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(54) MITIGATING DL-UL INTERFERENCE

(57) A method, in a heterogeneous telecommunica-
tions network, for mitigating DL-UL interference between
an aggressor full-duplex node and a victim full-duplex
node, respective nodes operable to serve pairs of half-
duplex UEs in full-duplex communication using multiple
frequency resources, the method including transmitting
an interference indicator message (IIM) from the victim
node to the aggressor node including data representing
an indication that the victim node intends to schedule full-
duplex communication with a pair of half-duplex UEs us-
ing a selected one of the multiple frequency resources,
wherein the aggressor node, on the basis of the IIM mes-
sage, is operable to decrease transmission power or
cease transmission for a predetermined period of time
to a scheduled pair of half-duplex UEs served by the ag-
gressor node in the selected frequency resource, or
share scheduling information and data to be scheduled
with the victim node whereby to enable interference can-
cellation for DL-UL interference generated by the full-
duplex aggressor node.
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Description

TECHNICAL FIELD

[0001] The present invention relates, in general, to the
field of wireless telecommunications networks, and more
specifically, although not exclusively, to full duplex com-
munication within such networks.

BACKGROUND

[0002] The useful part of the spectrum for wireless tel-
ecommunications is limited and is therefore an expensive
commodity that cellular operators have spent large
amounts on. As a result, they have a high interest in uti-
lizing the spectrum as efficiently as possible.
[0003] There are different approaches that can be used
to increase the efficiency of spectrum use. Some exam-
ples are small cells, which are low-powered radio access
nodes that can be used to offload traffic, multiple-input
and multiple-output (MIMO) antennas, and improved da-
ta coding and modulation techniques.
[0004] Using different frequency bands for transmis-
sion and reception was taken as given since the early
beginnings of wireless communications, and not ques-
tioned much. However, recently, techniques to success-
fully receive and transmit signals simultaneously in the
same frequency bands of operation have been proposed.
Frequency resource allocation schemes can enable full-
duplex communications in homogeneous macro-cellular
networks, but a new type of physical layer interference
emerges due to full-duplex communications, that is the
inter-link interference between downlink (DL) and uplink
(UL) transmissions, which can be an issue in heteroge-
neous and small cell networks.

SUMMARY

[0005] According to an example, there is provided a
method, in a heterogeneous telecommunications net-
work, for mitigating DL-UL interference between an ag-
gressor full-duplex node and a victim full-duplex node,
respective nodes operable to serve pairs of half-duplex
UEs in full-duplex communication using multiple frequen-
cy resources, the method including transmitting an inter-
ference indicator message (IIM) from the victim node to
the aggressor node including data representing an indi-
cation that the victim node intends to schedule full-duplex
communication with a pair of half-duplex UEs using a
selected one of the multiple frequency resources, where-
in the aggressor node, on the basis of the IIM message,
is operable to decrease transmission power or cease
transmission for a predetermined period of time to a
scheduled pair of half-duplex UEs served by the aggres-
sor node in the selected frequency resource, or share
scheduling information and data to be scheduled with the
victim node whereby to enable interference cancellation
for DL-UL interference generated by the full-duplex ag-

gressor node. Scheduling information and data to be
scheduled can be used at the victim node to estimate a
channel activity in the selected frequency resource. The
scheduling information and data to be scheduled can be
transmitted from the aggressor node to the victim node
using a wireless or wired connection between the nodes.
The aggressor node can be operable to respond to re-
ceipt of the IIM message transmitted from the victim node
with an interference cancellation usage request mes-
sage. Received power in respective ones of the multiple
frequency resources can be measured, at the victim
node, to determine the presence of an acceptable fre-
quency resource, and, on the basis of the determination,
full-duplex communication with a pair of half-duplex UEs
in the acceptable frequency resource can be scheduled.
An acceptable frequency resource can be determined as
a frequency resource in which a measure representing
measured received power for the resource is lower than
a predetermined threshold value, or in which SINR for a
UE of the pair is larger than a threshold value. The chan-
nel between the nodes can be estimated using the sched-
uling information and data to be scheduled whereby to
enable interference cancellation. Selected ones of mul-
tiple antenna elements of an aggressor node can be used
to modify a DL transmission profile of the node whereby
to mitigate interference effects of the UL transmission on
the victim node.
[0006] According to an example, there is provided a
heterogeneous telecommunications network including
an aggressor full-duplex node and a victim full-duplex
node, respective nodes operable to serve pairs of half-
duplex UEs in full-duplex communication using multiple
frequency resources, wherein the victim node is operable
to transmit an interference indicator message (IIM) to the
aggressor node, the message including data represent-
ing an indication that the victim node intends to schedule
full-duplex communication with a pair of half-duplex UEs
using a selected one of the multiple frequency resources,
wherein the aggressor node, on the basis of the IIM mes-
sage, is operable to decrease transmission power or
cease transmission for a predetermined period of time
to a scheduled pair of half-duplex UEs served by the ag-
gressor node in the selected frequency resource, or
share scheduling information and data to be scheduled
with the victim node, and use the scheduling information
and data to be scheduled to enable interference cancel-
lation for DL-UL interference generated by the full-duplex
aggressor node. The victim node can be operable to use
the scheduling information and data to be scheduled at
the victim node to estimate a channel activity in the se-
lected frequency resource. The scheduling information
and data to be scheduled can be transmitted from the
aggressor node to the victim node using a wireless or
wired connection between the nodes. The victim node
can be operable to measure received power in respective
ones of the multiple frequency resources, and to deter-
mine the presence of an acceptable frequency resource;
and, on the basis of the determination, schedule full-du-
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plex communication with a pair of half-duplex UEs in the
acceptable frequency resource.
[0007] According to an example, there is provided a
full-duplex capable node in a heterogeneous telecom-
munications network to serve pairs of half-duplex UEs in
full-duplex communication using multiple frequency re-
sources, wherein the node is operable to transmit an in-
terference indicator message (IIM) including data repre-
senting an indication that the node intends to schedule
full-duplex communication with a pair of half-duplex UEs
using a selected one of the multiple frequency resources,
and receive scheduling information and data to be sched-
uled from an aggressor node of the network to enable
interference cancellation for DL-UL interference gener-
ated by the aggressor node.
[0008] According to an example, there is provided a
full-duplex capable node in a heterogeneous telecom-
munications network to serve pairs of half-duplex UEs in
full-duplex communication using multiple frequency re-
sources, wherein the node is operable to receive an in-
terference indicator message (IIM) including data repre-
senting an indication that a victim node of the network
intends to schedule full-duplex communication with a pair
of half-duplex UEs using a selected one of the multiple
frequency resources, and decrease transmission power
or cease transmission for a predetermined period of time
to a scheduled pair of half-duplex UEs in the selected
frequency resource, or transmit scheduling information
and data to be scheduled to the victim node to enable
interference cancellation for DL-UL interference gener-
ated by the node.
[0009] According to an example, there is provided a
computer program product, comprising a computer usa-
ble medium having computer readable program code
embodied therein, said computer readable program code
adapted to be executed to implement a method for miti-
gating DL-UL interference between an aggressor full-du-
plex node and a victim full-duplex node as provided here-
in.

BRIEF DESCRIPTION OF THE FIGURES

[0010] Embodiments will now be described, by way of
example only, with reference to the accompanying draw-
ings, in which:

Figure 1 is a schematic representation of a hetero-
geneous telecommunications network according to
an example;

Figure 2 is a further schematic representation of a
heterogeneous telecommunications network ac-
cording to an example;

Figure 3 is a schematic representation of message
flow between a victim node and an aggressor node
according to an example;

Figure 4 is a further schematic representation of a
heterogeneous telecommunications network ac-
cording to an example, in which beam forming for
interference mitigation is depicted; and

Figure 5 is a further schematic representation of a
heterogeneous telecommunications network ac-
cording to an example, in which beam forming for
interference mitigation is depicted.

DESCRIPTION

[0011] Example embodiments are described below in
sufficient detail to enable those of ordinary skill in the art
to embody and implement the systems and processes
herein described. It is important to understand that em-
bodiments can be provided in many alternate forms and
should not be construed as limited to the examples set
forth herein.
[0012] Accordingly, while embodiments can be modi-
fied in various ways and take on various alternative forms,
specific embodiments thereof are shown in the drawings
and described in detail below as examples. There is no
intent to limit to the particular forms disclosed. On the
contrary, all modifications, equivalents, and alternatives
falling within the scope of the appended claims should
be included. Elements of the example embodiments are
consistently denoted by the same reference numerals
throughout the drawings and detailed description where
appropriate.
[0013] The terminology used herein to describe em-
bodiments is not intended to limit the scope. The articles
"a," "an," and "the" are singular in that they have a single
referent, however the use of the singular form in the
present document should not preclude the presence of
more than one referent. In other words, elements referred
to in the singular can number one or more, unless the
context clearly indicates otherwise. It will be further un-
derstood that the terms "comprises," "comprising," "in-
cludes," and/or "including," when used herein, specify
the presence of stated features, items, steps, operations,
elements, and/or components, but do not preclude the
presence or addition of one or more other features, items,
steps, operations, elements, components, and/or groups
thereof.
[0014] Unless otherwise defined, all terms (including
technical and scientific terms) used herein are to be in-
terpreted as is customary in the art. It will be further un-
derstood that terms in common usage should also be
interpreted as is customary in the relevant art and not in
an idealized or overly formal sense unless expressly so
defined herein.
[0015] Full duplex wireless transmission can potential-
ly double the available frequency spectrum for UE usage
and be one additional way for increasing the wireless
network capacity. This means that a base station node
can transmit and receive using the same frequency
bands at the same time. According to an example, a
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method for re-using frequencies is proposed that allows
full duplex communication in a base station node with
mobile UEs. The approach enables the full benefits of
full duplex communication (up to 2x capacity increase in
the same bandwidth) per base station, while retaining
backwards compatibility with standard UEs.
[0016] Given a set of frequency resources and a set
of cells or nodes with the capability of using full-duplex
communications over the available set of frequency re-
sources, inter-link interference can be generated by the
downlink (DL) of one UE connected to one cell (the ag-
gressor UE/cell) to the uplink (UL) of another UE con-
nected to a different cell (the victim UE/cell). According
to an example, DL-to-UL interference can be mitigated
using interference coordination. More particularly, a giv-
en node, which can also be referred to as the aggressor
base station for example, scheduling a cell-edge UE (re-
ferred to as the aggressor UE) with high power in the DL,
and with this UE being proximate to or in the vicinity of
one or more neighboring nodes (referred to as the victim
cells), can transmit or provide a high interference indica-
tor message (IIM) to such potential victim cell nodes in-
dicating that they should refrain from scheduling UL
transmissions to UEs that are in the vicinity of the ag-
gressor UE since they may suffer from strong DL-to-UL
interference. In an example, such IIM message can in-
dicate the frequency resources to be used by the ag-
gressing node and the timeframe.
[0017] Given a set of frequency resources and a set
of cells with the capability of using full-duplex communi-
cations over the available set of frequency resources,
and considering the inter-link interference generated by
the DL of one cell (the aggressing cell) to the UL of an-
other cell (the victim cell), DL-to-UL interference can be
mitigated according to an example using:

• interference coordination - if the network load is low
(there are some frequency resources available to
provide inter-cell interference mitigation through
scheduling decisions).

• interference cancellation - if the network load is high
(there are no free frequency resources available to
provide inter-cell interference mitigation through
scheduling decisions).

[0018] According to an example, a given node (referred
to as the reference node), scheduling a cell-edge UE in
the DL, will send a high interference indicator (IIM) mes-
sage to its neighboring cell nodes indicating that they
should refrain from scheduling high power UL transmis-
sions in the frequency resources allocated to such cell-
edge UE in the DL and specified in the IIM message. If
the neighboring cell nodes can serve their respective UEs
in the UL without making use of the frequency resources
specified in the IIM message, then DL-to-UL interference
can be successfully mitigated through scheduling deci-
sions.

[0019] Otherwise, the pertinent neighboring nodes will
inform the reference node that they are willing to use
such frequency resources and that it would be convenient
to use interference cancellation capabilities to allow the
co-existence of the DL and UL transmissions in all the
involved cells. Since DL transmissions interfere with UL
transmissions, the interfering data can be shared in the
network, and in combination with channel estimates be-
tween two nodes, the interference can be cancelled ac-
curately using known methods.
[0020] After negotiating whether interference cancel-
lation capabilities can be used, if the negotiation is suc-
cessful, the pertinent neighboring cell nodes establish a
connection (through the core network or X2 interfaces
for example) with the reference node, and they start ship-
ping their scheduling information and the data to be
scheduled to the reference node. The reference node
also estimates the channel from the interfering node us-
ing the later pilot signals. In this way, reliable interference
cancellation can be carried out at the reference node (the
one that originally transmitted in the IIM message).
[0021] Figure 1 is a schematic representation of a het-
erogeneous telecommunications network according to
an example. The example of figure 1 schematically de-
picts certain aspects of DL-small-cell to UL-macro-cell
interference cancellation in a full-duplex network. More
particularly, a full-duplex macro node 101 is operable to
serve a pair of half-duplex UEs 103, 105 within a macro
cell 107. A full-duplex small cell node 109 is operable to
serve a pair of half-duplex UEs 111, 113 within a small
cell 115, which can include an expanded region. In the
example of figure 1, UE 105 communicates with node
101 in the uplink, and UE 103 communicates with node
101 in the downlink. Similarly, UE 113 communicates
with node 109 in the uplink, and UE 111 communicates
with node 109 in the downlink. Accordingly, DL-to-UL in-
terference 117 can be present at node 101, which is
therefore the victim node, as a result of the transmissions
from node 109, which is the aggressor node in this sense.
According to an example, node 109 can share scheduling
information and data to be scheduled 119 with the victim
node 101 whereby to enable interference cancellation
for DL-UL interference generated by the full-duplex ag-
gressor node 109.
[0022] Figure 2 is a schematic representation of a het-
erogeneous telecommunications network according to
an example. The example of figure 2 schematically de-
picts certain aspects of DL-macro-cell to UL-small-cell
interference cancellation in a full-duplex network. More
particularly, a full-duplex macro node 201 is operable to
serve a pair of half-duplex UEs 203, 205 within a macro
cell 207. A full-duplex small cell node 209 is operable to
serve a pair of half-duplex UEs 211, 213 within a small
cell 215, which can include an expanded region. In the
example of figure 2, UE 205 communicates with node
201 in the uplink, and UE 203 communicates with node
201 in the downlink. Similarly, UE 213 communicates
with node 209 in the uplink, and UE 211 communicates
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with node 209 in the downlink. Accordingly, DL-to-UL in-
terference 217 can be present at node 209, which is
therefore the victim node, as a result of the transmissions
from node 201, which is the aggressor node in this sense.
According to an example, node 201 can share scheduling
information and data to be scheduled 219 with the victim
node 209 whereby to enable interference cancellation
for DL-UL interference generated by the full-duplex ag-
gressor node 201.
[0023] According to an example, a connection be-
tween the aggressing and victim cells is used for the
transfer of data for interference cancellation. This is
therefore particularly suitable for, although not limited to
operator-deployed cells with, for example, a fiber or radio
link back-haul, or for remote radio heads of virtual RANs
where the scheduler is located in a central unit.
[0024] Interference coordination and interference can-
cellation procedures according to an example help to re-
alize the full benefits of full-duplex communications at
the system level in heterogeneous and small cell net-
works (with 2 or more UEs per cell for example, which is
the case in macro-cellular networks) by providing an up
to 2 x capacity increase. Backwards compatibility with
existing UEs is provided since standard transceivers can
be used.
[0025] With reference to figure 1, as noted above, there
is a full-duplex macrocell node 101, a full-duplex small
cell node 109, and two frequency resources available,
resource 1 and resource 2. The full-duplex small cell node
109 is serving a full-duplex pair of UEs (one DL UE 111
and one UL UE 113) in a given frequency resource, e.g.,
frequency resource 1, while the full-duplex macrocell
node 101 is also willing to serve another full-duplex pair
of UEs 103, 105. In this case, and with reference to figure
3, which is a schematic representation of message flow
between macro cell node 101 (victim node) and small
cell node 109 (aggressor node), the full-duplex macrocell
node 101, which is about to perform a scheduling deci-
sion, follows the following procedure:
[0026] The full-duplex macrocell node 101 measures
the received power in each frequency resource, 301. If
the measured interference is low in some frequency re-
sources, the full-duplex macrocell node 101 will schedule
its full-duplex UE pair 103, 105 in the frequency resources
suffering from an acceptable interference (such as for
example, measured received power lower than a prede-
termined threshold value, or achievable UE SINR larger
than a predetermined threshold value).
[0027] In the example of figure 1, the full-duplex mac-
rocell node 101 will measure a higher received power in
frequency resource 1 than in frequency resource 2 due
to the DL-to-UL interference generated by the full-duplex
UE pair 111, 113 scheduled in frequency resource 1 by
the full-duplex small cell node 109. As a result, the full-
duplex macrocell node 101 can allocate its full-duplex
UE pair 103, 105 in frequency resource 2.
[0028] If the full-duplex macrocell node 101 cannot find
any frequency resource suffering from low DL-to-UL in-

terference (assume for example that frequency resource
1 and frequency resource 2 are occupied at the full-du-
plex small cell node 109), then it will issue an IIM message
303 to the full-duplex small cell node 109 indicating that
it is willing to schedule a full-duplex UE pair in a given
frequency resource, e.g., frequency resource 1.
[0029] Upon receiving the IIM message, the full-duplex
small cell node 109 can attempt to cooperate with the
full-duplex macrocell node 101 by decreasing the trans-
mit power allocated in frequency resource 1 or stopping
transmission on it for a given time (for example, the full-
duplex small cell node 109 can schedule VoIP UEs in
frequency resource 1, which does not require to transmit
in every transmission time interval).
[0030] If the full-duplex small cell node 109 is not willing
to ’sacrifice’ any of the frequency resources due to its
high load conditions (or priority of its UEs), then it will
respond to the IIM message of the full-duplex macrocell
node 101 with an interference cancellation-usage-re-
quest message 305. By sending this message, the full-
duplex small cell node 109 attempts to engage in close
cooperation with the macrocell node 101 and forward
(306) its scheduling information and data to be scheduled
119 to the full-duplex macrocell node 101 so that the full-
duplex macrocell node 101 can perform interference can-
cellation and cancel the DL-to-UL interference generated
by the full-duplex small cell node 109. In an example,
channel estimation between nodes using the scheduling
information and data to be scheduled includes estimating
received power and signal phase.
[0031] Upon receiving the interference-cancellation-
usage-request 305, if the full-duplex macrocell node 101
is willing to perform such interference cancellation, it will
answer back to the small cell node 109 with an IC-usage-
response-ACK 307, in which the necessary information
for connection establishment and some other relevant
information for this operation (e.g., frequency resources
over which IC should be performed and for how many
TTIs) is indicated. Note that the full-duplex macrocell
node 101 may decide to avoid using interference cancel-
lation (e.g., UE requirements are not so stringent, there
is no proper connection between both nodes, etc.) and
thus it will reply with an IC-usage-response-NACK (not
shown).
[0032] Upon receiving the interference-cancellation-
usage-respond-ACK 307 and establishing a connection
between both nodes101, 109, the full-duplex small cell
node 109 will start forwarding its scheduling information
and data to be scheduled 119 to the full-duplex macrocell
node 101, and the full-duplex macrocell node 101 can
start estimating the channel from the interfering full-du-
plex small cell node 109 using the later pilot signals (the
small cell node will only forward data related to the indi-
cated frequency resources that need interference can-
cellation). In this way, the full-duplex macrocell node 101
can perform interference cancellation and cancel the DL-
to-UL interference in the pertinent frequency resources.
[0033] The above described procedure with reference
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to figure 1 and 3 also applies to the scenario in figure 2
where the full-duplex macrocell node 201 is the aggress-
ing cell and the full-duplex small cell node 209 is the
victim cell and triggering the IIM message. That is, a
method according to an example works in ’both direc-
tions’, that is between a macro cell node and a small cell
node and vice-versa.
[0034] The process can also be applied using the same
principles to sectorized nodes to increase spatial re-use
at such nodes. Nodes could also use beam-forming to
point DL beams towards intended UEs and avoid creating
DL-to-UL interference to neighboring nodes. For exam-
ple, figure 4 is a schematic representation of a hetero-
geneous telecommunications network according to an
example, and in which a small cell node 401 includes an
antenna with multiple antenna elements respective ones
or groups of which can be selected to modify a transmis-
sion profile of the node 401. As noted in the example of
figure 4, selected antenna elements are used to modify
the transmission profile of the node 401 such that DL
transmissions to a UE 403 have a directional profile there-
by mitigating interference effects of the UL transmission
on node 405. Similarly, figure 5 is a schematic represen-
tation of a heterogeneous telecommunications network
according to an example, and in which a macro cell node
501 includes an antenna with multiple antenna elements
respective ones or groups of which can be selected to
modify a transmission profile of the node 501. As noted
in the example of figure 5, selected antenna elements
are used to modify the transmission profile of the node
501 such that DL transmissions to a UE 503 have a di-
rectional profile thereby mitigating interference effects of
the UL transmission on node 505.
[0035] In either case, note that when the DL UE, for
which the data is intended and for which the beam-form-
ing is done, is in the line between the full duplex aggress-
ing node (the one doing the beam-forming) and the full-
duplex victim node, interference mitigation via beam-
forming will not work and interference cancellation can
be used. This is because the beam-formed node antenna
lobes, to reach the intended UE, will also point towards
the victim node, thus increasing interference.
[0036] The present inventions can be embodied in oth-
er specific apparatus and/or methods. The described em-
bodiments are to be considered in all respects as illus-
trative and not restrictive. In particular, the scope of the
invention is indicated by the appended claims rather than
by the description and figures herein. All changes that
come within the meaning and range of equivalency of
the claims are to be embraced within their scope. The
methods and systems as described herein can be applied
using different air interface technology such as for exam-
ple GSM, LTE and so on, and can be applied to the whole
available frequency spectrum or parts of the spectrum.

Claims

1. A method, in a heterogeneous telecommunications
network, for mitigating DL-UL interference between
an aggressor full-duplex node and a victim full-du-
plex node, respective nodes operable to serve pairs
of half-duplex UEs in full-duplex communication us-
ing multiple frequency resources, the method includ-
ing:

transmitting an interference indicator message
(IIM) from the victim node to the aggressor node
including data representing an indication that
the victim node intends to schedule full-duplex
communication with a pair of half-duplex UEs
using a selected one of the multiple frequency
resources, wherein the aggressor node, on the
basis of the IIM message, is operable to de-
crease transmission power or cease transmis-
sion for a predetermined period of time to a
scheduled pair of half-duplex UEs served by the
aggressor node in the selected frequency re-
source, or share scheduling information and da-
ta to be scheduled with the victim node whereby
to enable interference cancellation for DL-UL in-
terference generated by the full-duplex aggres-
sor node.

2. A method as claimed in claim 1, further including,
using the scheduling information and data to be
scheduled at the victim node to estimate a channel
activity in the selected frequency resource.

3. A method as claimed in claim 1 or 2, wherein the
scheduling information and data to be scheduled is
transmitted from the aggressor node to the victim
node using a wireless or wired connection between
the nodes.

4. A method as claimed in any preceding claim, wherein
the aggressor node is operable to respond to receipt
of the IIM message transmitted from the victim node
with an interference cancellation usage request
message.

5. A method as claimed in any preceding claim, further
including:

measuring, at the victim node, received power
in respective ones of the multiple frequency re-
sources to determine the presence of an accept-
able frequency resource; and,
on the basis of the determination, scheduling
full-duplex communication with a pair of half-du-
plex UEs in the acceptable frequency resource.

6. A method as claimed in claim 5, wherein an accept-
able frequency resource is determined as a frequen-
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cy resource in which a measure representing meas-
ured received power for the resource is lower than
a predetermined threshold value, or in which SINR
for a UE of the pair is larger than a threshold value.

7. A method as claimed in any preceding claim, further
including estimating the channel between the nodes
using the scheduling information and data to be
scheduled whereby to enable interference cancella-
tion.

8. A method as claimed in any preceding claim, further
comprising using selected ones of multiple antenna
elements of an aggressor node to modify a DL trans-
mission profile of the node whereby to mitigate in-
terference effects of the UL transmission on the vic-
tim node.

9. A heterogeneous telecommunications network in-
cluding an aggressor full-duplex node and a victim
full-duplex node, respective nodes operable to serve
pairs of half-duplex UEs in full-duplex communica-
tion using multiple frequency resources, wherein the
victim node is operable to
transmit an interference indicator message (IIM) to
the aggressor node, the message including data rep-
resenting an indication that the victim node intends
to schedule full-duplex communication with a pair of
half-duplex UEs using a selected one of the multiple
frequency resources, wherein the aggressor node,
on the basis of the IIM message, is operable to:

decrease transmission power or cease trans-
mission for a predetermined period of time to a
scheduled pair of half-duplex UEs served by the
aggressor node in the selected frequency re-
source, or share scheduling information and da-
ta to be scheduled with the victim node; and
use the scheduling information and data to be
scheduled to enable interference cancellation
for DL-UL interference generated by the full-du-
plex aggressor node.

10. A network as claimed in claim 9, wherein the victim
node is operable to use the scheduling information
and data to be scheduled at the victim node to esti-
mate a channel activity in the selected frequency re-
source.

11. A network as claimed in claim 9 or 10, wherein the
scheduling information and data to be scheduled is
transmitted from the aggressor node to the victim
node using a wireless or wired connection between
the nodes.

12. A network as claimed in any of claims 9 to 11, wherein
the victim node is operable to measure received
power in respective ones of the multiple frequency

resources, and to determine the presence of an ac-
ceptable frequency resource; and, on the basis of
the determination, schedule full-duplex communica-
tion with a pair of half-duplex UEs in the acceptable
frequency resource.

13. A full-duplex capable node in a heterogeneous tel-
ecommunications network to serve pairs of half-du-
plex UEs in full-duplex communication using multiple
frequency resources, wherein the node is operable
to:

transmit an interference indicator message (IIM)
including data representing an indication that
the node intends to schedule full-duplex com-
munication with a pair of half-duplex UEs using
a selected one of the multiple frequency resourc-
es; and
receive scheduling information and data to be
scheduled from an aggressor node of the net-
work to enable interference cancellation for DL-
UL interference generated by the aggressor
node.

14. A full-duplex capable node in a heterogeneous tel-
ecommunications network to serve pairs of half-du-
plex UEs in full-duplex communication using multiple
frequency resources, wherein the node is operable
to:

receive an interference indicator message (IIM)
including data representing an indication that a
victim node of the network intends to schedule
full-duplex communication with a pair of half-du-
plex UEs using a selected one of the multiple
frequency resources; and
decrease transmission power or cease trans-
mission for a predetermined period of time to a
scheduled pair of half-duplex UEs in the select-
ed frequency resource, or
transmit scheduling information and data to be
scheduled to the victim node to enable interfer-
ence cancellation for DL-UL interference gener-
ated by the node.

15. A computer program product, comprising a compu-
ter usable medium having computer readable pro-
gram code embodied therein, said computer reada-
ble program code adapted to be executed to imple-
ment a method for mitigating DL-UL interference
between an aggressor full-duplex node and a victim
full-duplex node as claimed in any of claims 1 to 8.

Amended claims in accordance with Rule 137(2)
EPC.

1. A method, in a heterogeneous telecommunications
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network, for mitigating DL-UL interference between
aggressor (109, 201) and victim (101, 209) nodes,
respective nodes operable to transmit and receive
using the same frequency bands at the same time
so as to provide full-duplex communication, using
multiple frequency resources, to serve pairs of UEs,
the method including:

transmitting an interference indicator message,
IIM, (303) from the victim node (101, 209) to the
aggressor node (109, 201) including data rep-
resenting an indication that the victim node (101,
209) intends to schedule full-duplex communi-
cation with a pair of UEs (103, 105; 211, 215)
using a selected one of the multiple frequency
resources, wherein the aggressor node (109,
201), on the basis of the IIM message (303), is
operable to decrease transmission power or
cease transmission for a predetermined period
of time to a scheduled pair of UEs (111, 115;
203, 205) served by the aggressor node (109,
201) in the selected frequency resource, or
share scheduling information and data to be
scheduled (119, 219) with the victim node (101,
209) whereby to enable interference cancella-
tion for DL-UL interference generated by the ag-
gressor node (109, 201).

2. A method as claimed in claim 1, further including,
using the scheduling information and data to be
scheduled (119, 219) at the victim node (101, 209)
to estimate a channel activity in the selected frequen-
cy resource.

3. A method as claimed in claim 1 or 2, wherein the
scheduling information and data to be scheduled
(119, 219) is transmitted from the aggressor node
(109, 201) to the victim node (101, 209) using a wire-
less or wired connection between the nodes.

4. A method as claimed in any preceding claim, wherein
the aggressor node (109, 201) is operable to respond
to receipt of the IIM message (303) transmitted from
the victim node (101, 209) with an interference can-
cellation usage request message (305).

5. A method as claimed in any preceding claim, further
including:

measuring, at the victim node (101, 209), re-
ceived power in respective ones of the multiple
frequency resources to determine the presence
of an acceptable frequency resource; and, on
the basis of the determination, scheduling full-
duplex communication with a pair of UEs in the
acceptable frequency resource.

6. A method as claimed in claim 5, wherein an accept-

able frequency resource is determined as a frequen-
cy resource in which a measure representing meas-
ured received power for the resource is lower than
a predetermined threshold value, or in which SINR
for a UE of the pair is larger than a threshold value.

7. A method as claimed in any preceding claim, further
including estimating the channel between the nodes
using the scheduling information and data to be
scheduled whereby to enable interference cancella-
tion.

8. A method as claimed in any preceding claim, further
comprising using selected ones of multiple antenna
elements of an aggressor node (109, 201, 401, 501)
to modify a DL transmission profile of the node
whereby to mitigate interference effects of the UL
transmission on the victim node (101, 209, 405, 505).

9. A heterogeneous telecommunications network in-
cluding an aggressor (109, 201) and a victim (101,
209) node, respective nodes operable to transmit
and receive using the same frequency bands at the
same time so as to provide full-duplex communica-
tion, using multiple frequency resources, to serve
pairs of UEs, wherein the victim node (101, 209) is
operable to:

transmit an interference indicator message, IIM,
(303) to the aggressor node (109, 201), the mes-
sage including data representing an indication
that the victim node (101, 209) intends to sched-
ule full-duplex communication with a pair of UEs
(103, 105; 211, 215) using a selected one of the
multiple frequency resources, wherein the ag-
gressor node (109, 201), on the basis of the IIM
message (303), is operable to:

decrease transmission power or cease
transmission for a predetermined period of
time to a scheduled pair of UEs (111, 115;
203, 205) served by the aggressor node
(109, 201) in the selected frequency re-
source, or share scheduling information and
data to be scheduled with the victim node
(101, 209);
wherein the victim node (101, 209) is oper-
able to use the scheduling information and
data to be scheduled (119, 219) to enable
interference cancellation for DL-UL interfer-
ence generated by the aggressor node
(109, 201).

10. A network as claimed in claim 9, wherein the victim
node (101, 209) is operable to use the scheduling
information and data to be scheduled (119, 219) at
the victim node (101, 209) to estimate a channel ac-
tivity in the selected frequency resource.
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11. A network as claimed in claim 9 or 10, wherein the
scheduling information and data to be scheduled
(119, 219) is transmitted from the aggressor node
(109, 201) to the victim node (101, 209) using a wire-
less or wired connection between the nodes.

12. A network as claimed in any of claims 9 to 11, wherein
the victim node (101, 209) is operable to measure
received power in respective ones of the multiple
frequency resources, and to determine the presence
of an acceptable frequency resource; and, on the
basis of the determination, schedule full-duplex com-
munication with a pair of half-duplex UEs in the ac-
ceptable frequency resource.

13. A full-duplex capable node (101, 209) in a heteroge-
neous telecommunications network operable to
transmit and receive using the same frequency
bands at the same time so as to provide full-duplex
communication, using multiple frequency resources,
to serve pairs of UEs, wherein the node (101, 209)
is operable to:

transmit an interference indicator message, IIM,
(303) to an aggressor node (109, 201) of the
network including data representing an indica-
tion that the node intends to schedule full-duplex
communication with a pair of UEs (103, 105;
211, 215) using a selected one of the multiple
frequency resources; and
receive scheduling information and data to be
scheduled from the aggressor node (109, 201)
so as to enable interference cancellation for DL-
UL interference generated by the aggressor
node (109, 201).

14. A full-duplex capable node in a heterogeneous tel-
ecommunications network operable to transmit and
receive using the same frequency bands at the same
time so as to provide full-duplex communication, us-
ing multiple frequency resources, to serve pairs of
UEs, wherein the node is operable to:

receive an interference indicator message, IIM,
including data representing an indication that a
victim node (101, 209) of the network intends to
schedule full-duplex communication with a pair
of UEs (103, 105; 211, 215) using a selected
one of the multiple frequency resources; and
decrease transmission power or cease trans-
mission for a predetermined period of time to a
scheduled pair of UEs (111, 115; 203, 205) in
the selected frequency resource, or transmit
scheduling information and data to be sched-
uled (119, 219) to the victim node (101, 209) to
enable interference cancellation for DL-UL in-
terference generated by the node.

15. A computer program product, comprising a compu-
ter usable medium having computer readable pro-
gram code embodied therein, said computer reada-
ble program code adapted to be executed to imple-
ment a method for mitigating DL-UL interference be-
tween an aggressor node (109, 201) and a victim
node (101, 209) as claimed in any of claims 1 to 8.
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