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A method performed by a first communication node (511) in
communication with a second communication node (512).
The second node (512) is a receiver or transmitter of data in
a frame (800). The frame (800) comprises one first set of
time-frequency resources (801) reserved for control infor-
mation, and a second set of time-frequency resources (802)
reserved for data. The first node (511) determines that a third
set (803) is to be used for communication of information
with a third communication node (513). The information is
control information, data information, or one or more signals
related to one or more measurement procedures. The first
node (511) determines a direction of communication in the
third set (803), based on the information to be communi-
cated. The first node (511) performs transmission or recep-
tion to or from the third node (513) in the determined
direction, and in the third set (803).
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TRANSMISSION AND RECEPTION IN A
DETERMINED THIRD SET OF
TIME-FREQUENCY RESOURCES

TECHNICAL FIELD

[0001] Embodiments herein relate to a first communica-
tion device configured to be in communication with a second
communication node, and methods performed by the first
communication device for performing one of transmission
and reception to or from, respectively, a third communica-
tion node. Embodiments herein further relate to computer
programs and computer-readable storage mediums, having
stored thereon the computer programs to carry out these
methods.

BACKGROUND

[0002] Communication devices such as wireless devices
are also known as e.g. User Equipments (UE), mobile
terminals, wireless terminals and/or mobile stations. Wire-
less devices are enabled to communicate wirelessly in a
communications network or wireless communication sys-
tem, sometimes also referred to as a radio system or net-
works. The communication may be performed e.g. between
two wireless devices, between a wireless device and a
regular telephone and/or between a wireless device and a
server via a Radio Access Network (RAN) and possibly one
or more core networks, comprised within the communica-
tions network.

[0003] Wireless devices may further be referred to as
mobile telephones, cellular telephones, laptops, or surf
plates with wireless capability, just to mention some further
examples. The terminals in the present context may be, for
example, portable, pocket-storable, hand-held, computer-
comprised, or vehicle-mounted mobile devices, enabled to
communicate voice and/or data, via the RAN, with another
entity, such as another terminal or a server.

[0004] The communications network may covers a geo-
graphical area which may be divided into cell areas, wherein
each cell area being served by an Access Node (AN) such as
a base station, e.g. a Radio Base Station (RBS), which
sometimes may be referred to as e.g. “eNB”, “eNodeB”,
“NodeB”, “B node”, or BTS (Base Transceiver Station),
depending on the technology and terminology used. The
base stations may be of different classes such as e.g. macro
eNodeB, home eNodeB or pico base station, based on
transmission power and thereby also cell size. A cell is the
geographical area where radio coverage is provided by the
base station at a base station site. One base station, situated
on the base station site, may serve one or several cells.
Further, each base station may support one or several
communication technologies. The base stations communi-
cate over the air interface operating on radio frequencies
with the terminals within range of the base stations. In the
context of this disclosure, the expression Downlink (DL) is
used for the transmission path from the base station to the
mobile station. The expression Uplink (UL) is used for the
transmission path in the opposite direction i.e. from the
mobile station to the base station.

[0005] In3rd Generation Partnership Project (3GPP) Long
Term Evolution (LTE), base stations, which may be referred
to as eNodeBs or even eNBs, may be directly connected to
one or more core networks.
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[0006] 3GPP LTE radio access standard has been written
in order to support high bitrates and low latency both for
uplink and downlink traffic. All data transmission is in LTE
controlled by the radio base station.

[0007] Communications such as transmissions in radio
communication systems are often organized in terms of
frames, or sometimes subframes, e.g. in LTE, where each
frame is a group of communication resources, e.g., radio
time and frequency resources, that may comprise both, a
control field and a payload data field, or multiple fields of the
respective types. A field is understood herein to refer to a set
of time and frequency resources, also referred to herein as
time-frequency resources. Examples of time-frequency
resources are symbols, resource elements, OFDM symbols,
Filter-Bank Multi-Carrier (FBMC) symbols, symbols of
some of the type of multi-carrier modulation scheme, a set
of any of the mentioned types of symbols, etc . . . The
time-frequency resources corresponding to a field may be
contiguous in the time and frequency dimensions. The
control field may, e.g., comprise information about how the
data part of the frame is encoded and modulated. The control
field may also be used for receiving feedback information in
the reverse link direction, i.e., from the receiver of the data,
e.g., for receiving ACKnowledgement/Negative ACKnowl-
edgement (ACK/NACK) or channel state information
reports.

Half-Duplex

[0008] In many radio communication systems, communi-
cation nodes are only capable of half-duplex communica-
tion, i.e., a network node, e.g., an AN or a UE, may not both
transmit and receive at the same time, at least not on the
same frequency band. The main reason for such a limitation
is that a network node that is transmitting may saturate its
own analog receiving circuitry due to overhearing between
transmit and receive antennas.

[0009] An implication of this is that data may only be
communicated, e.g., transmitted, in one link direction at a
time. However, even for one-directional data communica-
tion, there is, as explained above, normally a need for
regular communications of control information in both link
directions, implying that in half-duplex communications, it
may be useful to have two fields for control information in
every frame, one for one link direction, and one for the
reverse direction. Two fields may be useful also in full-
duplex systems, but for other reasons. The two directions of
a link will henceforth be referred to as Transmit/Receive
(tx/rx) directions, or sometimes the two duplex directions. In
other words, any given communication node may use one of
the fields for transmission (tx) and the other field for
reception (rx). The link direction may also be referred to
herein as a direction of communication.

[0010] Communication as used herein, refers to one of
transmission or reception, which may be also referred to
collectively as “transmission”, such as a transmission of data
or a transmission of control information. Control informa-
tion refers herein to, e.g., channel state information, recep-
tion acknowledgement reports such as ACK/NACK reports,
other types of feedback, Medium Access Control (MAC)
messages, information about coding and modulation
schemes used in associated data transmissions, other types
of system link configuration messages, etc . . . Data infor-
mation refers herein to, e.g., payload data, which may in turn
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contain data information as well as control information for
higher layers in the protocol stack.

Frame Structure

[0011] A possible frame structure and link-direction
assignments is illustrated as a schematic diagram in FIG. 1,
cf. also “Time-division duplexing”, WO 2014/121833 Al
(PCT/EP2013/052376). Any two communication nodes
communicating may in principle arbitrarily select which of
the two control fields may be used for tx and which for rx,
see left and right panels of FIG. 1. However, such arbitrari-
ness may require complicated negotiation procedures and
hence it is often more practical to have a general rule for the
system, e.g., that one of the fields is always used for DL
communication, i.e., tx by ANs, whereas the other field is
always used for UL communication recepion, i.e., tx by UEs,
see the illustration in FIG. 2 for a schematic diagram of
another possible frame structure and respective link-direc-
tion assignments. Note also that frames on different links in
the system may preferably be time-aligned, partly because
this enables communication nodes to more freely and effi-
ciently change communication partner, that is node, from
one frame to another, without waiting for the other commu-
nication link to finish its frame.

[0012] Fields are in most transmission systems further
divided into smaller units, e.g., in Orthogonal Frequency-
Division Multiplexing (OFDM) systems, the fields may be
further divided into one or more OFDM symbols. Similar
holds for many other types of systems than OFDM, e.g., for
many systems based on multi-carrier or pre-coded multi-
carrier such as FBMC, Discrete Fourier Transform (DFT)-
spread OFDM, etc. As a general term, such smaller units are
referred to herein as symbols. Some fields may consist of
only a single symbol.

Other Signals and Fields in and between Frames

[0013] Switching of tx/rx direction may take some time,
and therefore, may require an extra guard period between
adjacent symbols that belong to fields with different duplex
direction. Moreover, it should be noted that within the three
fields, there may typically also be other signals interspersed,
e.g., reference signals, or pilot signals, to allow the receiver
to perform channel estimation. For simplicity, guard periods
or other signals are not shown in these figures.

Self-Backhauling

[0014] In the case of radio communication systems with
very dense deployment of ANs, as envisioned in particular
for systems operating at millimeter-Wave (mmW) frequen-
cies, it may be difficult and costly to provide a wired
backhaul connection, that is, a connection with the core
network or Internet, to all ANs in the system. One option is
to use wireless backhaul, i.e., have one AN with wired
connection, henceforth referred to herein as Aggregation
Node, or AgN, that forwards data to the other ANs wirelessly
over a route, see illustration of a network using wireless
self-backhauling in FIG. 3. In the more general case, the
routes may form a more complicated pattern, e.g. a route
tree. A particularly attractive solution is to use wireless
self-backhauling, i.e., use the same frequency spectrum for
access links and backhaul links, which avoids the need for
multiple radio units in each communication node. Note that
in such a network, not only user data may have to be
forwarded over the backhaul links, but also control signaling
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for, e.g., radio resource coordination between ANs, e.g.,
allocation of time-frequency radio resources and scheduling
on access links, or for setting up routes, may have to be
performed wirelessly.

[0015] Communication networks such as those with very
dense deployments of communication nodes, may require
exchange of control information among a number of com-
munication nodes, or even all of them, within a certain time
period, e.g., a frame. However, current frame structures do
not provide for such communication.

[0016] Also, communication networks such as those with
very dense deployments of communication nodes or such as
those with a combination of self-backhauling and half
duplex, may require performance of measurement proce-
dures among a number of communication nodes, or even all
of them, within a certain time period, e.g., a frame. With
current frame structures, a communication node is allowed
to perform particular types of measurements. Hence, control
of interference or other types of signals in a communications
network, leads to underperformance of communications in
the network.

SUMMARY

[0017] It is an object of embodiments herein to improve
the performance of a communications network by providing
improved methods of performing any one of transmission
and reception of information, such as control information,
data information and one or more signals related to one or
more measurement procedures.

[0018] According to a first aspect of embodiments herein,
the object is achieved by a method performed by a first
communication node in communication with a second com-
munication node. The method is for performing one of
transmission and reception to or from, respectively, a third
communication node. The second communication node is a
receiver or transmitter of data from or to the first commu-
nication node in a frame. The frame comprises at least one
first set of time-frequency resources, and a second set of
time-frequency resources. The at least one first set of time-
frequency resources is reserved for communication of con-
trol information. The second set of time-frequency resources
is reserved for communication of at least data information.
The first communication node, the second communication
node, and the third communication node operate in a com-
munications network. The first communication node also
determines that a third set of time-frequency resources is to
be used for communication of information with the third
communication node. The information is one of: control
information, data information, and one or more signals
related to one or more measurement procedures. The first
communication node determines a direction of communica-
tion in the third set of time-frequency resources. The direc-
tion of communication is one of transmission and reception.
The direction of communication in the third set of time-
frequency resources is based on the information to be
communicated. The first communication node performs one
of transmission or reception to or from, respectively, the
third communication node in the determined direction of
communication. The performing of the one of transmission
or reception is in the third set of time-frequency resources
determined to be used for communication of information
with the third communication node.

[0019] According to a second aspect of embodiments
herein, the object is achieved by the first communication
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node configured to be in communication with the second
communication node. The first communication node is fur-
ther configured to perform one of transmission and reception
to or from, respectively, the third communication node. The
second communication node is configured to be the receiver
or transmitter of data from or to the first communication
node in the frame. The frame comprises at least the one first
set of time-frequency resources, and the second set of
time-frequency resources. The at least one first set of time-
frequency resources is reserved for communication of con-
trol information, and the second set of time-frequency
resources is reserved for communication of at least data
information. The first communication node, the second
communication node and the third communication node are
configured to operate in the communications network. The
first communication node is further configured to determine
that the third set of time-frequency resources is to be used
for communication of information with the third communi-
cation node. The information is one of: control information,
data information, and one or more signals related to one or
more measurement procedures. The first communication
node is further configured to determine the direction of
communication in the third set of time-frequency resources.
The direction of communication is one of transmission and
reception. The direction of communication in the third set of
time-frequency resources is configured to be based on the
information to be communicated. The first communication
node is also configured to perform one of transmission or
reception to or from, respectively, the third communication
node in the determined direction of communication. To
perform the of the one of transmission or reception is
configured to be in the third set of time-frequency resources
determined to be used for communication of information
with the third communication node.

[0020] According to a third aspect of embodiments herein,
the object is achieved by a computer program, comprising
instructions which, when executed on at least one processor,
cause the at least one processor to carry out the method
performed by the first communication node.

[0021] According to a fourth aspect of embodiments
herein, the object is achieved by a computer-readable stor-
age medium, having stored thereon a computer program,
comprising instructions which, when executed on at least
one processor, cause the at least one processor to carry out
the method performed by the first communication node.

[0022] By the first communication node 511 determining
that a third set of time-frequency resources in the frame is to
be used for communication of information, e.g., control
information, the first communication node 511 with e.g.,
half-duplex restrictions, may efficiently exchange informa-
tion, e.g., control signalling, with two or more communica-
tion nodes in the same frame, in both duplex directions. This
may be performed in a configuration where the other sets of
time-frequency resources in the frame have a fixed direction
of communication, which allows for flexibility of the sig-
nalling in the communications network, while minimizing
the signalling among the communication nodes involved in
a communication.

[0023] By the first communication node determining that
a third set of time-frequency resources in the frame is to be
used for communication of information, e.g., one or more
signals related to one or more measurement procedures, the
first communication node may also efficiently make mea-
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surements on transmission in other network links than the
one currently being used for communication.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Examples of embodiments herein are described in
more detail with reference to the accompanying drawings, in
which:

[0025] FIG. 1 is a schematic diagram illustrating an
example of possible frame structure and link-direction
assignments, according to existing methods.

[0026] FIG. 2 is a schematic diagram of another possible
frame structure and respective link-direction assignments,
according to existing methods.

[0027] FIG. 3 is a schematic diagram illustrating of a
network using wireless self-backhauling, according to exist-
ing methods.

[0028] FIG. 4 is a schematic diagram illustrating a prob-
lematic control signaling situation in a network with fixed tx
and rx assignment for control fields, according to existing
methods.

[0029] FIG. 5 is a schematic diagram illustrating the
impact of half-duplex on communication in a self-backhaul-
ing route tree, according to existing methods.

[0030] FIG. 6a is a schematic diagram illustrating an
example of a communications network, according to some
embodiments.

[0031] FIG. 64 is a schematic diagram illustrating an
example of a communications network, according to some
embodiments.

[0032] FIG. 7 is a schematic diagram illustrating embodi-
ments of a method in a first communication node, according
to some embodiments.

[0033] FIG. 8 is a schematic diagram illustrating a frame
comprising one flexible-duplex field, according to some
embodiments.

[0034] FIG. 9 is a schematic diagram illustrating a flexible
duplex field, according to some embodiments.

[0035] FIG. 10 is a schematic diagram illustrating a mea-
surement gap, according to some embodiments.

[0036] FIG. 11 is a schematic diagram illustrating embodi-
ments of a method in a first communication node, according
to some embodiments.

[0037] FIG. 12 is a schematic diagram illustrating embodi-
ments of a method in a first communication node, according
to some embodiments.

[0038] FIG. 13 is a schematic diagram of a comparison of
an embodiment of a method in a first communication node,
according to embodiments herein, right side, with an
example of existing methods, left side.

[0039] FIG. 14 is a schematic diagram of a comparison of
an embodiment of a method in a first communication node,
according to embodiments herein, right side, with an
example of existing methods, left side.

[0040] FIG. 15 is a block diagram of a first communication
node that is configured according to some embodiments.
[0041] FIG. 16 is a schematic diagram illustrating actions
of a method in a first communication node, according to
some related examples.

[0042] FIG. 17 is a schematic diagram illustrating actions
of a method in a first communication node, according to
some related examples.

[0043] FIG. 18 is a schematic diagram illustrating actions
of a method in a first communication node, according to
some related examples.
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[0044] FIG. 19 is a schematic diagram illustrating actions
of a method in a first communication node, according to
some related examples.

[0045] FIG. 20 is a schematic diagram illustrating actions
of a method in a first communication node, according to
some related examples.

DETAILED DESCRIPTION

[0046] As part of the development of embodiments herein,
a problem will first be identified and discussed. In this
discussion of the problem of existing methods, ANs are used
as examples of communications nodes, but the discussion
should not be understood to be limited to them.

[0047] Ifall communication in a communications network
is organized according to the left panel of FIG. 2, then two
ANs, without wired connection may not exchange any
information, e.g., control signaling, data and one or more
signals related to one or more measurement procedures with
each other. The reason is that there are no fields, e.g., control
fields, in which one AN transmits and the other one receives,
i.e., either both transmit or both receive, at least under the
assumption of time-aligned frames between links, as dis-
cussed above. The same, of course, holds if all communi-
cation is organized according to the right panel of FIG. 2.

[0048] Taking the exchange of control information as an
example, while for any given pair of ANs it might seem
possible to have different assignments for rx and tx for the
control fields for the respective ANs, i.e., left panel of FIG.
1 for one communication node and right panel for the other
communication node, such approach does not work in
general, as there may be other nodes in the system that
expect certain assignments, that is, communications to or
from other communication nodes, e.g., UEs. Also, if three
ANs all wish to communicate with each other, there is no
fixed assignment that works for all three links, as illustrated
in FIG. 4. FIG. 4 is a schematic diagram illustrating a
problematic control signaling situation in a network with
fixed tx and rx assignment for control fields, since there is
no choice of tx and rx that allows AN3 to communicate with
both AN1 and AN2.

[0049] In a particular case of one or more signals related
to one or more measurement procedures, communication
nodes in a communications network that communicate data
between each other may typically want to measure interfer-
ence from other communication links in the communication
network, that is, links between two other communication
nodes, e.g., in order to choose a modulation and coding
scheme with the optimal trade-off between robustness and
data rate. A communication node may also wish to measure
the link quality it would have if receiving data from some
other specific communication node. The one or more mea-
surement procedures may be for example, measure interfer-
ence or other signal from some other communication node
(s) in the communication network 500, or transmit
measurement signals to other communication nodes. Thus,
examples of one or more measurement procedures may be,
e.g., Reference Signal Received Power (RSRP), Reference
Signal Received Quality (RSPQ). In agreement with this,
examples of one or more signals related to one or more
measurement procedures may be, for example, pilot
sequences or reference signals, or any other type of signal,
e.g., data and/or control information, that a node happens to
be transmitting when another node is measuring the inter-
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ference level from it. However, for simplicity reasons, the
following description focuses on interference measure-
ments.

[0050] With the existing frame structures such as that
described above, a communication node may only be able to
measure data interference from communication nodes that
are transmitting data while the measuring communication
node is receiving. However, in a communication network
with self-backhauling, two communication nodes may for
prolonged periods be constantly transmitting data at the
same time and receiving data at the same time. This is a
consequence of the half-duplex restriction. Consider a rout-
ing tree as shown in FIG. 5. FIG. 5 is a schematic diagram
illustrating the impact of half-duplex on communication in
a self-backhauling route tree. Two adjacent communication
nodes along a route may not both transmit at the same time.
Hence, in order to achieve as continuous flow of data as
possible through a route, it may be possible to let every
second communication node transmit data in one frame, and
let the other communication nodes transmit the next frame,
and so forth, alternatingly between frames. This may lead to
an even-odd pattern along the routes, and in the case of a
route tree, an even-odd pattern for the entire route tree. In
other words, it may divide all the communication nodes into
two parity groups, where all communication nodes in a
parity group transmit at the same time and receive at the
same time. Hence, it may be impossible for communication
nodes in the same parity group to make measurements of
each other’s transmissions or receptions.

[0051] Terminologies

[0052] The following commonly terminologies are used in
the embodiments and are elaborated below:

[0053] Radio network node: In some embodiments the
non-limiting term radio network node is more commonly
used and it refers to any type of network node serving UE
and/or connected to other network node or network element
or any radio node from where UE receives signal. Examples
of radio network nodes are Node B, base station (BS),
multi-standard radio (MSR) radio node such as MSR BS,
eNode B, network controller, radio network controller
(RNC), base station controller, relay, donor node controlling
relay, base transceiver station (BTS), access point (AP),
transmission points, transmission nodes, RRU, RRH, nodes
in distributed antenna system (DAS) etc.

[0054] Network node: In some embodiments a more gen-
eral term “network node” is used and it can correspond to
any type of radio network node or any network node, which
communicates with at least a radio network node. Examples
of network node are any radio network node stated above,
core network node (e.g. MSC, MME etc), O&M, OSS, SON,
positioning node (e.g. E-SMLC), MDT etc.

[0055] User equipment: In some embodiments the non-
limiting term user equipment (UE) is used and it refers to
any type of wireless device communicating with a radio
network node in a cellular or mobile communication system.
Examples of UE are target device, device to device UE,
machine type UE or UE capable of machine to machine
communication, PDA, iPAD, Tablet, mobile terminals,
smart phone, laptop embedded equipped (LEE), laptop
mounted equipment (LME), USB dongles etc.

[0056] The embodiments herein also applies to the multi-
point carrier aggregation systems.

[0057] Note that although terminology from 3GPP LTE
has been used in this disclosure to exemplity the embodi-
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ments herein, this should not be seen as limiting the scope
of the embodiments herein to only the aforementioned
system. Other wireless systems, including WCDMA,
WiMax, UMB and GSM, may also benefit from exploiting
the ideas covered within this disclosure.

[0058] Also note that terminology such as eNodeB and UE
should be considering non-limiting and does in particular
not imply a certain hierarchical relation between the two; in
general “eNodeB” could be considered as device 1 and
“UE” device 2, and these two devices communicate with
each other over some radio channel. Herein, we also focus
on wireless transmissions in the downlink, but the embodi-
ments herein are equally applicable in the uplink.

[0059] In this section, the embodiments herein will be
illustrated in more detail by a number of exemplary embodi-
ments. It should be noted that these embodiments are not
mutually exclusive. Components from one embodiment may
be tacitly assumed to be present in another embodiment and
it will be obvious to a person skilled in the art how those
components may be used in the other exemplary embodi-
ments.

[0060] Embodiments will now be described more fully
hereinafter with reference to the accompanying drawings, in
which examples of the claimed subject matter are shown.
The claimed subject matter may, however, be embodied in
many different forms and should not be construed as limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the claimed
subject matter to those skilled in the art. It should also be
noted that these embodiments are not mutually exclusive.
Components from one embodiment may be tacitly assumed
to be present/used in another embodiment.

[0061] Note that although terminology from 3GPP LTE
has been used in this disclosure to exemplity the embodi-
ments herein, this should not be seen as limiting the scope
of the embodiments herein to only the aforementioned
system. Other wireless systems, including WCDMA,
WiMax, UMB and GSM, may also benefit from exploiting
the ideas covered within this disclosure. Thus, also note that
terminology such as eNodeB and UE should be considering
non-limiting.

[0062] FIG. 6a and FIG. 65 each depict an example of a
communications network 500 in which embodiments herein
may be implemented. The communications network 500
may for example be a network such as a Long-Term Evo-
Iution (LTE), e.g. LTE Frequency Division Duplex (FDD),
LTE Time Division Duplex (TDD), LTE Half-Duplex Fre-
quency Division Duplex (HD-FDD), LTE operating in an
unlicensed band, Wideband Code Division Multiple Access
(VVCDMA), Universal Terrestrial Radio Access (UTRA)
TDD, Global System for Mobile communications (GSM)
network, GSM/Enhanced Data Rate for GSM Evolution
(EDGE) Radio Access Network (GERAN) network, EDGE
network, network comprising of any combination of Radio
Access Technologies (RATs) such as e.g. Multi-Standard
Radio (MSR) base stations, multi-RAT base stations etc.,
any 3rd Generation Partnership Project (3GPP) network,
WiFi network, Worldwide Interoperability for Microwave
Access (WiMax), 5G system or any cellular network or
system.

[0063] The communications network 500 comprises a
plurality of network nodes whereof three, a first communi-
cation node 511, a second communication node 512, a third
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communication node 513 are depicted in the example of
FIG. 64, and the same first communication node 511, second
communication node 512, third communication node 513
are depicted in the example of FIG. 65, in addition to a
fourth communication node 514. The first communication
node 511, the second communication node 512, the third
communication node 513 and the fourth communication
node 514, may each be a base station such as e.g. an eNB,
eNodeB, BS, or any other network unit capable to serve a
wireless device or a machine type communication device in
the communications network 500. For example, such a
network unit may be e.g., an AN, e.g., a short-range radio
gateway, as depicted in the non-limiting example of FIG. 65.
In some particular embodiments, any of the first communi-
cation node 511, the second communication node 512, the
third communication node 513, and the fourth communica-
tion node 514 may be a stationary relay node or a mobile
relay node. The communications network 500 covers a
geographical area which may be divided into cell areas,
which may be overlapped, wherein each cell area is served
by a radio communication node, although, one radio com-
munication node may serve one or several cells. In the
example depicted in FIG. 65, the first communication node
511 serves a first cell 521, the second communication node
512 serves a second cell 522, the third communication node
513 serves a third cell 523, and the fourth communication
node 514 serves a fourth cell 524. Any of the first commu-
nication node 511, the second communication node 512, the
third communication node 513, and the fourth communica-
tion node 514 may be e.g. macro eNodeB, home eNodeB or
a Home Node B, pico BS or femto BS, based on transmis-
sion power and thereby also cell size. Typically, the com-
munications network 500 may comprise more cells similar
to the first cell 521, the second cell 522, the third cell 523
and the fourth cell 524, served by their respective radio
communication nodes. This is not depicted in FIG. 65 for the
sake of simplicity.

[0064] In other examples than those depicted in FIG. 6a
and FIG. 65, wherein the communications network 500 is a
cellular system, any of the first communication node 511, the
second communication node 512, the third communication
node 513 and the fourth communication node 514 may serve
cells. In other examples than those depicted in FIG. 6a and
FIG. 6b, wherein the communications network 500 is a
non-cellular system, any of the first communication node
511, the second communication node 512, the third com-
munication node 513 and the fourth communication node
514 may serve receiving nodes with serving beams.

[0065] Each of the first communication node 511, the
second communication node 512, the third communication
node 513, and the fourth communication node 514 may
support one or several cellular communication technologies,
e.g., [EEE 802.11ah, BLE etc . . . and its name may depend
on the technology and terminology used. The first commu-
nication node 511 may communicate with the second com-
munication node 512 through a first link 531. The third
communication node 513 may communicate with the fourth
communication node 514 through a second link 532. The
first communication node 511 may perform the one or more
measurements through a third link 533. Each of the first link
531, the second link 532 and the third link 533 may be a
wireless link, such as a radio link an optical link, or a wired
link. In some embodiments, any of the first communication
node 511, the second communication node 512, the third
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communication node 513 and the fourth communication
node 514 may operate with wireless self-backhauling.
[0066] Any of the first communication node 511, the
second communication node 512, the third communication
node 513, and the fourth communication node 514 may also
be a communications device, also known as e.g., UE, mobile
terminal, wireless terminal, mobile station, mobile tele-
phone, cellular telephone, or laptop with wireless capability,
just to mention some further examples. The communications
device in the present context may be, for example, portable,
pocket-storable, hand-held, computer-comprised, or
vehicle-mounted mobile devices, enabled to communicate
voice and/or data, via the RAN, with another entity, such as
a server, a laptop, a Personal Digital Assistant (PDA), or a
tablet computer, sometimes referred to as a surf plate with
wireless capability, Machine-to-Machine (M2M) devices,
devices equipped with a wireless interface, such as a printer
or a file storage device, modems, or any other radio network
unit capable of communicating over a wireless or wired link
in the communications network 500. The communications
device may be wireless, i.e., it may be enabled to commu-
nicate wirelessly in the communications network 500, some-
times also referred to as a cellular radio system or cellular
network. The communication may be performed e.g.,
between two communications devices, between the commu-
nications device and a regular telephone and/or between the
communications device and a server. The communication of
the communications device may be performed e.g., via a
RAN and possibly one or more core networks, comprised
within the communications network 500.

[0067] Any of the first communication node 511, the
second communication node 512, the third communication
node 513, and the fourth communication node 514 may have
at least one of: half-duplex capability and duplex capability.
In some particular embodiments, any of the first communi-
cation node 511, the second communication node 512, the
third communication node 513, and the fourth communica-
tion node 514 may operate at half-duplex, as described
above. In some particular embodiments, at least one of the
the first communication node 511, the second communica-
tion node 512 and the third communication node 513 has
only half-duplex capability.

[0068] In the following discussion a communication node
is understood to refer to a node as any of the first commu-
nication node 511, the second communication node 512 and
the third communication node 513, described below in
reference to FIG. 6a and FIG. 6b.

[0069] The usage of the nomenclature first, second and
third communication node is arbitrary and is only used to
distinguish between the references to the communication
nodes, according to an order, which may be an order of
description herein.

[0070] Embodiments of a method performed by the first
communication node 511 in communication with the second
communication node 512, for performing one of transmis-
sion and reception to or from, respectively, the third com-
munication node 513, will now be described with reference
to the flowchart depicted in FIG. 7. The second communi-
cation node 512 is a receiver or transmitter of data from or
to the first communication node 511 in a frame. The frame
may be understood as the group of communication resources
described earlier. Examples of the frame 800 according to
embodiments herein, will be presented later in relation to
FIGS. 8-10 and 13-14. The reference numbers used in
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reference to the frame 800 throughout the description of
FIG. 7 refer therefore to those used in FIGS. 8-10 and 13-14.
While frame is used herein, it may be understood that the
same applies to e.g., a subframe. Therefore a reference to the
frame 800 is understood herein to equally refer to a sub-
frame. The frame 800 comprises at least one first set of
time-frequency resources 801, and a second set of time-
frequency resources 802, which may also be referred to
herein as a first field and a second field, respectively.
Examples of time-frequency resources are symbols,
resource elements, OFDM symbols, Filter-Bank Multi-Car-
rier (FBMC) symbols, symbols of some of the type of
multi-carrier modulation scheme, a set of any of the men-
tioned types of symbols, etc . . . The at least one first set of
time-frequency resources 801 is reserved for communica-
tion of control information, and the second set of time-
frequency resources 802 is reserved for communication of at
least data information. As described above, control infor-
mation may be e.g., channel state information, reception
acknowledgement reports such as ACK/NACK reports,
other types of feedback, Medium Access Control (MAC)
messages, information about coding and modulation
schemes used in associated data transmissions, other types
of system link configuration messages, etc . . . Data infor-
mation, as described above may be, e.g., payload data,
which may in turn contain data information as well as
control information for higher layers in the protocol stack. In
some embodiments, the at least one first set of time-fre-
quency resources 801 and the second set of time-frequency
resources 802 are non-overlapping in time.

[0071] The first communication node 511, the second
communication node 512 and the third communication node
513 operate in the communications network 500.

[0072] In some embodiments, the communications net-
work 500 is one of: a wireless communications network 500
and a radio communications network 500. A wireless com-
munications network may be understood herein as a network
where at least some of the communication between nodes is
performed over another medium than a wire, e.g., wireless
optical communication, i.e., infrared light. A radio commu-
nications network is here a network where at least some
communication is performed using electromagnetic waves
at radio frequencies, transmitted over the air, via wire, or
some other medium. Today’s cellular telephony networks
may hence be both, wireless communications networks and
radio communications networks.

[0073] FIG. 7 depicts a flowchart of the actions that are or
may be performed by the first network node 111 in embodi-
ments herein. A dashed line depicts an optional action.
[0074] In some embodiments all the actions may be per-
formed. In some embodiments, one or more actions may be
performed. In some embodiments, the order of the actions
illustrated in FIG. 7 may be changed in one or more actions.
One or more embodiments may be combined, where appli-
cable. All possible combinations are not described to sim-
plity the description.

[0075] In some examples, transmission may be used an
illustrative example of communication. However, any ref-
erence to transmission may be understood to also apply to
reception.

[0076] Action 701

[0077] To wunderstand the objective of the actions
described herein, a scenario such as that illustrated in FIG.
4 may be considered as a starting point to be improved by
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the method according to embodiments herein. The first
communication node 511, the second communication node
512, and third communication node 513 may each have a
fixed tx and rx assignment for the first 801 and second 802
sets of time-frequency resources, e.g. fields, in the frame
800. In order to increase the flexibility in the exchange of
information between communication nodes in the commu-
nications network 500, and allow for the first communica-
tion node 511, the second communication node 512, and
third communication node 513 to exchange information with
each other within a certain time window, e.g. within one
frame 800 or within two frames 800, the first communication
node 511 determines that a third set of time-frequency
resources 803, e.g., a third field, is to be used for commu-
nication of information with the third communication node
513. The information is one of: control information, data
information, and one or more signals related to one or more
measurement procedures.

[0078] The determining action 701 performed by the first
communication node 511 may in some embodiments herein
relate to introducing an additional field to that or those
comprised in the frame 800. The third set of time-frequency
resources 803 may therefore also be referred to herein as the
additional field, or the extra field. As stated earlier, the
control and data fields may typically be non-overlapping.
Non-overlapping sets of time-frequency resources should be
understood to refer to sets of time-frequency resources that
are configured by design, i.e., a priori, to have no overlap or
at most a small overlap, e.g., below a certain threshold, in the
time and frequency dimensions. That is, non-overlapping, or
almost non-overlapping, sets of time-frequency resources
may be a priori assigned to different sets of time-frequency
resources. However, some interference between non-over-
lapping time-frequency resources may occur during com-
munication, i.e., transmission or reception. Slight interfer-
ence may also be present by design in some modulation
schemes such as filter bank based modulation schemes. A
modulation scheme is understood to refer to schemes such as
OFDM, DFTS-OFDM, FBMC, etc, which may be also
referred to as “multiplexing schemes”, and not to so-called
constellation types such as BPSK, QPSK, 16QAM, etc . . .
[0079] The additional field that may be introduced in some
of the embodiments herein may be used either for transmis-
sion or reception. That is, the additional field may be
understood as a flexible-duplex field.

[0080] By determining that the third set of time-frequency
resources 803 is to be used for communication of informa-
tion with the third communication node 513, the first com-
munication node 511 may determine also which time-fre-
quency resources may correspond, i.e., be assigned, to the
third set.

Embodiments Wherein the Third Set of Time-Frequency
Resources 803 is Overlapping with Data Time-Frequency
Resources

[0081] The additional field that may be introduced may, in
some of the embodiments herein, overlap in time and
frequency with parts of the data field. The flexible-duplex
field may be used either for transmission or reception
independently of the tx/rx direction of the other fields in the
frame 800, e.g., the other three, fields in the frame 800. FIG.
8 is a schematic diagram illustrating a frame 800 comprising
one such flexible-duplex field. In the non-limiting example
of FIG. 8, the frame 800 comprises two first sets of time-
frequency resources 8011, 8012, wherein one first set of
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time-frequency resources 8011 is a DL control field, and the
other first set of time-frequency resources 8012 is an UL
control field. The frame 800 also comprises a data field, that
is, the second set of time-frequency resources 802, and the
flexible-duplex field, that is, the third set of time-frequency
resources 803, which is located at the end of the frame 800,
and is indicated in FIG. 8 by a solid black field. The
additional field may typically not be used in every frame
800.

[0082] Embodiments herein may therefore relate to an
overlapping field with flexible duplex, in which case the
additional field may be said to be punctured into the data
field, as explained later, in relation to Action 704.

[0083] Although in general the additional field may in
principle appear at any time location in the frame 800, in one
embodiment such as that illustrated in FIG. 8, it may be
placed at the end of the frame 800 so as to minimize the
number of tx/rx direction switches in a frame 800, which
may be valuable because of the extra guard period that may
be needed for tx/rx direction.

[0084] The additional field may overlap, also or solely,
with a non-data field of the frame 800.

[0085] It should be noted that the exact same effects as
described here may also be obtained using slightly different
terminology; for example, the additional field may be said
not to overlap with the data field but rather to replace part of
it.

[0086] The additional field may contain control signaling,
or possibly reference signals, or some other type of infor-
mation. It may target a different receiver/transmitter com-
munication node than the other fields of the frame 800, and
if the communication node is capable of adaptive beam-
forming, a different beam direction may be used compared
to the other fields.

Embodiments Wherein the Third Set of Time-Frequency
Resources 803 is Placed between Two Frames 800

[0087] In other embodiments, the third set of time-fre-
quency resources 803 is placed between two frames 800 of
time-frequency resources, e.g., wherein at least the first
frame 800 of the two frames 800 comprises the first set of
time-frequency resources 801, and the second set of time-
frequency resources 802.

[0088] Thus, embodiments herein may relate to inserting
between frames 800 an additional or extra field, whose tx/rx
direction may be selected arbitrarily, independently of the
x/rx directions inside the regular frame 800. By placing the
extra field in-between frames 800, where a switch in tx/rx
direction may anyway occur, the need for extra guard
periods is minimized. This is illustrated in FIG. 9. FIG. 9 is
a schematic diagram illustrating a flexible duplex field, that
is, the third set of time-frequency resources 803, according
to embodiments herein. Three different frames 800 are
depicted in FIG. 9, with similar structure. Each frame 800 in
FIG. 9 comprises the at least one first set of time-frequency
resources 801, and the second set of time-frequency
resources 802. In this particular example, each frame 800
comprises two first sets of time-frequency resources 8011,
8012, wherein one first set of time-frequency resources 8011
is a DL control field, and the other first set of time-frequency
resources 8012 is an UL control field. The third set of
time-frequency resources 803 is placed in between frames
800, as indicated by the solid black rectangles. Each third set
of time-frequency resources 803 in FIG. 9 is placed with
guard period 901 on each side, as indicated by the thin white
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rectangles. Note the first guard period of the third set of
time-frequency resources 803 is not depicted. In the par-
ticular example of FIG. 9, a guard period 901 is also placed
between the two first sets of time-frequency resources 8011,
8012. The tx/rx direction of the extra field may be pre-agreed
between communication nodes, or an individual communi-
cation node may take an autonomous decision to change
x/rx direction, e.g., to transmit broadcast information to a
set of communication nodes, or to listen to broadcast infor-
mation from some other communication node. In particular,
if a communication node has spatial beamforming capabili-
ties, it may for the extra field use a different beam direction,
e.g., a different precoder. The extra control field may consist
of one or multiple symbols.

[0089] Some embodiments herein may therefore relate to
a flexible-duplex field between frames 800. In particular,
embodiments herein may relate to an extra control field,
preferably placed between frames 800, for which the tx/rx
direction may be dynamically changed. The flexible-duplex
field, may also be referred to herein as the third set of
time-frequency resources 803, an extra field, or an additional
field.

[0090] In some embodiments, the control field is not used
for control signaling to and/or from the communication
nodes with which there is currently data communication
ongoing, since then the normal control fields may be used
instead.

[0091] The third set of time-frequency resources 803 may
not be inserted in between every pair of frames 800. When
present, the third set of time-frequency resources 803 may
not always be used.

[0092] Note that exactly the same effect may be achieved
with slightly different terminology, e.g., the extra field may
be said to belong to one of the frames 800, either the
preceding or the following frame 800.

[0093] Action 702

[0094] Once the first communication node 511 has deter-
mined that the third set of time-frequency resources 803 is
to be used for communication of information with the third
communication node 513, the first communication node 511
determines a direction of communication in the third set of
time-frequency resources 803. The direction of communi-
cation is one of transmission and reception. The determining
of the direction of communication in this action is done in
such a way that the direction of communication in the third
set of time-frequency resources 803 is based on the infor-
mation to be communicated, that is, based on whether the
information to be communicated is control information, data
information or one or more signals related to one or more
measurement procedures. This is so the determined direction
of communication may adapt to the needs of the information
to be communication to the third communication node 513.

Information is Related to One or More Measurement
Procedures

[0095] For example, in the embodiments wherein the
information being communicated is one or more signals
related to one or more measurement procedures, the direc-
tion of communication is opposite to a direction of commu-
nication in the second set of time-frequency resources 802,
wherein the direction of communication in the second set of
time-frequency resources 802 is one of transmission and
reception. This may allow the first network node 511 to
transmit one or more measurement signals for one or more
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measurement procedures within a time period when the first
communication node 511 is receiving data, or to receive one
or more signals for one or more measurement procedures
within a time period when the first communication device
511 is transmitting data.

Information is Related to Control Information or Data
Information

[0096] In the embodiments wherein the information being
communicated is one of: control information and data infor-
mation, the direction of communication is one of: indepen-
dent of a direction of communication in the first set of
time-frequency resources 801, and based on the direction of
communication in one or more of: the first set of time-
frequency resources 801 and the second set of time-fre-
quency resources 802.

[0097] For example, in some particular embodiments
wherein the third set of time-frequency resources 803 in the
frame 800 is to be used for communication of control
information, the direction of communication in the third set
of time-frequency resources 803 in the frame 800 may be
opposite to the direction of communication in the second set
of time-frequency resources 802 in the frame 800. This may
allow the first network node 511 to transmit e.g., control
information within a time period when the first communi-
cation node 511 is receiving data, or to receive e.g., control
information within a time period when the first communi-
cation device 511 is transmitting data.

[0098] In embodiments wherein the information in the
third set of time-frequency resources 803 is at least one of:
control information and data information, the determining of
the direction of communication in the third set of time-
frequency resources 803 may be independent or based on the
direction of transmission or reception in the first set of
time-frequency resources 801.

[0099] According to the foregoing, in some of these
embodiments wherein the information in the third set of
time-frequency resources 803 is at least one of: control
information and data information, the tx/rx direction of the
extra field, that is, in the third set of time-frequency
resources 803, is not fully independent of the tx/rx direction
of the fields in the adjacent frames 800. For example in
embodiments wherein the first set of time-frequency
resources 801 comprise a first and a second control fields,
the extra field may be selected based on the tx/rx direction
of the first control field in the following frame 800; for a
specific example, it may be set to the tx/rx direction that
allows a given communication node to communicate with as
many neighbor communication nodes as possible.

[0100] In some embodiments, the tx/rx direction of the
extra field is based on the current frame 800 number, e.g.,
time stamp, and/or an AN identifier number according to
some rule that ensures rather frequent opportunities for
neighboring nodes to exchange control information. As a
specific example, the communication nodes may use a
pseudo-random binary sequence with a seed computed
based on the AN identifier number. Thus, in some embodi-
ments, the determining the direction of communication in
the third set of time-frequency resources 803 is based on one
of: a current frame 800 number and a current communica-
tion node identifier.

[0101] In some embodiments, the direction of communi-
cation in the third set of time-frequency resources 803 in the
frame 800 is opposite to the direction of communication in
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the second set of time-frequency resources 802 in the frame
800, the direction of communication being one of transmis-
sion and reception.

[0102] Action 703

[0103] In some embodiments, the third set of time-fre-
quency resources 803 corresponds to a subset of the second
set of time-frequency resources 802. The first communica-
tion node 511 may then select the subset of the second set of
time-frequency resources 802 that is to correspond to the
third set of time-frequency resources 803. In some of these
embodiments, the third set of time-frequency resources 803
is to be used for communication of one or more measure-
ment procedures. In this action, the first communication
node 511 may select the subset of the second set of time-
frequency resources 802 that is to be used to perform the one
or more measurement procedures.

[0104] In some embodiments, the selecting the subset of
the second set of time-frequency resources 802 is performed
pseudo-randomly. This will be explained further in the next
action.

[0105] In other embodiments, the selecting the subset of
the second set of time-frequency resources 802 is based on
one of’ a parameter specific to the first communication node
511, e.g. the communication node identity, a time when at
least the third communication node 513 operating in the
communications network 500 transmits one or more refer-
ence signals, and a frequency where at least the third
communication node 513 transmits one or more reference
signals. The selecting of the subset based on the time or the
frequency may be made in order to be able to perform more
effective measurements. That is, in order to be able to e.g.,
measure a signal transmitted by the third communication
node 513.

[0106] In some embodiments wherein the third set of
time-frequency resources 803 corresponds to a subset of the
second set of time-frequency resources 802, the third set of
time-frequency resources 803 is to be used for communica-
tion of control information.

[0107] Action 704

[0108] As stated earlier, the third set of time-frequency
resources 803 may, in some embodiments, overlap in time
and frequency with parts of the data field in the frame 800.
In frames 800 where the additional field is being used, it
may, depending on hardware capabilities, not be possible for
a communication node such as the first communication node
511 to maintain data reception/transmission in the part of the
frame 800 that overlaps with the additional field, i.e. the
additional field may be said to be punctured into the data
field, that is, replacing/stealing one or more symbols. Dif-
ferent ways of coping with this interruption in the data
communication are covered in various embodiments.

[0109] In some embodiments, wherein the third set of
time-frequency resources 803 corresponds to a subset of the
second set of time-frequency resources 802, the first com-
munication node 511 may in this action, interrupt data
communication in the subset of the second set of time-
frequency resources 802. This may be done, for example to
perform the one or more measurement procedures, the one
or more measurement procedures being performed on one or
more signals to or from the third communication node 513.
For example, the one or more signals may be from the third
communication node 513 or the first communication node
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511 may transmit one or more signals to the third commu-
nication node 513. This is indicated in FIG. 7 as Action
704a.

[0110] In some embodiments, the one or more signals are
of a communication between the third communication node
513 and the fourth communication node, as may be seen in
FIG. 6b.

[0111] Some embodiments herein may therefore relate to
a flexible-duplex measurement gap, as illustrated in FIG. 10.
FIG. 10 is a schematic diagram illustrating a measurement
gap according to embodiments herein. In the non-limiting
example of FIG. 10, the frame 800 comprises the at least one
first set of time-frequency resources 801, and the second set
of time-frequency resources 802, a data field. One first set of
time-frequency resources 8011 is a DL control field, and the
other first set of time-frequency resources 8012 is an UL
control field. The flexible-duplex measurement field, that is,
the third set of time-frequency resources 803, is located in
the middle of the data field.

[0112] Several variations of this embodiment are dis-
cussed in the following description, e.g. the location in time
of the short interruption may be pseudo-randomly selected.
[0113] The reason for a communication node A, such as
the first communication node 511, wishing to interrupt
reception for a short time period in order to more efficiently
perform measurements of interference etc from other com-
munication nodes in the communication network 500 may,
e.g be that the first communication node 511 is capable of
adaptive beamforming, but may only listen in one direction
at a time, and therefore wishes to steer its receiving beam in
a different direction during the time period. This is typically
the case if analog beamforming is used.

[0114] In one example, the time location of the measure-
ment gap within the frame 800 is pseudo-randomly, or
randomly, selected. The advantage of a random selection is
that then, even without pre-agreement and/or co-ordination,
neighboring communication nodes may be unlikely to have
the measurement gaps at the same time, at least for a
prolonged time. This reduces the risk of attempting to
measure interference from another communication node
when that communication node is interrupting its own
transmission in order to measure interference. The pseudo
random position of the measurement gap may for example
be derived from a communication node specific parameter,
e.g. the communication node identity.

[0115] In another example, the measurement gap is inten-
tionally placed at a point in time where neighboring com-
munication nodes, such as the third communication node
513, transmit some kind pilot signals, such as reference
signals, in order to be able to perform more effective
measurements. Different communication nodes may then
preferably transmit orthogonal pilot signals. In this case, the
measurements may not need to necessarily concern inter-
ference from another link, but may alternatively concern link
quality that may be achieve if receiving from the neighbor-
ing communication node, e.g., the third communication
node 513 that transmits the pilot signals, as illustrated in e.g.,
FIG. 6b.

[0116] For example, in other embodiments, when trans-
mitting data, the first communication node 511 may interrupt
its data transmission to transmit control information in the
overlapping control field to some other communication
node, e.g., using multi-antenna beamforming towards
another communication node than the one receiving data,
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without the receiving communication node being aware of
this interruption. Instead, Forward Error Correction (FEC)
coding may be preferably made robust enough to allow the
receiving communication node to decode correctly the data
field anyway.

[0117] In one embodiment, when receiving data, the first
communication node 511 may interrupt its data reception in
the additional field in order to listen to control signaling
from some other communication node, possibly using a
different beam direction. Such interruption may be neces-
sary if attempting to receive the additional field from a
different direction than the data in a communication node
that is only capable of analog beamforming/fixed beams,
that is e.g., in a communication node that is only capable of
listening in one direction at a time.

[0118] In one alternative embodiment, indicated in FIG. 7
as Action 7045, data transmission may not be completely
interrupted, but rather only the transmit power may be
reduced in order to free some of the available transmit power
of the communication node to be used for the additional
field. Transmit power is understood to refer herein to a
communication power, that is a power of either one of
transmission or reception. Alternatively, the communication
node may transmit with full power on some subcarriers, but
use other subcarriers for transmission of the additional field.
In one embodiment, only one of two, or more, Multiple
Input Multiple Output streams (MIMO) streams is inter-
rupted to instead transmit the additional field. That it, in
some embodiments wherein the first communication node
511 uses MIMO, the first communication node 511 may
interrupt data communication in the subset of the second set
of time-frequency resources 802 corresponding to the third
set of time-frequency resources 803, wherein the interrupt-
ing is only on a subset of available MIMO streams.

[0119] Action 705

[0120] In some embodiments, the direction of communi-
cation in the third set of time-frequency resources 803
determined by the first communication node 511 in Action
702 may represent a change of direction with respect to the
time-frequency resources immediately prior to the third set
of time-frequency resources 803. Since, as explained earlier,
switching of tx/rx direction may take some time, and may
require an extra guard period between adjacent symbols that
belong to fields with different duplex direction, in this
action, the first communication node 511 may insert one or
more guard periods adjacent in time to the third set of
time-frequency resources 803, according to the determined
direction of communication in the third set of time-fre-
quency resources 803, as needed. Thus, this action may be
performed when a switch of tx/rx direction is necessary to
perform one of transmission or reception in the third set of
time-frequency resources 803.

[0121] Action 706

[0122] In some embodiments, the first communication
node 511 may communicate to the second communication
node 512, the communication node which is the receiver of
its data, e.g., using one of the normal control fields, the
location and/or presence of the additional field in a frame
800 in order to allow it to avoid attempts to demodulate or
otherwise use signals received during the additional field in
the data decoding process.

[0123] Thus, in this action, the first communication node
511 may send an indication to the second communication
node 512. The indication is of a location and or usage of the
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third set of time-frequency resources 803 in the frame 800.
As stated earlier, the second communication node 512
operates in the communications network 500. The second
communication node 512 may be a receiver or transmitter of
data in at least a frame 800 from the first communication
node 511. The sending may be implemented, e.g., by send-
ing a message particularly intended for such indication, or
by piggy-backing such an indication onto another control-
signaling message. The indication of the location may, e.g.,
be expressed in terms of OFDM symbol number within a
subframe 800. An indication of usage of the third set of
time-frequency resources 803 may be expressed, e.g., in
terms of a single bit, where 1 denotes that the field is used,
and O denotes that the field is not used. The indication of the
usage may comprise an indication that the usage is zero, that
is, that the third set of time-frequency resources 803 in the
frame 800 is not used.

[0124] In some embodiments, the first communication
node 511 communicates to the second communication node
512, its data receiver, e.g. using one of the normal control
fields, the location of the measurement gap in order to allow
it to avoid attempts to demodulate or otherwise use signals
received during the measurement gap in the data decoding
process.

[0125] In some embodiments, a communication node A,
such as the second communication node 512, that is receiv-
ing data from a communication node B, such as the first
communication node 511, may be aware that the commu-
nication node B may insert a measurement gap in a frame
800 and may use receiver algorithms that account for this. In
another embodiment, the communication node A knows
even which symbol(s) of a frame 800 the communication
node B may use for a measurement gap, e.g. defined
according to some pseudo-random sequence specifying for
each frame 800 which symbols are eligible for measurement
gaps in communication node B, but still does not know
whether that symbol(s) is actually a measurement gap in the
frame 800 in question. In yet another embodiment, commu-
nication node B may signal to communication node A that at
least one symbol will be used for measurement gap in a
specific frame 800, but does not reveal which symbol in the
frame 800, this may be useful if the amount of control
signaling that may be transmitted from communication node
B to communication node A is limited. Other levels of detail
in the specification of where/if a measurement gap occurs
may also be possible.

[0126] In some embodiments, one or both of the commu-
nication nodes of a communication link are unaware of the
existence and/or time location of a measurement gap in the
other communication node of the communication link. In the
case where the receiving communication node is unaware of
the measurement gap in the transmitter, it may have to rely
on, e.g., robust forward error correction (FEC) or hybrid
ARQ to anyway decode the data.

[0127] Action 707

[0128] In some embodiments, the first communication
node 511 performs one of transmission or reception to or
from, respectively, the third communication node 513 in the
determined direction of communication, according to Action
702. The performing of the one of transmission or reception
is in the third set of time-frequency resources 803 deter-
mined to be used for communication of information with the
third communication node 513, according to Action 701.
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[0129] An example of the above is illustrated in FIG. 11,
wherein the third set of time-frequency resources 803 over-
lap with the data field. A communication node B, such as the
second communication node 512, receiving data from a
communication node A, such as the first communication
node 511, may attempt to demodulate data during the period,
e.g., symbols, where the communication node A instead
communicated only the additional field, but also attempts to
demodulate the additional field. The communication node A
may communicate the additional field comprising control
information or signalling to a Node C, such as the third
communication node 513. The demodulation and subse-
quent decoding of the additional field may likely succeed,
and if the data field was strongly enough encoded, the
decoding of the data may also succeed.

[0130] FIG. 12 is a schematic diagram illustrating another
example of some embodiments herein, wherein the infor-
mation being communicated is related to one or more
measurement procedures. Such embodiments herein refer to
allowing a communication node A, such as the first com-
munication node 511, to interrupt data communication with
a communication node B, such as the second communica-
tion node 512, i.e., tx to B or rx from B, for a short time
period within the data field, in order to participate in
measurement procedures, either measure interference or
other signal from some other communication node(s) in the
communication network 500, or transmit measurement sig-
nals to other communication nodes, such as a for example,
measuring one or more signals in a communication, e.g., a
data transmission, between a Node C, such as the third
communication node 513, and a Node D, such as the fourth
communication node 514, as illustrated in the example of
FIG. 12. The interruption may be referred to as a measure-
ment gap, measurement field or measurement period, which
corresponds to the subset of a second set of time-frequency
resources 802. This differs from some methods used in
WCDMA and LTE, where a communication node may
interrupt data transmission to a communication node in
order to let that communication node perform measure-
ments.

[0131] In some embodiments, the third communication
node 513 is different from the second communication node
512 operating in the communications network 500, the
second communication node 512 being a receiver or trans-
mitter of data in the second set of time-frequency resources
802.

[0132] The first communication node 511 may be different
than the third communication node 513. In some embodi-
ments, the second communication node 512 and the third
communication node 513 may be the same node. In some
other embodiments, the second communication node 512
may be different than the third communication node 513.
The third communication node 513 is in some embodiments
the same communication partner as the one of any of first set
of time-frequency resources 801 in a or the frame 800 and
the second set of time-frequency resources 802 in a or the
frame 800. The third communication node 513 is in some
embodiments a different node than the communication part-
ner of the one of any of first set of time-frequency resources
801 in a or the frame 800 and the second set of time-
frequency resources 802 in a or the frame 800.

[0133] In some embodiments, the first communication
node 511 is different than the second communication node
512. In some embodiments, the second communication node
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512 and any of the third communication node 513 and the
fourth communication node 514 may be the same node. In
some other embodiments, the second communication 512
node may be different than any of the third communication
node 513 and the fourth communication node 514 may be
the same node. Any of the third communication node 513
and the fourth communication node 514 may be, in some
embodiments, the same communication partner as the one of
any of the at least one first set of time-frequency resources
801 and the second set of time-frequency resources 802 in
a or the frame 800. Any of the third communication node
513 and the fourth communication node 514 may be, in
some embodiments, a different communication node than
the communication partner of the one of any of the at least
one first set of time-frequency resources 801 and the second
set of time-frequency resources 802 in a or the frame 800.

[0134] Beamforming may be applied to any tx signal, as
well as to any rx signal. Different beamforms may target the
same communication node or, more often, different com-
munication nodes. Beamforming may be achieved using
different antennas directed in different spatial directions, or
using the same, or partly overlapping, sets of multi-antenna
elements with different precoder settings, that is, different
precoder weights. Beamforms are in general not restricted to
a single narrow lobe, but may have more complex shapes,
depending on the precoder. The precoders are typically
linear, in which case they may be described in terms of a set
of precoder weights, but may in principle also be non-linear.

[0135] An advantage of embodiments herein is that they
enable communication nodes in a communications network
with half-duplex restrictions to efficiently exchange control
signaling with each other.

[0136] FIG. 13 is a schematic diagram illustrating an
example of an effect that may be achieved with a method in
the first communication node 511, according to an embodi-
ment herein, right side, in comparison with an example of an
existing method, left side. An exemplary frame 800 is
represented for each one of the nodes in the left and right
diagrams. In particular, FIG. 13 illustrates, with a particular
example, how embodiments herein, illustrated in the right
schematic diagram, may provide for a way for three AN,
AN1, such as the first communication node 511, AN2, such
as the second communication node 513 and AN3, such as the
third communication node 513, to communicate with each
other. Communication is in a context where each frame 800
comprises two first sets of time-frequency resources 801
represented by rectangles with diagonal stripes: one first set
of time-frequency resources 8011, another first set of time-
frequency resources 8012, and wherein each of the two first
sets of time-frequency resources have a fixed assignment, as
indicated in FIG. 13, with “Tx”or “Rx”. The schematic
diagram on the left illustrates such a scenario according to
existing methods. AN1 and AN3 have fixed assignments of
transmission for one of the two first sets of time-frequency
resources, the one on the left, while the AN2 has a fixed
assignment of reception. AN1 and AN3 have fixed assign-
ments of reception for the other one of the two first sets of
time-frequency resources, the one on the right, while the
AN2 has a fixed assignment of transmission. Under such
fixed assignment, AN1 cannot transmit to AN3 through the
two first sets of time-frequency resources, as indicated with
the crossed arrow. This is because AN1 and AN3 transmit
both at the same time, or receive both at the same time. The
schematic diagram on the right illustrates a similar scenario,
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according to an embodiment herein. AN1 and AN3 have
fixed assignments of transmission for one of the two first sets
of time-frequency resources 8011, while the AN2 has a fixed
assignment of reception. AN1 and AN2 have fixed assign-
ments of reception for the other one of the two first sets of
time-frequency resources 8012, while the AN2 has a fixed
assignment of transmission. However, in the schematic
diagram on the right, both of AN1 and AN3 have the third
set of time-frequency resources 803, represented by the
rectangles with horizontal stripes. In this particular example,
the third set of time-frequency resources 503 are a subset of
the second set of time-frequency resources 802. Thanks to
the flexible third set of time-frequency resources 803, AN1
may now transmit, e.g., control information, to AN3, which
may receive the information transmitted by AN1 during the
frame 800.

[0137] FIG. 14 shows a similar schematic diagram to that
of FIG. 13. FIG. 14 also illustrates an example of an effect
that may be achieved with a method in the first communi-
cation node 511, according to an embodiment herein, right
side, in comparison with an example of an existing method,
left side. In the schematic diagram on the right, both of AN1,
such as the first communication node 511, and AN3, such as
the third communication node 513, have the third set of
time-frequency resources 803, which is placed between two
frames 800 of time-frequency resources, although only one
of the frames 800 is shown to simplify the figure. Thanks to
the flexible third set of time-frequency resources 803, AN1
may now transmit to AN3, which may receive the informa-
tion transmitted by AN1. In the particular example shown,
AN2 may also have a third set of time-frequency resources
803 being placed between two frames 800 of time-frequency
resources, although in this particular example they are not
used.

[0138] A further advantage of embodiments herein is that
they enable communication nodes in a network with half-
duplex restrictions to efficiently make measurements on
transmission in other network links than the one currently
being used for communication.

[0139] To perform the method actions described above in
relation to FIGS. 7-14, the first communication node 511
configured to be in communication with a second commu-
nication node 512. The first communication node 511 is
further configured to perform one of transmission and recep-
tion to or from, respectively, the third communication node
513. The first communication node 511 may comprise the
following arrangement depicted in FIG. 15. As already
mentioned, the second communication node 512 is config-
ured to be a receiver or transmitter of data from or to the first
communication node 511 in the frame 800. The frame 800
comprises at least the one first set of time-frequency
resources 801, and the second set of time-frequency
resources 802. The at least one first set of time-frequency
resources 801 are reserved for communication of control
information, and the second set of time-frequency resources
802 are reserved for communication of at least data infor-
mation. The first communication node 511, the second
communication node 512 and the third communication node
513 are configured to operate in the communications net-
work 500.

[0140] The detailed description of some of the following
corresponds to the same references provided above, in
relation to the actions described for the first communication
node 511, and will thus not be repeated here.
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[0141] For example, the communications network 500
may be one of: the wireless communications network 500
and the radio communications network 500.

[0142] Also, the at least one first set of time-frequency
resources 801 and the second set of time-frequency
resources 802 may be configured to be non-overlapping in
time.

[0143] The first communication node 511 is further con-
figured to, e.g., by means of a determining module 1501
configured to, determine that the third set of time-frequency
resources 803 is to be used for communication of informa-
tion with the third communication node 513, wherein the
information is one of: control information, data information,
and one or more signals related to one or more measurement
procedures.

[0144] The determining module 1501 may be a processor
1509 of the first communication node 511.

[0145] In some embodiments, the third set of time-fre-
quency resources 803 is configured to be placed between
two frames 800 of time-frequency resources.

[0146] The first communication node 511 is further con-
figured to, e.g., by means of the determining module 1501
configured to, determine the direction of communication in
the third set of time-frequency resources 803, the direction
of communication being one of transmission and reception,
wherein the direction of communication in the third set of
time-frequency resources 803 is configured to be based on
the information to be communicated.

[0147] In some embodiments, the direction of communi-
cation in the third set of time-frequency resources 803 in the
frame 800 is opposite to the direction of communication in
the second set of time-frequency resources 802 in the frame
800, the direction of communication being one of transmis-
sion and reception.

[0148] In some embodiments, the information configured
to be communicated is one or more signals related to one or
more measurement procedures, and the direction of com-
munication is opposite to the direction of communication in
the second set of time-frequency resources 802, wherein the
direction of communication in the second set of time-
frequency resources 802 is one of transmission and recep-
tion.

[0149] In some embodiments, the information configured
to be communicated is one of: control information and data
information, and the direction of communication is one of:
independent of a direction of communication in the first set
of time-frequency resources 801, and configured to be based
on a direction of communication in one or more of: the first
set of time-frequency resources 801 and the second set of
time-frequency resources 802.

[0150] In some embodiments, to determine the direction
of communication in the third set of time-frequency
resources 803 is based on one of: the current frame 800
number and the current communication node identifier.

[0151] The first communication node 511 is further con-
figured to, e.g., by means of a performing module 1502
configured to, perform one of transmission or reception to or
from, respectively, the third communication node 513 in the
determined direction of communication, wherein to perform
the of the one of transmission or reception is configured to
be in the third set of time-frequency resources 803 deter-
mined to be used for communication of information with the
third communication node 513.
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[0152] The performing module 1502 may be the processor
1509 of the first communication node 511.

[0153] In some embodiments wherein the third set of
time-frequency resources 803 corresponds to a subset of the
second set of time-frequency resources 802, the first com-
munication node 511 may be further configured to, e.g., by
means of an interrupting module 1503 configured to, inter-
rupt data communication in the subset of the second set of
time-frequency resources 802 to perform the one or more
measurement procedures, the one or more measurement
procedures being configured to be performed on one or more
signals to or from the third communication node 513.
[0154] The interrupting module 1503 may be the proces-
sor 1509 of the first communication node 511.

[0155] In some embodiments, the first communication
node 511 may be further configured to, e.g., by means of the
interrupting module 1503 configured to, interrupt data com-
munication in the subset of the second set of time-frequency
resources 802 corresponding to the third set of time-fre-
quency resources 803, wherein to interrupt is only on a
subset of available Multiple Input Multiple Output streams.
[0156] The first communication node 511 may be further
configured to, e.g., by means of a reducing module 1504
configured to, reduce transmission power in the subset of the
second set of time-frequency resources 802 corresponding to
the third set of time-frequency resources 803.

[0157] The reducing module 1504 may be the processor
1509 of the first communication node 511.

[0158] The first communication node 511 may be further
configured to, e.g., by means of a selecting module 1505
configured to, select the subset of the second set of time-
frequency resources 802 that is to be used to perform the one
or more measurement procedures.

[0159] The selecting module 1505 may be the processor
1509 of the first communication node 511.

[0160] In some embodiments, to select the subset of the
second set of time-frequency resources 802 is configured to
be performed pseudo-randomly.

[0161] In some embodiments, to select the subset of the
second set of time-frequency resources 802 is configured to
be based on one of: the parameter specific to the first
communication node 511, the time when at least the third
communication node 513 configured to operate in the com-
munications network 500 transmits one or more reference
signals, and the frequency where at least the third commu-
nication node 513 transmits one or more reference signals.
[0162] In some embodiments, the third set of time-fre-
quency resources 803 corresponds to a subset of the second
set of time-frequency resources 802 and the third set of
time-frequency resources 803 is to be used for communica-
tion of control information.

[0163] The first communication node 511 may be further
configured to, e.g., by means of an inserting module 1506
configured to, insert one or more guard periods adjacent in
time to the third set of time-frequency resources 803,
according to the determined direction of communication in
the third set of time-frequency resources 803.

[0164] The inserting module 1506 may be the processor
1509 of the first communication node 511.

[0165] The first communication node 511 may be further
configured to, e.g., by means of a sending module 1507
configured to, send the indication to the second communi-
cation node 512 configured to operate in the communica-
tions network 500, the second communication node 512
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being the receiver or transmitter of data in at least a frame
800 from the first communication node 511, the indication
being of a location and or usage of the third set of time-
frequency resources 803 in the frame 800.

[0166] The sending module 1507 may be the processor
1509 of the first communication node 511.

[0167] Other modules 1508 may be comprised in the first
communication node 511.

[0168] The embodiments herein may be implemented
through one or more processors, such as the processor 1509
in the first communication node 511 depicted in FIG. 15,
together with computer program code for performing the
functions and actions of the embodiments herein. The pro-
gram code mentioned above may also be provided as a
computer program product, for instance in the form of a data
carrier carrying computer program code for performing the
embodiments herein when being loaded into the in the first
communication node 511. One such carrier may be in the
form of a CD ROM disc. It is however feasible with other
data carriers such as a memory stick. The computer program
code may furthermore be provided as pure program code on
a server and downloaded to the first communication node
511. As indicated above, the processor 1509 may comprise
one or more circuits, which may also be referred to as one
or more modules in some embodiments, each configured to
perform the actions carried out by the first communication
node 511, as described above in reference to FIG. 15, e.g.,
the determining module 1501, the performing module 1502,
the interrupting module 1503, the reducing module 1504, the
selecting module 1505, the inserting module 1506, the
sending module 1507, and other modules 1508. Hence, in
some embodiments, the determining module 1501, the per-
forming module 1502, the interrupting module 1503, the
reducing module 1504, the selecting module 1505, the
inserting module 1506, the sending module 1507, and other
modules 1508 described above may be implemented as one
or more applications running on one or more Processors
such as the processor 1509. That is, the methods according
to the embodiments described herein for the first commu-
nication node 511 may be respectively implemented by
means of a computer program product, comprising instruc-
tions, i.e., software code portions, which, when executed on
at least one processor, cause the at least one processor to
carry out the actions described herein, as performed by the
first communication node 511. The computer program prod-
uct may be stored on a computer-readable storage medium.
The computer-readable storage medium, having stored
thereon the computer program, may comprise instructions
which, when executed on at least one processor, cause the at
least one processor to carry out the actions described herein,
as performed by the first communication node 511. In some
embodiments, the computer-readable storage medium may
be a non-transitory computer-readable storage medium, such
as a CD ROM disc, or a memory stick. In other embodi-
ments, the computer program product may be stored on a
carrier containing the computer program, wherein the carrier
is one of an electronic signal, optical signal, radio signal, or
the computer-readable storage medium, as described above.
[0169] The first communication node 511 may further
comprise a memory 1510 comprising one or more memory
units. The memory 1510 may be arranged to be used to store
obtained information, such as the information received by
the processor 1509, store data configurations, schedulings,
and applications etc. to perform the methods herein when
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being executed in the first communication node 511.
Memory 1510 may be in communication with the processor
1509. Any of the other information processed by the pro-
cessor 1509 may also be stored in the memory 1510.
[0170] In some embodiments, information e.g., from any
of the second communication node 512 and the third com-
munication node 513, may be received through a receiving
port 1511. The receiving port 1511 may be in communica-
tion with the processor 1509. The receiving port 1511 may
also be configured to receive other information.

[0171] The processor 1509 may be further configured to
send messages, e.g., to any of the second communication
node 512 and the third communication node 513, through a
sending port 1512, which may be in communication with the
processor 1509, and the memory 1510.

[0172] Those skilled in the art will also appreciate that the
any module within the first communication node 511, e.g.,
the determining module 1501, the performing module 1502,
the interrupting module 1503, the reducing module 1504, the
selecting module 1505, the inserting module 1506, the
sending module 1507, and other modules 1508 described
above, may refer to a combination of analog and digital
circuits, and/or one or more processors configured with
software and/or firmware, e.g. stored in the memory, that
when executed by the one or more processors such as the
processor 1509, perform actions as described above, in
relation to any of FIGS. 7-14, as well as any of FIGS. 16, 17,
18, 19 and 20 described below. One or more of these
processors, as well as the other digital hardware, may be
included in a single application-specific integrated circuitry
(ASIC), or several processors and various digital hardware
may be distributed among several separate components,
whether individually packaged or assembled into a system-
on-a-chip (SoC).

[0173] When using the word “comprise” or “comprising”
it shall be interpreted as non-limiting, i.e. meaning “consist
at least of”.

[0174] The embodiments herein are not limited to the
above described preferred embodiments. Various alterna-
tives, modifications and equivalents may be used. Therefore,
the above embodiments should not be taken as limiting the
scope of the invention, which is defined by the appending
claims.

[0175] Further description of particular examples related
to embodiments herein, which may be combined with any of
the embodiments just described:

[0176] It is an object of some embodiments herein to
improve the performance of a communications network by
providing improved methods of performing any one of
transmission and reception of control information.

[0177] Several embodiments are comprised herein. More
specifically, the followings are communication node related
embodiments:

[0178] The communication node embodiments relate to
FIGS. 16, 8, 11, 13, 15 and 19.

[0179] A method performed by a communication node
such as the first communication node 511 for performing any
one of transmission and reception in a determined third set
of time-frequency resources 803 in a frame 800, the frame
800 further comprising at least one first set of time-fre-
quency resources 801, and a second set of time-frequency
resources 802, the at least one first set of time-frequency
resources 801 and the second set of time-frequency
resources 802 being non-overlapping in time, the at least one
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first set of time-frequency resources 801 being reserved for
communication of control information, and the second set of
time-frequency resources 802 being used for communica-
tion of at least data information, the first communication
node 511 operating in a communications network 500, may
comprise the actions of:

[0180] Determining 1601 that a third set of time-fre-
quency resources 803 in the frame 800 is to be used for
communication of control information, the third set of
time-frequency resources 803 corresponding to a sub-
set of the second set of time-frequency resources 802.
This action 1601 may be performed by the determining
module 1501 within the communication node such as
the first communication node 511;

[0181] Determining 1602 a direction of communication
in the third set of time-frequency resources 803 in the
frame 800, the direction being one of transmission and
reception. This action 1602 may be performed by the
determining module 1501 within the communication
node such as the first communication node 511;

[0182] Sending 1603 an indication to a second commu-
nication node 512 operating in the communications
network 500, the second communication node 512
being a receiver or transmitter of data in at least a frame
800 from the first communication node 511, the indi-
cation being of a location and or usage of the third set
of time-frequency resources 803 in the frame 800. This
action 1603 may be performed by the sending module
1507 within the communication node such as the first
communication node 511. The indication of the usage
may comprise an indication that the usage is zero, that
is, that the third set of time-frequency resources 803 in
the frame 800 is not used.

[0183] Performing 1604a one of transmission or recep-
tion in the determined third set of time-frequency
resources 803 to or from, respectively, the third com-
munication node 513 operating in the communications
network 500. This action 1604a may be performed by
the performing module 1502 within the communication
node such as the first communication node 511. The
performing 604a may be in the determined direction of
communication.

[0184] Interrupting 16045 data communication in the
subset of the second set of time-frequency resources
802 corresponding to the third set of time-frequency
resources 803. This action 16045 may be performed by
the interrupting module 1503 within the communica-
tion node such as the first communication node 511;

[0185] Reducing 1604c transmission power in the sub-
set of the second set of time-frequency resources 802
corresponding to the third set of time-frequency
resources 803. This action 1604¢ may be performed by
the reducing module 1504 within the communication
node such as the first communication node 511. Trans-
mission power is understood to refer herein to a com-
munication power, that is a power of either one of
transmission or reception.

[0186] Insome embodiments, the interrupting is only on a
subset of available Multiple Input Multiple Output streams.
[0187] In some embodiments, the third set of time-fre-
quency resources 803 is placed in time, adjacent to at least
one guard period.

[0188] In some embodiments, a direction of communica-
tion in the third set of time-frequency resources 803 in the
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frame 800, such as the determined direction of communi-
cation in action 1602, is opposite to a direction of commu-
nication in the second set of time-frequency resources 802 in
the frame 800, the direction of communication being one of
transmission and reception.

[0189] In some embodiments, the communications net-
work 500 is one of: a wireless communications network 500
and a radio communications network 500.

[0190] In some embodiments all the actions may be per-
formed. In some embodiments, one or more actions may be
performed. In some embodiments, the order of the actions
illustrated in FIG. 16 may be changed in one or more
actions. One or more embodiments may be combined, where
applicable. All possible combinations are not described to
simplify the description.

[0191] To perform any of the method actions described
above in relation to FIGS. 16, 8, 11, 13, 15 and 19, the first
communication node 511 may be configured to perform any
of the above actions, e.g., by means of the respective
mentioned modules 1501-1504 and 1507.

[0192] The first communication node 511 may comprise
an interface unit to facilitate communications between the
first communication node 511 and other nodes or devices,
e.g., UEs. The interface may, for example, include a trans-
ceiver configured to transmit and receive radio signals over
an air interface in accordance with a suitable standard.
[0193] Several other embodiments are comprised herein.
More specifically, the following are communication node
related embodiments:

[0194] The communication node embodiments relate to
FIGS. 17, 9, 11, 14, 15 and 19.

[0195] A method performed by a communication node
such as the first communication node 511 for performing any
one of transmission and reception of a third set of time-
frequency resources 803, the first communication node 511
operating in a communications network 500, may comprise
the actions of:

[0196] Determining 1701 that a third set of time-fre-
quency resources 803 is to be used for communication
of information, the third set of time-frequency
resources 803 being placed between two frames 800 of
time-frequency resources. This action 1701 may be
performed by the determining module 1501 within the
communication node such as the network first commu-
nication node 511;

[0197] Determining 1702 a direction of communication
in the third set of time-frequency resources 803 in the
frame 800, the direction being one of transmission and
reception. This action 1702 may be performed by the
determining module 1501 within the communication
node such as the network first communication node
511,

[0198] Inserting 1703 one or more guard periods adja-
cent in time to the third set of time-frequency resources
803, according to the determined direction of commu-
nication in the third set of time-frequency resources
803. This action 1703 may be performed by the insert-
ing module 1506 within the communication node such
as the network first communication node 511.

[0199] Sending 1704 an indication to at least one of: the
second communication node 512 operating in the com-
munications network 500 and the third communication
node 513, the second communication node 512 being a
receiver or transmitter of data in at least one of the two
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frames 800, and the third communication node 513
being a receiver or transmitter of the information in the
third set of time-25 frequency resources 803, the indi-
cation being of a location or presence of the third set of
time-frequency resources 803. This action 1704 may be
performed by the sending module 1507 within the
communication node such as the network first commu-
nication node 511;

[0200] Performing 1705 one of transmission or recep-
tion in the determined third set of time-frequency
resources 803 to or from, respectively, the third com-
munication node 513 operating in the communications
network 500. This action 1705 may be performed by
the performing module 1502 within the communication
node such as the network first communication node
511. The performing 1705 may be in determined direc-
tion of communication.

[0201] In some embodiments, each of the two frames 800
comprises at least one of: one or two first sets of time-
frequency resources 8011, 8012, and a second set of time-
frequency resources 802, the one or two first sets of time-
frequency resources 8011, 8012 being reserved for
communication of control information, and the second set of
time-frequency resources 802 being reserved for communi-
cation of data information.

[0202] In some embodiments, the determining 1702 is
independent of a direction of transmission or reception in the
one or two first fields.

[0203] In some embodiments, the determining 1702 is
based on a direction of transmission or reception in at least
one of the one or two first fields.

[0204] In some embodiments, the determining 1702 is
based on one of: the current frame 800 number and the
current communication node identifier.

[0205] In some embodiments, the third communication
node 513 is different than the second communication node
512 operating in the communications network 500, the
second communication node 512 being a receiver or a
transmitter of data in the frame 800.

[0206] The usage of the nomenclature first, second and
third communication node is arbitrary and is only used to
distinguish between the references to the communication
nodes, according to an order, which may be an order of
description herein.

[0207] The first node is different than the third node. In
some embodiments, the second communication node and the
third communication node may be the same node. In some
other embodiments, the second communication node may be
different than the third communication node. The third node
is in some embodiments the same communication partner as
the one of any of first set of time-frequency resources 801 in
a or the frame 800 and the second set of time-frequency
resources 802 in a or the frame 800. The third node is in
some embodiments a different node than the communication
partner of the one of any of first set of time-frequency
resources 801 in a or the frame 800 and the second set of
time-frequency resources 802 in a or the frame 800.
[0208] In some embodiments, the information in the third
set of time-frequency resources 803 is at least one of: control
information and data information.

[0209] In some embodiments, the communications net-
work 500 is one of: the wireless communications network
500 and the radio communications network 500.
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[0210] In some embodiments all the actions may be per-
formed. In some embodiments, one or more actions may be
performed. In some embodiments, the order of the actions
illustrated in FIG. 17 may be changed in one or more
actions. One or more embodiments may be combined, where
applicable. All possible combinations are not described to
simplify the description.

[0211] To perform any of the method actions described
above in relation to FIGS. 17, 9, 11, 14, 15 and 19, the first
communication node 511 may be configured to perform any
of the above actions, e.g., by means of the respective
mentioned modules 1501, 1502, 1506, 1507.

[0212] By the first communication node 511 determining
that the third set of time-frequency resources 803 is to be
used for communication of information, the first communi-
cation node 511 with e.g., half-duplex restrictions, may
efficiently exchange control signaling with two or more
communication nodes close in time, in both duplex direc-
tions. This may be performed in a configuration where the
other sets of time-frequency resources in the frame 800 have
a fixed direction of communication, which allows for flex-
ibility of the signalling in the communications network,
while minimizing the signalling among the communication
nodes involved in a communication. By the third set of
time-frequency resources 803 being placed between two
frames 800 of time-frequency resources, where a switch in
tx/rx direction can anyway occur, the need for extra guard
periods is also minimized.

[0213] It is an object of some embodiments herein to
improve the performance of a communications network by
providing improved methods of performing one or more
measurement procedures.

[0214] Several embodiments are comprised herein. More
specifically, the followings are communication node related
embodiments:

[0215] The communication node embodiments relate to
FIGS. 18, 10, 12, 14, 15 and 20.

[0216] A method performed by a communication node
such as the first communication node 511 for performing one
or more measurement procedures, the first communication
node 511 operating in a communications network 500, may
comprise the actions of:

[0217] Selecting 1801 a subset of a second set of
time-frequency resources 802 that is to be used to
perform the one or more measurement procedures, the
second set of time-frequency resources 802 being in a
frame 800, the frame 800 further comprising at least
one first set of time-frequency resources 801, the at
least one first set of time-frequency resources 801 and
the second set of time-frequency resources 802 being
non-overlapping in time, the at least one first set of
time-frequency resources 801 being reserved for com-
munication of control information, and the second set
of time-frequency resources 802 being used for com-
munication of at least data information. This action
1801 may be performed by the selecting module 1505
within the communication node such as the first com-
munication node 511;

[0218] Interrupting 1802 data communication in the
subset of the second set of time-frequency resources
802 to perform the one or more measurement proce-
dures, wherein the data communication is in a first
direction of communication, and wherein the direction
of communication is one of transmission and reception.
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This action 1802 may be performed by the interrupting
module 1503 within the communication node such as
the first communication node 511; The subset of the
second set of time-frequency resources 802 may be also
referred to as a third set of time-frequency resources
803 in the frame 800. In some embodiments, the subset
of the second set of time-frequency resources 802 may
be the selected subset of the second set of time-
frequency resources 802, according to action 501.

[0219] Sending 1803 an indication to a second commu-
nication node 512 operating in the communications
network 500, the second communication node 512
being a receiver or a transmitter of data in the second
set of time-frequency resources 802, the indication
being of at least one of: a usage of the subset of the
second set of time-frequency resources 802 in the
frame 800 to perform the one or more measurement
procedures, and a location of the subset of the second
set of time-frequency resources 802. This action 1803
may be performed by the sending module 1507 within
the communication node such as the first communica-
tion node 511. The indication of the usage may com-
prise an indication that the usage is zero, that is, that the
third set of time-frequency resources 803 in the frame
800 is not used. In some embodiments, the subset of the
second set of time-frequency resources 802 may be the
selected subset of the second set of time-frequency
resources 802, according to action 1801.

[0220] Performing 1804 the one or more measurement
procedures in the subset of the second set of time-
frequency resources 802 in the second direction of
communication, which second direction of communi-
cation is an opposite direction to the first direction of
communication, the one or more measurement proce-
dures being performed on one or more signals. This
action 504 may be performed by the performing mod-
ule 1502 within the communication node such as the
first communication node 511. The performing 1804
may be in determined direction of communication. In
some embodiments, the subset of the second set of
time-frequency resources 802 may be the selected
subset of the second set of time-frequency resources
802, according to action 1801.

[0221] In some embodiments, the one or more signals are
of a communication between a third communication node
513 operating in the communications network 500 and a
fourth communication node 514 operating in the communi-
cations network 500.

[0222] The usage of the nomenclature first, second, third
and fourth communication node is arbitrary and is only used
to distinguish between the references to the communication
nodes, according to an order, which may be an order of
description herein.

[0223] The first node is different than the second node. In
some embodiments, the second communication node and
any of the third communication node and the fourth com-
munication node may be the same node. In some other
embodiments, the second communication node may be
different than any of the third communication node and the
fourth communication node may be the same node. Any of
the third communication node and the fourth communication
node may be, in some embodiments, the same communica-
tion partner as the one of any of the at least one first set of
time-frequency resources 801 and the second set of time-
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frequency resources 802 in a or the frame 800. Any of the
third communication node and the fourth communication
node may be, in some embodiments, a different communi-
cation node than the communication partner of the one of
any of the at least one first set of time-frequency resources
801 and the second set of time-frequency resources 802 in
a or the frame 800.

[0224] In some embodiments, the selecting 501 the subset
of the second set of time-frequency resources 802 is per-
formed pseudo-randomly.

[0225] In some embodiments, the selecting 501 the subset
of the second set of time-frequency resources 802 is based
on a parameter specific to the first communication node 511.
[0226] In some embodiments, the selecting 1801 the sub-
set of the second set of time-frequency resources 802 is
based on one of: a time when at least a second communi-
cation node 512 operating in the communications network
500 transmits one or more reference signals, and a frequency
a time where at least a second communication node 512
transmits one or more reference signals.

[0227] In some embodiments, the interrupting 1801 is of
at least a subset of available Multiple Input Multiple Output
streams.

[0228] In some embodiments, the communications net-
work 500 is one of: the wireless communications network
500 and the radio communications network 500.

[0229] In some embodiments all the actions may be per-
formed. In some embodiments, one or more actions may be
performed. In some embodiments, the order of the actions
illustrated in FIG. 18 may be changed in one or more
actions. One or more embodiments may be combined, where
applicable. All possible combinations are not described to
simplify the description.

[0230] To perform any of the method actions described
above in relation to FIGS. 18, 10, 12, 14, 15 and 20, the first
communication node 511 may be configured to perform any
of the above actions, e.g., by means of the respective
mentioned modules 1502, 1503, 1505 and 1507.

[0231] By the first communication node 511 interrupting
data communication in the subset of the second set of
time-frequency resources 802, e.g., in at least a subset of
available Multiple Input Multiple Output streams, to per-
form the one or more measurement procedures, the first
communication node 511 with e.g., half-duplex restrictions,
may efficiently make measurements on transmission in other
network links than the one currently being used for com-
munication.

1-34. (canceled)

35. A method performed by a first communication node in
communication with a second communication node, for
performing one of transmission and reception to or from,
respectively, a third communication node, the second com-
munication node being a receiver or transmitter of data from
or to the first communication node in a frame, the frame
comprising at least one first set of time-frequency resources
reserved for communication of control information and a
second set of time-frequency resources reserved for com-
munication of at least data information, the first, second and
third communication nodes operating in a communications
network, the method comprising:

determining that a third set of time-frequency resources is

to be used for communication of information with the
third communication node, wherein the information is
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one of: control information, data information, and one
or more signals related to one or more measurement
procedures;

determining a direction of communication in the third set

of time-frequency resources, the direction of commu-
nication being one of transmission and reception,
wherein the direction of communication in the third set
of time-frequency resources is based on the information
to be communicated; and

performing one of transmission or reception to or from,

respectively, the third communication node in the deter-
mined direction of communication, the performing of
the one of transmission or reception being in the third
set of time-frequency resources determined to be used
for communication of information with the third com-
munication node.

36. The method of claim 35, wherein the information
being communicated is one or more signals related to one or
more measurement procedures, and the direction of com-
munication is opposite to a direction of communication in
the second set of time-frequency resources, wherein the
direction of communication in the second set of time-
frequency resources is one of transmission and reception.

37. The method of claim 36, wherein the third set of
time-frequency resources corresponds to a subset of the
second set of time-frequency resources, and wherein the
method further comprises:

interrupting data communication in the subset of the

second set of time-frequency resources to perform the
one or more measurement procedures, the one or more
measurement procedures being performed on one or
more signals to or from the third communication node.

38. The method of claim 37, further comprising:

selecting the subset of the second set of time-frequency

resources that is to be used to perform the one or more
measurement procedures.

39. The method of claim 38, wherein selecting the subset
of the second set of time-frequency resources is performed
pseudo-randomly.

40. The method of claim 38, wherein selecting the subset
of the second set of time-frequency resources is based on
one of: a parameter specific to the first communication node,
a time when at least the third communication node operating
in the communications network transmits one or more
reference signals, and a frequency where at least the third
communication node transmits one or more reference sig-
nals.

41. The method of claim 35, wherein the information
being communicated is one of: control information and data
information, and wherein the direction of communication is
one of: independent of a direction of communication in the
first set of time-frequency resources, and based on a direc-
tion of communication in one or more of: the first set of
time-frequency resources and the second set of time-fre-
quency resources.

42. The method of claim 41, wherein the third set of
time-frequency resources corresponds to a subset of the
second set of time-frequency resources and the third set of
time-frequency resources is to be used for communication of
control information.

43. The method of claim 42, further comprising:

interrupting data communication in the subset of the

second set of time-frequency resources corresponding
to the third set of time-frequency resources, wherein the
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interrupting is only on a subset of available Multiple
Input Multiple Output streams.

44. The method of claim 41, wherein the direction of
communication in the third set of time-frequency resources
in the frame is opposite to a direction of communication in
the second set of time-frequency resources in the frame, the
direction of communication being one of transmission and
reception.

45. The method of claim 41, wherein the third set of
time-frequency resources is placed between two frames of
time-frequency resources.

46. The method of claim 45, wherein determining the
direction of communication in the third set of time-fre-
quency resources is based on one of: a current frame number
and a current communication node identifier.

47. The method of claim 45, further comprising:

inserting one or more guard periods adjacent in time to the
third set of time-frequency resources, according to the
determined direction of communication in the third set
of time-frequency resources.

48. The method of claim 35, further comprising:

sending an indication to the second communication node
operating in the communications network, the second
communication node being a receiver or transmitter of
data in at least a frame from the first communication
node, the indication being of a location and or usage of
the third set of time-frequency resources in the frame.

49. The method of claim 35, wherein the at least one first
set of time-frequency resources and the second set of
time-frequency resources are non-overlapping in time.

50. The method of claim 35, wherein the communications
network is one of: a wireless communications network and
a radio communications network.

51. A non-transitory computer-readable storage medium,
having stored thereon a computer program, comprising
instructions which, when executed on at least one processor
of a first communication node in communication with a
second communication node for performing one of trans-
mission and reception to or from, respectively, a third
communication node, the second communication node being
a receiver or transmitter of data from or to the first com-
munication node in a frame, the frame comprising at least
one first set of time-frequency resources reserved for com-
munication of control information and a second set of
time-frequency resources reserved for communication of at
least data information, cause the at least one processor to:

determine that a third set of time-frequency resources is to
be used for communication of information with the
third communication node, wherein the information is
one of: control information, data information, and one
or more signals related to one or more measurement
procedures;

determine a direction of communication in the third set of
time-frequency resources, the direction of communica-
tion being one of transmission and reception, wherein
the direction of communication in the third set of
time-frequency resources is based on the information to
be communicated; and

perform one of transmission or reception to or from,
respectively, the third communication node in the deter-
mined direction of communication, the performing of
the one of transmission or reception being in the third

Oct. 18,2018

set of time-frequency resources determined to be used
for communication of information with the third com-
munication node.

52. A first communication node configured to be in
communication with a second communication node, further
configured to perform one of transmission and reception to
or from, respectively, a third communication node, the
second communication node being configured to be a
receiver or transmitter of data from or to the first commu-
nication node in a frame, the frame comprising at least one
first set of time-frequency resources reserved for communi-
cation of control information and a second set of time-
frequency resources reserved for communication of at least
data information, the first, second and third communication
nodes being configured to operate in a communications
network, the first communication node comprising:

communication circuitry configured for communicating
with the second and third communication nodes; and

processing circuitry operatively associated with the com-
munication circuitry and configured to:

determine that a third set of time-frequency resources is
to be used for communication of information with
the third communication node, wherein the informa-
tion is one of: control information, data information,
and one or more signals related to one or more
measurement procedures;

determine a direction of communication in the third set
of time-frequency resources, the direction of com-
munication being one of transmission and reception,
wherein the direction of communication in the third
set of time-frequency resources is configured to be
based on the information to be communicated; and

perform one of transmission or reception to or from,
respectively, the third communication node in the
determined direction of communication, wherein to
perform the of the one of transmission or reception
is configured to be in the third set of time-frequency
resources determined to be used for communication
of information with the third communication node.

53. The first communication node of claim 52, wherein
the information configured to be communicated is one or
more signals related to one or more measurement proce-
dures, and the direction of communication is opposite to a
direction of communication in the second set of time-
frequency resources, wherein the direction of communica-
tion in the second set of time-frequency resources is one of
transmission and reception.

54. The first communication node of claim 53, wherein
the third set of time-frequency resources corresponds to a
subset of the second set of time-frequency resources, and
wherein the processing circuitry is further configured to:

interrupt data communication in the subset of the second
set of time-frequency resources to perform the one or
more measurement procedures, the one or more mea-
surement procedures being configured to be performed
on one or more signals to or from the third communi-
cation node.

55. The first communication node of claim 54, wherein
the processing circuitry is configured to:
select the subset of the second set of time-frequency
resources that is to be used to perform the one or more
measurement procedures.
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56. The first communication node of claim 55, wherein
the processing circuitry is configured to select the subset of
the second set of time-frequency resources pseudo-ran-
domly.

57. The first communication node of claim 55, wherein
the processing circuitry is configured to select the subset of
the second set of time-frequency resources based on one of:
a parameter specific to the first communication node, a time
when at least the third communication node configured to
operate in the communications network transmits one or
more reference signals, and a frequency where at least the
third communication node transmits one or more reference
signals.

58. The first communication node of claim 52, wherein
the information configured to be communicated is one of:
control information and data information, and wherein the
direction of communication is one of: independent of a
direction of communication in the first set of time-frequency
resources, and configured to be based on a direction of
communication in one or more of: the first set of time-
frequency resources and the second set of time-frequency
resources.

59. The first communication node of claim 58, wherein
the third set of time-frequency resources corresponds to a
subset of the second set of time-frequency resources and the
third set of time-frequency resources is to be used for
communication of control information.

60. The first communication node of claim 59, wherein
the processing circuitry is configured to:

interrupt data communication in the subset of the second

set of time-frequency resources corresponding to the
third set of time-frequency resources, wherein to inter-
rupt is only on a subset of available Multiple Input
Multiple Output streams.

61. The first communication node of claim 58, wherein
the direction of communication in the third set of time-
frequency resources in the frame is opposite to a direction of
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communication in the second set of time-frequency
resources in the frame, the direction of communication
being one of transmission and reception.

62. The first communication node of claim 58, wherein
the third set of time-frequency resources is configured to be
placed between two frames of time-frequency resources.

63. The first communication node of claim 62, wherein
the processing circuitry is configured to determine the
direction of communication in the third set of time-fre-
quency resources based on one of: a current frame number
and a current communication node identifier.

64. The first communication node of claim 62, wherein
the processing circuitry is configured to:

insert one or more guard periods adjacent in time to the
third set of time-frequency resources, according to the
determined direction of communication in the third set
of time-frequency resources.

65. The first communication node of claim 52, wherein
the processing circuitry is configured to:

send an indication to the second communication node
configured to operate in the communications network,
the second communication node being a receiver or
transmitter of data in at least a frame from the first
communication node, the indication being of a location
and or usage of the third set of time-frequency
resources in the frame.

66. The first communication node of claim 52, wherein
the at least one first set of time-frequency resources and the
second set of time-frequency resources are configured to be
non-overlapping in time.

67. The first communication node of claim 52, wherein
the communications network is one of: a wireless commu-
nications network and a radio communications network.
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