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METHOD FOR MODULATION AND CODING
SCHEME SELECTION AND RELATED
NETWORK NODES AND TERMINAL
DEVICES

TECHNICAL FIELD

[0001] The present disclosure relates to communication
systems and in particular to modulation and coding scheme,
MCS, selection in a network node and a terminal device.

BACKGROUND

[0002] Link adaptation usually refers to the ability to adapt
a modulation and coding scheme, MCS, used for transmis-
sion of data to match channel conditions of a link used for
the transmission. If a too high MCS is used (i.e. a too high
modulation and/or a too high code rate), the error rate is
likely to be too high, whereas if a too low MCS is used (i.e.
a too low modulation and/or a too low code rate), the
spectrum usage is likely to be unnecessarily low. Thus, using
the most suitable MCS is highly desirable to make efficient
use of the spectrum resources with a low error rate in most
wireless communication systems.

[0003] In order for a transmitter to select a suitable MCS,
the transmitter needs some kind of feedback from the
receiver regarding the channel conditions. This feedback
may be explicit, i.e., the receiver side may send back channel
quality information, CQI, which can be used to determine
the most suitable MCS on the current channel used, or the
receiver may even send back information regarding which
MCS estimate is the most suitable one for the transmitter to
use on the current channel used. The feedback may also be
implicit, e.g. the feedback may only be that correctly
received packets are acknowledged whereas nothing is sent
back in case the packet is not correctly received. In this latter
case, the transmitter has to determine what a suitable MCS
is based on the statistics of the correctly received packets,
usually the packet error rate, PER. For example, if the PER
is close to 0%, the transmitter may choose to increase the
MCS, whereas if the percentage of correctly received pack-
ets is too small, the transmitter may choose to decrease the
MCS.

[0004] In 802.11 standard, e.g. 802.11n and latest 802.
11ac, the MCS and multiple input multiple output, MIMO,
mode (either space time block code or spatially domain
multiplexing) are calculated and recommended at terminals,
herein referred to as stations, STA, side. The standard does
not specify the technique by which the STA derives an MCS
recommendation. Usually the recommendation criterion is
to optimize the throughput or to guarantee sufficiently low
PER to avoid unnecessary retransmission based on link
quality. The MCS feedback field in the High Throughput,
HT, Control field is used as a means for providing this
feedback. The information of recommended MCS and
MIMO mode is signaled to the network node, herein referred
to as the access point, AP, through the MCS feedback field
in the HT Control field. At the AP side, the AP combines the
information about recommended MCS and other informa-
tion it already has (e.g. transmit power amplifier backoff) to
derive the final MCS and then the packet size for a down-
link, DL, transmission.

[0005] One issue with link adaptation is that it requires the
channel to be sufficiently slow varying. Specifically, the
channel conditions for the next packet to be transmitted must
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be possible to determine so that a suitable MCS can be
selected based on the earlier estimated channel conditions.
In case of explicit feedback, the CQI provides, as such,
limited value unless the transmitter uses the same settings as
was used when the receiver generated the explicit feedback.
In particular, if the transmission is done at another frequency
channel, with potentially very different channel conditions,
an MCS suggested by the receiver may be completely
inadequate for the transmitter. Alternatively, if the CQI is
varying very quickly due to e.g. intermittent interference,
any link adaptation algorithm may have difficulty finding the
optimum MCS.

[0006] In case of implicit feedback using packet error rate,
PER, used in Wi-Fi, e.g. 802.11g, 802.11n, and 802.11ac, the
issues may be even worse. Since PER is measured over a
long period compared with the duration of one packet, link
adaptation based on PER adapts slowly to time-varying
channel conditions.

[0007] Orthogonal frequency division multiple access,
OFDMA, has been adopted in LTE systems, where link
adaptation including MCS selection and multiple user, MU;
scheduling is performed simultaneously based on the CQI
feedback from terminals. The goal is to maximize the overall
throughput in the DL. Hence, the procedures of MCS
selection and MU scheduling are coupled to optimize the
overall performance. In the DL signaling, the information of
the frequency resource allocation and MCS are carried in
respective fields contained in DL. However, the link adap-
tation method used in LTE systems and existing optimiza-
tion algorithms used for joint optimization may not be
applicable to systems operating in an unlicensed band such
as wireless local area network, WLAN, systems. In unli-
censed band systems, MCS selection is mainly based on
acknowledgement, ACK, and non-acknowledgment,
NACK, and hence, it is not feasible to perform joint MU
scheduling and link adaptation at AP. MU scheduling and
link adaptation, to some extent, are decoupled.

[0008] In both uplink and downlink transmissions, the
network node schedules different nodes, herein referred to as
stations, STAs, in a part of the channel that has relatively
good channel condition. However, as the channel changes
with time, and the channel allocation to the different users
typically varies with time, a link adaptation algorithm that is
based on feedback from STA would typically have difficul-
ties to perform timely adaptations. In such an OFDMA-
based WLAN system, the AP is responsible for user allo-
cation in the DL. Link adaption may still be based on the
STA recommended MCS. In this procedure, when quality of
the sub-carrier allocated to a certain STA degrades, the AP
allocates a new sub-carrier with possibly better quality.
However, there is a considerable delay before the appropri-
ate MCS for the new sub-carrier is in place as the STA
cannot know in advance what MCS is to be selected.
[0009] There is therefore a need for a mechanism that
provides an efficient MCS selection that prepares for a
sudden change in channel condition such as the sudden
changes characterizing unlicensed bands.

SUMMARY

[0010] An object of the present disclosure is to provide a
method which seeks to mitigate, alleviate, or eliminate one
or more of the above-identified deficiencies in the art and
disadvantages singly or in any combination.
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[0011] This object is obtained by a method, performed in
a modulation and coding scheme, MCS module of a network
node, for modulation and coding scheme, MCS, selection
for a link between the network node and a terminal device
in an orthogonal frequency division multiple access,
OFDMA, based system. The OFDMA-based system pro-
vides a plurality of sub-carriers. The method comprises
obtaining channel quality indicators for the plurality of
sub-carriers, and estimating a link quality over a bandwidth
corresponding to the plurality of sub-carriers based on the
obtained channel quality indicators. The method comprises
selecting a sub-carrier out of the plurality of sub-carriers as
a new sub-carrier to be used for a communication to/from
the terminal device based on the determined link quality.
The method comprises selecting a MCS for the new sub-
carrier; and transmitting information to the terminal device,
the information comprising an indication of a new sub-
carrier to the terminal device.

[0012] Hereby, the present disclosure provides a MCS
selection method that takes into account a change of sub-
carrier and allows the network node to adapt the MCS
selection instantly when using a new sub-carrier.

[0013] According to some aspects of this disclosure, the
method further comprises using the selected MCS on the
new, DL, sub-carrier to the terminal device.

[0014] Advantageously, this disclosure provides clear
benefits of immediately adapting DI, communication in
unlicensed bands where interferences are intermittent and
unpredictable.

[0015] According to some other aspects, the information
further comprises an indication of a new UL sub-carrier
from the terminal device; and the selected MCS for the UL
new sub-carrier from the terminal device STA1 60a.
[0016] Advantageously, this disclosure enables instant UL
link adaptation when a new sub-carrier is to be used in UL.
[0017] There is also disclosed herein a method, performed
in a terminal device for a modulation and coding scheme,
MCS, selection in a link between a network node and the
terminal device in an orthogonal frequency division multiple
access, OFDMA, based system. The OFDMA-based system
provides a plurality of sub-carriers. The method comprises
measuring a channel quality information for the plurality of
sub-carriers on which the terminal device transmits and/or
receives, and/or on the sub-carriers assigned to other termi-
nal devices. The method comprises determining a channel
quality indicator for the plurality of sub-carriers based on the
measured channel quality information. The method com-
prises determining, based on the channel quality informa-
tion, a MCS recommendation to be used on a currently used
sub-carrier to the network node and/or on at least one other
sub-carrier to the network node; and transmitting the deter-
mined MCS recommendation and/or the determined plural-
ity of channel quality indicators to the network node.
[0018] Thereby, the disclosed method performed at the
terminal device can measure sub-carriers assigned to other
terminal devices and thus enables the terminal device and/or
the network node to instantly determine or select an optimal
MCS on a new sub-carrier out of the measured sub-carriers
for UL and/or DL communications.

[0019] This disclosure also relates to a network node for
modulation and coding scheme, MCS, selection for a link
between the network node and a terminal device in an
orthogonal frequency division multiple access, OFDMA,
based system. The OFDMA-based system provides a plu-
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rality of sub-carriers. The network node comprises an inter-
face, a memory module, and a MCS module. The MCS
module is configured to obtain channel quality indicators for
the plurality of sub-carriers, and estimate a link quality over
a bandwidth corresponding to the plurality of sub-carriers
based on the obtained channel quality indicators. The MCS
module is configured to select a sub-carrier out of the
plurality of sub-carriers as a new sub-carrier to be used for
the communication to/from the terminal device based on the
determined link quality, to determine a MCS for the new
sub-carrier; and to transmit information to the terminal
device, the information comprising an indication of a new
sub-carrier to the terminal device.

[0020] The object is furthermore obtained by a terminal
device for a modulation and coding scheme, MCS, selection
in a link between a network node and the terminal device in
an orthogonal frequency division multiple access, OFDMA,
system, being configured with a plurality of sub-carriers.
The terminal device comprises an interface, a memory
module, a processing unit is configured to measure a channel
quality information for the plurality of sub-carriers on which
the terminal device transmits and/or receives, and/or on the
sub-carriers assigned to other terminal devices; and to
determine a plurality of channel quality indicators for the
plurality of sub-carriers corresponding to an entire band-
width based on the measured channel quality information.
The processing unit is configured to determine, based on the
channel quality information, a MCS, recommendation to be
used on a currently used sub-carrier to the network node
and/or on the other sub-carriers to the network node; and to
transmit the determined MCS recommendation and the
determined plurality of channel quality indicators to the
network node.

[0021] The present disclosures also relates a computer
program product for selecting a MCS, the computer program
product comprising program code means adapted to per-
form, when executed on a MCS module of a network node,
to cause the MCS module to perform the steps of the method
as disclosed herein.

[0022] The present disclosures also relates a computer
program product for selecting a MCS, the computer program
product comprising program code means adapted to per-
form, when executed on a processing unit of a terminal
device, to cause the processing unit to perform the steps of
the method disclosed herein.

[0023] The computer programs, the terminal devices and
the network nodes, provide advantages corresponding to the
advantages already described in relation to the respective
methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The foregoing will be apparent from the following
more particular description of the example embodiments, as
illustrated in the accompanying drawings in which like
reference characters refer to the same parts throughout the
different views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the example
embodiments.

[0025] FIG. 1 is a schematic diagram illustrating a com-
munication system according to the present disclosure.
[0026] FIG. 2a-b are schematic diagrams illustrating an
exemplary DL packet structure according to some aspects of
the present disclosure.
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[0027] FIG. 3 is a flowchart illustrating methods per-
formed in a network node according to some aspects of this
disclosure.

[0028] FIG. 3a schematically illustrates how frequency
selective fading affects the MCS selection.

[0029] FIG. 35 schematically illustrates how a channel
quality can suddenly change depending on whether inter-
ference is present or not

[0030] FIG. 4a is a block diagram illustrating a network
node according to some aspects of the present disclosure.
[0031] FIG. 4b is a schematic diagram showing functional
units of a network node according to an embodiment.
[0032] FIG. 5 is a flowchart illustrating methods per-
formed in a terminal device according to some aspects of
this disclosure.

[0033] FIG. 6a is a block diagram illustrating a terminal
device according to some aspects of the present disclosure.
[0034] FIG. 64 is a schematic diagram showing functional
units of a terminal device according to an embodiment.

DETAILED DESCRIPTION

[0035] The present teaching relates to modulation and
coding scheme selection for link adaptation in a wireless
communication system.

[0036] FIG. 1 shows a schematic diagram illustrating a
communication system 10 comprising an exemplary net-
work node AP 40 and an exemplary terminal device, 60a
according to some aspects of the present disclosure. The
network node AP 40 provides network coverage to terminal
devices 60a-c located within a coverage region 13 of the
wireless network node AP 40. The communication system
10 comprises an orthogonal frequency division multiple
access, OFDMA, based system providing a plurality of
sub-carriers possibly covering an entire bandwidth, such as
an entire frequency range. According to some aspects, the
terminal device 60a-c connects with the communication
system 10 via the network node AP 40. The network node
AP 40 is configured to communicate over a coverage area 13
with the one or more terminal devices, STA1 60a, STA2
605, STA3 60c¢ via a wireless communication interface. The
network node AP 40 is configured to have optionally a wired
communication interface. The network node AP 40 forms
part of a communication system such as an enterprise
network, and/or a local area network. According to some
aspects, the communication system comprises a wired com-
munication system, and/or a wireless communication sys-
tem. A wired communication system comprises e.g. an
Internet protocol-based communication system, a fiber-optic
communication system, a telephone network, and/or a cable
network. A wireless communication system comprises for
example a short range communication system (e.g. Blu-
etooth, ZigBee, near field communication, IEEE 802.15), a
wireless local area network, WLAN (e.g. IEEE 802.11
standards).

[0037] Currently, in existing IEEE 802.11 standards with
time division duplex, the uplink (UL; the links from the
terminal devices 60a-c towards the network node AP 40) and
the downlink (DL; the link from the network node AP 40
towards the terminal devices 60a-c) use the same channel,
but not at the same time.

[0038] As mentioned in the background section, adopting
orthogonal frequency division multiple access, OFDMA,
would enable the network node AP 40 to transmit to several
devices simultaneously, as well as in the up-link, UL so as
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to enable several terminal devices to transmit to the network
node simultaneously. Additionally, adopting OFDMA in
WLAN provides the possibility to introduce frequency
selective scheduling, FSS. In both uplink and downlink
transmissions, the network node AP 40 schedules the dif-
ferent terminal devices 60a-c, herein referred to as stations,
STA1-3, in a part of the channel that has relatively good
channel condition. This, in principle, can achieve FSS gain.
In other words, FSS gain is achieved by allocating a user
adjacent subcarriers located within e.g. a subband of a
narrow bandwidth having the most favorable channel con-
ditions among other subbands in the entire frequency band.
However, as the channel changes in time due to scheduling
and unexpected interferences of the unlicensed band, allo-
cation of the parts of the channel to the terminal devices
60a-c also varies in time, then a link adaptation algorithm
based on implicit feedback present difficulties. Namely, in
an OFDMA based WL AN system, where the network node
AP 40 is responsible for resource allocation to terminal
devices 60a-c in DL and performs DL link adaptation based
on MCS recommended by the terminal devices STA1-3
60a-c or based on statistics of correctly received packets, the
AP 40 performing a sub-carrier change has to wait for the
STA1 to adapt to the new sub-carrier and converge towards
the optimal MCS to be recommended to the AP 40 or has to
wait to obtain sufficiently reliable statistics before the AP 40
can fully benefit from the sub-carrier change by using the
optimal MCS selection. This is due to the fact that a terminal
device STA1 60g in communication with AP 40 presently
cannot recommend MCS on sub-carriers allocated to other
terminal devices STA2-3 605-c. This leads to considerable
delay when the terminal device STA1 60aq is assigned a new
sub-carrier and needs to perform measurement on the new
sub-carrier and recommends MCS on this new sub-carrier.
Therefore, AP 40 needs a new mechanism such that when
sub-carrier scheduling due to change in channel condition is
expected, a proper MCS can be adjusted much before the
terminal device STA1 60a has converged to the optimal
MCS to recommend.

[0039] The present disclosure provides methods, and net-
work nodes that enable the AP 40 to immediately select the
optimal MCS when a new sub-carrier is allocated by allow-
ing the network node AP 40 to obtain channel quality
indicators for the plurality of sub-carriers and derive a link
quality for a plurality of sub-carriers corresponding to e.g.
(substantially) the entire bandwidth. The present disclosure
provides methods, and terminal devices that enable the
terminal device STA1 60a to measure and determine chan-
nel quality indicator for the plurality of sub-carriers and to
derive an MCS recommendation for the plurality of sub-
carriers including sub-carriers assigned to other terminal
devices STA2-3 605-c quality for assessing substantially the
entire bandwidth. This disclosure provides an efficient link
adaptation when channel conditions vary considerably due
to the unlicensed band being prone to intermittent interfer-
ence from e.g. medical devices, microwave ovens, etc. . . .

[0040] Frequency selective scheduling is usually based on
the availability of channel quality information over all
sub-carriers for potential terminal devices STAs. Such chan-
nel quality information can be obtained through explicit or
implicit feedback from the terminal devices STAs as well as
uplink measurement assuming DL/UL reciprocity. A form of
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channel quality information can range from full knowledge
of channel state to simply SNR values.

[0041] The AP 40 makes for example a decision on MCS
by considering MCS recommendation from the terminal
device STA1 and transmitter parameters, e.g., transmit
power amplifier backoff. The present disclosure proposes a
link adaptation i.e. the procedure of MCS selection, that
takes into account the frequency scheduling result and the
consequent channel state change for each terminal device
STA1 60a because of transmission on different set of sub-
carriers. Given a sub-carrier allocation to each terminal
device, when the current MCS or MCS recommendation
from the terminal device STA1 60q is not suitable for the
expected channel condition, e.g. too high MCS for expected
bad channel condition or vice versa, the MCS can be
immediately re-selected based to the expected channel con-
dition according to the present disclosure.

[0042] In this disclosure, the term “terminal device” used
herein refers to a device that has wireless communication
capabilities as well as memory and computational capabili-
ties. A terminal device is for example user equipment, and/or
a relay node. A terminal device is for example a mobile
terminal, or a fixed terminal. A terminal device may be a
device comprising a universal integrated circuit card con-
figured to communicate. The terminal devices may be any
combination of mobile stations, STAs, mobile phones, hand-
sets, wireless local loop phones, smartphones, laptop com-
puters, tablets and computers. The terminal devices are
configured to communicate with the network node using one
or more of the sub-carriers from the plurality of sub-carriers
provided in the communication system.

[0043] In this disclosure, the term “network node” used
herein refers to a node or equipment that is attached and
belongs to a network or network infrastructure, and that has
communication capabilities as well as memory and compu-
tational capabilities that support creating, receiving, and/or
transmitting information over one or more communications
channels. The network node is configured to communicate
with terminal devices using one of the sub-carriers from the
plurality of sub-carriers provided by the communication
system. The network node comprises, according to some
aspects, a gateway and/or a network node of WLAN net-
work, such as a WLAN access point, a WLAN ad hoc node
and a WLAN relay node.

[0044] FIG. 2a-b are schematic diagrams illustrating an
exemplary DL packet structure according to some aspects of
the present disclosure. A part 21 of the packet contains data
used by all terminal devices, such as all three stations STA1,
STA2, STA3. Example of such part 21 is control data such
as known sequences used for synchronization etc., as well as
information about what sub-carriers are allocated to respec-
tive terminal devices. Consider, as a non-limiting explana-
tory example, that the communications network 10 is using
parameters similar to Wi-Fi, IEEE 802.11. Consider, as a
non-limiting explanatory example, that the considered band-
width is 20 MHz and that three terminal devices 60a-c are
associated to one network node AP 40, as illustrated in FIG.
1. In a non-limiting explanatory example, a 64 point FFT is
used for a 20 MHz wide channel. It is assumed that OFDMA
is supported, an additional field in the part 21 is used to
indicate which the terminal devices 60a-c receives data and
what sub-carries are used for respective terminal devices to
receive data. The control data is preferably self-contained in
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every 5 MHz sub-carrier and simply repeated in sub-carriers
as this would allow the reception of the control data using
only a 5 MHz receiver.

[0045] FIG. 25 provides a more detailed illustration of an
exemplary control data 21 of FIG. 2a. The packet comprises
a first section, a second section and a payload. A first section
of the packet comprises the legacy control data, i.e. Legacy-
Short Training Field L-STF, Legacy-Long Training Field
L-LTF, and Legacy-Short Signal Field L-SIG, which can be
used by legacy terminal devices to properly defer from
transmission. A second section of the packet comprises,
among other things, control information necessary for
OFDMA such as a preamble and 11ax Long Training Field,
11ax-LTF. It is here envisioned that terminal devices sup-
posed to receive data in the payload are able to demodulate
the second section. Based on information in the second
section, the terminal devices 60a-c are able to know whether
there is data for them in the packet and also on which
sub-carrier to find their respective data. Data to a terminal
device 60a can for instance be sent on one of a predeter-
mined plurality of sub-channels, such as one out of 3
sub-channels for the three terminal devices 60a-c as illus-
trated in FIG. 2a. However, it could also envisaged that the
plurality of sub-carriers allocated to a sub-channel may be
varied to make scheduling more effective, and it may also be
so that a sub-channel does not consist of contiguous sub-
carriers but rather of sub-carriers spread of the entire band-
width in order to provide for better frequency diversity.

[0046] FIG. 3 is a flow-chart illustrating embodiments of
methods performed by the network node AP for modulation
and coding scheme, MCS, selection for a link between the
network node AP 40 and a terminal device STA1 60a in a
communication network 10 such as in an orthogonal fre-
quency division multiple access, OFDMA, based system
providing a plurality of sub-carriers. The methods are per-
formed in a MCS module 43 (shown in FIG. 4) of a network
node AP 40. The method comprises obtaining S1 channel
quality indicators for the plurality of sub-carriers, possibly
corresponding to all sub-carriers covering/corresponding to
an entire bandwidth available to or used by the network node
AP 40, such as an entire frequency range available to or used
by the network node AP 40. The network node AP 40
advantageously holding channel quality indicators for all the
sub-carriers benefits from more flexibility in allocating
terminal devices to a possible sub-carrier with an improved
link quality. According to some aspects, the step of obtaining
S1 channel quality indicators comprises receiving S11 a
channel quality information, CQI, from the terminal device
STA1 60a of the entire bandwidth on which the terminal
device STA1 60aq transmits or receives, and/or on the
sub-carriers assigned to other terminal devices STA2 605,
STA3 60c. In other words, the network node AP 40 receives
CQI for the entire bandwidth, i.e. the total bandwidth used
by the network node AP 40 for transmission to the terminal
devices 60a-c or the total bandwidth of the OFDMA based
system. Optionally, the channel quality information includes
a recommended MCS for the sub-carriers on which the
network node AP 40 transmits and/or on the sub-carriers
assigned to other terminal devices STA2 605, STA3 60c. The
MCS is recommended by the terminal device sending the
channel quality information. Compared to the single-user
case where the terminal device 60a recommends a single
MCS in a OFDMA case, the terminal device 60a needs not
only to feedback the recommended MCS on the sub-carriers
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it transmits/receives on, but also the sub-carriers assigned to
other terminal devices 60b-c by measuring the channel
quality on control channel that spreads over the entire
bandwidth. Alternatively or additionally, the terminal device
STA1 60a only sends for example a recommended MCS for
the current sub-carrier and one or more additional MCS for
one more additional sub-carriers. Alternatively, the terminal
device STA1 60a may send the recommended MCS for the
currently used sub-carrier and in addition send information
about what sub-carriers cannot be used with the current
MCS as a means to indicate for the AP 40 what sub-carriers
are particularly poor for the terminal device STA1 60a.
[0047] The method comprises estimating S2 a link quality
over a bandwidth (preferably over an entire bandwidth)
corresponding to the plurality of sub-carriers based on the
obtained channel quality indicators. For example, the net-
work node AP 40 estimates the link quality of the plurality
of sub-carriers corresponding to the (possibly entire or
substantially entire) bandwidth used by/available to the
network node AP 40 by determining, based on the obtained
CQI, a sub-carrier link quality for each of the plurality of
sub-carriers used by/available to the network node AP 40
and possibly averaging the sub-carrier link qualities over all
sub-carriers. The estimated link quality comprises for
example a signal to noise ratio, SNR, a channel gain, and/or
a SNR-MCS mapping table. Selecting S4 is for example
performed using the SNR-MCS mapping table. In one or
more embodiments, the network node AP 40 occasionally
schedules the terminal device STA1 60a to another sub-
carrier, or to another additional, or potentially over the full
band, as a means for the network node AP 40 to occasionally
estimate the link quality of the plurality of available sub-
carriers present in the full band and then use the link quality
in subsequent frequency selective scheduling and MCS
selection.

[0048] The method comprises selecting S3 a sub-carrier
out of the plurality of sub-carriers as a new sub-carrier to be
used for a communication to/from the terminal device STA1
604 based on the determined link quality. For example, the
network node AP 40 selects a sub-carrier benefiting from
better link conditions than the currently used sub-carriers,
such as a higher SNR and/or a higher channel gain. This
results in an efficient application of frequency selective
scheduling which provides significant advantages in an
unlicensed band where sudden interferences may appear
unexpectedly.

[0049] The method comprises selecting S4 an MCS for the
new sub-carrier. Selecting an MCS results in possible a
change of MCS from the previously used MCS. MCS
selection is at least partly based on a difference in link
quality between the previously used sub-carrier and the
sub-new carrier to be used.

[0050] The method comprises transmitting S5 information
to the terminal device STA1 60q, the information compris-
ing an indication of a new sub-carrier to the terminal device
STA1 60a. For example, the network node AP 40 informs
the terminal device STA1 on which sub-carrier the upcom-
ing DL transmission is going to take place. To adapt the UL
communication, the information further comprises for
example an indication of a new UL sub-carrier from the
terminal device STA1 60a; and the selected MCS for the UL
new sub-carrier from the terminal device STA1 60a. This
way, the terminal device STA1 is able to change to the new
UL sub-carrier and adapt immediately the MCS to the
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selected MCS which is likely to be the most optimal MCS
to choose, thereby reducing any delay into performing link
adaptation and thus benefiting immediately from the sub-
carrier change. In an illustrative UL example, the terminal
device STA1 60a sends a request of MCS feedback to AP 40
and then the AP 40 sends the information about MCS
selection to STA1 60a. When the AP 40 senses that the link
quality of some terminal device’s uplink channel degrades
quickly, the AP 40 can send out a new MCS selection (e.g.
lower MCS) without waiting for STA1’s MCS request.
When frequency selective scheduling, FSS, is used in the
UL (i.e. allocating a STA an UL sub-carrier having a defined
bandwidth and the most favorable channel conditions among
other sub-carriers in the entire frequency band) and each
STA is allocated to its own sub-carrier, the AP 40 does not
have knowledge of the channel quality of the sub-carriers
allocated to other STAs. The AP 40 can decide to allocate
another sub-carrier for UL transmission when it determines
that the currently used one becomes worse than e.g. a
predetermined threshold (in terms of e.g. power, SNR,
SINR, etc.).

[0051] In one or more embodiments, the method further
comprises using S6 the selected MCS for the new DL
sub-carrier to the terminal device STA1 60a, such as for a
following transmission to the terminal device STA1 60a. For
example, the network node AP 40 transmits a packet in DL
to the terminal device STA1 60a on the new DL sub-carrier
selected and using the selected MCS.

[0052] In one or more embodiments, the channel quality
information from the terminal device STA1 60a for sub-
carriers not allocated to the terminal device STA1 60qa uses
an index offset value related to the modulation and coding
scheme on the same sub-carrier. For example, when a
sub-carrier is changed, the MCS is changed using an index
offset instead of a MCS index. Thus, for example, if the link
is degraded of 5 dB which may correspond to two steps
down in MCS selection, the terminal device sends an index
of -2 to the AP. The channel quality information about the
other sub-carries may be provided as index offsets for all
other possible sub-carriers.

[0053] According to some aspects, the channel quality
information includes information about noise limitation or
information about interference limitation. The noise limita-
tion is for example indicative of the noise floor on the link
while the interference limitation is for example indicative of
an interference level on a given sub-carrier, or the presence
of an interference source on a given sub-carrier. Selecting S4
an MCS comprises for example selecting a less robust MCS
when the link is interference limited. For example, the
network node AP 40 determines that a link is interference
limited based on whether a link indicator (e.g. total received
power, signal to noise ratio, SNR, signal to interference and
noise ratio, SINR) is above a threshold and considered high,
and that the decoding is still not successful, and selects a less
robust MCS (i.e. a higher or faster MCS, and MCS indexed
by a higher index) to generate a packet that takes a shorter
time to transmit and thus increases the likelihood of suc-
cessful transmission in an interference limited link. Select-
ing S4 an MCS comprises for example selecting a more
robust MCS (i.e. a lower or slower MCS, and MCS indexed
by a lower index) when the link is noise limited. For
example, the network node AP 40 determines that a link is
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noise limited when the received signal simply is considered
below a threshold and considered too weak in terms of
amplitude, power etc. . . . .

[0054] According to some aspects, selecting S3 a sub-
carrier comprises changing S31 sub-carriers for a plurality
of terminal devices STA1 60a, STA2 605, STA3 60c¢ sub-
jected to different interference limitations, and scheduling
S32 a first terminal device STA1 60a of the plurality of
terminal devices, which is subjected to a relatively higher
interference limitation, on a sub-carrier that has more favor-
able channel conditions (i.e. that provides or exhibits a
higher SNR), and adapted with less robust MCS, such as a
higher or faster MCS. Thereby, the sub-carriers are possibly
changed and re-assigned based on conditions on the links.
For example, assuming that a desired signal is over 40 MHz,
a first 20 MHz of the link are severely interfered, whereas a
second 20 MHz of the link are not so interfered, the network
node AP 40 changes sub-carriers for a plurality of terminal
devices STA1 60a, STA2 605, STA3 60c subjected to
different interference limitations on the first 20 MHz, and
schedules a first terminal device STA1 60a of the plurality
of terminal devices in the second 20 MHz. Additionally or
alternatively, in a situation where both terminal devices
STA1 60a and STA 2 605 would prefer the first and same
part of the link to get as high MCS as possible, if the
sub-carrier to/from the terminal device STA1 604 is prone to
interferences whereas the sub-carrier to/from the terminal
device STA2 6056 is not, the network node AP 40 gives
priority to the terminal device STA1 60a. This may be
advantageous if the terminal device STA1 60a can use a high
MCS to obtain short packets, thereby reducing the probabil-
ity for being hit by interference. Selecting S3 a sub-carrier
comprises for example scheduling on a sub-carrier that has
more favorable channel conditions a terminal device STA1
60a of the plurality of terminal devices, for which a prob-
ability of being interfered is the highest amongst the termi-
nal devices.

[0055] Inone or more embodiments, obtaining S1 channel
quality indicators further comprises performing implicit
channel sounding by measuring interleaved pilots contained
in an ACK frame. For example, the network node AP 40
performs implicit channel sounding by measuring pilots
present in a control data of the ACK frame, such as the
LTF/STF fields, 11ax-LTF of FIG. 2b. That is, instead of
receiving explicit signals from the terminal device about the
channel quality, the AP 40 performs measurements directly
on the available pilots on the plurality of sub-carriers. In this
case, the network node AP 40 understands the channel
variation much faster than through feedback of STA recom-
mendation. Hence, the network node AP 40 relies on the
implicit channel sounding and adjusts the MCS selection
before STA recommendation can really reflect channel
variation. In one or more embodiments, the above MCS
selection is triggered by a metric to measure channel state
variation. For example, when expected SNR or channel gain
drops or rises quite much, a SNR-MCS mapping table can
be used for fast MCS selection rather than the PER-based
MCS selection which would response slowly.

[0056] FIG. 3a schematically illustrates how frequency
selective fading affects the MCS selection. Frequency selec-
tive fading results in channel impairments for which differ-
ent MCS are used in different parts of the channel. FIG. 3a
shows a channel gain in the AP-STA1 DL channel or link
over a set of available frequencies. In this example, for the
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sake of simplicity, we assume that the channel gain in FIG.
3a is “quasi-constant” for an interval of time during which
multiple DL packet transmissions can occur, e.g. in block-
fading channel. Nevertheless, it should be noted that this
procedure relies on the sole assumption that channel gain
information is available (to the disclosed method) on the
frequencies allocated (by the sub-carrier selection). There-
fore the quasi-constant property of the channel is not a
necessary condition for disclosed method to work. Suppose
that initially the network node AP 40 has selected the left
sub-carrier in FIG. 3a to be used for DL transmission to
terminal device STA1 60a and that the network node AP 40
has found that MCS4 is suitable. Suppose that suddenly the
network node AP 40 selects the right sub-carrier in FIG. 3
for DL communication to terminal device STA1 60qa and that
the channel gain can be still represented as in FIG. 3a.
Assume the right sub-carrier has 5 dB worse expected SNR.
Furthermore, suppose that each step in MCS corresponds to
about 2.5 dB, so that for every 2.5 dB increase in SNR it is
possible to increase the MCS by one step. Now, according
to the present disclosure, the network node AP 40 switches
from MCS4 to MCS2 to take the impact of sub-carrier
change (i.e., switching from right to left sub-carrier in FIG.
3a) into account. Without taking sub-carrier change into
account, the link adaptation would adapt slowly to the new
channel conditions and would eventually reach MCS2 after
a number of erroneous packets transmitted at too high MCS.
By combining the sub-carrier selection with the MCS selec-
tion, a number of unnecessary retransmissions are avoided.
The information from sub-carrier change is also useful in
case the change of channel would be to a channel with a
higher SNR (in FIG. 3a this would correspond to the case
where the network node AP 40 switches carrier utilization
from right to left sub-carrier). In this case the network node
AP 40 with the disclosed link adaptation is able to imme-
diately adjust to a larger MCS without waiting for a number
of correctly received packets using a MCS that would be
unnecessarily low.

[0057] FIG. 35 schematically illustrates how a channel
quality information can suddenly change depending on
whether interference is present or not. In one or more
embodiment, more than one MCS selection method (or link
adaptation technique) is used, however only one MCS
selection method is active at a time depending on the link
conditions. Specifically, according to some aspects of this
disclosure, the network node AP 40 uses one MCS selection
method in case the link is determined to be noise limited, and
MCS selection method in case the link is determined to be
interference limited. FIG. 35 shows a received signal power,
a noise level and an interference level (as a function of time)
at STA1 60a during a DL transmission from the AP 40. FIG.
35 shows that initially the link is noise limited and MCS3 is
selected by the MCS selection method. After some time,
interference is detected, due to e.g. a concurrent network
node’s transmission, and the AP 40 realizes that the channel
has become interference limited. Then the AP 40 takes
advantage of this information and immediately chooses
MCSS according to an MCS selection method of the AP 40
activated in presence of interference. In case of a noise
limited link, the MCS selection method of the AP 40 changes
to a more robust/slower/lower MCS when a packet/frame
error rate is found to be too high. In case the link is
interference limited, the MCS selection method changes to
a less robust/faster/higher MCS. Changing to a less robust
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MCS allows the same amount of data to be transmitted in a
shorter period of time and thereby reduces the probability
that the packet is hit by interference. In case the MSC
selection is based on a recommendation from the STA1 60a,
the STA1 60a making this recommendation may in addition
to the MCS selection indicate e.g. by one bit, whether
interference was present so that this can be taken into
account at the network node AP 40. Additionally, this
embodiment may optionally be combined with the FSS and
the corresponding feedback so that if the terminal device
STA1 60a sends back a recommendation of a suitable MCS
to the network node AP 40, the terminal device STA1 60a
sends additional information regarding whether some sub-
carriers are less interfered are back to the network node AP
40. Feedback regarding relative interference on different
sub-carriers may be transmitted as an index relative to a
currently used sub-carrier, for example in a similar way as
performed for providing index-based feedback on MCS
recommendation.

[0058] FIG. 4a is a block diagram illustrating an exem-
plary network node 40 according to aspects of this disclo-
sure. FIG. 4a shows an exemplary network node 40, in terms
of' a number of functional units and shows the components
or modules of a network node 40 according to an embodi-
ment. The network node AP 40 is configured to select a
modulation and coding scheme, MCS,; for a link between the
network node 40 and a terminal device 60a in an orthogonal
frequency division multiple access, OFDMA, based system
providing a plurality of sub-carriers. The network node 40
comprises a modulation and coding scheme, MCS, module
43 and a memory module 42. The MCS module 43 com-
prises for example a processing unit using any combination
of one or more of a suitable central processing unit, CPU,
multiprocessor, microcontroller, digital signal processor
DSP, application specific integrated circuit, ASIC, field
programmable gate arrays, FPGA etc., capable of executing
software instructions stored in a computer program product,
e.g. in the form of a storage medium or memory module 42.
Thus the processing unit is thereby arranged to execute
methods disclosed herein. The memory module 42 may also
comprise persistent storage, which, for example, can be any
single one or combination of magnetic memory, optical
memory, solid state memory or even remotely mounted
memory. The network node 40 further comprises an inter-
face 41 for communication with at least one terminal device
60a-c, another network node, and/or a core network. As such
the interface 41 may comprise one or more transmitters and
receivers for wireless and/or wireline communications. A
processing unit controls the general operation of the network
node 40 e.g. by sending data and control signals to the
interface 41 and the memory module 42, by receiving data
and reports from the interface 41, and by retrieving data and
instructions from the memory module 42. Other compo-
nents, as well as the related functionality, of the network
node 11 are omitted in order not to obscure the concepts
presented herein.

[0059] The MCS module 43 is configured to obtain chan-
nel quality indicators for the plurality of sub-carriers. The
network node AP 40 or MCS module 43 advantageously
holding channel quality indicators for all the sub-carriers
benefits from more flexibility in allocating terminal devices
to a possibly sub-carriers with an improved link quality.
According to some aspects, the MCS module 43 is config-
ured to obtain channel quality indicators by receiving a
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channel quality information from the terminal device STA1
60a of the entire bandwidth on which the terminal device
STA1 60a transmits and/or receives, and/or on the sub-
carriers assigned to other terminal devices STA2 605, STA3
60c shown in FIG. 1. For example, the channel quality
information includes information about noise limitation or
information about interference limitation. In other words,
the network node AP 40 or MCS module 43 receives CQI for
the entire bandwidth, i.e. the total bandwidth used by the
network node AP 40 for transmission to the terminal devices
60a-c. Optionally, the channel quality information includes
a recommended MCS for the sub-carriers on which the
network node AP 40 transmits and/or on the sub-carriers
assigned to other terminal devices STA2 605, STA3 60c.
[0060] The MCS module 43 is configured to estimate a
link quality preferably over a bandwidth corresponding to
the plurality of sub-carriers based on the obtained channel
quality indicators. For example, the MCS module 43 is
configured to estimate link quality of substantially the entire
bandwidth used by the network node 40. Alternatively or
additionally, for example, the MCS module 43 estimates the
link quality of the plurality of sub-carriers corresponding to
the entire bandwidth used by the network node AP 40 by
determining, based on the obtained CQI, a sub-carrier link
quality for each of the plurality of sub-carriers and possibly
averaging the sub-carrier link qualities over all sub-carriers.
[0061] The estimated link quality comprises for example a
signal to noise ratio, SNR, a channel gain, and/or a SNR-
MCS mapping table. Selecting S4 is for example performed
using the SNR-MCS mapping table.

[0062] The MCS module 43 is configured to select a
sub-carrier out of the plurality of sub-carriers as a new
sub-carrier to be used for the communication to/from the
terminal device STA1 60a based on the determined link
quality.

[0063] The MCS module 43 is configured to select a MCS
for the new sub-carrier. For example, the MCS module 43
selects a sub-carrier benefiting from better link conditions
than the currently used sub-carriers, such as a higher SNR;
a higher SINR, and/or a higher channel gain. The MCS
module 43 selects the MCS for the new sub-carrier partly
based on e.g. a difference in link quality between the
previously used sub-carrier and the sub-new carrier to be
used. This results in an efficient application of frequency
selective scheduling which provides significant advantages
in an unlicensed band where sudden interferences may
appear unexpectedly.

[0064] The MCS module 43 is configured to transmit
information to the terminal device STA1 60a, the informa-
tion comprising an indication of a new sub-carrier to the
terminal device STA1 60a. For example, the MCS module
43 informs via the interface 41 the terminal device STA1
60a on which sub-carrier the upcoming DI transmission is
going to take place.

[0065] FIG. 4b is a schematic diagram showing functional
units or the components of a network node 40 according to
an embodiment. The network node 40 of FIG. 4b comprises
a number of functional modules; a obtain/transmit module
40a configured to perform below steps S1, and S5, an
estimate module 405 configured to perform step S2, a select
module 40c¢ configured to perform steps S3, S4. The network
node 40 of FIG. 4b may further comprise a number of
optional functional modules, such as any of a use module
404 configured to perform steps S6. The functionality of
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each functional module 40a-d will be further disclosed in the
context of which the functional modules 40a-d may be used.
In general terms, each functional module 40a-d may be
implemented in hardware or in software. Preferably, one or
more or all functional modules 40a-d may be implemented
by a processing unit, possibly in cooperation with functional
units 43, 41 and/or 42 of FIG. 4a. The processing unit may
thus be arranged to from the memory module 42 fetch
instructions as provided by a functional module 40a-d and to
execute these instructions, thereby performing any steps as
will be disclosed hereinafter.

[0066] According to some aspects, the MCS module 43 is
configured to transmit further information to the terminal
device STA1, 60a. The further information comprises an
indication of a new UL sub-carrier from the terminal device
STA1, 60a and the selected MCS for the UL new sub-carrier
from the terminal device STA1, 60a. This way, the terminal
device STA1 is able to change to the new UL sub-carrier and
adapt immediately the MCS to the selected MCS which is
likely to be the most optimal MCS to choose, thereby
reducing any delay into performing link adaptation and thus
benefiting immediately from the sub-carrier change

[0067] In one or more embodiments, when the link is
interference limited, the MCS module 43 is configured to
change of MCS to a less robust MCS, while when the link
is noise limited, the MCS module 43 is configured to change
the MCS to a more robust MCS (i.e. a slower or lower MCS,
an MCS with a lower index). The noise limitation is for
example indicative of the noise floor on the link while the
interference limitation is for example indicative of an inter-
ference level on a given sub-carrier, or the presence of an
interference source on a given sub-carrier. For example, the
MCS module 43 determines that a link is interference
limited based on whether a link indicator (e.g. total received
power, signal to noise ratio, SNR, signal to interference and
noise ratio, SINR) is above a threshold and considered high,
and that the decoding is still not successful, and selects a less
robust MCS to generate a packet that takes a shorter time to
transmit and thus increases the likelihood of successful
transmission in an interference limited link. The MCS
module 43 determines for example that a link is noise
limited when the received signal simply is considered below
a threshold and considered too weak in terms of amplitude,
power etc. . . . . The MCS module 43 is for example
configured to change sub-carriers for a plurality of terminal
devices STA1 60a, STA2 605, STA3 60c subjected to
different interference limitations, and to schedule a first
terminal device of the plurality of terminal devices STA1
60a, STA2 605, STA3 60c, which is subjected to a relatively
higher interference limitation, on a sub-carrier that has more
favorable channel conditions (e.g. a higher SNR), and
adapted with less robust MCS (i.e. higher/faster MCS). In
one or more embodiments, a duration of the packets to the
different STAs is assumed similar. Different terminal devices
may suffer from largely different interference conditions.
Thus, in selecting sub-carriers for the plurality of terminal
devices STA1 60a, STA2 605, STA3 60c subjected to
different interference limitations, the STAs having a higher
probability of being hit by interference get priority in the
sense that these STAs are prioritized for being scheduled on
sub-carriers with good channel conditions so that the trans-
mission time to these STAs can be made as short as possible.
A simple example of this embodiment is as follows: two
STA1 60a STA2 605 are associated with the AP 40 using a
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20 MHz channel and the channel is divided into 2 10 MHz
sub-carriers. For example, STA1 60q is interfered whereas
STA2 605 is not. Now, suppose that both STA1 60a and
STA2 605 would prefer to be scheduled in the lower 10 MHz
sub-carriers as for both STAs this sub-carrier is better than
the upper one. STA1 60aq is scheduled in the lower (the best)
sub-carrier as it is considered more important that STA1 60a
has higher MCS and thereby a shorter packet in order to
avoid interference with higher probability.

[0068] FIG. 5 shows a flow-chart illustrating exemplary
methods according to aspects of this disclosure. The meth-
ods are performed in a terminal device STA1 60a. The
methods are, for a modulation and coding scheme, MCS,
selection in a link between a network node AP, 40 and the
terminal device STA1 60¢ in an orthogonal frequency divi-
sion multiple access, OFDMA, based system. The OFDMA -
based system provides a plurality of sub-carriers corre-
sponding to a bandwidth, such as an entire bandwidth.
Examples of such OFDMA-based systems include a WLAN
system. The method comprises measuring S501 a channel
quality information for the plurality of sub-carriers on which
the terminal device STA1 60a transmits and/or on the
sub-carriers assigned to other terminal devices STA2 605,
STA3 60c. For example, the terminal device STA1 60a
measures on certain field on the packets received the channel
quality on the sub-carriers the STA1 communicates with
and/or on the adjacent sub-carriers assigned to other termi-
nal devices.

[0069] The method comprises determining S502 a channel
quality indicator for the plurality of sub-carriers based on the
measured channel quality information. Determining S502
comprises for example determining a channel quality indi-
cator for each the plurality of sub-carriers, and optionally
averaging them over the plurality of sub-carriers. For
example, determining S502 comprises measuring the cross-
bandwidth pilots.

[0070] The method comprises determining S503, based on
the channel quality information, CQI, a MCS recommenda-
tion to be used on a currently used sub-carrier to the network
node AP 40 and/or on at least one other sub-carrier to the
network node AP 40; and transmitting S504 the determined
MCS recommendation and/or the determined plurality of
channel quality indicators to the network node AP 40. For
example, the terminal device STA1 60a determines the MCS
recommendation using an MCS-CQI table that maps a CQI
to a suitable MCS. The terminal device STA1 60a transmits
the determined MCS recommendation for one or more
sub-carriers so that when the AP 40 decides to change
sub-carrier, the AP 40 is able to immediately make use of the
recommended MCS.

[0071] According to some aspects, the method further
comprises receiving S505 information from the network
node AP 40. The information comprises an indication of a
new sub-carrier to the network node AP 40. The method
further comprises transmitting S506 to the network node AP
40 on the new sub-carrier indicated in the received infor-
mation using, as MCS, the determined MCS recommenda-
tion corresponding to the new sub-carrier. Thereby, the
terminal device STA1 60q is able to immediately use the
optimal MCS on the new sub-carrier.

[0072] According to some aspects, the channel quality
information includes information about noise limitation or
information about interference limitation. The noise limita-
tion is for example indicative of the noise floor on the link



US 2017/0141874 Al

while the interference limitation is for example indicative of
an interference level on a given sub-carrier, or the presence
of an interference source on a given sub-carrier. When the
link is interference limited, determining S503, based on the
channel quality information, a MCS, recommendation com-
prises selecting a less robust MCS than a MCS currently
used. When the link is noise limited, determining S503,
based on the channel quality information, a MCS, recom-
mendation comprises selecting a more robust MCS than the
MCS currently used.

[0073] According to some aspects, measuring S501 chan-
nel quality information further comprises performing S501a
implicit channel sounding by measuring interleaved pilots
contained in an ACK frame. For example, the terminal
device performs implicit channel sounding by measuring
pilots present in a control data of an ACK frame received or
another packet received, such as the LTF/STF fields, 11ax-
LTF of FIG. 26.

[0074] FIG. 6a shows a block diagram illustrating an
exemplary terminal device according to some aspects of this
disclosure. FIG. 6a shows an exemplary terminal device
604a-c in terms of a number of functional units and shows the
components or modules of a terminal device 60a-c accord-
ing to an embodiment. The terminal device 60a-c is con-
figured to select a modulation and coding scheme, MCS, for
a link between a network node 40 and the terminal device
60¢ in an orthogonal frequency division multiple access,
OFDMA, based system providing a plurality of sub-carriers.
The terminal device 60a-c or the processing unit 63 com-
prises a processing unit 63 and a memory unit 62. The
processing unit 63 uses for example any combination of one
or more of a suitable central processing unit, CPU, multi-
processor, microcontroller, digital signal processor DSP,
application specific integrated circuit, ASIC, field program-
mable gate arrays, FPGA etc., capable of executing software
instructions stored in a computer program product, e.g. in
the form of a storage medium or memory unit 62. Thus the
processing unit 63 is thereby arranged to execute methods
disclosed herein. The memory unit 62 may also comprise
persistent storage, which, for example, can be any single one
or combination of magnetic memory, optical memory, solid
state memory or even remotely mounted memory. The
terminal device 60a-c further comprises an interface 61 for
communication with at least one network node 40, and/or
another terminal device. As such the interface 61 may
comprise one or more transmitters and receivers for wireless
and/or wireline communications. The processing unit 63
controls the general operation of the terminal device 60a-c
e.g. by sending data and control signals to the interface 61
and the memory unit 62, by receiving data and reports from
the interface 61, and by retrieving data and instructions from
the memory unit 62. Other components, as well as the
related functionality, of the terminal device 60a-c are omit-
ted in order not to obscure the concepts presented herein.

[0075] The processing unit 63 is configured to measure a
channel quality information for the plurality of sub-carriers
on which the terminal device STA1 60a transmits and/or
receives and/or on the sub-carriers assigned to other terminal
devices STA2 605, STA3 60c. For example, the terminal
device STA1 60a or the processing unit 63 measures on
certain field on the packets received the channel quality on
the sub-carriers the STA1 communicates with and/or on the
adjacent sub-carriers assigned to other terminal devices.
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[0076] The processing unit 63 is configured to determine
a plurality of channel quality indicators for the plurality of
sub-carriers corresponding to a bandwidth or an entire
bandwidth based on the measured channel quality informa-
tion. For example, the processing unit 63 determines a
channel quality indicator for each the plurality of sub-
carriers, and optionally averages them over the plurality of
sub-carriers.

[0077] The processing unit 63 is configured to determine,
based on the channel quality information, a MCS, recom-
mendation to be used on a currently used sub-carrier to the
network node AP 40 and/or on the other sub-carriers to the
network node AP 40; and transmit the determined MCS
recommendation and the determined plurality of channel
quality indicators to the network node AP 40. For example,
the terminal device STA1 60a or the processing unit 63
determines the MCS recommendation using an MCS-CQI
table that maps a CQI to a suitable MCS. The terminal
device STA1 604 transmits the determined MCS recommen-
dation for one or more sub-carriers so that when the AP 40
decides to change sub-carrier, the AP 40 is able to imme-
diately make use of the recommended MCS.

[0078] FIG. 64 is a schematic diagram showing functional
units of a terminal device 60a-c according to an embodi-
ment. The terminal device 60a-c of FIG. 65 comprises a
number of functional modules; a receiver/transmit module
64a configured to perform below steps S504 and optionally
S505-506, a measure module 645 configured to perform step
S501, and a determine module 64¢ configured to perform
steps S502, S503. The functionality of each functional
module 64a-d will be further disclosed in the context of
which the functional modules 64a-d may be used. In general
terms, each functional module 64a-d may be implemented in
hardware or in software. Preferably, one or more or all
functional modules 64a-d may be implemented by a pro-
cessing unit 63, possibly in cooperation with functional units
61 and/or 62 of FIG. 6a. The processing unit 63 may thus be
arranged to from the memory module 62 fetch instructions
as provided by a functional module 64a-d and to execute
these instructions, thereby performing any steps as will be
disclosed hereinafter.

[0079] It should be appreciated that FIGS. 3, 4a-b-6a-b
comprises some operations which are illustrated with a
darker border and some operations which are illustrated with
a dashed border. The operations which are comprised in a
darker border are operations which are comprised in the
broadest example embodiment. The operations which are
comprised in a dashed border are example embodiments
which may be comprised in, or a part of, or are further
operations which may be taken in addition to the operations
of the darker border example embodiments. It should be
appreciated that these operations need not be performed in
order. Furthermore, it should be appreciated that not all of
the operations need to be performed. The example opera-
tions may be performed in any order and in any combina-
tion.

[0080] It should be appreciated that the example opera-
tions of FIGS. 3 and 5 may be performed simultaneously for
any number of device or node.

[0081] Aspects of the disclosure are described with refer-
ence to the drawings, e.g., block diagrams and/or flowcharts.
It is understood that several entities in the drawings, e.g.,
blocks of the block diagrams, and also combinations of
entities in the drawings, can be implemented by computer
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program instructions, which instructions can be stored in a
computer-readable memory, and also loaded onto a com-
puter or other programmable data processing apparatus.
Such computer program instructions can be provided to a
processor of a general purpose computer, a special purpose
computer and/or other programmable data processing appa-
ratus to produce a machine, such that the instructions, which
execute via the processor of the computer and/or other
programmable data processing apparatus, create means for
implementing the functions/acts specified in the block dia-
grams and/or flowchart block or blocks.

[0082] In some implementations and according to some
aspects of the disclosure, the functions or steps noted in the
blocks can occur out of the order noted in the operational
illustrations. For example, two blocks shown in succession
can in fact be executed substantially concurrently or the
blocks can sometimes be executed in the reverse order,
depending upon the functionality/acts involved. Also, the
functions or steps noted in the blocks can according to some
aspects of the disclosure be executed continuously in a loop.
[0083] In the drawings and specification, there have been
disclosed exemplary aspects of the disclosure. However,
many variations and modifications can be made to these
aspects without substantially departing from the principles
of the present disclosure. Thus, the disclosure should be
regarded as illustrative rather than restrictive, and not as
being limited to the particular aspects discussed above.
Accordingly, although specific terms are employed, they are
used in a generic and descriptive sense only and not for
purposes of limitation.

[0084] The description of the example embodiments pro-
vided herein have been presented for purposes of illustra-
tion. The description is not intended to be exhaustive or to
limit example embodiments to the precise form disclosed,
and modifications and variations are possible in light of the
above teachings or may be acquired from practice of various
alternatives to the provided embodiments. The examples
discussed herein were chosen and described in order to
explain the principles and the nature of various example
embodiments and its practical application to enable one
skilled in the art to utilize the example embodiments in
various manners and with various modifications as are suited
to the particular use contemplated. The features of the
embodiments described herein may be combined in all
possible combinations of methods, apparatus, modules, sys-
tems, and computer program products. It should be appre-
ciated that the example embodiments presented herein may
be practiced in any combination with each other.

[0085] It should be noted that the word “comprising” does
not necessarily exclude the presence of other elements or
steps than those listed and the words “a” or “an” preceding
an element do not exclude the presence of a plurality of such
elements. It should further be noted that any reference signs
do not limit the scope of the claims, that the example
embodiments may be implemented at least in part by means
of both hardware and software, and that several “means”,
“units” or “devices” may be represented by the same item of
hardware.

[0086] The various example embodiments described
herein are described in the general context of method steps
or processes, which may be implemented in one aspect by a
computer program product, embodied in a computer-read-
able medium, including computer-executable instructions,
such as program code, executed by computers in networked
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environments. A computer-readable medium may include
removable and non-removable storage devices including,
but not limited to, Read Only Memory (ROM), Random
Access Memory (RAM), compact discs (CDs), digital ver-
satile discs (DVD), etc. Generally, program modules may
include routines, programs, objects, components, data struc-
tures, etc. that perform particular tasks or implement par-
ticular abstract data types. Computer-executable instruc-
tions, associated data structures, and program modules
represent examples of program code for executing steps of
the methods disclosed herein. The particular sequence of
such executable instructions or associated data structures
represents examples of corresponding acts for implementing
the functions described in such steps or processes.

[0087] In the drawings and specification, there have been
disclosed exemplary embodiments. However, many varia-
tions and modifications can be made to these embodiments.
Accordingly, although specific terms are employed, they are
used in a generic and descriptive sense only and not for
purposes of limitation, the scope of the embodiments being
defined by the following claims.

1. A method, performed in a modulation and coding
scheme, scheme (MCS) module of a network node, for MCS
selection for a link between the network node and a terminal
device in an orthogonal frequency division multiple access
(OFDMA) based system, providing a plurality of sub-
carriers, the method comprising:

obtaining channel quality indicators for the plurality of

sub-carriers;

estimating a link quality over a bandwidth corresponding

to the plurality of sub-carriers based on the obtained
channel quality indicators;

selecting a sub-carrier out of the plurality of sub-carriers

as a new sub-carrier to be used for a communication
to/from the terminal device based on the determined
link quality;
selecting a MCS for the new sub-carrier where the change
of MCS is at least partly based on the difference in
channel quality on the previously used sub-carriers and
the sub-carriers to be used for the current packet; and

transmitting information to the terminal device, the infor-
mation comprising an indication of a new sub-carrier to
the terminal device.

2. The method according to claim 1, the method further
comprising using the selected MCS for the new sub-carrier
to the terminal device.

3. The method according to claim 1, wherein the infor-
mation further comprises an indication of a new sub-carrier
from the terminal device; and the selected MCS for the new
sub-carrier from the terminal device.

4. The method according to claim 1, wherein obtaining
channel quality indicators involves receiving from the ter-
minal device a channel quality information of a sub-carrier
on which the terminal device transmits or receives, and/or on
sub-carriers assigned to other terminal devices.

5. The method according to claim 4, wherein the channel
quality information includes a recommended MCS for sub-
carriers on which the network node transmits and/or for the
sub-carriers assigned to other terminal devices.

6. The method according to claim 5, wherein the channel
quality information from the terminal device for sub-carriers
assigned to other terminal devices uses an index offset value
related to the modulation and coding scheme on the same
sub-carrier.
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7. The method according to claim 4, wherein the channel
quality information includes information about noise limi-
tation or information about interference limitation.

8. The method according to claim 7, wherein, selecting an
MCS comprising selecting a less robust MCS when the link
is interference limited, and wherein selecting an MCS com-
prising selecting a more robust MCS when the link is noise
limited.

9. The method according to claim 8, wherein selecting a
sub-carrier comprises changing sub-carriers for a plurality of
terminal devices subjected to different interference limita-
tions, and scheduling a first terminal device of the plurality
of terminal devices, which is subjected to a relatively higher
interference limitation, on a sub-carrier that has more favor-
able channel conditions, and adapted with less robust MCS.

10. The method according to claim 1, wherein obtaining
channel quality indicators further comprises performing
implicit channel sounding by measuring interleaved pilots
contained in an acknowledgement (ACK) frame.

11. The method according to claim 1, wherein the esti-
mated link quality comprises a signal to noise ratio (SNR),
a channel gain, and/or a SNR-MCS mapping table, wherein
selecting the MCS is performed using the SNR-MCS map-
ping table.

12. A method, performed in a terminal device, for a
modulation and coding scheme (MCS) selection in a link
between a network node and the terminal device in an
orthogonal frequency division multiple access (OFDMA)
based system, providing a plurality of sub-carriers, the
method comprising:

measuring a channel quality information for the plurality

of sub-carriers on which the terminal device transmits
and/or receives, and/or on the sub-carriers assigned to
other terminal devices;

determining a channel quality indicator for the plurality of

sub-carriers based on the measured channel quality
information;
determining, based on the channel quality information, a
MCS recommendation to be used on a currently used
sub-carrier to the network node and/or on at least one
other sub-carrier to the network node; and

transmitting the determined MCS recommendation and/or
the determined plurality of channel quality indicators to
the network node.

13. The method according to claim 12, the method further
comprising receiving information from the network node,
the information comprising an indication of a new sub-
carrier to the network node.

14. The method according to claim 13, the method further
comprising transmitting to the network node on the new
sub-carrier indicated in the received information using the
determined MCS recommendation corresponding to the new
sub-carrier as MCS for the new sub-carrier.

15. The method according to claim 12, wherein the
channel quality information includes information about
noise limitation or information about interference limitation.

16. The method according to claim 15, wherein, when the
link is interference limited, determining, based on the chan-
nel quality information, a MCS recommendation comprises
selecting a less robust MCS than a MCS currently used,
while when the link is noise limited, determining, based on
the channel quality information, a MCS recommendation
comprises selecting a more robust MCS than the MCS
currently used.
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17. The method according to claim 1, wherein measuring
channel quality information further comprises performing
implicit channel sounding by measuring interleaved pilots
contained in an ACK frame.

18. A network node for modulation and coding scheme
(MCS) selection for a link between the network node and a
terminal device in an orthogonal frequency division multiple
access (OFDMA) based system, providing a plurality of
sub-carriers, the network node comprising an interface, a
memory module, and a MCS module, wherein the MCS
module is configured to:

obtain channel quality indicators for the plurality of

sub-carriers;

estimate a link quality over a bandwidth corresponding to

the plurality of sub-carriers based on the obtained
channel quality indicators;

select a sub-carrier out of the plurality of sub-carriers as

a new sub-carrier to be used for the communication
to/from the terminal device based on the determined
link quality;

select a MCS for the new sub-carrier;

transmit information to the terminal device, the informa-

tion comprising an indication of a new sub-carrier to
the terminal device.

19. The network node according to claim 18, wherein the
MCS module is configured to transmit further information to
the terminal device, the further information comprising an
indication of a new sub-carrier from the terminal device and
the selected MCS for the new sub-carrier from the terminal
device.

20. The network node according to claim 18, wherein the
MCS module is configured to obtain channel quality indi-
cators by receiving from the terminal device a channel
quality information for sub-carriers on which the terminal
device transmits or receives, and/or on sub-carriers assigned
to other terminal devices.

21. The network node according to claim 20, wherein the
channel quality information includes information about
noise limitation or information about interference limitation.

22. The network node according to claim 21, wherein,
when the link is interference limited, the MCS module is
configured to select a less robust MCS than a MCS currently
used, while when the link is noise limited, the MCS module
is configured to a more robust MCS than the MCS currently
used.

23. The network node according to claim 22, wherein the
MCS module is configured to change sub-carriers for a
plurality of terminal devices subjected to different interfer-
ence limitations, and to schedule a first terminal device of
the plurality of terminal devices, which is subjected to a
relatively higher interference limitation, in a sub-carrier that
has more favorable channel conditions, and adapted with
less robust MCS.

24. A terminal device for a modulation and coding scheme
(MCS) selection in a link between a network node and the
terminal device in an orthogonal frequency division multiple
access (OFDMA) system, being configured with a plurality
of sub-carriers, the terminal device comprises an interface,
a memory module, a processing unit configured to:

measure a channel quality information for the plurality of

sub-carriers on which the terminal device transmits
and/or receives, and/or on the sub-carriers assigned to
other terminal devices;
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determine a plurality of channel quality indicators for the
plurality of sub-carriers based on the measured channel
quality information;

determine, based on the channel quality information, a

MCS, recommendation to be used on a currently used
sub-carrier to the network node and/or on the other
sub-carriers to the network node; and

transmit the determined MCS recommendation and/or the

determined plurality of channel quality indicators to the
network node.

25. A nontransitory computer-readable storage medium
comprising a computer program product for selecting a
modulation and coding scheme (MCS), the computer pro-
gram product comprising program code adapted to perform,
when executed on a MCS module of a network node, the
steps of a method for MCS selection for a link between the
network node and a terminal device in an orthogonal fre-
quency division multiple access (OFDMA) based system,
providing a plurality of sub-carriers, the method comprising:

obtaining channel quality indicators for the plurality of

sub-carriers;

estimating a link quality over a bandwidth corresponding

to the plurality of sub-carriers based on the obtained
channel quality indicators;

selecting a sub-carrier out of the plurality of sub-carriers

as a new sub-carrier to be used for a communication
to/from the terminal device based on the determined
link quality;

selecting a MCS for the new sub-carrier where the change

of MCS is at least partly based on the difference in
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channel quality on the previously used sub-carriers and
the sub-carriers to be used for the current packet; and

transmitting information to the terminal device, the infor-
mation comprising an indication of a new sub-carrier to
the terminal device.

26. A nontransitory computer-readable storage medium
comprising a computer program product for selecting a
modulation and coding scheme (MCS), the computer pro-
gram product comprising program code adapted to perform,
when executed on a processing unit of a terminal, device, a
method for selecting a MCS in a link between a network
node and the terminal device in an orthogonal frequency
division multiple access (OFDMA) based system, providing
a plurality of sub-carriers, the method comprising:0

measuring a channel quality information for the plurality

of sub-carriers on which the terminal device transmits
and/or receives, and/or on the sub-carriers assigned to
other terminal devices;

determining a channel quality indicator for the plurality of

sub-carriers based on the measured channel quality
information;
determining, based on the channel quality information, a
MCS recommendation to be used on a currently used
sub-carrier to the network node and/or on at least one
other sub-carrier to the network node; and

transmitting the determined MCS recommendation and/or
the determined plurality of channel quality indicators to
the network node.
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