
METHOD AND ARRANGEMENTS FOR COMMUNICATION OF CHANNEL
QUALITY INFORMATION IN A TELECOMMUNICATIONS SYSTEM
TECHNICAL FIELD The present invention relates to
methods and arrangements for channel quality indicator
(CQI) reporting in a wireless telecommunications
system, and more particularly to methods and
arrangements that allow for adaptation of CQI
reporting to a considered antenna configuration.
BACKGROUND In wireless communication systems, such as
those operating in accordance with 3GPP WCDMA
standards for high-speed packet access (HSPA) or
according to the 3GPP standards that are currently
being developed under the project name LTE (Long Term
Evolution), the base station (also referred to as
NodeB or eNodeB) is able to transmit on a shared
downlink channel to a number of mobile terminals (also
called user equipments, UEs). One or multiple transmit
antennas can be involved in this transmission
according to different transmission techniques. In
order for the base station to e.g. determine proper
data rate, modulation scheme, and transmit power, it
needs to have some measure of how "good" the channel
currently is. Accordingly, the mobile terminal
provides a measure of channel quality to the base
station by means of Channel Quality Indicator (CQI)
values that are continuously fed back to the base
station on an uplink. The mobile terminal determines
the CQI values based on measurements made on e.g.
pilot signals transmitted from the base station.
Depending on the type of telecommunication system a
number of possible channel quality levels may be
specified, wherein each channel quality level
corresponds to certain channel quality measurements
and each level may be associated with a respective CQI
value represented by e.g. a 4-bit word. CQI reporting
allows for the base station to adapt its downlink
transmission to the changing channel quality. However,
the uplink bandwidth is a limited resource. There are
therefore two competing interests relating to CQI
reporting. One is to provide as 



detailed CQI reports as possible as frequently as
possible in order for the base stationto be able to
adapt its transmission in the best possible way to the
changing channel quality. The other is to keep the
amount of CQI reporting low so as to fill up as little
as possible of the available uplink bandwidth. The use
of multi-antenna schemes makes CQI reporting far more
complex than for single-antenna schemes. In a
multi-antenna concept proposed for the high-speed
downlink packet-data access (HSDPA) mode of the WCDMA
system, selecting a subset of antennas from which to
transmit is considered an extension of fast link
adaptation. This leads to transmission on an antenna
mode more closely matched to the propagation
conditions compared to multi-antenna schemes that
always transmit from the same antennas. In HSDPA,
per-antenna rate control (PARC) is one multiantenna
approach that provides higher downlink data rates. In
this approach, separate transmission rates are
provided for the data streams mapped to each transmit
antenna. When both the rates and the transmit antenna
subset are selected adaptively, this is denoted as
selective-PARC (S-PARC). The CQI that is estimated at
the mobile and transmitted on the uplink to the base
station is part of the link adaptation process and
allows for antenna selection and rate assignment to be
performed. Since the signals transmitted from
different antennas interfere with each other, the
estimated CQI changes for each combination of transmit
antennas. Providing CQI estimates for each antenna
under each combination utilizes an increasing amount
of the available uplink resource compared to
single-antenna transmission. The type of receiver
employed may also increase the number of CQI values
that may be fed back to the base station. For example,
using a successive interference cancellation (SIC)
receiver places a decoding ordering on the transmit
antennas so that there will be a separate CQI value
for each permutation (rather than combination) of
antennas. For HSDPA, multiple spreading codes are used
to either transmit a higher data rate to an individual
user, or to transmit at lower rates simultaneously to
multiple users. To conserve spreading codes in the
previously proposed multi-antenna approach, spreading
codes are reused across the different transmit
antennas. In 



practice, CQI reporting is usually performed under the
assumption of some fixed number of spreading codes
assigned to a user. To obtain the CQI values for a
different number of spreading codes, the CQI values
are scaled appropriately. This is possible since all
spreading codes are transmitted over the same
propagation channel.For OFDM systems such as LTE and
WiMax, the frequency band is subdivided into many
separate subcarriers. Depending on the amount of
dispersion in the propagation channel, different parts
of the frequency band can potentially undergo
different fading realizations. In the extreme, under
severe dispersion, each subcarrier might have
different fading. This places additional complexity on
the CQI reporting process when user(s) are assigned to
the different subcarriers adaptively. For S-PARC, the
amount of CQI reporting is already increased by the
number of different antenna combinations
(permutations) to be reported. With the subdivision of
the frequency band into subcarriers the amount of CQI
that may be reported grows even further. As mentioned
above it is desired to keep the amount of feedback
used for CQI reporting low, both so that the CQI can
be reliably transmitted and to not use up a large
portion of the uplink bandwidth. This becomes
especially important when the number of active mobiles
in the system increases. One approach for reducing the
complexity of CQI feedback for S-PARC is described in
the U.S. Patent Application Publication No. US
2005/0250544 Al when coupled with a SIC receiver. This
approach first chooses the antenna that provides the
best rate and uses that for single-antenna
transmission. In considering transmission with two
antennas, the two-antenna subset is constrained to
contain the best antenna previously found for
single-antenna transmission and the antenna with the
next-best rate. This approach is repeated for the
three- and four-antenna subsets and in general is
called the 'subset property' as related to antenna
selection. Implicitly, an order is given to the
antennas so that the first antenna has the greatest
transmit rate while the last antenna has the lowest
transmit rate. This ordering of antennas from lowest
to greatest rates is the order that the SIC-receiver
processes the received signals. Thus, a large number
of antenna orderings is avoided by constraining the
antenna order and subset 



selection via use of this subset property. Clearly,
trying to report an antenna order for each subcarrier
would be very costly in terms of CQI feedback.
Additionally, it would be impractical since
transmitted streams are likely encoded over different
subcarriers, and the SIC receiver utilizes the
decoded/re-encoded signals as part of the detection
process.SUMMARY As mentioned above the amount of CQI
that may be reported increases with the use of antenna
configurations including multiple antennas. An object
of the present invention is therefore to provide
methods and arrangements that support adaptation of
the amount of CQI reporting to a considered antenna
configuration. The above stated object is achieved by
means of a mobile terminal, a base station and a
method according to the claims. A first embodiment of
the present invention provides a mobile terminal
device for use in a wireless communications system.
The mobile terminal device comprises a receiver for
receiving a signal from M number of transmit antennas,
wherein the signal includes a number of subcarriers.
The mobile terminal device also comprises a processing
unit for determining a CQI reporting format for a
collection of the subcarriers based on a selected
transmit antenna configuration associated with the
collection of subcarriers and for determining PCQI
number of CQI values relating to the collection of
subcarriers in accordance with a determined CQI
reporting format. The processing unit is arranged to
adapt the CQI reporting format to the selected
transmit antenna configuration such that the
granularity of CQI reporting depends on the number m
of transmit antennas of the selected transmit antenna
configuration. The mobile terminal device further
comprises a transmitter for transmitting the PCQI CQI
values to a base station in a feedback signal. A
second embodiment of the present invention provides a
method in a mobile terminal device. The method
comprises a step of receiving a signal from M number
of transmit antennas, which signal includes a number
of subcarriers. The method also comprises a step of
determining a CQI reporting format for a collection of
the 



subcarriers based on a selected transmit antenna
configuration associated with the collection of
subcarriers. The CQI reporting format is adapted to
the selected transmit antenna configuration such that
the granularity of CQI reporting depends on the number
m of transmit antennas of the selected transmit
antenna configuration. The method further comprises a
step of determining PCQI number of CQI values relating
tothe collection of subcarriers in accordance with the
determined CQI reporting format and a step of
transmitting the PCQI CQI values to a base station in
a feedback signal. A third embodiment of the present
invention provides a base station for use in a
wireless communications system. The base station
comprises a transmitter for transmitting a signal
including a number of subcarriers from M number of
transmit antennas. The base station also comprises a
receiver for receiving a feedback signal from a mobile
terminal device and a processing unit for processing
the feedback signal to extract PCQI number of CQI
values relating to a collection of the subcarriers and
to extract antenna configuration information
specifying a selected transmit antenna configuration.
The CQI values are in accordance with a CQI reporting
format which depends on the selected transmit antenna
configuration such that the granularity of the CQI
reporting depends on the number of antennas of the
selected transmit antenna configuration. Advantages
and features of embodiments of the present invention
will become apparent when reading the following
detailed description in conjunction with the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a
schematic diagram illustrating a wireless
communication system in which the present invention
may be implemented. Fig. 2 is a schematic diagram
illustrating a CQI reporting format for one transmit
antenna according to an embodiment of the present
invention. Fig. 3 is a schematic diagram illustrating
a CQI reporting format for two transmit antennas
according to an alternative embodiment of the present
invention. Fig. 4 is a schematic diagram illustrating
a CQI reporting format for four transmit antennas
according to another alternative embodiment of the
present invention. 



Fig. 5 is a schematic diagram illustrating an
alternative CQI reporting format for two transmit
antennas according to yet another alternative
embodiment of the present invention. Fig. 6 is a
schematic diagram illustrating another alternative CQI
reporting format for four transmit antennas according
to a further alternative embodiment of the present
invention.Fig. 7 is a flowchart illustrating a method
according to an embodiment of the present invention.
Fig. 8 is a flowchart illustrating a method for
determining CQI values according to an embodiment of
the present invention. DETAILED DESCRIPTION The
present invention now will be described more fully
hereinafter with reference to the accompanying
drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be
embodied in many different forms and should not be
construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that
this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those
skilled in the art. While recognizing that there are
different trade-offs that can be made to reduce CQI
reporting. The invention discloses embodiments for
reporting CQI with a granularity in time, space and
frequency that is coupled to an adaptive antenna
configuration considered to be used for transmission
from a base station. In addition, signaling schemes
for reporting this CQI information from the mobile to
the base station are also disclosed. For OFDM systems,
since users are assigned to use specific subcarriers
over time and frequency, it is desirable to have the
CQI reports matched to a similar time and frequency
range. Such considerations occur, for example, when
users are scheduled adaptively within sub-bands of the
entire OFDM signal bandwidth, or when a fixed
subcarrier partitioning of the frequency band is used.
It is desired to keep the amount of feedback used for
CQI reporting low, both so that the CQI can be
reliably transmitted and to not use up a large portion
of the uplink 



bandwidth. This becomes especially important when the
number of active mobiles in the system increases. Fig.
1 is a schematic block diagram of a wireless
communications system 420, e.g. an LTE system that
implements OFDM as radio access technology, in which
the present invention may be implemented. The system
420 comprises a radio base station 400 (also called
Evolved NodeB (eNB) according to LTE terminology) and
a mobile terminal device 401, which for instance may
be a mobile phone, a laptop computer, aPDA (personal
digital assistant) or some other type of user
equipment (UE). It should be understood that certain
details and components in the mobile terminal device
401 and in the base station 400 are well known to the
person skilled in the art. Therefore, for clarity, the
description of the mobile terminal device 401 and the
base station 400 provided below omits those well know
details and components, that are not necessary to
understand the present invention. As shown in Fig. 1,
the base station 400 has four transmit antennas 403-1,
403-2, 403- 3 and 403-4. However the present invention
may be used in connection with base stations with any
number of antennas. In this application M will be used
to denote the number of transmit antennas of the base
station. The base station 400 further includes a
transmitter 410 for transmitting a shared downlink
(DL) signal 404, in this example an OFDM signal,
including a number of subcarriers 412 to a number of
mobile terminals, such as the mobile terminal 401. The
different subcarriers 412 may be adaptively allocated
to carry data and/or signaling to different mobile
terminals. Fig. 1 shows a schematic illustration of a
timeslot of the OFDM signal 404, which in this example
is assumed to consist of 600 subcarriers 412 by seven
OFDM symbols. The base station 400 also includes a
receiver 421 for receiving uplink (UL) signals from
mobile terminals, such as an uplink signal 408 from
the mobile terminal device 401. In the uplink signal
408, feedback information such as CQI values 409 may
be included. The base station is able to process the
feedback signal 408 to e.g. extract and interpret the
CQI values by means of a processing unit 402. The base
station 400 may choose to transmit data and/or
signaling on different 



subcarriers 412 from all or a subset of the transmit
antennas 403-1 403-2, 403-3, 403- 4 according to
different determined antenna configurations. In this
application it is assumed that the base station
determines an antenna configuration for a collection
of adjacent subcarriers. Even if the base station has
chosen to transmit data only from a subset of transmit
antennas it is herein assumed that a pilot signal
always is transmitted from each of the antennas e.g.
for such purposes as channel quality measurements.
Therefore it will always be possible for the mobile
terminal 401 to estimate CQI values for all of the
subcarriers from all of the transmit antennas.The
mobile terminal device 401 includes a receiver for
receiving the downlink signal 404 and a transmitter
for transmitting the uplink signal 408. The mobile
terminal device is further equipped with a processing
unit 406, which e.g. is able to determine CQI
reporting formats to be used for CQI reporting as will
be explained further below. The channel quality on the
downlink from the base station 400 to the mobile
terminal 401 varies over the frequency band and will
therefore differ between different subcarriers 412.
The channel quality of a subcarrier will also depend
on from which transmit antenna the subcarrier is
transmitted and on interference from other transmit
antennas. Therefore the mobile terminals device should
ideally determine one CQI value per subcarrier for
each antenna and for each possible transmit antenna
configuration. However, since it in most cases would
be far to costly to report CQI values for all possible
antenna configurations, the mobile terminal will
according to embodiments of the present invention
select an antenna configuration for a collection of
subcarriers and estimate CQI values for subcarriers of
the collection with respect to the selected antenna
configuration. Information specifying the selected
antenna configuration that applies to different
collections of subcarriers will be reported to the
base station 400 in the uplink signal 408 in the form
of antenna configuration information 4 11, which is
schematically illustrated in Fig. 1. The base station
is then able to decide to transmit according to the
selected transmit antenna configuration or according
to another determined antenna configuration that
deviates from the selected 



transmit antenna configuration. In this application
the term "selected antenna configuration" is used to
denote the antenna configuration that the mobile
terminal 401 has selected to consider when estimating
CQI values, while the term "determined antenna
configuration" is used to denote the antenna
configuration that the base station 400 has decided to
use for transmission. Furthermore, the number of
antennas of the selected antenna configuration will be
denoted by m, wherein 1 < m < M. Depending on the type
of receiver 405 of the mobile terminal the computation
of CQI values may not only depend on the transmit
antennas included in the selected antenna
configuration but also on the order in which signals
from the different antennas are decoded. The selected
antenna configuration will therefore comprise a
selectedantenna order in those cases in which the
decoding order has an impact on the CQI value
estimates. In the cases where the decoding order does
not matter the selected antenna configuration will
only specify the considered subset of transmit
antennas, i.e. without ordering. This will be further
explained below in connection with a couple of
specific examples of embodiments. According to
embodiments of the present invention the processing
unit 406 of the mobile terminal is arranged to
determine a CQI reporting format to be used for CQI
reporting based on the number m of transmit antennas
of the selected transmit antenna configuration.
According to embodiments of the present invention the
CQI reporting format is adapted such that the
granularity of CQI reporting depends on the number m
of transmit antennas of the selected transmit antenna
configuration. Since the selected transmit antenna
configuration may differ between different collections
of subcarriers the CQI reporting format may also
differ between different collections of subcarriers.
Some different examples of CQI reporting formats
according to different embodiments of the present
invention will now be explained in further detail with
reference to Figs. 2-6. For the sake of simplicity it
will be assumed that all of the subcarriers
represented in Figs. 2-6 respectively are associated
with the same selected antenna configuration. CQI
estimates could potentially be made for every
subcarrier in the OFDM system. But according to
embodiments of the invention the amount of 



CQI information sent from the mobile terminal 401 to
the base station 400 is reduced by making CQI
estimates for groups of subcarriers (in time and/or
frequency) instead of for every subcarrier. This is
illustrated in Figs. 2-6 in which the example system
420 is considered. As mentioned above the OFDM signal
is made up of 600 subcarriers in the system 420. Fig.
2 is a schematic representation of a CQI reporting
format for reporting CQI for a selected transmit
antenna configuration with a single transmit antenna.
To reduce the amount of CQI information the
subcarriers are collected into subcarrier groups of 15
adjacent subcarriers by 7 OFDM symbols and one CQI
value is estimated for each subcarrier group. In this
example, the OFDM signal transmitted over one time
period is divided into 40 tiles. Each tile contains a
subcarrier group 1 of 15 subcarriers by 7 OFDM
symbols. If B=32 bits are allocated for CQI reporting,
and each CQI value is represented as 4 bits, then 8
CQI values can be reported during each time period and
5time periods are required to update the CQI over all
subcarriers. According to Fig. 2 it is schematically
illustrated that in each time period CQI-values for 8
of the subcarriers groups are reported (indicated as
black tiles). In time period 0 CQI values are reported
for subcarrier groups No. 4, 9, 14, 19, 24, 29, 34 and
39, in time period 1 CQI values are reported for
subcarrier groups 2, 7, 12, 17, 22, 27, 32 and 37,
etc. To preserve the number of bits used for CQI
reporting when the selected transmit antenna
configuration has more than one antenna the
granularity of the CQI reporting format is made
larger, according to embodiments of the present
invention, to accommodate for CQI information relating
to the multiple antennas. The granularity may be
changed in frequency and/or time. By making the
subcarrier groups of adjacent subcarriers larger the
granularity in frequency may be changed. This is shown
in Figs. 3 and 4, which are another two different
examples of CQI reporting formats according to
embodiments of the invention. Fig. 3 is a schematic
representation of a CQI reporting format for reporting
CQI values for a selected transmit antenna
configuration with two transmit antennas. In this
embodiment of the invention the subcarrier groups 2 of
adjacent subcarriers are 



made twice as large compared to the example with one
transmit antenna in Fig. 2 . For each subcarrier group
2, CQI values are computed for each of the two
transmit antennas. CQI estimation is performed in this
manner in order to model interference between the two
transmit antennas accurately. According to Fig. 3 it
is shown that in each time period CQI-values for four
of the subcarriers groups for each of the two transmit
antennas are reported (indicated as black tiles). In
time period 0 CQI values are reported for subcarrier
groups No. 4, 9, 14 and 19, in time period 1CQI values
are reported for subcarrier groups No. 2, 7, 12, and
17, etc. Compared to the example illustrated in Fig. 2
the granularity in frequency is larger since each CQI
value in the example of Fig. 3 represents the channel
quality for a larger group of subcarriers. However,
five time periods will still be required to make an
entire CQI report for all subcarriers and the same
amount of CQI information in terms of bits will be
reported in each time period. Fig. 4 is a schematic
representation of a CQI reporting format for reporting
CQI for a selected transmit antenna configuration with
four transmit antennas. In thisembodiment of the
invention the subcarrier groups 3 of adjacent
subcarriers are made four times as large compared to
the example with one transmit antenna in Fig. 2. For
each subcarrier group 3 CQI values are estimated for
each of the four transmit antennas. CQI estimation is
performed in this manner in order to model
interference between the four transmit antennas
accurately. According to Fig. 4 it is shown that in
each time period CQI values for two of the subcarriers
groups, for each of the four transmit antennas, are
reported (indicated as black tiles). In time period 0
CQI values are reported for subcarrier groups No. 4
and 9, in time period 1 CQI values are reported for
subcarrier groups No. 2 and 7, etc. Compared to the
example in Fig. 3, the granularity in frequency of the
CQI reporting format is made even larger in the
example illustrated in Fig. 4. As mentioned above it
is also possible to adapt the granularity of the CQI
reporting format in time instead of in frequency in
the case of selected transmit antenna configurations
with multiple transmit antennas. This is illustrated
in Figs. 5 and 6, 



which illustrate examples of CQI reporting formats
according to embodiments of the present invention in
case of selected transmit antenna configurations with
two and four transmit antennas respectively. In Figs.
5 and 6 the sizes of the subcarrier groups are the
same as in the example illustrated in Fig. 2. However,
in the two transmit antenna case illustrated in Fig. 5
the CQI reporting for each subcarrier group will occur
in two time slots, wherein CQI values for one of the
two transmit antennas is reported in each of the two
time slots. In time period 0 CQI values are reported
for subcarrier groups No. 4, 9, 14, 19, 24, 29, 34 and
39 with respect to a first transmit antenna, in time
period 1 CQI values are again reported for subcarrier
groups No. 4, 9, 14, 19, 24, 29, 34 and 39 but with
respect to a second transmit antenna, in time period 3
CQI values are reported for subcarrier groups No. 2,
7, 12, 17, 22, 27, 32 and 37 with respect to a first
transmit antenna, in time period 4 CQI values are
again reported for subcarrier groups No. 2, 7, 12, 17,
22, 27, 32 and 37 but with respect to a second
transmit antenna, etc. In Fig. 5 ten time period will
be required for making an entire CQI report for all
subcarriers. In the four transmit antenna case
illustrated in Fig. 6, twenty time periods will
analogously be required for making an entire CQI
report for all subcarriers. In each time period CQI
values associated with eight different subcarrier
groups with respect to one of the transmit antennas
will be reported. Duringthe following three time
periods, CQI values relating to the same eight
subcarrier groups will be reported but with respect to
the remaining three transmit antennas. As mentioned
above it was assumed in connection with the examples
illustrated in Figs. 2-6 that all 600 subcarriers were
associated with the same selected transmit antenna
configuration. However, the present invention is not
limited to this case. It is possible to apply
different selected transmit antenna configurations for
different subcarriers or subcarrier groups. The
natural choice would however be to apply the same
selected transmit antenna configuration for multiple
adjacent subcarrier groups as will be discussed
further below. If we e.g. assume that a first selected
transmit antenna configuration with one transmit
antenna is applied for a first collection of
subcarriers comprising the first 300 subcarriers of
the system 420 and a second 



selected transmit antenna configuration with two
transmit antennas is applied for a second collection
of subcarriers comprising the remaining 300
subcarriers of the system 420, then CQI may be
reported for the first collection with a first CQI
reporting format having the pattern illustrated in
Fig. 2 and for the second collection with a second CQI
reporting format having the pattern illustrated in
Fig. 3 . According to the resulting combined CQI
reporting format for the two collections of
subcarriers eight CQI values would be reported in each
time slot, four of those would relate to four
subcarrier groups of the first collection and four
would relate to two subcarrier groups of the second
collection for each of the two transmit antennas. If
different selected transmit antenna configurations are
applied for different collections of subcarriers of an
OFDM signal, but the different selected transmit
antenna configurations has the same number m of
transmit antennas, then the actual CQI reporting
format of the different collections of subcarriers may
be the same. However, the different selected transmit
antenna configurations may relate to different antenna
orders or antenna subsets comprising different
transmit antennas, which will have an impact on the
actual CQI values even though the CQI reporting format
may be the same. Fig. 7 is a flowchart illustrating a
method according to an embodiment of the present
invention. In a step 500 the mobile terminal device
receives a signal from a number of transmit antennas,
which signal includes a number of subcarriers. In a
next step 501 aCQI reporting format is determined for
a collection of the subcarriers based on a selected
transmit antenna configuration associated with the
collection of subcarriers. The CQI reporting format is
as mentioned and exemplified above adapted to the
selected transmit antenna configuration such that the
granularity of CQI reporting depends on the number m
of transmit antennas of the selected transmit antenna
configuration. In a step 502 PCQI number of CQI values
are determined relating to the collection of
subcarriers in accordance with the determined CQI
reporting format. The determined CQI values are
transmitted to a base station in a feedback signal in
a step 503. Steps 502 and 503 may overlap such that
some CQI values are determined and transmitted at a
time as illustrated 



above in connection with Figs. 2-6. The granularity of
the CQI reporting format can according to different
embodiments of the invention be adapted both in time
and/or in frequency depending on the number of
transmit antennas of the selected transmit antenna
configuration. In one example embodiment of the method
in Fig. 7 the step 501 involves adapting the
granularity in frequency of the CQI reporting format
by dividing the collection of subcarriers into Q
number of non-overlapping subcarrier groups. In the
step 502 one CQI value is then determined per
subcarrier group for each transmit antenna of the
selected transmit antenna configuration. The number of
non-overlapping subcarrier groups Q may according to
another example embodiment of the present invention
depend on the number m of transmit antennas of the
selected transmit antenna configuration such that the
number PCQI of CQI values determined in the step 502
for the m transmit antennas of the selected transmit
antenna configuration is substantively the same for
different selected transmit antenna configurations
having different number of transmit antennas. In yet
another example embodiment of the method in Fig. 7 the
CQI reporting format is determined such that the Q
subcarrier groups are divided into T non-overlapping
subsets and such that the number PCQI of CQI values
determined in step 502 is transmitted in the step 503
during T time periods. This is done so that the CQI
values relating to the subcarrier groups of one subset
are transmitted in step 503 in each time period. This
can be compared with the example embodiments
illustrated in Figs. 2-4, wherein the subcarrier
groups can be seen as divided into five subsets with
the CQIvalues of one subset being reported in each
time period. The subcarrier groups are preferably
divided into subsets such that the number of CQI
values transmitted in step 503 in each time period is
the same or substantively the same. According to
different exemplary embodiments of the present
invention the selected transmit antenna configuration
may specify an antenna decoding order or an antenna
subset as mentioned above. Information that specifies
the selected transmit configuration is preferably
transmitted in step 503 along with the determined CQI 



values. The receiver 405 in Fig. 1 may be of several
different types using different techniques for
reception and decoding. The base station 400 can also
use many different transmission techniques. Below two
different example embodiments of the invention are
described in which different techniques for
transmission and reception are used. In the first
example embodiment the receiver 405 is a SIC receiver
and the transmission technique used by the base
station 400 is S-PARC. In the second example
embodiment interleaved coded modulation across space,
time and frequency is used and the receiver 405 uses
MMSE (Minimum Mean-Square Estimation) reception. In
the first example embodiment the decoding order in the
SIC-receiver 405 affects the CQI values 409 obtained
during the CQI calculation. However, in channel
realizations that are frequency selective the optimal
decoding order may change over the subcarrier groups
for which CQI values is calculated. A further
consideration is that the SIC receiver decodes a
signal stream, then re-encodes it in order to subtract
off its contribution to the received signal. Thus, the
antenna decoding order should be matched to the length
of the encoded signal. In general it is desired for
the base station 400 to retain control over user
scheduling and the assignment of mobile terminal
devices 401 to different subcarriers 412 for downlink
transmission. In this first example embodiment, a CQI
value 409 is reported for each subcarrier group 1, 2,
3 under the assumption that a decoding order is chosen
across multiple subcarrier groups 1, 2, 3. The
decoding order must also be reported back to the base
station 400. One approach for selecting the decoding
order across multiple subcarrier groups 1, 2, 3 is
based on the subset property described in USPatent
Application 1084191 1 for SIC reception, and is
described below with reference to a flowchart
illustrated in Fig 8. Step 600: Over a collection of
multiple subcarrier groups compute the rates for each
subcarrier group assuming a single transmit antenna is
used for transmission over all subcarrier groups of
the collection. Do this for each of the M transmit
antennas (in Fig. 1 for the antennas 403-1, 403-2,
403-3 and 403-4). 



Step 601: For each of the M transmit antennas sum the
individual rates for each subcarrier group of the
collection to get a total rate associated with that
antenna. Step 602: Denote the antenna with the largest
rate as the antenna to use with the PARCl scheme. The
individual rates for the selected antenna are used as
the subcarrier group CQI values 409 for that antenna.
Step 603: Next, construct all two-antenna subsets such
that each two-antenna subset contains the antenna
selected for PARCl transmission. Step 604: For each
two-antenna subset, compute the individual and sum
rates for the second transmit antenna assuming the
antenna associated with the PARCl signal is also used
for PARC2 transmission. Step 605: Choose the
two-antenna subset with the highest rate and denote
that approach as the PARC2 scheme. The individual
rates for the second antenna are used as the
subcarrier group CQI values 409 for the second antenna
(combined with the previous PARCl CQI values). Step
606: Repeat steps 603, 604, and 605 for any remaining
transmit antennas. The decoding order for each
transmit antenna scheme together with the estimated
subcarrier group CQI values 409 for the different
transmission antennas in the scheme is then
transmitted back to the base station 400. By
transmitting back the CQI values 409 for each
subcarrier group 1, 2, 3, there is a different
quantization in frequency between specifying the CQI
values 409 and the antenna order for the SIC
receiver405. This allows the base station 400 to
retain control in assigning users and their associated
rates to smaller portions of the frequency band than
is specified by the SIC receiver decoding order. The
specific ordering of antennas used above also allows
the base station 400 to choose the number of transmit
antennas used for transmission, and arises naturally
when used in combination with SIC reception. In the
second example embodiment the receiver 405 is based on
minimum meansquare estimation (MMSE) and does not
require an ordering of transmit antennas in its
operation. This receiver 405 detects signals from one
transmit antenna while cancelling the other transmit
antennas signals. This can be used in conjunction with
SPARC 



transmission or selective bit-interleaved coded
modulation over space, time and frequency. Here the
latter approach is considered in which one coded data
stream is transmitted that is multiplexed over
transmit antennas as well as time and frequency. What
is required, though, is to know the antenna subset
assumed for transmission so the CQI values 409 can be
computed under the same conditions. Thus, in this
second example embodiment, rather than computing a
decoding order over multiple subcarrier groups of
subcarriers and transmitting that back to the base
station 400, the selected transmit antenna
configuration is determined by determining an antenna
subset over multiple subcarrier groups of subcarriers.
The antenna subset and the corresponding CQI values
409 are transmitted to the base station 400 in a
manner similar to that used in the first example
embodiment. In the above described first and second
example embodiments and in other embodiments CQI
values 409 and the antenna order (or antenna subset)
must be transmitted reliably from the mobile terminal
401 to the base station 400, which is referred to
herein as transmit antenna configuration information.
Typically, this information is encoded so that some
specific performance criterion is met. Consider e.g.
the system 420 in Fig. 1 and assume that N is the
number of bits in each reported CQI value 409, L is
the number of bits to specify the antenna order or
subset, m is the number of transmit antennas in the
selected antenna configuration, and q is the number of
subcarrier groups 1, 2, 3 for which CQI values 409 is
reported in any one time period. The number of bits
used to report CQI values in each time period is then
qmN = 32 bits, assuming N=4 bits is used to specify
each subcarrier group CQIvalue 409. Depending on how
many subcarriers that are part of each subcarrier
group it requires a different number of time periods T
to make an entire CQI report for the entire OFDM
signal, which constitutes all subcarriers. If the OFDM
signal is divided into contiguous regions each
comprising a collection of subcarriers and an antenna
order or antenna subset is selected for each
collection (here assuming that m is the same for each
collection), then 5qmN + 5L = 180 bits are required to
report CQI values 409 and the antenna order for the
entire frequency band of the OFDM signal 



over five time periods, resulting in 36 bits per time
period for each CQI feedback. It is attractive if the
number of feedback bits can be further reduced without
severely impacting CQI performance. According to an
embodiment of the invention this is accomplished by
puncturing some bits representing the CQI values 409
to reduce the transmitted raw data rate required on
the feedback signal 408. However, if this puncturing
is random, then the most significant bits of the bits
representing the subcarrier group CQI values may be
affected and this may degrade CQI performance.
Alternatively, according to a preferred embodiment of
the invention the least significant bits (LSB) of the
bits representing the CQI values 409 are replaced with
the bits representing the antenna order (or antenna
subset). In the above example, the 36 bit CQI feedback
rate per time period could be reduced to 32 bits. Of
course, CQI granularity of the punctured CQI values
409 is traded off for the reduced rate. Not all
subcarrier groups 1, 2, 3 will have the LSBs of their
CQI values 409 replaced. Thus, there needs to be some
mechanism for choosing the subcarrier groups 1, 2, 3
that will have those LSBs punctured. One choice is to
choose a fixed set of CQI values 409 and to puncture
their corresponding LSBs. However, this may reduce CQI
performance unevenly across the different subcarrier
groups 1, 2, 3. Alternatively, the subcarrier groups
1, 2, 3 can be chosen in a (pseudo-) random pattern,
and the LSBs of the corresponding CQI values 409 can
be punctured so that each subcarrier group is affected
more evenly. It will be apparent for the person
skilled in the art from the description above that
implementation of the present invention will require
some adaptation of prior art mobile terminals and base
stations. The natural choice is to implement the
present invention by providing the mobile terminal
device with new software, althoughimplementations in
firmware, hardware or combinations thereof are also
feasible. The processing unit 406 in the mobile
terminal 401 device will e.g. have to be adapted so
that the processing unit can determine the CQI
reporting format based on the selected transmit
antenna configuration and to determine the PCQI number
of CQI values. This adaptation of the processing unit
will generally imply new processing unit software 



compared to mobile terminal processing units according
to prior art. Apart from adaptations in the mobile
terminal device, some adaptation of the processing
unit 402 in the base station 400 is required. The
processing unit 402 in the base station 400 will e.g.
have to be adapted so that the processing unit can
interpret the feedback signal 408 correctly, i.e.
extracting and interpreting CQI values and transmit
antenna configuration information correctly. An
advantage of embodiments of the present invention is
that the bandwidth required for CQI reporting can be
balanced for transmission techniques involving
multiple transmit antennas. Another advantage of
embodiments of the present invention is that it is
applicable to several different types of systems. Such
systems include OFDM systems like LTE, WiMax and the
4G systems currently being studied. A further
advantage of preferred embodiments of the present
invention is that it is fairly easy to implement and
does not require considerable modification of existing
mobile terminal devices and base stations. Yet another
advantage of preferred embodiments of the present
invention is that the CQI reporting format can be
tailored to multiple mobile terminal devices, allowing
different antenna configurations to be selected for
each mobile terminal device. Yet another advantage of
preferred embodiments of the present invention is that
the puncturing of least significant bits and replacing
those with antenna configuration or decoding order
information reduces the amount of CQI feedback and
allows for a better encoding rate to protect this
information during transmission from the mobile
terminal device to the base station.The present
invention has been described above by means of
description of embodiments of the invention. However
there are many modifications that are possible as will
be appreciated by the person skilled in the art. From
the description above the person skilled in the art
will realize what software, firmware and/or hardware
modifications are necessary and/or suitable in order
to implement the different described embodiments of
the present invention. 



In the drawings and specification, there have been
disclosed typical preferred embodiments of the
invention and, 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
invention being set forth in the following
claims.CLAIMS 1. A mobile terminal device (401) for
use in a wireless communications system (420),
comprising: a receiver (405) for receiving a signal
(404) from M number of transmit antennas (403-1,
403-2, 403-3, 403-4), which signal includes a number
of subcarriers (412); a processing unit (406) for
determining a channel quality indicator, CQI,
reporting format for a collection of said subcarriers
based on a selected transmit antenna configuration
associated with said collection of subcarriers and for
determining PCQI number of CQI values (409) relating
to said collection of subcarriers in accordance with a
determined CQI reporting format, wherein the
processing unit is arranged to adapt the CQI reporting
format to the selected transmit antenna configuration
such that the granularity of CQI reporting depends on
the number m of transmit antennas of the selected
transmit antenna configuration; and a transmitter
(407) for transmitting said PCQI CQI values to a base
station (400) in a feedback signal (408). 2. The
mobile terminal device (401) according to claim 1,
wherein said collection of subcarriers (401) is
divided into Q number of non-overlapping subcarrier
groups (1, 2, 3) according to said CQI reporting
format and wherein said processing unit is arranged to
determine one CQI value (409) per subcarrier group for
each transmit antenna (403-1, 403-2, 403-3, 403-4) of
the selected transmit antenna configuration. 3 . The
mobile terminal device (401) according to claim 1 or
2, wherein the processing unit (406) is arranged to
adapt the granularity in frequency of CQI reporting to
the number m of transmit antennas of the selected
transmit antenna 



configuration. 4. The mobile terminal device (401)
according to claim 2, wherein the number of subcarrier
groups Q is based on the number m of transmit antennas
of the selected transmit antenna configuration such
that the number PCQI of CQI values (409)determined for
the m transmit antennas of the selected transmit
antenna configuration is substantively the same for
different selected transmit antenna configurations
having different number of transmit antennas. 5. The
mobile terminal device (401) according to claim 2 or
4, wherein said Q subcarrier groups are divided into T
non-overlapping subsets according to said CQI
reporting format and wherein the transmitter (407) is
arranged to transmit said PCQI CQI values (409) during
T time periods, such that the CQI values relating to
the subcarrier groups of one subset are transmitted in
each time period. 6. The mobile terminal device (401)
according to claim 5, wherein the number of subsets of
subcarrier groups T and the number of subcarrier
groups Q are adapted to the number of transmit
antennas (403-1, 403-2, 403-3, 403-4) of the selected
transmit antenna configuration according to said CQI
reporting format such that the number of CQI values
(409) transmitted in each time period is substantively
the same. 7. The mobile terminal device (401)
according to claim 6, wherein the number of subsets of
subcarrier groups T and the sizes of the subcarrier
groups are further adapted to the number of transmit
antennas (403-1, 403-2, 403-3, 403-4) of the selected
transmit antenna configuration according to said CQI
reporting format such that the number of CQI values
(409) transmitted in each time period is substantively
the same for different selected antenna configurations
comprising different number of transmit antennas. 8.
The mobile terminal device (401) according to claim 1
or 2, wherein the processing unit (406) is arranged to
adapt the granularity in time of CQI reporting to the
number of transmit antennas of the selected transmit
antenna configuration. 9. The mobile terminal device
(401) according to claim 8, wherein the 



transmitter (407) is arranged to transmit said PCQI
number of CQI values during T number of time periods
and wherein T depends on the number of transmit
antennas of the selected transmit antenna
configuration.10. The mobile terminal device (401)
according to any of claims 1-9, wherein said
processing unit (406) is further arranged to select
said selected antenna configuration and to establish
antenna configuration information (41 1) to be
transmitted to said base station (400) in said
feedback signal (408), which antenna configuration
information describes said selected antenna
configuration. 11. The mobile terminal device (401)
according to claim 10, wherein said antenna
configuration information (41 1) specifies a transmit
antenna subset associated with each subcarrier (412)
of said collection of subcarriers. 12. The mobile
terminal device (401) according to claim 11, wherein
said selected transmit antenna configuration is a
subset of m transmit antennas out of said M number of
transmit antennas (403-1, 403-2, 403-3, 403-4),
wherein m < M. 13. The mobile terminal device (401)
according to claim 10, wherein said antenna
configuration information (41 1) specifies a transmit
antenna decoding order associated with each subcarrier
(412) of said collection of subcarriers. 14. The
mobile terminal device (401) according to claim 13,
wherein said selected transmit antenna configuration
includes all of said M number of transmit antennas
(403-1, 403-2, 403-3, 403-4) such that m=M and
specifies a decoding order for said M number of
transmit antennas. 15. The mobile terminal device
(401) according to any of claims 10-14, wherein said
transmitter (407) is arranged to transmit said antenna
configuration information (41 1) in said feedback
signal (408) by means of puncturing the least
significant bits of said CQI values (409) in a fixed
or random pattern. 16. A method in a mobile terminal
device (401) comprising: receiving (500) a signal from
M number of transmit antennas (403-1, 403-2, 403-3,
403-4), which signal includes a number of subcarriers
(412); determining (501) a channel quality indicator,
CQI, reporting format for 



a collection of said subcarriers based on a selected
transmit antenna configurationassociated with said
collection of subcarriers, wherein said CQI reporting
format is adapted to the selected transmit antenna
configuration such that the granularity of CQI
reporting depends on the number m of transmit antennas
of the selected transmit antenna configuration;
determining (502) PCQI number of CQI values (409)
relating to said collection of subcarriers in
accordance with the determined CQI reporting format;
and transmitting (503) said PCQI CQI values to a base
station (400) in a feedback signal (408). 17. The
method according to claim 16, wherein said collection
of subcarriers is divided into Q number of
non-overlapping subcarrier groups (1, 2, 3) according
to said CQI reporting format and wherein one CQI value
(409) per subcarrier group for each transmit antenna
of the selected transmit antenna configuration is
determined.. 18. The method according to claim 16 or
17, wherein the granularity in frequency of CQI
reporting is adapted to the number m of transmit
antennas of the selected transmit antenna
configuration. 19. The method according to claim 17,
wherein the number of subcarrier groups Q is based on
the number m of transmit antennas of the selected
transmit antenna configuration such that the number
PCQI of CQI values (409) determined for the m transmit
antennas of the selected transmit antenna
configuration is substantively the same for different
selected transmit antenna configurations having
different number of transmit antennas. 20. The method
according to claim 17 or 19, wherein said Q subcarrier
groups are divided into T non-overlapping subsets
according to said CQI reporting format and wherein
said PCQI of CQI values (409) is transmitted during T
time periods, such that the CQI values relating to the
subcarrier groups of one subset are transmitted in
each time period. 21. The method according to claim
20, wherein the number of subsets of 



subcarrier groups T and the number of subcarrier
groups Q are adapted to the numberof transmit antennas
of the selected transmit antenna configuration
according to said CQI reporting format such that the
number of CQI values transmitted in each time period
is substantively the same. 22. The method according to
claim 21, wherein the number of subsets of subcarrier
groups T and the sizes of the subcarrier groups (1, 2,
3) are further adapted to the number of transmit
antennas of the selected transmit antenna
configuration according to said CQI reporting format
such that the number of CQI values transmitted in each
time period is substantively the same for different
selected antenna configurations comprising different
number of transmit antennas. 23. The method according
to claim 16 or 17, wherein the granularity in time of
CQI reporting is adapted to the number of transmit
antennas of the selected transmit antenna
configuration. 24. The method according to claim 23,
wherein said PCQI number of CQI values is transmitted
during T number of time periods and wherein T depends
on the number of transmit antennas of the selected
transmit antenna configuration. 25. The method
according to any of claims 16-25, further comprising
selecting said selected transmit antenna
configuration, establishing antenna configuration
information (41 1), which antenna configuration
information describes said selected antenna
configuration, and transmitting said antenna
configuration information to said base station in said
feedback signal (408). 26. The method according to
claim 25, wherein said antenna configuration
information specifies a transmit antenna subset
associated with each subcarrier (4 12) of said
collection of subcarriers. 27. The method according to
claim 26, wherein said selected transmit antenna
configuration is a subset of m transmit antennas out
of said M number of transmit antennas (403-1, 403-2,
403-3, 403-4), wherein m < M.28. The method according
to claim 25, wherein said antenna configuration
information (41 1) specifies a transmit antenna
decoding order associated with each subcarrier of said
collection of subcarriers. 



29. The method according to claim 28, wherein said
selected transmit antenna configuration includes all
of said M number of transmit antennas (403-1, 403- 2,
403-3, 403-4) such that m=M and specifies a decoding
order for said M number of transmit antennas. 30. The
method according to any of claims 25-29, wherein said
antenna configuration information is transmitted in
said feedback signal (408) by means of puncturing the
least significant bits of said CQI values (409) in a
fixed or random pattern. 31. A base station (400) for
use in a wireless communications system (420),
comprising: a transmitter (410) for transmitting a
signal (404) including a number of subcarriers (412)
from M number of transmit antennas (403-1, 403-2,
403-3, 403-4); a receiver (421) for receiving a
feedback signal (408) from a mobile terminal device
(40 1); a processing unit (402) for processing said
feedback signal to extract PCQI number of CQI values
(409) relating to a collection of said subcarriers and
to extract antenna configuration information (41 1)
specifying a selected transmit antenna configuration,
which CQI values are in accordance with a CQI
reporting format which depends on the selected
transmit antenna configuration such that the
granularity of the CQI reporting depends on the number
of antennas of the selected transmit antenna
configuration. 32. The base station (400) according to
claim 31, wherein said collection of subcarriers are
divided into Q number of non-overlapping subcarrier
groups (1, 2, 3) according to said CQI reporting
format and wherein each of said CQI values (409) is
associated with one of said subcarrier groups and one
of the transmit antennas of the selected transmit
antenna configuration.33. The base station (400)
according to claim 3 1 or 32, wherein the granularity
in frequency of said CQl reporting format is adapted
to the number m of transmit antennas of said selected
transmit antenna configuration. 



34. The base station (400) according to claim 32,
wherein said Q subcarrier groups are divided into T
non-overlapping subsets according to said CQI
reporting format and wherein the receiver (421) is
arranged to receive said PCQI number of CQI values
(409) during T time periods, such that the CQI values
relating to the subcarrier groups of one subset are
received in each time period. 35. The base station
(400) according to claim 3 1 or 32, wherein the
granularity in time of said CQI reporting format is
adapted to the number of transmit antennas of the
selected transmit antenna configuration. 36. The base
station (400) according to claim 35, wherein the
receiver (421) is arranged to receive said PCQI number
of CQI values during T number of time periods and
wherein T depends on the number of transmit antennas
of the selected transmit antenna configuration. 37.
The base station (400) according to any of claims
31-36, wherein said antenna configuration information
(41 1) specifies a transmit antenna subset associated
with each subcarrier (412) of said collection of
subcarriers. 38. The base station (400) according to
any of claims 31-36, wherein said antenna
configuration information (411) specifies a transmit
antenna decoding order associated with each subcarrier
(412) of said number of subcarriers. 39. The base
station (400) according to any of claims 31-36,
wherein said processing unit (402) is arranged to
extract said antenna configuration information (41 1)
from least significant bits of said CQI values (409)
that have been punctured in a fixed or random pattern
to carry said antenna configuration information. 


