels to be subject
for duplicated transmission. With this method a UE or a
network attempts to transmit any MAC SDUs associated
with these logical channels in duplicated fashion (multiple
times) using different MAC PDUs. The duplicated trans-
mission can be done in different ways, such as:

• A duplicated scheduling is requested using a specific
DCI format. In this case the MAC SDUs belonging
to logical channels configured for duplication will
have priority to be sent as duplicated copies in dif-
ferent transport blocks (TBs), but could also for cer-
tain cases be considered for one TB; if there is more
room in the TB, other MAC SDUs not configured for
duplication can also be included and sent either as
duplicated SDUs or non-duplicated SDUs.

• At a certain TTI, scheduling is ordered for a few MAC
PDUs using a number of scheduling grants/assign-
ments (for instance several DCI sent over PDCCH);
this set of scheduling requests could be done for
one/several MAC PDUs configured in a MIMO multi-
data-stream manner, it could be done for several
MAC PDUs configured for different carriers (carrier
aggregation), or it could be done for different carriers
in different MAC instances (such as for dual connec-
tivity). The UE or the network will ensure to transmit
duplicated copies of the MAC SDUs that belong to
a logical channel configured for duplicated transmis-
sions, and for other MAC SDUs, only one copy of
each SDU is transmitted; exactly how many trans-
mitted copies are used and on which channels, can
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be configured by higher layers.
• During a certain small time period, such as a few

TTIs, the UE or the network will attempt to transmit
duplicated copies of MAC SDUs that belongs to log-
ical channels configured for duplicated transmission.
The duplicated transmissions can be done on differ-
ent carriers (for instance using carrier aggregation
or dual connectivity), but it could also be done on the
same carrier (but then at different times).

[0026] New formats of a DCI or some DCI fields may
be introduced to facilitate instructions to UEs about pa-
rameters of duplicated transmissions so that the UE as
a receiver could be aware of the MAC PDU component
structure. The new format of DCI may specify which
TB(s)/carrier(s) the duplicated SDU(s) are transmitted
on.
[0027] A further aspect of the disclosure provide a user
equipment for a wireless communications network, con-
figured to: receive a configuration message from a base
station for the wireless communications network, the con-
figuration message indicating that data to be transmitted
between the user equipment and the wireless communi-
cations network is to be duplicated; and, responsive to
receipt of the configuration message, transmit a first pro-
tocol data unit and a second protocol data unit to the
wireless communications network, or receive a first pro-
tocol data unit and a second protocol data unit from the
wireless communications network. The first protocol data
unit comprises one or more service data units. The sec-
ond protocol data unit comprises duplicates of a subset
of the one or more service data units. The second pro-
tocol data unit is not a duplicate of the first protocol data
unit.
[0028] Another aspect of the disclosure provides a first
user equipment for a wireless communications network,
configured to: receive a configuration message indicating
that data to be transmitted between the first user equip-
ment and a second user equipment is to be duplicated;
and, responsive to receipt of the configuration message,
transmit a first protocol data unit and a second protocol
data unit to the second user equipment, or receive a first
protocol data unit and a second protocol data unit from
the second user equipment. The first protocol data unit
comprises one or more service data units, and the second
protocol data unit comprises duplicates of a subset of the
one or more service data units. The second protocol data
unit is not a duplicate of the first protocol data unit.
[0029] A further aspect of the disclosure provides a
base station for a wireless communications network, con-
figured to: transmit a configuration message to a user
equipment for the wireless communications network, the
configuration message indicating that data to be trans-
mitted between the user equipment and the wireless
communications network is to be duplicated; and, re-
sponsive to receipt of the configuration message, trans-
mit a first protocol data unit and a second protocol data
unit to the user equipment, or receive a first protocol data

unit and a second protocol data unit from the user equip-
ment. The first protocol data unit comprises one or more
service data units, and the second protocol data unit com-
prises duplicates of a subset of the one or more service
data units. The second protocol data unit is not a dupli-
cate of the first protocol data unit.
[0030] Note that the discussion below focuses on a
technical solution for LTE and the developments thereto
that are intended to meet the criteria for 5G networks;
however, those skilled in the art will appreciate that it is
also possible to apply the methods and apparatus de-
scribed herein to other networks and access technolo-
gies.

Brief Description of the Drawings

[0031]

Figure 1 shows a wireless communications network;

Figure 2 is a signalling diagram showing a conven-
tional ARQ process between a sender and a receiv-
er;

Figure 3 is a signalling diagram showing signalling
according to embodiments of the disclosure;

Figure 4 is a further signalling diagram showing sig-
nalling according to embodiments of the disclosure;

Figure 5 is a schematic diagram showing the struc-
ture of a MAC PDU;

Figure 6 is a flowchart of a method according to em-
bodiments of the disclosure;

Figure 7 is a flowchart of a method according to fur-
ther embodiments of the disclosure;

Figure 8 is a schematic diagram of a wireless device
according to embodiments of the disclosure;

Figure 9 is a schematic diagram of a wireless device
according to further embodiments of the disclosure;

Figure 10 is a schematic diagram of a network node
according to embodiments of the disclosure; and

Figure 11 is a schematic diagram of a network node
according to further embodiments of the disclosure.

Detailed Description

[0032] The following sets forth specific details, such as
particular embodiments for purposes of explanation and
not limitation. But it will be appreciated by one skilled in
the art that other embodiments may be employed apart
from these specific details. In some instances, detailed
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descriptions of well-known methods, nodes, interfaces,
circuits, and devices are omitted so as not obscure the
description with unnecessary detail. Those skilled in the
art will appreciate that the functions described may be
implemented in one or more nodes using hardware cir-
cuitry (e.g., analog and/or discrete logic gates intercon-
nected to perform a specialized function, ASICs, PLAs,
etc.) and/or using software programs and data in con-
junction with one or more digital microprocessors or gen-
eral purpose computers that are specially adapted to car-
ry out the processing disclosed herein, based on the ex-
ecution of such programs. Nodes that communicate us-
ing the air interface also have suitable radio communi-
cations circuitry. Moreover, the technology can addition-
ally be considered to be embodied entirely within any
form of computer-readable memory, such as solid-state
memory, magnetic disk, or optical disk containing an ap-
propriate set of computer instructions that would cause
a processor to carry out the techniques described herein.
[0033] Hardware implementation may include or en-
compass, without limitation, digital signal processor
(DSP) hardware, a reduced instruction set processor,
hardware (e.g., digital or analog) circuitry including but
not limited to application specific integrated circuit(s)
(ASIC) and/or field programmable gate array(s) (FP-
GA(s)), and (where appropriate) state machines capable
of performing such functions.
[0034] In terms of computer implementation, a compu-
ter is generally understood to comprise one or more proc-
essors, one or more processing modules or one or more
controllers, and the terms computer, processor, process-
ing module and controller may be employed interchange-
ably. When provided by a computer, processor, or con-
troller, the functions may be provided by a single dedi-
cated computer or processor or controller, by a single
shared computer or processor or controller, or by a plu-
rality of individual computers or processors or controllers,
some of which may be shared or distributed. Moreover,
the term "processor" or "controller" also refers to other
hardware capable of performing such functions and/or
executing software, such as the example hardware re-
cited above.
[0035] Although the description is given for a wireless
terminal, or user equipment (UE), it should be understood
by the skilled in the art that "UE" is a non-limiting term
comprising any mobile or wireless device, terminal or
node equipped with a radio interface allowing for at least
one of: transmitting signals in uplink (UL) and receiving
and/or measuring signals in downlink (DL). A UE herein
may comprise a UE (in its general sense) capable of op-
erating or at least performing measurements in one or
more frequencies, carrier frequencies, component carri-
ers or frequency bands. It may be a "UE" operating in
single- or multi-radio access technology (RAT) or multi-
standard mode. As well as "UE", the terms "mobile sta-
tion" ("MS"), "mobile device" and "terminal device" may
be used interchangeably in the following description, and
it will be appreciated that such a device does not neces-

sarily have to be ’mobile’ in the sense that it is carried by
a user. Instead, the term "mobile device" encompasses
any device that is capable of communicating with com-
munication networks that operate according to one or
more mobile communication standards, such as the Glo-
bal System for Mobile communications, GSM, UMTS,
Long-Term Evolution, LTE, IEEE 802.11 or 802.16, etc.
[0036] The description involves communication be-
tween a UE and a radio access network, which typically
includes multiple radio access nodes. In the specific ex-
ample given, the radio access nodes take the form of
eNodeBs (eNBs), as defined by 3GPP, or gNodeBs
(gNBs) as utilised in the future standards expected to
meet the 5G requirements. However, it will be appreci-
ated that the concepts described herein may involve any
radio access nodes. Moreover, where the following de-
scription refers to steps taken in or by a radio access
node, this also includes the possibility that some or all of
the processing and/or decision making steps may be per-
formed in a device that is physically separate from the
radio antenna of the radio access node, but is logically
connected thereto. Thus, where processing and/or deci-
sion making is carried out "in the cloud", the relevant
processing device is considered to be part of the radio
access node for these purposes.
[0037] Figure 1 shows a network 10 that may be utilized
to explain the principles of embodiments of the present
disclosure. The network 10 comprises first and second
radio access nodes 12, 14 which are connected, via a
backhaul network 20, to a core network 18.
[0038] The radio access nodes 12, 14 may be referred
to as e.g. base stations, NodeBs, evolved NodeBs (eNB,
or eNodeB), gNodeBs, base transceiver stations, Access
Point Base Stations, base station routers, Radio Base
Stations (RBSs), macro base stations, micro base sta-
tions, pico base stations, femto base stations, Home eN-
odeBs, relays and/or repeaters, beacon devices or any
other network node configured for communication with
wireless devices over a wireless interface, depending
e.g. on the radio access technology and terminology
used.
[0039] A wireless terminal 16 (also referred to as a
wireless device, or UE) is in wireless communication with
the radio access node 12. For example, the wireless ter-
minal 16 may be camped on a cell which the radio access
node 12 serves. Messages transmitted by the wireless
terminal 16 to the radio access node 12 are said to be
transmitted in the "uplink", while messages transmitted
by the radio access node 12 to the wireless terminal 16
are said to be transmitted in the "downlink".
[0040] Although not explicitly shown in Figure 1, the
wireless terminal 16 may also be able to communicate
wirelessly with the second radio access node 14. For
example, the wireless terminal 16 may be configured with
dual connectivity, whereby one or more radio bearers are
established between the terminal 16 and each of the first
and second radio access nodes 12, 14, or whereby one
or more radio bearers are split between the first and sec-
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ond radio access nodes 12, 14 (or a combination of both).
[0041] Also shown in Figure 1 is a second wireless
terminal 22. The second wireless terminal 22 may be in
communication with a radio access node (whether one
or both of the radio access nodes 12, 14, or another radio
access node not illustrated). However, for present pur-
poses it can be seen that the second wireless terminal
22 is in direct communication with the first wireless ter-
minal 16. Thus the first wireless terminal 16 may also be
capable of establishing a direct device-to-device (D2D)
communication link with a second wireless terminal 22.
Messages transmitted over such a link may be referred
to as "sidelink" messages.
[0042] Figure 2 is a signalling diagram showing a con-
ventional automatic repeat request (ARQ) process be-
tween a sender and a receiver. It will be apparent to those
skilled in the art that the "sender" and the "receiver" may
be any of the radio access nodes 12, 14 or the wireless
terminals 16, 22 shown in Figure 1. Thus the data unit
transmitted by the sender may be transmitted in the up-
link, downlink or sidelink.
[0043] Initially, the sender transmits a data unit to the
receiver, which receives it. Upon reception of the data
unit, the receiver must spend a finite time (D_T) decoding
the data unit to check whether the data unit has been
received correctly. For example, the data unit may com-
prise redundant bits added to the data using an error-
detecting code such as a cyclic redundancy check. Al-
ternatively, the data may be encoded with a forward error
correction code. In either case, the receiver is able to
determine the presence of errors in the received data
unit, and may also be able to determine whether those
errors can be corrected.
[0044] Once the data unit has been decoded, the re-
ceiver prepares an acknowledgement message to be
transmitted to the sender. If the data unit is correctly re-
ceived, a positive acknowledgement (ACK) may be pre-
pared; if the data unit is not correctly received (and cannot
be corrected), a negative acknowledgement (NACK)
may be prepared. Again, the preparation and transmis-
sion of the acknowledgement message takes a finite
amount of time (AN_T).
[0045] Upon receipt of the acknowledgement mes-
sage, the sender decodes the message and determines
whether the acknowledgement is positive or negative. In
the illustrated example, we assume that the data unit was
not correctly received and thus the acknowledgement
message is negative. In addition to decoding the ac-
knowledgement message, therefore, the sender must
prepare a retransmission of the original data unit. A fur-
ther time period (ReT_T) is thus required to decode the
acknowledgement message and prepare the retransmis-
sion to the receiver. The receiver must then spend further
time (D_T) decoding the retransmission and checking
that it was correctly received.
[0046] Thus the additional latency (i.e. the additional
time before the data contained within the transmitted data
unit can be used by the receiver) due to one NACK is

AN_T + ReT_T + D_T. Of course, it is possible that the
retransmission may itself be incorrectly received and one
or more further retransmissions be required, adding fur-
ther latency to the interaction.
[0047] Figure 3 is a signalling diagram showing an
ARQ process according to embodiments of the disclo-
sure. Again, the process is illustrated between a "sender"
and a "receiver". It will be understood that the sender
may be any of radio access nodes 12, 14 or wireless
terminals 16, 22, and that the receiver may likewise be
any of radio access nodes 12, 14 or wireless terminals
16, 22. The data unit may be transmitted in uplink, down-
link or sidelink.
[0048] According to embodiments of the disclosure,
data units to be transmitted by the sender are duplicated
and transmitted using different radio resources, i.e. re-
gardless of whether the initial data unit is correctly re-
ceived by the receiver or not.
[0049] Thus in Figure 3 the sender prepares and trans-
mits a first data unit to the receiver. Upon receipt, the
receiver begins decoding the first data unit to determine
whether it was correctly received or not. A short time
(DeltaT) later, the sender transmits a second data unit,
which is a duplicate of the first data unit, to the receiver
using different radio resources. Upon receipt, the receiv-
er begins decoding the second data unit to determine
whether it was correctly received or not. Thus the receiver
decodes the first and second data units in parallel, i.e.
the decoding time for the first data unit overlaps (partially
or - in other embodiments - totally) the decoding time for
the second data unit. Once the data units have been de-
coded, appropriate acknowledgement messages can be
prepared by the receiver and transmitted to the sender.
[0050] In the event that the first data unit is not correctly
received, but the second data unit is correctly received,
it will be apparent that the signalling shown in Figure 3
leads to additional latency equal to DeltaT, i.e. the time
between transmission of the first and second data units.
In some embodiments, the first and second data units
may be transmitted simultaneously (but using different
frequencies, for example), such that DeltaT is equal to
zero. However, in general DeltaT may be chosen to be
a value that is smaller than the additional latency required
by the signalling diagram of Figure 2 (i.e. AN_T + ReT_T
+ D_T). That is, the second data unit is transmitted within
a time window of the first data unit that is shorter than
the latency that would be added by a retransmission un-
der the conventional ARQ scheme. Therefore latency is
reduced by the transmission of duplicate data units.
[0051] The radio resources used for transmission of
the second data unit may differ from the radio resources
used for transmission of the first data unit in a number of
different ways. For example, the first data unit may be
transmitted via resources for one cell (e.g. one served
by the first radio access node 12), whereas the second
data unit may be transmitted via resources for a different
cell (e.g. one served by the second radio access node
14). This aspect may be appropriate for duplicating com-
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munications between the network 10 and a wireless ter-
minal 16 configured in dual connectivity, for example.
[0052] The radio access nodes 12, 14 may support a
plurality of directional beams within the cells served by
those radio access nodes. The directional beams may
comprise an individual identity that allows them to be
identified. In such embodiments, the first data unit may
be transmitted via a first beam, or subset of one or more
beams, whereas the second data unit may be transmitted
via a second beam, or subset of one or more beams.
[0053] In another example, a plurality of carriers may
be established between the sending device and the re-
ceiving device using different carrier frequency bands.
The first data unit may be transmitted over a first carrier,
whereas the second data unit may be transmitted over
a second carrier.
[0054] In a further example, a plurality of radio bearers
may be established between the sending device and the
receiving device. The first data unit may be transmitted
over a first bearer, whereas the second data unit may be
transmitted over a second bearer.
[0055] In further examples, the first data unit may be
transmitted using a first frequency whereas the second
data unit may be transmitted using a second, different
frequency. The first data unit may be encoded using a
first transmission code, whereas the second data unit
may be encoded using a second, different transmission
code that is orthogonal to the first transmission code. The
first data unit may be transmitted using first time resourc-
es (or a first set of time resources), whereas the second
data unit may be transmitted using second, different time
resources (or a second set of time resources). In this
example, it should be noted that different time resources
means different time slots in a repeated time structure.
Thus, a first time slot in a first frame, for example, is con-
sidered to be the same time resource as a second time
slot that has the same temporal position as the first time
slot within a second frame.
[0056] It will be appreciated that, although the descrip-
tion above mentions only first and second data units (with
the second data unit being a duplicate of the first), the
schemes described may be extended to more than one
duplicate (i.e. third, fourth, fifth data units, etc).
[0057] Figure 3 shows how methods according to em-
bodiments of the disclosure reduce latency in the trans-
mission of data units between a sending device and a
receiving device. However, it will be appreciated that the
methods described herein also achieve high levels of re-
liability in the transmission of data through the transmis-
sion of duplicate data units.
[0058] Figure 4 shows a time line of a method accord-
ing to further embodiments of the disclosure.
[0059] Initially, a request is made for duplication of data
units. Further detail will be provided below regarding this
aspect. However, in the illustrated embodiment the du-
plication request is received by a wireless terminal (such
as the wireless terminal 16) and transmitted from the net-
work (such as the radio access node 12). The request

may be transmitted over a physical control channel, such
as the physical downlink control channel (PDCCH) or
equivalents thereof.
[0060] Responsive to receipt of the scheduling re-
quest, the wireless terminal transmits a first data unit,
which in this case is a MAC PDU. The transmission takes
a finite period of time, illustrated in Figure 4 as a width in
the horizontal direction. A time slot is scheduled for the
transmission of an acknowledgement message for the
first data unit (i.e. HARQ feedback). Prior to that time
slot, the wireless terminal transmits a second data unit,
which is a duplicate of the first, using different radio re-
sources as defined above. In the illustrated example,
transmission of the second data unit occurs after, but
overlaps with transmission of the first data unit. It will be
appreciated, however, that in other embodiments the
transmissions may overlap entirely (i.e. the transmis-
sions occur simultaneously), or not overlap at all. Trans-
mission of a third data unit is also illustrated, delayed in
a similar manner to the second data unit.
[0061] The receiving device (in this case, the radio ac-
cess node) may keep track each of the duplicated data
units. If it happens that all copies of the transmitted data
unit fail (i.e. none is received successfully), the legacy
method of retransmission can then be used to ensure
that eventually the data unit will be successfully trans-
ferred. That is, negative acknowledgement messages
may be transmitted in respect of each of the data units,
and retransmissions of one or more, or all, of the data
units can take place via the conventional process. How-
ever, as multiple copies of the data unit are transmitted
using different radio resources, it is likely that at least one
of the data units will be received successfully. Upon suc-
cessful decoding of at least one of the data units, the
successful result can be passed to higher layers and re-
transmissions not scheduled.
[0062] It will be noted that in the example of Figure 4,
the data units are MAC PDUs. Figure 5 shows the struc-
ture of a MAC PDU in more detail.
[0063] It is the MAC protocol that is responsible for
creating the MAC PDUs that are transmitted over the
radio interface using specific radio resources. A MAC
PDU is transferred using one transport block (TB) and
usually these two terms can be used interchangeably.
[0064] Each MAC PDU comprises one or more MAC
SDUs. One MAC SDU can comprise data from one log-
ical channel and may for instance comprise one RLC
PDU. These MAC SDUs are combined, together with a
MAC header, to form a MAC PDU.
[0065] Figure 6 is a flowchart of a method according
to embodiments of the disclosure. The method may be
carried out in a wireless terminal, for example, such as
the wireless terminal 16.
[0066] In step 100, the wireless terminal receives a
configuration message indicating that data units to be
transmitted between the wireless terminal and the net-
work are to be duplicated. The configuration message
may be transmitted by a network device, such as a radio
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access node (e.g. in the event of uplink/downlink com-
munications), or by another wireless terminal (e.g. in the
event of sidelink communications).
[0067] For example, the configuration message may
be transmitted over a physical control channel, such as
the physical downlink control channel (or equivalents
thereof). For example, the configuration message may
comprise a particular downlink control information (DCI)
format indicating the duplication of data.
[0068] The configuration message may relate to a par-
ticular data unit, such that separate configuration mes-
sages are received for each data unit that is to be dupli-
cated, or the configuration message may relate to multi-
ple data units, each of which is to be duplicated. For ex-
ample, in the latter case the configuration message may
define a particular time period during which data units
are to be duplicated. The configuration message may
define one or more classes of traffic for which data units
are to be duplicated. For example, URLLC traffic may be
defined as requiring duplication of data units. The con-
figuration message may comprise an indication of a log-
ical channel for which data units are to be duplicated.
The configuration message may comprise indications for
a plurality of logical channels as to whether data units for
those logical channels are to be duplicated.
[0069] The configuration message may comprise an
indication of the radio resources to be used for each of
the duplicated transmissions. Alternatively, the resourc-
es to be used may have been pre-configured by higher
layers, with the configuration message merely indicating
that duplication is required. The configuration message
may comprise an indication of the transport format to be
used for each of the duplicate data units.
[0070] In some embodiments, the configuration mes-
sage may comprise an indication of the radio resources
and/or transport format for the expected HARQ feedback
for the duplicated data transmission. The configuration
message may comprise one or more parameters relating
to power control on the transmission of duplicate data
units. For example, if there is insufficient available trans-
mit power for simultaneous transmission of duplicate da-
ta units, the configuration message may contain an indi-
cation of which data unit is to be prioritized, or a set of
rules with which the wireless terminal can determine
which data unit to transmit in preference to the other data
units.
[0071] In step 102, after reception of the configuration
message, the wireless terminal transmits or receives a
first data unit, using first radio resources, and a second
data unit (which is a duplicate of the first data unit), using
second radio resources. The second radio resources are
different from the first radio resources.
[0072] The radio resources may differ in any of the
ways listed above. That is, the first and second data units
may be transmitted via different cells, or different portions
of cells (e.g. different subset of beams). The first and
second data units may be transmitted using different
time, code, or frequency resources. The first and second

data units may be transmitted using different radio bear-
ers, or different carriers. Of course, those skilled in the
art will appreciate that these embodiments may be com-
bined in any combination, such that the first and second
data units may be transmitted via different cells and dif-
ferent frequencies, for example, or different beams and
different orthogonal codes.
[0073] The first and second data units may be trans-
mitted simultaneously, or within a time window of each
other, i.e. the second data unit may be transmitted within
a time window of the first data unit. The time window may
be defined to be very short (e.g. a maximum number of
transmission time intervals, TTIs), such that any delay
between transmission of the first and second data units
is less than the latency that would otherwise be incurred
by transmission of a NACK message and retransmission
of the data unit using conventional methods.
[0074] In one embodiment, the data units are MAC da-
ta units. For example, the data units may be MAC PDUs.
In another example, the data units may be MAC SDUs.
The MAC SDUs configured for duplicated transmission
may have priority to be included in MAC PDUs transmit-
ted as duplicates (as specified in the previous embodi-
ment). Alternatively, MAC SDUs configured for duplicat-
ed transmission may be sent as duplicates in different
MAC PDUs scheduled at a specific TTI (i.e. simultane-
ously) or within a certain number of TTIs (e.g. in consec-
utive TTIs). These different MAC PDUs may be dupli-
cates of each other or not. In the latter case (i.e. where
duplicated MAC SDUs are included within MAC PDUs
that are not duplicates), the MAC PDUs may be trans-
mitted using the same radio resources. In a further em-
bodiment, the MAC SDUs configured for duplication may
be transmitted as duplicates within the same MAC PDU.
[0075] In one embodiment, therefore, step 102 com-
prises the substeps of: determining the presence of data
to be transmitted; determining an identity of a logical
channel to which the data belongs; determining whether
the logical channel is configured for duplication (i.e.
based on the configuration message); and responsive to
a determination that the logical channel is configured for
duplication, generating and transmitting the first and sec-
ond data units, each comprising the data to be transmit-
ted.
[0076] Figure 7 is a flowchart of a method according
to embodiments of the disclosure. The method may be
carried out in a network device of a wireless communi-
cations network, for example, such as the radio access
node 12.
[0077] In step 200, the network device transmits a con-
figuration message to a wireless terminal indicating that
data units to be transmitted between the wireless terminal
and the network are to be duplicated.
[0078] For example, the configuration message may
be transmitted over a physical control channel, such as
the physical downlink control channel (or equivalents
thereof). For example, the configuration message may
comprise a particular downlink control information (DCI)
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format indicating the duplication of data.
[0079] The configuration message may relate to a par-
ticular data unit, such that separate configuration mes-
sages are received for each data unit that is to be dupli-
cated, or the configuration message may relate to multi-
ple data units, each of which is to be duplicated. For ex-
ample, in the latter case the configuration message may
define a particular time period during which data units
are to be duplicated. The configuration message may
define one or more classes of traffic for which data units
are to be duplicated. For example, URLLC traffic may be
defined as requiring duplication of data units. The con-
figuration message may comprise an indication of a log-
ical channel for which data units are to be duplicated.
The configuration message may comprise indications for
a plurality of logical channels as to whether data units for
those logical channels are to be duplicated.
[0080] The configuration message may comprise an
indication of the radio resources to be used for each of
the duplicated transmissions. Alternatively, the resourc-
es to be used may have been pre-configured by higher
layers, with the configuration message merely indicating
that duplication is required. The configuration message
may comprise an indication of the transport format to be
used for each of the duplicate data units.
[0081] In some embodiments, the configuration mes-
sage may comprise an indication of the radio resources
and/or transport format for the expected HARQ feedback
for the duplicated data transmission. The configuration
message may comprise one or more parameters relating
to power control on the transmission of duplicate data
units. For example, if there is insufficient available trans-
mit power for simultaneous transmission of duplicate da-
ta units, the configuration message may contain an indi-
cation of which data unit is to be prioritized, or a set of
rules with which the wireless terminal can determine
which data unit to transmit in preference to the other data
units.
[0082] In step 202, after transmission of the configu-
ration message, the network device transmits or receives
a first data unit, using first radio resources, and a second
data unit (which is a duplicate of the first data unit), using
second radio resources. The second radio resources are
different from the first radio resources.
[0083] The radio resources may differ in any of the
ways listed above. That is, the first and second data units
may be transmitted via different cells, or different portions
of cells (e.g. different subset of beams). The first and
second data units may be transmitted using different
time, code, or frequency resources. The first and second
data units may be transmitted using different radio bear-
ers, or different carriers. Of course, those skilled in the
art will appreciate that these embodiments may be com-
bined in any combination, such that the first and second
data units may be transmitted via different cells and dif-
ferent frequencies, for example, or different beams and
different orthogonal codes.
[0084] The first and second data units may be trans-

mitted simultaneously, or within a time window of each
other, i.e. the second data unit may be transmitted within
a time window of the transmission of the first data unit.
The time window may be defined to be very short (e.g.
a maximum number of transmission time intervals, TTIs),
such that any delay between transmission of the first and
second data units is less than the latency that would oth-
erwise be incurred by transmission of a NACK message
and retransmission of the data unit using conventional
methods.
[0085] In one embodiment, the data units are MAC da-
ta units. For example, the data units may be MAC PDUs.
In another example, the data units may be MAC SDUs.
The MAC SDUs configured for duplicated transmission
may have priority to be included in MAC PDUs transmit-
ted as duplicates (as specified in the previous embodi-
ment). Alternatively, MAC SDUs configured for duplicat-
ed transmission may be sent as duplicates in different
MAC PDUs scheduled at a specific TTI (i.e. simultane-
ously) or within a certain number of TTIs (e.g. in consec-
utive TTIs). These different MAC PDUs may be dupli-
cates of each other or not. In the latter case (i.e. where
duplicated MAC SDUs are included within MAC PDUs
that are not duplicates), the MAC PDUs may be trans-
mitted using the same radio resources. In a further em-
bodiment, the MAC SDUs configured for duplication may
be transmitted as duplicates within the same MAC PDU.
[0086] In one embodiment, therefore, step 202 com-
prises the substeps of: determining the presence of data
to be transmitted to the wireless terminal; determining an
identity of a logical channel to which the data belongs;
determining whether the logical channel is configured for
duplication (i.e. based on the configuration message);
and responsive to a determination that the logical chan-
nel is configured for duplication, generating and trans-
mitting the first and second data units, each comprising
the data to be transmitted.
[0087] Figure 8 is a schematic drawing of a wireless
terminal 300 according to embodiments of the disclosure.
The wireless terminal 300 may be suitable for carrying
out the method described above, and particularly with
respect to Figure 6, for example.
[0088] The terminal 300 comprises processing circuit-
ry 302 and a non-transitory computer-readable medium
304 (such as memory) communicatively coupled to the
processing circuitry 302.
[0089] In one embodiment, the medium 304 stores in-
structions which, when executed by the processing cir-
cuitry 302, cause the terminal 300 to: receive a configu-
ration message from a network device for the wireless
communications network, the configuration message in-
dicating that data to be transmitted between the wireless
device and the wireless communications network is to
be duplicated; and, responsive to receipt of the configu-
ration message, transmit a first data unit and a second
data unit to the wireless communications network, or re-
ceive a first data unit and a second data unit from the
wireless communications network. The second data unit

15 16 



EP 3 566 353 B1

10

5

10

15

20

25

30

35

40

45

50

55

is a duplicate of the first data unit, and the first data unit
is transmitted or received using first radio resources, and
the second data unit is transmitted using second radio
resources that are different than the first radio resources.
[0090] In another embodiment, the medium 304 stores
instructions which, when executed by the processing cir-
cuitry 302, cause the terminal 300 to: receive a configu-
ration message, the configuration message indicating
that data to be transmitted between the first wireless de-
vice and a second wireless device over a direct commu-
nication link is to be duplicated; and responsive to receipt
of the configuration message, transmit a first data unit
and a second data unit to the second wireless device, or
receiving a first data unit and a second data unit from the
second wireless device. The second data unit is a dupli-
cate of the first data unit, and the first data unit is trans-
mitted or received using first radio resources, and the
second data unit is transmitted using second radio re-
sources that are different than the first radio resources.
[0091] In a further embodiment, the medium 304 stores
instructions which, when executed by the processing cir-
cuitry 302, cause the terminal 300 to: receive a configu-
ration message from a network device for the wireless
communications network, the configuration message in-
dicating that data to be transmitted between the wireless
device and the wireless communications network is to
be duplicated; and, responsive to receipt of the configu-
ration message, transmit a first protocol data unit and a
second protocol data unit to the wireless communications
network, or receive a first protocol data unit and a second
protocol data unit from the wireless communications net-
work. The first protocol data unit comprises one or more
service data units, and the second protocol data unit com-
prises duplicates of a subset of the one or more service
data units. The second protocol data unit is not a dupli-
cate of the first protocol data unit.
[0092] In another embodiment, the medium 304 stores
instructions which, when executed by the processing cir-
cuitry 302, cause the terminal 300 to: receive a configu-
ration message indicating that data to be transmitted be-
tween the first wireless device and a second wireless
device is to be duplicated; and responsive to receipt of
the configuration message, transmit a first protocol data
unit and a second protocol data unit to the second wire-
less device, or receive a first protocol data unit and a
second protocol data unit from the second wireless de-
vice. The first protocol data unit comprises one or more
service data units. The second protocol data unit com-
prises duplicates of a subset of the one or more service
data units. The second protocol data unit is not a dupli-
cate of the first protocol data unit.
[0093] In further embodiments, the terminal 300 may
comprise hardware for transmitting wireless signals (not
illustrated), e.g. one or more antennas, and correspond-
ing transceiver circuitry, coupled to the processing cir-
cuitry 302 and/or the memory 304
[0094] Figure 9 is a schematic drawing of a wireless
terminal 400 according to embodiments of the disclosure.

The wireless terminal 400 may be suitable for carrying
out the method described above, and particularly with
respect to Figure 6, for example.
[0095] The terminal 400 comprises a first module 402
and a second module 404.
[0096] In one embodiment, the first module 402 is con-
figured to receive a configuration message from a net-
work device for the wireless communications network,
the configuration message indicating that data to be
transmitted between the wireless device and the wireless
communications network is to be duplicated. The second
module 404 is configured to, responsive to receipt of the
configuration message, transmit a first data unit and a
second data unit to the wireless communications net-
work, or receive a first data unit and a second data unit
from the wireless communications network. The second
data unit is a duplicate of the first data unit. The first data
unit is transmitted or received using first radio resources,
and the second data unit is transmitted using second
radio resources that are different than the first radio re-
sources.
[0097] In another embodiment, the first module 402 is
configured to receive a configuration message, the con-
figuration message indicating that data to be transmitted
between the first wireless device and a second wireless
device over a direct communication link is to be duplicat-
ed. The second module 404 is configured to, responsive
to receipt of the configuration message, transmit a first
data unit and a second data unit to the second wireless
device, or receiving a first data unit and a second data
unit from the second wireless device. The second data
unit is a duplicate of the first data unit. The first data unit
is transmitted or received using first radio resources, and
the second data unit is transmitted using second radio
resources that are different than the first radio resources.
[0098] In a further embodiment, the first module 402
is configured to receive a configuration message from a
network device for the wireless communications network,
the configuration message indicating that data to be
transmitted between the wireless device and the wireless
communications network is to be duplicated. The second
module 404 is configured to, responsive to receipt of the
configuration message, transmit a first protocol data unit
and a second protocol data unit to the wireless commu-
nications network, or receive a first protocol data unit and
a second protocol data unit from the wireless communi-
cations network. The first protocol data unit comprises
one or more service data units, and the second protocol
data unit comprises duplicates of a subset of the one or
more service data units. The second protocol data unit
is not a duplicate of the first protocol data unit.
[0099] In a yet further embodiment, the first module
402 is configured to receive a configuration message in-
dicating that data to be transmitted between the first wire-
less device and a second wireless device is to be dupli-
cated. The second module 404 is configured to, respon-
sive to receipt of the configuration message, transmit a
first protocol data unit and a second protocol data unit to
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the second wireless device, or receive a first protocol
data unit and a second protocol data unit from the second
wireless device. The first protocol data unit comprises
one or more service data units, and wherein the second
protocol data unit comprises duplicates of a subset of the
one or more service data units. The second protocol data
unit is not a duplicate of the first protocol data unit.
[0100] Figure 10 is a schematic drawing of a network
device (or node) 500 according to embodiments of the
disclosure. The network device 500 may be suitable for
carrying out the method described above, and particu-
larly with respect to Figure 7, for example.
[0101] The network device 500 comprises processing
circuitry 502 and a non-transitory computer-readable me-
dium 504 (such as memory) communicatively coupled to
the processing circuitry 502.
[0102] In one embodiment, the medium 504 stores in-
structions which, when executed by the processing cir-
cuitry 502, cause the network device 500 to: transmit a
configuration message to a wireless device, the config-
uration message indicating that data to be transmitted
between the wireless device and the wireless communi-
cations network is to be duplicated; and responsive to
transmission of the configuration message, transmit a
first data unit and a second data unit to the wireless de-
vice, or receive a first data unit and a second data unit
from the wireless device. The second data unit is a du-
plicate of the first data unit, and the first data unit is trans-
mitted or received using first radio resources, and the
second data unit is transmitted using second radio re-
sources that are different than the first radio resources.
[0103] In another embodiment, the medium 504 stores
instructions which, when executed by the processing cir-
cuitry 502, cause the network device 500 to: transmit a
configuration message to a wireless device for the wire-
less communications network, the configuration mes-
sage indicating that data to be transmitted between the
wireless device and the wireless communications net-
work is to be duplicated; and, responsive to receipt of the
configuration message, transmit a first protocol data unit
and a second protocol data unit to the wireless device,
or receive a first protocol data unit and a second protocol
data unit from the wireless device. The first protocol data
unit comprises one or more service data units, and the
second protocol data unit comprises duplicates of a sub-
set of the one or more service data units. The second
protocol data unit is not a duplicate of the first protocol
data unit.
[0104] In further embodiments, the network device 500
may comprise hardware for transmitting wireless signals
(not illustrated), e.g. one or more antennas, and corre-
sponding transceiver circuitry, coupled to the processing
circuitry 502 and/or the memory 504.
[0105] Figure 11 is a schematic drawing of a network
device 600 according to embodiments of the disclosure.
The network device 600 may be suitable for carrying out
the method described above, and particularly with re-
spect to Figure 7, for example.

[0106] The network device 600 comprises a first mod-
ule 602 and a second module 604.
[0107] In one embodiment, the first module 602 is con-
figured to transmit a configuration message to a wireless
device, the configuration message indicating that data to
be transmitted between the wireless device and the wire-
less communications network is to be duplicated. The
second module 604 is configured to, responsive to trans-
mission of the configuration message, transmit a first da-
ta unit and a second data unit to the wireless device, or
receive a first data unit and a second data unit from the
wireless device. The second data unit is a duplicate of
the first data unit. The first data unit is transmitted or
received using first radio resources, and the second data
unit is transmitted using second radio resources that are
different than the first radio resources.
[0108] In another embodiment, the first module 602 is
configured to transmit a configuration message to a wire-
less device for the wireless communications network, the
configuration message indicating that data to be trans-
mitted between the wireless device and the wireless com-
munications network is to be duplicated. The second
module 604 is configured to, responsive to receipt of the
configuration message, transmit a first protocol data unit
and a second protocol data unit to the wireless device,
or receive a first protocol data unit and a second protocol
data unit from the wireless device. The first protocol data
unit comprises one or more service data units, and the
second protocol data unit comprises duplicates of a sub-
set of the one or more service data units. The second
protocol data unit is not a duplicate of the first protocol
data unit.
[0109] Although the text above has described embod-
iments of the disclosure in the context of the 3GPP spec-
ifications, specifically Long Term Evolution and develop-
ments thereto, those skilled in the art will appreciate that
the methods, apparatus and concepts described herein
may equally apply to other radio access technologies and
the networks that employ them.

Claims

1. A method in a user equipment (16, 22, 300, 400) for
a wireless communications network (10), compris-
ing:

receiving (100) a configuration message from a
base station (12, 14) for the wireless communi-
cations network (10), the configuration message
indicating that data to be transmitted between
the user equipment (16, 22, 300, 400) and the
wireless communications network (10) is to be
duplicated; and
determining the presence of data to be transmit-
ted;
determining an identity of a logical channel to
which the data belongs;
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determining whether the logical channel is con-
figured for duplication; and
responsive to a determination that the logical
channel is configured for duplication, generating
a first and a second data units, each comprising
the data to be transmitted;
transmitting (102) said first data unit and said
second data unit to the wireless communica-
tions network,
wherein the second data unit is a duplicate of
the first data unit, and
wherein the first data unit is transmitted using
first radio resources, and the second data unit
is transmitted using second radio resources that
are different than the first radio resources.

2. The method according to claim 1, wherein the first
radio resources comprise a first carrier and the sec-
ond radio resources comprise a second carrier.

3. The method according to claim 2, wherein the first
carrier and the second carrier are established be-
tween the user equipment (16, 22, 300, 400) and a
first base station (12).

4. The method according to claim 2, wherein the first
carrier is established between the user equipment
(16, 22, 300, 400) and a first base station (12), and
the second carrier is established between the user
equipment (16, 22, 300, 400) and a second base
station (14).

5. The method according to any one of the preceding
claims, wherein the base station (12, 14) is operable
to transmit and receive wireless communications via
a plurality of directional beams, and wherein the first
and second data units are transmitted using different
subsets of one or more beams of said plurality of
beams.

6. The method according to any one of the preceding
claims, wherein the configuration message compris-
es one or more indications that data belonging to
one or more logical channels is to be duplicated.

7. The method according to any one of the preceding
claims, wherein the configuration message compris-
es an indication of the first and second radio resourc-
es to be used for transmission of the first and second
data units.

8. The method according to any one of the preceding
claims, wherein the first and second data units com-
prise first and second protocol data units, PDUs.

9. The method according to any one of claims 1 to 7,
wherein the first and second data units comprise first
and second service data units, SDUs, comprised

within different protocol data units, PDUs.

10. A method in a base station (12, 14) for a wireless
communications network (10), comprising:

transmitting (200) a configuration message to a
user equipment (16, 22, 300, 400), the configu-
ration message indicating that data to be trans-
mitted between the user equipment and the
wireless communications network (10) is to be
duplicated; and
determining the presence of data to be transmit-
ted to the user equipment;
determining an identity of a logical channel to
which the data belongs;
determining whether the logical channel is con-
figured for duplication; and
responsive to a determination that the logical
channel is configured for duplication, generating
a first and a second data units, each comprising
the data to be transmitted;
transmitting (202) said first data unit and said
second data unit to the user equipment (16, 22,
300, 400);
wherein the second data unit is a duplicate of
the first data unit, and
wherein the first data unit is transmitted using
first radio resources, and the second data unit
is transmitted using second radio resources that
are different than the first radio resources.

11. The method according to claim 10, wherein the first
radio resources comprise a first carrier and the sec-
ond radio resources comprise a second carrier.

12. The method according to claim 10 or 11, wherein the
base station (12, 14) is operable to transmit and re-
ceive wireless communications via a plurality of di-
rectional beams, and wherein the first and second
data units are transmitted via different subsets of one
or more beams of said plurality of beams.

13. The method according to any one of claims 10 to 12,
wherein the configuration message comprises one
or more indications that data belonging to one or
more logical channels is to be duplicated.

14. A user equipment (16, 22, 300, 400) for a wireless
communications network (10), configured to carry
out the method according to any one of claims 1 to 9.

15. A base station (12, 14, 500, 600) for a wireless com-
munications network, configured to carry out the
method according to any one of claims 10 to 13.
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Patentansprüche

1. Verfahren in einer Benutzerausrüstung (16, 22, 300,
400) für ein drahtloses Kommunikationsnetzwerk
(10) umfassend:

Empfangen (100) einer Konfigurationsnachricht
von einer Basisstation (12, 14) für das drahtlose
Kommunikationsnetzwerk (10), wobei die Kon-
figurationsnachricht angibt, dass Daten, welche
zwischen der Benutzerausrüstung (16, 22, 300,
400) und dem drahtlosen Kommunikationsnetz-
werk (10) übertragen werden sollen, dupliziert
werden sollen; und
Bestimmen des Vorhandenseins von zu über-
tragenden Daten;
Bestimmen einer Identität eines logischen Ka-
nals, zu welchem die Daten gehören;
Bestimmen, ob der logische Kanal für Duplizie-
rung konfiguriert ist; und
als Reaktion auf eine Bestimmung, dass der lo-
gische Kanal für Duplizierung konfiguriert ist, Er-
zeugen einer ersten und einer zweiten Daten-
einheit, welche jeweils die zu übertragenden
Daten umfassen;
Übertragen (102) der ersten Dateneinheit und
der zweiten Dateneinheit an das drahtlose Kom-
munikationsnetzwerk,
wobei die zweite Dateneinheit ein Duplikat der
ersten Dateneinheit ist, und
wobei die erste Dateneinheit unter Verwendung
erster Funkbetriebsmittel übertragen wird, und
die zweite Dateneinheit unter Verwendung
zweiter Funkbetriebsmittel übertragen wird,
welche sich von den ersten Funkbetriebsmitteln
unterscheiden.

2. Verfahren nach Anspruch 1, wobei die ersten Funk-
betriebsmittel einen ersten Betreiber umfassen und
die zweiten Funkbetriebsmittel einen zweiten Betrei-
ber umfassen.

3. Verfahren nach Anspruch 2, wobei der erste Betrei-
ber und der zweite Betreiber zwischen der Benutze-
rausrüstung (16, 22, 300, 400) und einer ersten Ba-
sisstation (12) aufgebaut werden.

4. Verfahren nach Anspruch 2, wobei der erste Betrei-
ber zwischen der Benutzerausrüstung (16, 22, 300,
400) und einer ersten Basisstation (12) hergestellt
wird, und der zweite Betreiber zwischen der Benut-
zerausrüstung (16, 22, 300, 400) und einer zweiten
Benutzerausrüstung (14) hergestellt wird.

5. Verfahren nach einem der vorstehenden Ansprüche,
wobei die Basisstation (12, 14) so betrieben werden
kann, dass sie drahtlose Kommunikation über eine
Vielzahl von Richtstrahlen übertragen und empfan-

gen kann, und wobei die ersten und zweite Daten-
einheit unter Verwendung unterschiedlicher Teilsät-
ze von einem oder mehreren Strahlen aus der Viel-
zahl von Strahlen übertragen werden.

6. Verfahren nach einem der vorstehenden Ansprüche,
wobei die Konfigurationsnachricht eine oder mehre-
re Angaben umfasst, dass Daten, welche zu einem
oder mehreren logischen Kanälen gehören, dupli-
ziert werden sollen.

7. Verfahren nach einem der vorstehenden Ansprüche,
wobei die Konfigurationsnachricht eine Angabe um-
fasst, dass die ersten und zweiten Funkbetriebsmit-
tel für die Übertragung der ersten und zweiten Da-
teneinheit verwendet werden sollen.

8. Verfahren nach einem der vorstehenden Ansprüche,
wobei die erste und zweite Dateneinheit erste und
zweite Protokolldateneinheiten, PDUs, umfassen.

9. Verfahren nach einem der Ansprüche 1 bis 7, wobei
die erste und zweite Dateneinheit erste und zweite
Dienstdateneinheiten, SDUs, umfassen, welche in-
nerhalb unterschiedlicher Protokolldateneinheiten,
PDUs, enthalten sind.

10. Verfahren in einer Basisstation (12, 14) für ein draht-
loses Kommunikationsnetzwerk (10) umfassend:

Übertragen (200) einer Konfigurationsnachricht
an eine Benutzerausrüstung (16, 22, 300, 400),
wobei die Konfigurationsnachricht angibt, dass
Daten, welche zwischen der Benutzerausrüs-
tung und dem drahtlosen Kommunikationsnetz-
werk (10) übertragen werden sollen, dupliziert
werden sollen; und
Bestimmen des Vorhandenseins von an die Be-
nutzerausrüstung zu übertragenden Daten;
Bestimmen einer Identität eines logischen Ka-
nals, zu welchem die Daten gehören;
Bestimmen, ob der logische Kanal für Duplizie-
rung konfiguriert ist; und
als Reaktion auf eine Bestimmung, dass der lo-
gische Kanal für Duplizierung konfiguriert ist, Er-
zeugen einer ersten und einer zweiten Daten-
einheit, welche jeweils die zu übertragenden
Daten umfassen;
Übertragen (202) der ersten Dateneinheit und
der zweiten Dateneinheit an die Benutzeraus-
rüstung (16, 22, 300, 400);
wobei die zweite Dateneinheit ein Duplikat der
ersten Dateneinheit ist, und
wobei die erste Dateneinheit unter Verwendung
erster Funkbetriebsmittel übertragen wird, und
die zweite Dateneinheit unter Verwendung
zweiter Funkbetriebsmittel übertragen wird,
welche sich von den ersten Funkbetriebsmitteln
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unterscheiden.

11. Verfahren nach Anspruch 10, wobei die ersten Funk-
betriebsmittel einen ersten Betreiber umfassen und
die zweiten Funkbetriebsmittel einen zweiten Betrei-
ber umfassen.

12. Verfahren nach Anspruch 10 oder 11, wobei die Ba-
sisstation (12, 14) so betrieben werden kann, dass
sie drahtlose Kommunikation über eine Vielzahl von
Richtstrahlen übertragen und empfangen kann, und
wobei die ersten und zweite Dateneinheit über un-
terschiedliche Teilsätze von einem oder mehreren
Strahlen aus der Vielzahl von Strahlen übertragen
werden.

13. Verfahren nach einem der Ansprüche 10 bis 12, wo-
bei die Konfigurationsnachricht eine oder mehrere
Angaben umfasst, dass Daten, welche zu einem
oder mehreren logischen Kanälen gehören, dupli-
ziert werden sollen.

14. Benutzerausrüstung (16, 22, 300, 400) für ein draht-
loses Kommunikationsnetzwerk (10), welche konfi-
guriert ist, um das Verfahren nach einem der An-
sprüche 1 bis 9 auszuführen.

15. Basisstation (12, 14, 500, 600) für ein drahtloses
Kommunikationsnetzwerk, welche konfiguriert ist,
um das Verfahren nach einem der Ansprüche 10 bis
13 auszuführen.

Revendications

1. Procédé dans un équipement d’utilisateur (16, 22,
300, 400) pour un réseau de communications sans
fil (10), comprenant :

la réception (100) d’un message de configura-
tion en provenance d’une station de base (12,
14) pour le réseau de communications sans fil
(10), le message de configuration indiquant que
des données à transmettre entre l’équipement
d’utilisateur (16, 22, 300, 400) et le réseau de
communications sans fil (10) doivent être
dupliquées ; et
la détermination de la présence de données à
transmettre ;
la détermination d’une identité d’un canal logi-
que auquel appartiennent les données ;
la détermination permettant de savoir si le canal
logique est configuré pour une duplication ; et
en réponse à une détermination du fait que le
canal logique est configuré pour une duplication,
la génération d’une première et d’une seconde
unité de données, comprenant chacune les don-
nées à transmettre ;

la transmission (102) de ladite première unité
de données et de ladite seconde unité de don-
nées au réseau de communications sans fil,
dans lequel la seconde unité de données est un
duplicata de la première unité de données, et
dans lequel la première unité de données est
transmise à l’aide de premières ressources ra-
dio, et la seconde unité de données est trans-
mise à l’aide de secondes ressources radio qui
sont différentes des premières ressources ra-
dio.

2. Procédé selon la revendication 1, dans lequel les
premières ressources radio comprennent une pre-
mière porteuse et les secondes ressources radio
comprennent une seconde porteuse.

3. Procédé selon la revendication 2, dans lequel la pre-
mière porteuse et la seconde porteuse sont établies
entre l’équipement d’utilisateur (16, 22, 300, 400) et
une première station de base (12).

4. Procédé selon la revendication 2, dans lequel la pre-
mière porteuse est établie entre l’équipement d’uti-
lisateur (16, 22, 300, 400) et une première station
de base (12), et la seconde porteuse est établie entre
l’équipement d’utilisateur (16, 22, 300, 400) et une
seconde station de base (14).

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la station de base (12, 14)
est opérationnelle pour transmettre et recevoir des
communications sans fil via une pluralité de fais-
ceaux directionnels, et dans lequel les première et
seconde unités de données sont transmises à l’aide
de sous-ensembles différents d’un ou plusieurs fais-
ceaux de ladite pluralité de faisceaux.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le message de configura-
tion comprend une ou plusieurs indications du fait
que des données appartenant à un ou plusieurs ca-
naux logiques doivent être dupliquées.

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le message de configura-
tion comprend une indication des premières et se-
condes ressources radio à utiliser pour une trans-
mission des première et seconde unités de données.

8. Procédé selon l’une quelconque des revendications
précédentes, dans lequel les première et seconde
unités de données comprennent des première et se-
conde unités de données de protocole, PDU.

9. Procédé selon l’une quelconque des revendications
1 à 7, dans lequel les première et seconde unités de
données comprennent des première et seconde uni-
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tés de données de service, SDU, comprises au sein
d’unités de données de protocole, PDU, différentes.

10. Procédé dans une station de base (12, 14) pour un
réseau de communications sans fil (10),
comprenant :

la transmission (200) d’un message de configu-
ration à un équipement d’utilisateur (16, 22, 300,
400), le message de configuration indiquant que
des données à transmettre entre l’équipement
d’utilisateur et le réseau de communications
sans fil (10) doivent être dupliquées ; et
la détermination de la présence de données à
transmettre à l’équipement d’utilisateur ;
la détermination d’une identité d’un canal logi-
que auquel appartiennent les données ;
la détermination permettant de savoir si le canal
logique est configuré pour une duplication ; et
en réponse à une détermination du fait que le
canal logique est configuré pour une duplication,
la génération d’une première et d’une seconde
unité de données, comprenant chacune les don-
nées à transmettre ;
la transmission (202) de ladite première unité
de données et de ladite seconde unité de don-
nées à l’équipement d’utilisateur (16, 22, 300,
400) ;
dans lequel la seconde unité de données est un
duplicata de la première unité de données, et
dans lequel la première unité de données est
transmise à l’aide de premières ressources ra-
dio, et la seconde unité de données est trans-
mise à l’aide de secondes ressources radio qui
sont différentes des premières ressources ra-
dio.

11. Procédé selon la revendication 10, dans lequel les
premières ressources radio comprennent une pre-
mière porteuse et les secondes ressources radio
comprennent une seconde porteuse.

12. Procédé selon la revendication 10 ou 11, dans lequel
la station de base (12, 14) est opérationnelle pour
transmettre et recevoir des communications sans fil
via une pluralité de faisceaux directionnels, et dans
lequel les première et seconde unités de données
sont transmises via des sous-ensembles différents
d’un ou de plusieurs faisceaux de ladite pluralité de
faisceaux.

13. Procédé selon l’une quelconque des revendications
10 à 12, dans lequel le message de configuration
comprend une ou plusieurs indications du fait que
des données appartenant à un ou plusieurs canaux
logiques doivent être dupliquées.

14. Equipement d’utilisateur (16, 22, 300, 400) pour un

réseau de communications sans fil (10), configuré
pour réaliser le procédé selon l’une quelconque des
revendications 1 à 9.

15. Station de base (12, 14, 500, 600) pour un réseau
de communications sans fil, configurée pour réaliser
le procédé selon l’une quelconque des revendica-
tions 10 à 13.
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