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(57) ABSTRACT

A method and radio node for enabling higher-order modu-
lation in a radio communication with a first UE. A first table
configuration comprises at least one of a first Modulation
and Coding Scheme, MCS, table and a first Channel Quality
Indicator, CQI, table which tables support a certain maxi-
mum modulation order. When the radio node detects that a
modulation order higher than the maximum modulation
order of the first table configuration is potentially possible to
use in the radio communication, the radio node instructs the
first UE to apply a second table configuration which com-
prises at least one of a second MCS table and a second CQI
table which second tables support the higher modulation
order. At least one entry for at least one modulation order in
the tables of the first table configuration is maintained in the
tables of the second table configuration as a fall-back in case
it is desirable to use the at least one modulation order of the
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first table configuration when the second table configuration
is applied. Thereby, a higher data rate can be achieved in the
radio communication.
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1
METHOD AND RADIO NODE FOR
ENABLING USE OF HIGH ORDER
MODULATION IN A RADIO
COMMUNICATION WITH A USER
EQUIPMENT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

This application is a continuation reissue of U.S. appli-
cation Ser. No. 16/695,732, filed on Nov. 26, 2019, which is
an application for reissue of U.S. Pat. No. 9,831,982, issued
Nov. 28, 2017, which resulted from U.S. application Ser. No.
15/360,315, filed Nov. 23, 2016, which is a continuation
application of U.S. [patent] application Ser. No. 14/390,904,
filed Oct. 6, 2014 and issued as U.S. Pat. No. 9,509,440 on
Nov. 29, 2016, which is the National Stage of International
Application No. PCT/SE2014/050803, filed Jun. 26, 2014,
which claims the benefit of U.S. Provisional Application
Serial No. 61/863,935, filed Aug. 9, 2013, the disclosures of
each of which are incorporated herein by reference in their
entirety.

TECHNICAL FIELD

The present disclosure relates generally to a radio node of
a cellular network, a User Equipment, UE and methods
therein, for enabling use of a high order modulation when
communicating radio signals.

BACKGROUND

In this field, the term “User Equipment, UE” is commonly
used and will be used in this disclosure to represent any
wireless terminal or device capable of radio communication
with a cellular network including receiving downlink signals
transmitted from a serving radio node and sending uplink
signals to the radio node. For example, the term User
Equipment, UE could be exchanged by the term “wireless
device”. Further, the term “radio node”, also commonly
referred to as a base station, e-nodeB, eNB, etc., represents
any node of a cellular network that can communicate uplink
and downlink radio signals with UEs. The radio nodes
described here may, without limitation, include so-called
macro nodes and low power nodes such as micro, pico,
femto, Wifi and relay nodes, to mention some customary
examples. Throughout this disclosure, the term “eNB” is
often used but can be exchanged by the term radio node.

Link adaptation in systems according to Long Term
Evolution, LTE, is based on adaptive modulation and cod-
ing, which controls data rate by adaptively adjusting the
modulation scheme and/or channel coding rate according to
the radio-link conditions. In this procedure, the Modulation
and Coding Scheme, MCS, adopted for Physical Downlink
Shared Channel, PDSCH, transmission must be indicated in
downlink MCS signaling by the serving radio node to the
UE. By uplink signaling, the UE informs the radio node
about corresponding radio-link, i.e. channel, conditions
through Channel Quality Indicator, CQI signaling, including
sending CQI reports to the radio node.
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This is generally illustrated in FIG. 1 in which a radio
node 100 of a cellular network is serving two UEs denoted
UE1 and UE2. In this example, UE1 and UE2 both report
quality measurements made on the channel used by sending
CQI reports to the radio node 100 which selects a suitable
MCS for each UE based on their CQI reporting and signals
the selected MCS to the UEs, respectively. Link adaptation
is made in this way for individual UEs on a dynamic basis
since the radio-link conditions may change rapidly. The
selection of a suitable MCS can thus be made individually
for each UE.

In current LTE systems, the set of available modulation
schemes for both downlink and uplink includes Quadrature
Phase-Shift Keying, QPSK, 16 Quadrature Amplitude
Modulation, QAM, and 64QAM, corresponding to two, four
and six bits carried per modulation symbol, respectively. In
this field, the number of bits carried per modulation symbol
is usually referred to as the modulation order, Q,,.

In brief, the serving radio node selects a suitable MCS
based on CQI reporting from the UE and signals the selected
MCS to the UE with reference to a predefined MCS index
table which is known to the UE. The MCS index table maps
MCS indices to modulation order and a Transport Block
Size, TBS, index. Further, the UE determines a CQI value
based on signal measurements and the CQI is signaled from
the UE to the radio node with reference to a likewise
predefined CQI index table which maps CQI indices to
modulation forms and code rates. In this description, the
term “modulation form” is used for short to indicate a
modulation format, method or scheme.

In LTE, especially for scenarios with good channel con-
ditions where the Signal-to-Interference-and-Noise Ratio,
SINR, is high, e.g. in small-cell environments where the UE
is close to its serving radio node, a straightforward means to
provide higher data rate for the UE with given transmission
bandwidth is to use higher-order modulation that allows for
more bits of information to be carried per modulation
symbol, as compared to the modulation schemes mentioned
above where the highest possible data rate is provided by
64QAM carrying six bits per modulation symbol. However,
it is a problem that the control signaling schemes, methods,
formats or protocols of today do not support any modulation
with higher order than six bits per symbol, as in 64QAM. It
is also a problem that additional control signaling would be
required between the UE and the serving radio node if higher
data rate is to be achieved by using higher-order modulation.

SUMMARY

It is an object of embodiments described herein to address
at least some of the problems and issues outlined above. It
is possible to achieve this object and others by using a radio
node, a UE and methods therein as defined in the attached
independent claims.

According to one aspect, a method is performed by a radio
node of a cellular network. The radio node is operable to
apply a first table configuration in radio communications
with User Equipments, UEs, the first table configuration
comprising at least one of a first Modulation and Coding
Scheme, MCS, table and a first Channel Quality Indicator,
CQ]I, table wherein the at least one of the first MCS table and
the first CQI table support a certain maximum modulation
order.

In this method, the radio node detects that a higher
modulation order which is higher than the maximum modu-
lation order of the first table configuration is potentially
possible to use in a radio communication between the radio



US RE50,409 E

3

node and a first UE. The radio node then instructs the first
UE to apply a second table configuration in the radio
communication. The second table configuration comprises
at least one of a second MCS table and a second CQI table
wherein the at least one of the second MCS table and the
second CQI table support the higher modulation order.
Furthermore, at least one entry for at least one modulation
order in the at least one of the first MCS table and the first
CQI table is maintained in the at least one of the second
MCS table and the second CQI table as a fall-back in case
it is desirable to use the at least one modulation order in the
at least one of the first MCS table and the first CQI table
when the second table configuration is applied.

According to another aspect, a radio node of a cellular
network is operable to apply a first table configuration in
radio communications with User Equipments, UEs, the first
table configuration comprising at least one of a first Modu-
lation and Coding Scheme, MCS, table and a first Channel
Quality Indicator, CQI, table wherein the at least one of the
first MCS table and the first CQI table support a certain
maximum modulation order. The radio node comprises a
logic unit configured to detect that a higher modulation order
which is higher than the maximum modulation order of the
first table configuration is potentially possible to use in a
radio communication between the radio node and a first UE.

The radio node also comprises an instructing unit config-
ured to instruct the first UE to apply a second table con-
figuration in the radio communication, the second table
configuration comprising at least one of a second MCS table
and a second CQI table wherein the at least one of the second
MCS table and the second CQI table support the higher
modulation order. At least one entry for at least one modu-
lation order in the at least one of the first MCS table and the
first CQI table is maintained in the at least one of the second
MCS table and the second CQI table as a fall-back in case
it is desirable to use the at least one modulation order in the
at least one of the first MCS table and the first CQI table
when the second table configuration is applied.

According to another aspect, a method is performed by a
User Equipment, UE, being operable to apply a first table
configuration in a radio communication with a radio node of
a cellular network. The first table configuration comprises at
least one of a first Modulation and Coding Scheme, MCS,
table and a first Channel Quality Indicator, CQI, table
wherein the at least one of the first MCS table and the first
CQI table support a certain maximum modulation order. In
this method, the UE receives an instruction from the radio
node to apply a second table configuration in the radio
communication, the second table configuration comprising
at least one of a second MCS table and a second CQI table
wherein the at least one of the second MCS table and the
second CQI table support a higher modulation order which
is higher than the maximum modulation order of the first
table configuration. The UE further applies the second table
configuration in the radio communication with the radio
node.

According to another aspect, a User Equipment, UE, is
operable to apply a first table configuration in a radio
communication with a radio node of a cellular network, the
first table configuration comprising at least one of a first
Modulation and Coding Scheme, MCS, table and a first
Channel Quality Indicator, CQI, table wherein the at least
one of the first MCS table and the first CQI table support a
certain maximum modulation order. The UE comprises a
communication unit which is configured to receive an
instruction from the radio node to apply a second table
configuration in the radio communication, the second table
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configuration comprising at least one of a second MCS table
and a second CQI table wherein the at least one of the second
MCS table and the second CQI table support a higher
modulation order which is higher than the maximum modu-
lation order of the first table configuration. The UE also
comprises a logic unit which is configured to apply the
second table configuration in the radio communication with
the radio node.

When using any of the above methods and nodes, it is
possible to achieve a higher data rate in the radio commu-
nication between the radio node and the UE by using the
higher modulation order of the second table configuration,
e.g. when the radio or channel conditions are favorable,
instead of being limited to the maximum modulation order
of the first table configuration.

A computer program is also provided comprising instruc-
tions which, when executed on at least one processor, cause
the at least one processor to carry out either of the above
methods. A carrier is also provided which contains the above
computer program, wherein the carrier is one of an elec-
tronic signal, optical signal, radio signal, or computer read-
able storage medium.

The above methods and nodes may be configured and
implemented according to different optional embodiments to
accomplish further features and benefits, to be described
below.

BRIEF DESCRIPTION OF THE DRAWINGS

The solution will now be described in more detail by
means of exemplary embodiments and with reference to the
accompanying drawings, in which:

FIG. 1 is a communication scenario illustrating how link
adaptation can be achieved, according to the prior art.

FIG. 2 is a table used for MCS signaling from a radio node
to a UE, according to a first table configuration.

FIG. 3 is a table used for CQI signaling from a UE to a
radio node, according to the first table configuration.

FIG. 4 is a flow chart illustrating a procedure in a radio
node, according to some possible embodiments.

FIG. 5 is a block diagram illustrating an example of how
a radio node may be configured and operate, according to
further possible embodiments.

FIG. 6 is a flow chart illustrating a procedure in a UE,
according to some possible embodiments.

FIG. 7 is a block diagram illustrating an example of how
a UE may be configured and operate, according to further
possible embodiments.

FIG. 8 is an example of a modified table used for MCS
signaling from a radio node to a UE, [according to] accord-
ing to a second table configuration.

FIG. 9 is an example of a modified table used for CQI
signaling from a UE to a radio node, according to the second
table configuration.

FIG. 10 is an example of a modified table used for
mapping a Transport Block Size, TBS, index to a data rate,
according to further possible embodiments.

DETAILED DESCRIPTION

In this solution it has been recognized that the above-
described control signaling for MCS and CQI indication can
be re-designed in order to adopt higher-order modulation
schemes in LTE systems. In particular, the MCS and CQI
index tables used for such signaling can be modified such
that the current maximum modulation order can be increased
without requiring any extra signaling bits. In this disclosure,
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the term higher-order modulation may refer to modulation
schemes that are higher than 64QAM, such as e.g. 256QAM
allowing eight bits per symbol, or even higher modulation of
512QAM, and so forth.

Briefly described, a first table configuration is initially
applied in radio communication between a radio node and a
UE. The first table configuration comprises a first MCS table
and/or a first CQI table which tables support a certain
maximum modulation order, e.g. 6. An example of the first
MCS table is shown in FIG. 2 and an example of the first
CQI table is shown in FIG. 3. The first MCS table and the
first CQI table are thus predefined and known to the UE, for
example the tables currently used in LTE for signaling
between radio nodes and UEs for enabling link adaptation as
described above although other MCS and CQI tables are
also possible to use in the first table configuration. In these
examples it can be seen that the maximum modulation order
supported by the first MCS table and the first CQI table is
Q,,=6 which corresponds to 64QAM.

When detecting that a higher modulation order which is
higher than the maximum modulation order of the first table
configuration is potentially possible to use in the above
communication, e.g. based on CQI reports from the UE, the
radio node instructs the UE to apply a second table con-
figuration that supports the higher modulation order. The
second table configuration comprises a second MCS table
and/or a second CQI table having additional entries that
support the higher modulation order. Examples of how such
tables of the second table configuration can be configured
will be described in more detail later below. In this solution,
at least one entry for at least one modulation order is
maintained, i.e. kept, from the table(s) of the first table
configuration as a fall-back in case it would become desir-
able or even necessary to use the least one modulation order
of the first table configuration when the second table con-
figuration is applied, such as when the radio conditions get
worse and only the least one modulation order of the first
table configuration, e.g. the lowest modulation order, is
possible to use for keeping the radio connection.

It will now be described how link adaptation can be
achieved in general according to LTE.

For downlink data transmission in LTE, the radio node
typically selects the MCS depending on the CQI feedback
transmitted by the UE in the uplink, as illustrated in FIG. 1.
The CQI feedback indicates the present channel condition
and possible data rate, or more specifically a modulation and
coding scheme MCS, that can be supported by the downlink
channel given the present channel condition and UE
receiver.

The LTE specifications are designed to provide signaling
between the radio node and the UE. In the downlink, the
information about the MCS adopted for PDSCH transmis-
sion is indicated by a five-bit field in the Downlink Control
Information, DCI, transmitted from the radio node to the
UE. This MCS field corresponds to the MCS index table
shown in FIG. 2. In this table, there is room for 32 combi-
nations or entries, where 29 entries are used to signal an
adopted MCS, each entry corresponding to a modulation
order and a Transport Block Size, TBS, while 3 entries are
reserved, e.g., to support adaptive retransmissions. All pos-
sible TBS can be described by a TBS table mapping a TBS
index, I,z and an allocation bandwidth into the corre-
sponding transport block size (in bits).

In the uplink, the UE reports CQI to assist the serving
radio node to select the appropriate MCS to apply for
downlink transmissions. Typically, the CQIs are derived
from measurements made by the UE on downlink reference
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signals transmitted by the serving radio node. For example,
the reported CQI may represent the highest MCS that is
supported for a PDSCH transmission, e.g. with a transport
block error rate probability not exceeding 10%. The CQI is
signaled from the UE to the radio node with reference to a
predefined CQI index table, as shown in FIG. 3. A 4-bit CQI
value corresponds to a particular MCS out of 16 combina-
tions corresponding to CQI index 0-15 in the CQI index
table. It should be noted that the CQI table is parameterized
in terms of coding rate, as opposed to transport block size.
Thus, the selected and signaled CQI indicates the highest
modulation and coding rate at which the block error rate
measured at UE does not exceed 10%. Based on the CQI
feedback from the UE and other information, the radio node
is able to select a proper MCS index from the MCS table and
notify the UE accordingly by MCS signaling.

Current LTE systems support three modulation schemes
for both downlink and uplink: QPSK, 16QAM and 64QAM.
Accordingly, the MCS index table, the CQI index table and
the corresponding fields for indication in DCI are designed
for these three modulation schemes. However, higher-order
modulation schemes are not supported in current LTE speci-
fications. In order to support higher-order modulation, i.e.
higher than the above schemes QPSK, 16QAM and
64QAM, UEs must support an additional MCS/CQI table
that also includes specific entries for new modulation
schemes. The modification of MCS/CQI table may require
re-designing the DCI format and possibly also the Uplink
Control Information, UCI, format.

Typically, the additional MCS/CQI tables are used in
scenarios with high Signal-to-Noise Ratio, SNR, or SINR
which allow for higher-order modulation to be used thanks
to the high signal quality. In scenarios with relatively low
SNR or SINR, on the other hand, the current MCS/CQI
tables supporting QPSK, 16QAM and 64QAM are useful to
achieve link robustness. Hence, a solution has been devised
with flexibility to adopt appropriate MCS/CQI tables based
on channel conditions as follows.

As mentioned above, current LTE systems only support
modulation up to 64QAM, while it may be desirable to use
higher-order modulation, e.g. 256QAM, to increase the data
rate when the signal quality allows. To support higher-order
modulation, adaptations and/or extensions to the current
control signaling in terms of the MCS index table, the CQI
index table and the corresponding fields in DCI/UCI are
required. This can be solved by the embodiments described
herein.

In this disclosure, an alternative design of an MCS index
table and/or of a CQI index table supporting higher-order
modulation is described which can be used for LTE systems,
which can be supported in addition to basic MCS and CQI
tables such as the current design of the MCS index table and
the CQI index table shown in FIG. 2 and FIG. 3, respec-
tively.

In the current LTE specification, the MCS and CQI tables
support modulation schemes up to 64QAM, e.g. as illus-
trated in FIGS. 2 and 3. The proposed new MCS and CQI
index tables are able to support modulation higher than
64QAM, without necessarily extending the number of bits in
the DCI/UCI formats, or the number of entries in the MCS
table and in the CQI table, respectively. In this solution, it is
possible to select higher-order modulation schemes e.g. in
the high-SINR scenarios or generally when a performance
related parameter, such as SINR, of signals communicated
between a radio node and a UE is above a certain threshold.

In the new MCS/CQI tables, new entries for higher-order
modulation are added and designed to provide sufficient
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resolution to cover the high-SINR region. Meanwhile, a
large part of the existing entries in current MCS and/or CQI
tables may be preserved. The current MCS and/or CQI
tables may be comprised in a first table configuration while
the new MCS and/or CQI tables supporting a higher-order
modulation may be comprised in a second table configura-
tion. This has the advantage that the number of new MCS/
CQI formats a UE and a radio node has to implement may
be minimized. In other words, the UE and the radio node
need to support only one extra MCS table and/or CQI table
of the second table configuration in order to enable the
higher-order modulation.

In a possible embodiment, at least one MCS entry, e.g. the
lowest MCS entry with MCS index O, in the MCS table
and/or at least one CQI entry, e.g. the lowest CQI entry for
the lowest coding rate of the lowest modulation order with
CQI index 1, in the CQI table is preserved or maintained
from the basic MCS and/or CQI table, to ensure proper
communication between the radio node and the UE under
poor channel or radio conditions. Thus, a fallback is pro-
vided in case it is only possible or desirable to use a
modulation order lower than the higher modulation order,
e.g. the lowest modulation order, when the second table
configuration is applied. This provides flexibility and robust-
ness in case of changing channel or radio conditions, and
provides a robust format to, for example, signal control-
plane data, and/or to reconfigure the UE to assume the basic
MCS and/or CQI table suitable for poor/normal channel or
radio conditions. By employing embodiments described
herein, the link adaption in LTE systems may be enhanced
to support higher-order modulation schemes, which can
significantly improve the spectral efficiency e.g. in high
SINR scenarios, while maintaining robustness in case of
worsening radio conditions.

It should be noted that although terminology from 3GPP
LTE is used in this disclosure to describe various exempli-
fying embodiments, this should not be seen as limiting the
scope of usage to only the aforementioned system. Other
wireless systems, including WCDMA, WiMAX, and Ultra
Mobile Broadband, UMB, may also benefit from exploiting
embodiments described herein.

It should also be noted that terminology such as radio
node should be considered non-limiting and in general
“radio node” could be considered as device 1 and “UE”
could be considered as device 2 and these two devices may
communicate with each other over some radio channel in the
manner described herein.

In the following, the solution will be explained in more
detail by some exemplary embodiments. It should be noted
that these embodiments are not mutually exclusive. Com-
ponents from one embodiment may be utilized in another
embodiment wherever appropriate.

The MCS index table and CQI index table used in current
LTE specification are shown in FIG. 2 and FIG. 3, respec-
tively. A possible design of alternative MCS and CQI index
tables will now be described as well as the mechanism by
which the radio node and the UE can switch between the
proposed new MCS/CQI tables of the second table configu-
ration and the MCS/CQI tables of the first table configura-
tion. It should be noted that the solution is not limited to the
specific examples of MCS/CQI tables described herein and
that any MCS/CQI tables may be used in accordance with
the embodiments described herein.

An example of a procedure, performed by a radio node of
a cellular network when the solution is employed, will now
be described with reference to the flow chart in FIG. 4. Some
possible but non-limiting embodiments will also be
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described which may be used for the radio node. In this
procedure, it is assumed that the radio node is operable to
apply a first table configuration in radio communications
with UEs, and that the first table configuration comprises at
least one of a first MCS table and a first CQI table wherein
the at least one of the first MCS table and the first CQI table
support a certain maximum modulation order. As said above,
the maximum modulation order supported by the currently
used MCS/CQI tables is Q,=6 which corresponds to
64QAM, and the currently used MCS/CQI tables may,
without limitation, be used as the first table configuration in
this solution.

A first action 400 illustrates that the radio node detects
that a higher modulation order which is higher than the
maximum modulation order of the first table configuration is
potentially possible to use in a radio communication
between the radio node and a first UE. For example, this may
be detected when a performance related parameter, e.g.
SINR, of signals communicated between the radio node and
the second UE is above a certain threshold.

Another action 402 illustrates that the radio node instructs
the first UE to apply a second table configuration in the radio
communication. The second table configuration comprises
at least one of a second MCS table and a second CQI table
wherein the at least one of the second MCS table and the
second CQI table support the higher modulation order.
Furthermore, at least one entry for at least one modulation
order in the at least one of the first MCS table and the first
CQI table is maintained in the at least one of the second
MCS table and the second CQI table as a fall-back in case
it is desirable to use the at least one modulation order in the
at least one of the first MCS table and the first CQI table
when the second table configuration is applied. In other
words, the at least one of the second MCS table and the
second CQI table includes at least one entry for at least one
modulation order, e.g. the lowest modulation order, that is
also included in the at least one of the first MCS table and
the first CQI table, in order to provide said fall-back. Such
a fall-back may be desirable, and even necessary, if the
signal quality, e.g. as indicated by the CQI reports from the
UE, suddenly deteriorates and no modulation order higher
than the lowest one is suitable or even possible to use for
achieving robustness.

In a possible embodiment, the radio node may instruct the
first UE to apply the second table configuration in the radio
communication between the radio node and the first UE
when a performance related parameter of signals commu-
nicated between the radio node and the first UE is above a
threshold. The performance related parameter may be
derived from CQI reports provided by the first UE contain-
ing measurements of downlink reference signals transmitted
by the radio node.

In another possible embodiment, the radio node may
instruct a second UE to apply the first table configuration in
a radio communication between the radio node and the
second UE when the performance related parameter of
signals communicated between the radio node and the
second UE is below the threshold. In yet a possible embodi-
ment, the radio node may in this case instruct the second UE
explicitly by sending an instruction to the second UE to
apply the first table configuration, or implicitly by not
sending an instruction to the second UE to apply the second
table configuration which indicates to the second UE that it
should apply the first table configuration. Furthermore, the
radio node may instruct the first UE as well to apply the first
table configuration again, if the performance related param-
eter of signals between the radio node and the first UE would



US RE50,409 E

9

fall below the threshold. In either of the latter embodiments,
the performance related parameter may comprise a Signal-
to-Interference-and-Noise Ratio, SINR.

It was mentioned above that the MCS and CQI index
tables of the second table configuration may be created by
modifying the MCS and CQI index tables of the first table
configuration, e.g. the tables shown in FIGS. 2 and 3, such
that the current maximum modulation order can be
increased. This may be done without requiring any extra
signaling bits. In one possible embodiment, the at least one
of the second MCS table and the second CQI table may be
a modification of the at least one of the first MCS table and
the first CQI table, respectively, where a set of entries for the
higher modulation order have been added and a set of entries
for the at least one modulation order in the at least one of the
first MCS table and the first CQI table have been removed
in the respective second tables. In another possible embodi-
ment, the at least one modulation order in the at least one of
the first MCS table and the first CQI table may comprise a
lowest modulation order of the first table configuration. It
will be described later below how the above-mentioned
modification of the first MCS table and the first CQI table
may be done in more detail with reference to examples
shown in FIGS. 8 and 9.

It was also mentioned above that at least one entry for the
at least one modulation order, e.g. the lowest modulation
order, in the at least one of the first MCS table and the first
CQI table is maintained, i.e. kept, in the at least one of the
second MCS table and the second CQI table as a fall-back
in case the signal quality deteriorates while using the second
table configuration. In another possible embodiment, the
first entry for the lowest modulation order in the first MCS
table may be maintained in the second MCS table as the
fall-back, and an entry for the lowest coding rate of the
lowest modulation order in the first CQI table may be
maintained in the second CQI table as the fall-back. This
embodiment will be illustrated in more detail later below.

In another possible embodiment, the number of added
entries for the higher modulation order and the number of
removed entries for the lowest modulation order may be
equal such that the first and second MCS tables are of equal
size and/or the first and second CQI tables are of equal size.
Thereby, no extra bits are needed in the signaling of MCS
and/or CQI, respectively, for supporting the second table
configuration in addition to the first table configuration.

In another possible embodiment, the at least one of the
second MCS table and the second CQI table may be a
modification of the at least one of the first MCS table and the
first CQI table, respectively, where all entries of the at least
one of the first MCS table and the first CQI table have been
maintained, i.e. kept, in the at least one of the second MCS
table and the second CQI table and a set of entries for the
higher modulation order have been added. In yet a possible
embodiment, the first and second table configurations may
further comprise a Transport Block Size, TBS, table corre-
sponding to the first and second MCS tables, respectively.
The TBS table maps a TBS index, 1,5, and an allocation
bandwidth into the corresponding transport block size, e.g.
given in number of bits.

A detailed but non-limiting example of how a radio node
may be structured with some possible functional entities
such as modules, circuits or units, to bring about the above-
described functionality of the radio node, is illustrated by the
block diagram in FIG. 5. In this figure, the radio node 500
is operable to apply a first table configuration in radio
communications with UEs, the first table configuration
comprising at least one of a first Modulation and Coding
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Scheme, MCS, table and a first Channel Quality Indicator,
CQ]I, table wherein the at least one of the first MCS table and
the first CQI table support a certain maximum modulation
order.

The radio node 500 may be configured to operate accord-
ing to any of the examples and embodiments of employing
the solution as described above and as follows. In particular,
the radio node 500 may comprise means arranged or con-
figured to perform the actions of the flow chart in FIG. 4 and
the embodiments described above, where appropriate. In
order to put any of this into practice, the radio node 500 may
be implemented with a communication circuit C, a memory
M and an operable processor P comprising various func-
tional units as described below.

More specifically, the radio node 500 comprises means,
such as a logic unit 500a, configured to detect that a higher
modulation order which is higher than the maximum modu-
lation order of the first table configuration is potentially
possible to use in a radio communication between the radio
node 500 and a first UE 502. This detecting operation may
be performed as described for action 400 above.

The radio node 500 also comprises means, such as an
instructing unit 500b, configured to instruct the first UE 502
to apply a second table configuration in the radio commu-
nication, the second table configuration comprising at least
one of a second MCS table and a second CQI table wherein
the at least one of the second MCS table and the second CQI
table support the higher modulation order, and wherein at
least one entry for at least one modulation order in the at
least one of the first MCS table and the first CQI table is
maintained in the at least one of the second MCS table and
the second CQI table as a fall-back in case it is desirable to
use the at least one modulation order in the at least one of
the first MCS table and the first CQI table when the second
table configuration is applied. This instructing operation
may be performed as described for action 402 above.

An example of a procedure, performed by a UE when the
solution is employed, will now be described with reference
to the flow chart in FIG. 6. In this procedure, it is assumed
that the UE is operable to apply a first table configuration in
a radio communication with a radio node of a cellular
network, the first table configuration comprising at least one
of a first Modulation and Coding Scheme, MCS, table and
a first Channel Quality Indicator, CQI, table wherein the at
least one of the first MCS table and the first CQI table
support a certain maximum modulation order.

A first action 600 illustrates that the UE receives an
instruction from the radio node to apply a second table
configuration in the radio communication, the second table
configuration comprising at least one of a second MCS table
and a second CQI table wherein the at least one of the second
MCS table and the second CQI table support a higher
modulation order which is higher than the maximum modu-
lation order of the first table configuration. In another action
602, the UE applies the second table configuration in the
radio communication with the radio node, which may
include receiving MCS signaling from the radio node with
reference to the second MCS table and/or sending CQI
reports to the radio node with reference to the second CQI
table, in accordance with the second table configuration.

A detailed but non-limiting example of how a UE may be
structured with some possible functional entities such as
modules, circuits or units, to bring about the above-de-
scribed functionality of the UE, is illustrated by the block
diagram in FIG. 7. In this figure, the UE 700 is operable to
apply a first table configuration in a radio communication
with a serving radio node 702 of a cellular network, the first
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table configuration comprising at least one of a first Modu-
lation and Coding Scheme, MCS, table and a first Channel
Quality Indicator, CQI, table wherein the at least one of the
first MCS table and the first CQI table support a certain
maximum modulation order.

The UE 700 may be configured to operate according to
any of the examples and embodiments of employing the
solution as described above and as follows. In particular, the
UE 700 may comprise means arranged or configured to
perform the actions of the flow chart in FIG. 6. In order to
put any of this into practice, the UE 700 may be imple-
mented with a communication circuit C, a memory M and an
operable processor P comprising various functional units as
described below.

More specifically, the UE 700 comprises means, such as
a communication unit 700a, configured to receive an instruc-
tion from the radio node 702 to apply a second table
configuration in the radio communication, the second table
configuration comprising at least one of a second MCS table
and a second CQI table wherein the at least one of the second
MCS table and the second CQI table support a higher
modulation order which is higher than the maximum modu-
lation order of the first table configuration. The UE 700 also
comprises means, such as a logic unit 700b, configured to
apply the second table configuration in the radio communi-
cation with the radio node 702. This is illustrated in the
figure by the UE 700 receiving MCS signaling from the
radio node 702 with reference to the second MCS table
and/or sending CQI reports to the radio node 702, with
reference to the second CQI table in accordance with the
second table configuration.

It should be noted that FIGS. 5 and 7 illustrate various
functional units in the radio node 500 and the UE 700,
respectively, and the skilled person is able to implement
these functional units in practice using suitable software and
hardware. Thus, the solution is generally not limited to the
shown structures of the radio node 500 and the UE 700, and
the functional units 500a-b and 700a-b may be configured to
operate according to any of the features described in this
disclosure, where appropriate.

The functional units 500a-b and 700a-b described above
can be implemented in the radio node 500 and the UE 700,
respectively, by means of program modules of a respective
computer program comprising code means which, when run
by the processor P in each node causes the radio node 500
and the UE 700 to perform the above-described actions and
procedures. Each processor P may comprise a single Central
Processing Unit (CPU), or could comprise two or more
processing units. For example, each processor P may include
a general purpose microprocessor, an instruction set proces-
sor and/or related chips sets and/or a special purpose micro-
processor such as an Application Specific Integrated Circuit
(ASIC). Each processor P may also comprise a storage for
caching purposes.

Each computer program may be carried by a computer
program product in each of the radio node 500 and the UE
700 in the form of a memory having a computer readable
medium and being connected to the processor P. The com-
puter program product or memory M in each of the radio
node 500 and the UE 700 may thus comprise a computer
readable medium on which the computer program is stored
e.g. in the form of computer program modules or the like.
For example, the memory M in each node may be a flash
memory, a Random-Access Memory (RAM), a Read-Only
Memory (ROM) or an Electrically Erasable Programmable
ROM (EEPROM), and the program modules could in alter-
native embodiments be distributed on different computer
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program products in the form of memories within the
respective radio node 500 and UE 700.

The solution described herein may be implemented in the
respective radio node 500 and UE 700 by a computer
program comprising instructions which, when executed on
at least one processor, cause the at least one processor to
carry out the actions according to any of the above embodi-
ments. The solution may also be implemented at the respec-
tive radio node 500 and UE 700 in a carrier containing the
above computer program, wherein the carrier is one of an
electronic signal, optical signal, radio signal, or computer
readable storage medium.

It will now be described in more detail how the first MCS
and CQI tables shown in FIGS. 2 and 3 can be modified to
create the second MCS and CQI tables, which is exemplified
in the modified MCS table shown in FIG. 8 and in the
modified CQI table shown in FIG. 9.

MCS Index Table

In an illustrative example, a first MCS table of the
above-described first table configuration is used for down-
link transmission to one UE, such as UE1 in FIG. 1, and for
downlink transmission to another UE, such as UE2 in FIG.
1, a second MCS table of the above-described second table
configuration is used.

In another illustrative example, the first MCS table is the
current MCS table of the first table configuration in speci-
fication as shown in FIG. 2, and the second MCS table is a
modified new MCS table of the second table configuration
that supports a modulation order higher than the maximum
modulation order supported by the first MCS table, i.e. the
second MCS table contains entries for higher-order modu-
lation. An example of a second MCS table is shown in FIG.
8 which has been modified from the first MCS table of FIG.
2.

In another illustrative example, the radio node can use
either current MCS table or proposed alternative MCS table
for DL transmission. In a further example, the information
about the MCS table that is to be used may be part of a DCI
message, in which case it typically applies to a single
specific subframe, or it may be part of a Radio Resource
Control, RRC message or a Medium Access Control, MAC
message, in which case it typically applies until further
notice.

In another illustrative example, the proposed MCS index
table of the second table configuration may have 32+N rows
where N=z0 is a non-negative integer. The columns of the
table represent the same parameters as those of the MCS
index table shown in FIG. 2, which include MCS index
1, scs» modulation order Q,,, and TBS index ;5. Each table
row or entry, that corresponds to one MCS,; is indexed by the
MCS index I, and contains a particular combination of
modulation order and TBS index.

In another illustrative example, in the proposed MCS
index table of the second table configuration, M rows, i.e.,
M MCS indices may be used to indicate the MCSs including
pairs of one higher-order modulation scheme and one TBS
index, where M is a non-negative integer with M>N.

In another illustrative example, 324+4N-M MCS entries in
FIG. 2 may be re-used in the new MCS table of the second
table configuration. In other words, M-N MCS entries in
FIG. 2 are not included in the new MCS table.

The current TBS table in the specification is illustrated in
Table 7.1.7.2.1-1 in the document called 3GPP TS 36.213
V11.2.0 (2013-04). In another example, the rows of TBS
values corresponding to the TBS indices contained in said
M-N MCSs may be removed from the TBS table of the first
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table configuration. Meanwhile, M new rows of TBS values
corresponding to said M MCSs for higher-order modulation
are added to said TBS table.

In a further illustrative example, when N=0, the new MCS
table of the second table configuration may keep the same
size as the MCS table in FIG. 2 and M MCSs for higher-
order modulation in FIG. 8 replaces M MCSs in FIG. 2. In
a further example, the lowest MCS, corresponding to MCS
index 0, may be preserved or kept in the new MCS table of
the second table configuration in FIG. 8. In a further
example, the subsequent M lowest MCSs (corresponding to
MCS indices 1 through M) are excluded in the new MCS
table of the second table configuration. An example of such
a new MCS table is shown in FIG. 8. Compared to FIG. 2,
the MCSs with indices from 1 to 6 for modulation order 2
(QPSK) have been removed in FIG. 8, whereas the lowest
MCS is preserved. Instead, 6 MCSs for modulation order 8
(256QAM) have been added to the MCS table in FIG. 8.

In order to create the TBS table of the second table
configuration, rows of TBS values corresponding to the
removed and added MCSs should be removed and added
accordingly from and to the TBS table of the first table
configuration. Other MCS entries are re-used in the new
MCS table and the indices in this table are rearranged, i.e.
renumbered, from beginning. FIG. 10 illustrates an example
of a proposed TBS table of the second table configuration,
table dimension is 27*110, with index 21-26 for 256QAM,
corresponding to the table in FIG. 9, where “NV” denotes
new values. For the example shown in FIG. 10, the rows
with index 1-6 for QPSK are removed and 6 new rows of
TBS values for 256QAM have been added at the end of the
table. This new TBS table of the second table configuration
shall be consistent with the TBS index in said new MCS
table of the second table configuration.

FIG. 10 will now be explained in more detail. FIG. 10
shows the Transport Block Size table in the specification
36.213 Table 7.1.7.2.1-1. The transport block size, i.e. the
number of bits carried by a transport block is determined by
both adopted MCS and the number of pair of resource blocks
which is denoted N, in the table. For each MCS index in
the MCS table, there are 110 possible numbers of PRB,
1-110. This is why the TBS table has a size of 110 columns
and 27 rows that correspond to different MCSs, although
they are not one-to-one mappings to the MCS table. If new
MCS indices are added for 256QAM, the TBS entries for
256QAM need also be calculated and specified. Hence, in
the new MCS table, the new entries for 256QAM must
contain the TBS indices for corresponding new TBS values.

In another illustrative example, the lowest MCS, i.e. the
entry with MCS index 0 in the MCS table of the first table
configuration shown in FIG. 2 may be re-used in the new
MCS table of the second table configuration. This is to
ensure that the communication between the radio node and
UE works properly even when the radio link experiences
very poor channel condition, which may be called a low
SINR scenario or similar.

In another illustrative example, when the new MCS table
of the second table configuration is in use and the entry for
lowest MCS is selected for a transmission, this indicates that
it is difficult to support higher-order modulation due to
variation of channel quality, bad radio conditions or other
issues, and that a more robust MCS is needed. Hence, the
MCS table used in the next transmission may automatically
fall back to the first MCS table of the first table configura-
tion, which may without limitation be the MCS table of the
current standard, which allows for selection of any of the
entries of e.g. the lowest modulation order.
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In another illustrative example, the MCS field in DCI may
be extended by one or more bits to indicate the MCS index
when N>0, that is, the new MCS table of the second table
configuration may have more than 32 MCS indices. How-
ever, this expansion of the MCS table may require one or
more extra bits in the DCIL.

CQI Index Table

The design of the new, or second, CQI index table of the
second table configuration is similar to that of the new, or
second, MCS index table of the second table configuration.

In an illustrative example, a first CQI table of the first
table configuration may be used for radio transmission from
the first UE to the radio node, while in the radio transmission
from the second UE to the radio node, a second CQI table
of the second table configuration may be used, or vice versa.

In another illustrative example, said first CQI table and
second CQI table are the current CQI table in specification
and a modified CQI table that contains entries for higher-
order modulation, respectively. An example of a second CQI
table of the second table configuration is shown in FIG. 9
which has been modified from the first CQI table of the first
table configuration in FIG. 3.

In another illustrative example, a UE can use either the
current CQI table of the first table configuration or the new
CQI table of the second table configuration for transmission.
In further examples, the information about the CQI table that
is to be used may be part of a UCI message or part of a RRC
or MAC message.

In another illustrative example, the proposed CQI table of
the second table configuration has 164N rows where N=0 is
a non-negative integer. The columns of the new CQI table
represent the same parameters as those of the CQI table
shown in FIG. 3, which include CQI index, modulation
form, code rate and efficiency. Each table row or entry, that
is one CQI, is indexed by a CQI index and contains a
particular combination of a modulation order and code rate.
The value of efficiency is calculated based on modulation
order and code rate.

In another illustrative example, in the proposed CQI index
table of the second table configuration, M rows, i.e., M CQI
indices are used to indicate the CQI including pairs of one
higher-order modulation scheme, one coding rate and resul-
tant efficiency value, where M is a non-negative integer with
M>N. In a further embodiment, the coding rates for higher-
order modulation are defined and added to the CQI table.

In another illustrative example, 16+4N-M CQIs in FIG. 3
are re-used in the alternative CQI table of the second table
configuration. In a further embodiment, when N=0, the new
CQI table keeps the same size as the CQI table in FIG. 3 and
M CQIs for higher-order modulation replaces M CQIs in
FIG. 3.

In a further example, the lowest CQI corresponding to
CQIl index 1 is preserved in the new CQI table of the second
table configuration. In a further embodiment, the subsequent
M lowest [CQI’s] CQIs, corresponding to CQI indices 2
through M+1, are excluded in the new CQI table of the
second table configuration. An example of such an embodi-
ment is provided in FIG. 9. Compared to FIG. 3, the CQIs
with indices from 2 to 5 for modulation order 2 (QPSK) have
been removed, whereas the lowest CQI is preserved. Instead,
4 CQIs for modulation order 8 (256QAM) have been added
to the table in FIG. 9. Other CQIs are re-used in the table and
their indices are rearranged.

As mentioned above, the lowest CQ], i.e. the entry with
index 1 in FIG. 3, may be re-used in the new CQI table of
the second table configuration. This is to ensure that the
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communication between the radio node and UE works
properly even when the radio link experiences very poor
channel condition.

In another illustrative example, when the new CQI table
of the second table configuration is in use and the entry for
lowest CQI is selected, this indicates that it is difficult to
support higher-order modulation due to variation of channel
quality or other issues. Hence, the CQI table used in next
transmission may automatically fall back to the first CQI
table of the first table configuration which may without
limitation be the CQI table in the current standard.

In another illustrative example, the CQI field in uplink
control signaling may be extended by one or more bits to
indicate the CQI index when N>0, that is, the new CQI table
has more than 16 [CQI’s] CQIs. However, this expansion of
the CQI table may require one or more extra bits in the DCI.

Potential Advantages

The embodiments described herein may have the follow-
ing advantages:

The process of link adaptation in LTE systems may be
enhanced to support higher-order modulation schemes in an
efficient manner, which may significantly improve the spec-
tral efficiency in a cellular network, particularly in high
SINR or SNR scenarios.

At least one MCS entry, e.g. the lowest MCS entry with
MCS index 0, in the MCS table and at least one CQI entry,
e.g. the lowest CQI entry for the lowest coding rate of the
lowest modulation order with CQI index 1, in the CQI table
may be preserved from the first table configuration as a
fallback in the second table configuration to ensure proper
communication between the radio node and UE when the
radio link experiences very poor channel condition.

The size of the current MCS table may be preserved, or
minimally expanded.

The implementation effort in the radio node and UEs may
be kept to a minimum by sharing the majority of the
MCS/CQI entries in the first and second MCS/CQI tables,
respectively.

The solution may be applied for both downlink and uplink
transmissions.

While the solution has been described with reference to
specific exemplary embodiments, the description is gener-
ally only intended to illustrate the inventive concept and
should not be taken as limiting the scope of the solution. For
example, the terms “radio node”, “User Equipment, UE”,
“table configuration”, and “modulation order” have been
used throughout this description, although any other corre-
sponding entities, functions, and/or parameters could also be
used having the features and characteristics described here.
The solution is defined by the appended claims.

ABBREVIATIONS

LTE long-term evolution

PDSCH physical downlink shared channel
MCS modulation and coding scheme

eNB E-UTRAN NodeB

UE user equipment

CQI channel-quality indicator

QPSK quadrature phase-shift keying

16QAM 16 quadrature amplitude modulation
64QAM 64 quadrature amplitude modulation
SINR signal-to-interference-and-noise ratio

DCI downlink control information

GSM global system for mobile communications
WCDMA wideband code-division multiple access
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WiMAX worldwide interoperability for microwave
access
UMB ultra mobile broadband

What is claimed is:

[1. A method performed by a radio node of a cellular
network, the radio node being operable to apply a first table
configuration in radio communications with User Equip-
ments (UEs), the first table configuration comprising at least
one of a first Modulation and Coding Scheme (MCS) table
and a first Channel Quality Indicator (CQI) table, wherein
the at least one of the first MCS table and the first CQI table
support a certain maximum modulation order, the method
comprising:

detecting that a higher modulation order, which is higher

than the maximum modulation order of the first table
configuration, is potentially possible to use in a radio
communication between the radio node and a first UE;
and

instructing the first UE to apply a second table configu-

ration in the radio communication, the second table
configuration comprising at least one of a second MCS
table and a second CQI table,

wherein a lowest modulation order of the first table

configuration is maintained in the at least one of the
second MCS table and the second CQI table as a
fallback in case it is desirable to use the lowest modu-
lation order of the first table configuration when the
second table configuration is applied.]

[2. The method of claim 1, wherein the radio node
instructs the first UE to apply the second table configuration
in the radio communication between the radio node and the
first UE when a performance related parameter of signals
communicated between the radio node and the first UE is
above a threshold.]

[3. The method of claim 2, wherein the radio node
instructs a second UE to apply the first table configuration in
a radio communication between the radio node and the
second UE when the performance related parameter of
signals communicated between the radio node and the
second UE is below the threshold.]

[4. The method of claim 3, wherein the radio node
instructs the second UE by sending an instruction to the
second UE to apply the first table configuration, or by not
sending an instruction to the second UE to apply the second
table configuration.]

[5. The method of claim 1, wherein the at least one of the
second MCS table and the second CQI table is a modifica-
tion of the at least one of the first MCS table and the first
CQI table, respectively; where a set of entries have been
added for the higher modulation order and a set of entries for
at least one modulation order in the at least one of the first
MCS table and the first CQI table have been removed.]

[6. The method of claim 5, wherein the number of added
entries for the higher modulation order and the number of
removed entries for the at least one modulation order in the
at least one of the first MCS table and the first CQI table are
equal such that the first and second MCS tables are of equal
size and/or the first and second CQI tables are of equal size.]

[7. The method of claim 1, wherein the at least one of the
second MCS table and the second CQI table support the
higher modulation order.]

[8. The method of claim 1, wherein the lowest modulation
order in the first MCS table is maintained in the second MCS
table as fallback, and a lowest coding rate of the lowest
modulation order in the first CQI table is maintained in the
second CQI table as fallback.]
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[9. The method of claim 1, wherein the at least one of the
second MCS table and the second CQI table is a modifica-
tion of the at least one of the first MCS table and the first
CQI table, respectively, where all entries of the at least one
of the first MCS table and the first CQI table have been
maintained in the at least one of the second MCS table and
the second CQI table and a set of entries for the higher
modulation order have been added.]

[10. The method of claim 1, wherein the first and second
table configurations further comprise a Transport Block Size
table corresponding to the first and second MCS tables,
respectively.]

[11. A radio node of a cellular network, the radio node
being operable to apply a first table configuration in radio
communications with User Equipments (UEs), the first table
configuration comprising at least one of a first Modulation
and Coding Scheme (MCS) table and a first Channel Quality
Indicator (CQI) table, wherein the at least one of the first
MCS table and the first CQI table support a certain maxi-
mum modulation order, the radio node comprising:

one or more processing circuits configured to function as:

a logic circuit configured to detect that a higher modu-
lation order, which is higher than the maximum
modulation order of the first table configuration, is
potentially possible to use in a radio communication
between the radio node and a first UE; and

an instructing circuit configured to instruct the first UE
to apply a second table configuration in the radio
communication, the second table configuration com-
prising at least one of a second MCS table and a
second CQI table;

wherein a lowest modulation order of the first table

configuration is maintained in the at least one of the

second MCS table and the second CQI table as a

fallback in case it is desirable to use the lowest modu-
lation order of the first table configuration when the
second table configuration is applied.]

[12. The radio node of claim 11, wherein the radio node
is configured to instruct the first UE to apply the second table
configuration in the radio communication between the radio
node and the first UE when a performance related parameter
of signals communicated between the radio node and the
first UE is above a threshold.]

[13. The radio node of claim 12, wherein the radio node
is configured to instruct a second UE to apply the first table
configuration in a radio communication between the radio
node and the second UE when the performance related
parameter of signals communicated between the radio node
and the second UE is below the threshold.]

[14. The radio node of claim 13, wherein the radio node
is configured to instruct the second UE by sending an
instruction to the second UE to apply the first table con-
figuration, or by not sending an instruction to the second UE
to apply the second table configuration.]

[15. The radio node of claim 11, wherein the at least one
of the second MCS table and the second CQI table is a
modification of the at least one of the first MCS table and the
first CQI table, respectively, where a set of entries have been
added for the higher modulation order and a set of entries for
at least one modulation order in the at least one of the first
MCS table and the first CQI table have been removed.]

[16. The radio node of claim 15, wherein the number of
added entries for the higher modulation order and the
number of removed entries for the at least one modulation
order in the at least one of the first MOS table and the first
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CQI table are equal such that the first and second MCS
tables are of equal size and/or the first and second CQI tables
are of equal size.]

[17. The radio node of claim 11, wherein the at least one
of the second MCS table and the second CQI table support
the higher modulation order.]

[18. The radio node of claim 11, wherein the lowest
modulation order in the first MCS table is maintained in the
second MCS table as fallback, and a lowest coding rate of
the lowest modulation order in the first CQI table is main-
tained in the second CQI table as fallback.]

[19. The radio node of claim 11, wherein the at least one
of the second MCS table and the second CQI table is a
modification of the at least one of the first MCS table and the
first CQI table, respectively, where all entries of the at least
one of the first MCS table and the first CQI table have been
maintained in the at least one of the second MCS table and
the second CQI table and a set of entries for the higher
modulation order have been added.]

[20. A method performed by a User Equipment (UE), the
UE being operable to apply a first table configuration in a
radio communication with a radio node of a cellular net-
work, the first table configuration comprising at least one of
a first Modulation and Coding Scheme (MCS) table and a
first Channel Quality indicator (CU) table, wherein the at
least one of the first MCS table and the first CQI table
support a certain maximum modulation order, the method
comprising:

receiving an instruction from the radio node to apply a

second table configuration in the radio communication,
the second table configuration comprising at least one
of a second MCS table and a second CQI table, wherein
the at least one of the second MCS table and the second
CQI table support a higher modulation order which is
higher than the maximum modulation order of the first
table configuration; and

applying the second table configuration in the radio

communication with the radio node,

wherein a lowest modulation order of the first table

configuration is maintained in the at least one of the
second MCS table and the second CQI table as a
fallback in case it is desirable to use the lowest modu-
lation order of the first table configuration when the
second table configuration is applied.]

[21. A User Equipment (UE), the UE being operable to
apply a first table configuration in a radio communication
with a radio node of a cellular network, the first table
configuration comprising at least one of a first Modulation
and Coding Scheme (MCS) table and a first Channel Quality
Indicator (CQI) table, wherein the at least one of the first
MCS table and the first CQI table support a certain maxi-
mum modulation order, the UE comprising:

one or more processing circuits configured to function as:

a communication circuit configured to receive an
instruction from the radio node to apply a second
table configuration in the radio communication, the
second table configuration comprising at least one of
a second MCS table and a second CQI table, wherein
the at least one of the second MCS table and the
second CQI table support a higher modulation order
which is higher than the maximum modulation order
of the first table configuration; and

a logic circuit configured to apply the second table
configuration in the radio communication with the
radio node,

wherein a lowest modulation order of the first table
configuration is maintained in the at least one of the
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second MOS table and the second CQI table as a
fallback in case it is desirable to use the lowest
modulation order of the first table configuration
when the second table configuration is applied.]

22. A method performed by a radio node of a cellular
network, the radio node being operable to apply a first
Modulation and Coding Scheme (MCS) table of a first table
configuration, the method comprising:

detecting that a higher modulation ovder, which is higher

than a maximum modulation order of the first MCS
table, is possible to use in a radio communication
between the radio node and a first UE; and

instructing the first UE to apply a second MCS table of a

second table configuration in the radio communication,
wherein the second MCS table supports the higher
modulation order;

wherein a table row in the first MCS table and a table row

in the second MCS table both contain a same combi-
nation of lowest modulation ovder and Transport Block
Size (TBS) index, and wherein the table row in the first
MCS table and the table row in the second MCS table
are both indexed by a lowest MCS index of the lowest
modulation ovder; and

wherein use of the lowest MCS index of the lowest

modulation ovder when the second table configuration
is applied indicates that a MCS table used in a next
transmission falls back to the first MCS table of the first
table configuration.

23. The method of claim 22, wherein the radio node
instructs the first UE to apply the second MCS table in the
radio communication between the radio node and the first
UE when a performance related parameter of signals com-
municated between the radio node and the first UE is above
a threshold.

24. The method of claim 23, wherein the radio node
instructs a second UE to apply the first MCS table in a radio
communication between the radio node and the second UE
when the performance related parameter of signals commu-
nicated between the radio node and the second UE is below
the threshold.

25. The method of claim 22, wherein the first and second
MCS tables correspond to rvespective Transport Block Size
(TBS) tables.

26. The method of claim 22, wherein the lowest MCS
index is MCS index 0.

27. A radio node of a cellular network, the radio node
being operable to apply a first Modulation and Coding
Scheme (MCS) table of a first table configuration, the radio
node comprising:

one or more processing circuits configured to function as:

a logic circuit configured to detect that a higher modu-
lation ovder, which is higher than a maximum modu-
lation ovder of the first MCS table, is possible to use
in a radio communication between the radio node
and a first UE; and

an instructing circuit configured to instruct the first UE
to apply a second MCS table of a second table
configuration in the radio communication, wherein
the second MCS table supports the higher modula-
tion order;

wherein a table row in the first MCS table and a table row

in the second MCS table both contain a same combi-

nation of lowest modulation ovder and Transport Block

Size (TBS) index, and wherein the table row in the first

MCS table and the table row in the second MCS table

are both indexed by a lowest MCS index of the lowest
modulation ovder; and
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wherein use of the lowest MCS index of the lowest

modulation ovder when the second table configuration

is applied indicates that a MCS table used in a next
transmission falls back to the first MCS table of the first
table configuration.

28. The radio node of claim 27, wherein the radio node is
configured to instruct the first UE to apply the second MCS
table in the radio communication between the radio node
and the first UE when a performance related parameter of
signals communicated between the radio node and the first
UE is above a threshold.

29. The radio node of claim 28, wherein the radio node is
configured to instruct a second UE to apply the first MCS
table in a radio communication between the radio node and
the second UE when the performance related parameter of
signals communicated between the radio node and the
second UE is below the threshold.

30. The radio node of claim 27, wherein the lowest MCS
index is MCS index 0.

31. A method performed by a User Equipment (UE), the
UE being operable to apply a first Modulation and Coding
Scheme (MCS) table of a first table configuration in a radio
communication with a radio node of a cellular network, the
method comprising:

receiving an instruction from the radio node to apply a

second MCS table of a second table configuration in

the radio communication, wherein the second MCS
table supports a higher modulation order which is
higher than a maximum modulation order of the first

MCS table;

applying the second MCS table in the radio communica-

tion with the radio node;

wherein a table row in the first MCS table and a table row

in the second MCS table both contain a same combi-

nation of lowest modulation ovder and Transport Block

Size (TBS) index, and wherein the table row in the first

MCS table and the table row in the second MCS table

are both indexed by a lowest MCS index of the lowest

modulation order; and

wherein use of the lowest MCS index of the lowest

modulation ovder when the second table configuration

is applied indicates that a MCS table used in a next
transmission falls back to the first MCS table of the first
table configuration.

32. The method of claim 30, wherein the lowest MCS
index is MCS index 0.

33. A User Equipment (UE), the UE being operable to
apply a first Modulation and Coding Scheme (MCS) table of
a first table configuration in a radio communication with a
radio node of a cellular network, the UE comprising:

one or move processing circuits configured to function as:

a communication circuit configured to receive an
instruction from the radio node to apply a second
MCS table of a second table configuration in the
radio communication, wherein the second MCS table
supports a higher modulation order which is higher
than a maximum modulation order of the first MCS
table;

a logic circuit configured to apply the second MCS
table in the radio communication with the radio
node;

wherein a table row in the first MCS table and a table row

in the second MCS table both contain a same combi-

nation of lowest modulation ovder and Transport Block

Size (TBS) index, and wherein the table row in the first
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MCS table and the table row in the second MCS table
are both indexed by a lowest MCS index of the lowest
modulation ovder; and

wherein use of the lowest MCS index of the lowest

modulation ovder when the second table configuration
is applied indicates that a MCS table used in a next
transmission falls back to the first MCS table of the first
table configuration.

34. The UE of claim 33, wherein the lowest MCS index is
MCS index 0.

35. A method performed by a radio node of a cellular
network, the radio node being operable to apply a first
Channel Quality Indicator (CQI) table of a first table
configuration, the method comprising:

detecting that a higher modulation ovder, which is higher

than a maximum modulation order of the first CQI
table, is possible to use in a radio communication
between the radio node and a first UE; and

instructing the first UE to apply a second CQI table of a

second table configuration in the radio communication,
wherein the second CQI table supports the higher
modulation order;

wherein a table row in the first CQI table and a table row

in the second CQI table both contain a same combi-
nation of modulation scheme of a lowest modulation
order and a lowest coding rate, and wherein the table
row in the first CQI table and the table row in the
second CQI table are both indexed by a lowest CQI
index of the lowest modulation order; and

wherein indication of the lowest CQI index of the lowest

modulation ovder when the second table configuration
is applied indicates that a CQI table used in a next
transmission falls back to the first CQI table of the first
table configuration.

36. The method of claim 35, wherein the radio node
instructs the first UE to apply the second CQI table in the
radio communication between the radio node and the first
UE when a performance related parameter of signals com-
municated between the radio node and the first UE is above
a threshold.

37. The method of claim 36, wherein the radio node
instructs a second UE to apply the first CQI table in a radio
communication between the radio node and the second UE
when the performance related parameter of signals commu-
nicated between the radio node and the second UE is below
the threshold.

38. The method of claim 35, wherein the lowest CQI index
is CQI index 1.

39. 4 radio node of a cellular network, the radio node
being operable to apply a first Channel Quality Indicator
(CQI) table of a first table configuration, the radio node
comprising:

one or more processing circuits configured to function as:

a logic circuit configured to detect that a higher modu-
lation ovder, which is higher than a maximum modu-
lation order of the first CQI table, is possible to use
in a radio communication between the radio node
and a first UE; and

an instructing circuit configured to instruct the first UE
to apply a second CQI table of a second table
configuration in the radio communication, wherein
the second CQI table supports the higher modulation
order;

wherein a table row in the first CQI table and a table row

in the second CQI table both contain a same combi-

nation of modulation scheme of a lowest modulation
order and a lowest coding rate, and wherein the table
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row in the first CQI table and the table vow in the
second CQI table are both indexed by a lowest CQI
index of the lowest modulation order; and

wherein indication of the lowest CQI index of the lowest

modulation ovder when the second table configuration
is applied indicates that a CQI table used in a next
transmission falls back to the first CQI table of the first
table configuration.

40. The radio node of claim 39, wherein the radio node is
configured to instruct the first UE to apply the second CQI
table in the radio communication between the radio node
and the first UE when a performance related parameter of
signals communicated between the radio node and the first
UE is above a threshold.

41. The radio node of claim 40, wherein the radio node is
configured to instruct a second UE to apply the first CQI
table in a radio communication between the radio node and
the second UE when the performance related parameter of
signals communicated between the radio node and the
second UE is below the threshold.

42. The radio node of claim 39, wherein the lowest CQI
index is CQI index 1.

43. A method performed by a User Equipment (UE), the
UE being operable to apply a first Channel Quality Indica-
tor (CQI) table of a first table configuration in a radio
communication with a radio node of a cellular network, the
method comprising:

receiving an instruction from the radio node to apply a

second CQI table of a second table configuration in the
radio communication, wherein the second CQI table
supports a higher modulation order which is higher
than a maximum modulation order of the first CQI
table;

applying the second CQI table in the radio communica-

tion with the radio node;

wherein a table row in the first CQI table and a table row

in the second CQI table both contain a same combi-
nation of modulation scheme of a lowest modulation
order and a lowest coding rate, and wherein the table
row in the first CQI table and the table vow in the
second CQI table are both indexed by a lowest CQI
index of the lowest modulation order; and

wherein selection of the lowest CQI index of the lowest

modulation ovder when the second table configuration
is applied indicates that a CQI table used in a next
transmission falls back to the first CQI table of the first
table configuration.

44. The method of claim 43, wherein the lowest CQI index
is CQI index 1.

45. A User Equipment (UE), the UE being operable to
apply a first Channel Quality Indicator (CQI) table of a first
table configuration in a radio communication with a radio
node of a cellular network, the UE comprising:

one or move processing circuits configured to function as:

a communication circuit configured to receive an
instruction from the radio node to apply a second
CQI table of a second table configuration in the
radio communication, wherein the second CQI table
supports a higher modulation order which is higher
than a maximum modulation ovder of the first CQI
table; and

a logic circuit configured to apply the second CQI table
in the radio communication with the radio node;

wherein a table row in the first CQI table and a table row
in the second CQI table both contain a same combi-
nation of modulation scheme of a lowest modulation
order and a lowest coding rate, and wherein the table
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row in the first CQI table and the table row in the
second CQI table are both indexed by a lowest CQI
index of the lowest modulation order; and

wherein selection of the lowest CQI index of the lowest
modulation ovder when the second table configuration
is applied indicates that a CQI table used in a next
transmission falls back to the first CQI table of the first
table configuration.

46. The UE of claim 45, wherein the lowest CQI index is

CQI index 1.
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