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[DESCRIPTION]
A METHOD OF TRANSMITTING FEEDBACK INFORMATION IN AN
ORTHOGONONAIL FREQUENCY DIVISION MULTIPLEXING (OFDM),/ OFDM

ACCESS (OFrDMA) MOBILE COMMUNICATION SYSTEM

Technical Field

The present invention relates to a method of transmitting feedback information, and
more particularly, to a method of transmitting feedback information in an Orthogonal
Frequency Division Multiplexing (OFDM) / OFDM Access (OFDMA) mobile

communication system.

Background Art

In a multi-input, muiti-output (MIMO) wireless communication system employing
an Orthogonal Frequency Division Multiplexing (OFDM) method, feedback information 1s
transmitted from a mobile station (MS) to a base station (BS). The OFDM method uses a
plurality of subcarriers to increase the frequency usage rate. Here, the subcarriers maintain
orthogonal relationships with each other.

In operation, the BS allocates a fast feedback channel in order to acquire downlink
channel status information, and using the fast feedback channel, the BS transmits a Channel
Quality Information Channel (CQICH) Information Element (IE) or put differently, a
CQICH enhanced allocation IE. At the same time, the BS uses a subheader (or fast
feedback allocation subheader) to allocate the CQI channel.

In the MIMO system, the feedback information is transmitted via the allocated
CQICH or the fast feedback channel. The feedback information includes the MIMO channel
matrix H and the weight value, along with information pertaining to MS selected MIMO
mode and MS selected permutation mode. Here, the MIMO mode includes a Space-Time
Transmit Diversity (STTD) mode, a Spatial Multiplexing (SM) mode, and a closed loop SM

mode, for example. Moreover, the permutation mode includes a Full Usage Subcarrier
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(FUSC), which uses all the subcatrriers in the bandwidth to achieve diversity, a Partial
Usage Subcarrier (PUSC), which uses a specified amount of subcarriers to achieve

diversity, and an Adoptive Modulation Coding (AMC), which uses a specified amount of
subcarriers adjacent to each other.

According to the related art, the MS transmits the feedback information
according to the instruction provided from the BS. However, even if the MS desires to
transmit feedback information to the BS, the MS has to wait until the BS transmits
instruction to do so. As such, the transmission channel is not effectively or efficiently
utilized.

Disclosure of Invention

Accordingly, an embodiment of the present invention is directed to a
method of transmitting feedback information in OF DM/OFDMA mobile communication
system that substantially obviates one or more probiems due to limitations and

disadvantages of the related art.

An object of some embodiments of the present invention is to provide a
method of transmitting feedback information in a wireless communication system

wherein a Channel Quality Indication Channel (CQICH) is allocated to a mobile station
(MS) by a base station (BS).

Another object of some embodiments of the present invention is to
provide a method of transmitting feedback information in a wireless communication
system wherein a Channel Quality Indication Channel (CQICH) is not allocated to a
mobile station (MS) by a base station (BS).

A further object of some embodiments of the present invention is to
provide a method of receiving feedback information in a wireless communication
system wherein a Channel Quality Indication Channel (CQICH) is allocated or is not
allocated to a mobile station (MS) by a base station (BS).

Additional advantages, objects, and features of embodiments of the
invention will be set forth in part in the description which follows and in part will become
apparent to those having ordinary skill in the art upon examination of the following or

may be learned from practice of the
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invention. The objectives and other advantages may be realized and
attained by the structure particularly pointed out in the written description and claims hereof
as well as the appended drawings.

To achieve these objects and other advantages and in accordance with the purpose of
the invention, as embodied and broadly described herein, a method of transmitting feedback
information includes a mobile station (MS) which defermines whether to transmit feedback

information to a base station (BS) without solicitation from the BS. After determining to do

- s0, the MS transmits a request message to request the BS to allocate an uplink resource for

transmitting at least one unsolicited header and thereafter receives the uplink resource
allocation from the BS. Lastly, the MS transmits the at least one unsolicited header via the
allocated uplink resource.

In ‘another aspect of the present invention, a method of receiving feedback
information includes a base station (BS) which receives a request message from a mobile
station (MS) for an uplink resource allocation, wherein the request message 18 transmitted
without solicitation from the BS. Furthermore, the BS determines the uplink resource to
allocate to the MS for transmitting at least unsolicited header and then transmits the
determined uplink resource allocation to the MS. Lastly, the BS rececives the at least
unsolicited header via the allocated uplink resource.

In another aspect of the present invention, a method of transmitting feedback

information includes a mobile station (MS) which determines to transmit feedback

information to a base station (BS) without solicitation from the BS and then based on the
determination, transmits an indication flag to request for the uplink resource allocation.
Thereafter, the MS receives the uplink resource allocation from the BS and in response,
transmits at least one unsolicited header via the allocated uplink resource, wherein the at
least one unsolicited header includes the feedback information.

In another embodiment of the present invention, a method of receiving feedback

information includes a base station (BS) which receives an indication flag from the MS for



CA 02583194 2010-10-18

- 74420-175

10

15

20

25

4

an uplink resource allocation, whercin the indication flag is transmitted without solicitation
from the BS. Furthermore, the BS determines the uplink resource to allocate to the MS for
transmitting at least one unsolicited header and then transmits the determined uplink
resource allocation to the MS. Lastly, the BS receives the at least one header via the
allocated uplink resource, wherein the unsolicited header includes the feedback information.

Yet, in another embodiment of the present invention, a method of transmithng
feedback information includes a mobile station (MS) which first determines to transmit
feedback information to a base station (BS) without solicitation from the BS, and then
determines whether a Channel Quality Indication Channel (CQICH) is allocated by the BS.
Furthermore, the MS transmits an indication flag to request the BS to allocate an uplink
resource for transmitting at least one unsolicited header if the CQICH is allocated by the BS.
Thereafter, the MS receives the uplink resource allocation from the BS and then transmits
the at least one unsolicited header via the allocated uplink resource.

In another embodiment of the present invention, a method of transmitting feedback
information includes a mobile station (MS) which determines first determines to transmit
feedback information fo a base station (BS) without solicitation from the BS, and then
determines whether a Channel Quality Indication Channel (CQICH) is allocated by the BS.
Thereafter, the MS transmits a request message to request the BS to allocate an uplink
resource for transmitting at least one unsolicited header. Lastly, the MS receives the uplink
resource allocation form the BS, and then transmits the at least one unsolicited header via
the allocated uplink resource. |

Yet in another embodiment of the present invention, & method of transmi tﬁng

feedback information includes a mobile station (MS) which transmits data to a base station

.(BS} via an uplink resource. Thereafter, the MS determines to transmit feedback

information to the BS without solicitation from the BS, and then transmits at least one

unsolicited header via the uplink resource used to transmit the data.
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According to a further aspect of the invention, there is provided a
method of transmitting feedback information in a wireless communication system,
the method comprising: transmitting a request message to request a base station
(BS) to allocate an uplink resource for transmitting a feedback header as
unsolicited feedback to the BS; receiving the uplink resource allocation from the
BS; and transmitting the feedback header via the uplink resource allocation,
wherein the feedback header comprises a feedback type, feedback content most
significant bits (MSB), feedback content least significant bits (LSB), connection
identifier (CID) MSB, and CID LSB fields; and wherein each of the feedback
content MSB, feedback content LSB, CID MSB, and CID LSB fields is represented
by 8 bits and the feedback type field is represented by 4 bits.

There is also provided a mobile station, comprising: a transmitter for
transmitting a request message to request a base station (BS) to allocate an
uplink resource for transmitting a feedback header as unsolicited feedback to the
BS; a receiver for receiving the uplink resource allocation from the BS; wherein
the transmitter is further configured for transmitting the feedback header via the
uplink resource allocation, wherein the feedback header comprises a feedback
type, feedback content most significant bits (MSB), feedback content least
significant bits (LSB), connection identifier (CID) MSB, and CID LSB fields; and
wherein each of the feedback content MSB, feedback content LSB, CID MSB, and
CID LSB fields is represented by 8 bits and the feedback type field is represented

by 4 bits.

It is to be understood that both the foregoing general description and the
following
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~detailed description are exemplary and explanatory and are
intended to provide further explanation of the invention as claimed.

Brief Description of Drawings
5 The accompanying drawings, which are included to provide a further understanding of

the invention and are incorporated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the description serve to explain the

principle of the invention. In the drawings;

FIG. 1 illustrates an example of a data framé according to a fast feedback channel
1 O_ ‘allocation; |
FIG. 2 illustrates 1s an examﬁle of a CQI feedback header;
FIG. 3 is an example of an operation which illustrates receiving allocation of uplink
wireless resource for non-periodically transmitting feedbaoi( information when a fast
feedback channel or the CQICH is allocated to the MS;
15 FIG. 4 is an example of an operation which illustrates receiving an uplink resource
allocation for transmitting feedback information when the CQICH is not allocated;
FIG. 5 illustrates an operation of the modulator/demodulator; -
FIG.6 illustrates a structure. of a mode selection feedback header. The mode selection
feedback header is transmitted by itself and is not accompanied by a dafa portion,
20 FIG. 7 is an example illustrating an op eratim; of the present invention;
FIG. 8 illustrates an example of a mode selection feedback header;

FIG. 9 illustrates examples of a data structure of a MAC Protocol Data Unit (PDU);
FIG, 10 are examples illustrating structural components of a MAC header;
FIG. 11 is an example illustrating a data fra;ﬁe in the physical layer;
25 | FIG. 12 are examples illustrating a feedbacl; oPeration of the ‘Feedback type’; and
‘ FIG. 13 is an example illustrating components of the feedback MAC header.
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Best Mode for Carrying Out the Invention

Reterence will now be made in detail to the preferred embodiments of the present
invention, examples of which are illustrated in the accomp anyin g drawings. Wherever
possible, the same reference numbers will be used throughout the drawings to refer to the
same or like parts.

Figure 1 illustrates an example of a data frame according to a fast feedback channel
allocation. As shown in Figure 1, the BS transmits fast feedback channel location
information to each MS via an Uplink Map (UL-MAP). The MS receives the fast feedback
channel location information, and then uses the fast feedback channel to transmit feedback
information. The BS then notifies an allocation the fast feedback channel location, a
transmission period by which the MS has to transmit feedback information, and feedback
type intormation by using the CQICH_enhanced allocation IE. The BS then receives the
feedback information according to the designated feedback type transmitted from the MS

after receiving the fast feedback channel location allocation and the transmission period by

: which to transmit the information.

Alternatively, the BS can use a fast feedback subheader to receive the feedback
information from the MS. Here, the BS can use the fast feedback subheader to allocate the
fast feedback channel location.

The feedback type, as stated above, signifies which feedback information has been
transmitted. In other words, the feedback information relates to a Signal-to-Noise Ratio
(SNR) of the downlink channel status, the weight value in case of the MIMO system, and
which information between the MIMO mode or the permutation mode was transmitted.
Figure 2 is an example of a CQI feedback header. The CQI feedback header of Figure 2 can
be used to transmit feedback information non-periodically. Moreover, the content(s) of the
CQI feedback header can vary depending on the feedback type. In addition, the CQI
feedback header can transmit at least two feedback values compared to transmitting only

one feedback value in the related art. Accordingly, the at least two feedback values can be
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expressed via the feedback type. Here, the feedback type can be classified into two types.
The first type relates to transmitting the feedback value periodically, and the second type
relates to transmitting the feedback value non-periodically. For example, a periodic
transmission of the feedback value includes an uplink transmission (UL_TX) power used by
the MS for transmission and a preferred Downlink Interval Usage Code (DIUC) which is a
request by the MS to the BS for a desired modulation or code rate. In addition, for example,
a non-periodic transmission of feedback value includes a MIMO weight, the MIMO channel
matrix H, and a downlink channel estimated value.

In retransmitting the feedback information, information related to combining a

plurality of MIMO antennas into groups and transmitting these grouped antennas and
information on the closed-loop MIMO are included in the feedback informatién.
In the header field as illustrated in Figure 2, the Connection Identifier (CID) having ‘1’
signifies that the CID exists in the data frame. On the contrary, if the CID is represented by
"0,” 32 bits can be used to represent feedbzack contents instead of using the CID. At the same
time, if a mode selector indicator is ‘1,” a most significant bit (MSB) having 6 bits from the
tfeedback content (minimum 16 bits, maximum 32 bits) can be used, and also, the MSB can
be used with different feedback values. Furthermore, a plurality of feedback values can be
transmitted simultaneously via the feedback type.

Figure 3 is an example of an operation which illustrates recerving allocation of
uplink wireless resource for non-periodically transmitting feedback information when a fast
feedback channel or the CQICH is allocated to the MS. In Figure 3, the feedback
information is transmitted to the BS periodically according to the transmission period
instructed by the BS (S31, $32). With respect to the feedback header of Figure 2, the BS
does not execute periodic polling. Furthermore, in order to transmit the feedback
Information to the BS, the MS first determines whether the CQICH is allocated to the MS
by the BS. Upon determining that the CQICH has been allocated by the BS, the MS

transmits a request message to the BS requesting for an uplink resource allocation (an
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indication flag) to the BS (S33). The indication tlag is sent on the fast feedback channel,
and the indication flag is used by the MS to indicate to the BS its intention to transmit a
feedback header. Moreover, the indication message is a specific encoding of the payload
bits on a fast feedback channel or an enhanced fast feedback channel. In addition, the
request message 1S an unsolicited message sent by the MS. In other words, the request
message 18 not in response to a solicitation or an instruction message from the BS. Rather,
the unsolicited message is made voluntarily by the MS based on determining the
transmission channel status as well as other factors.

Thereafter, in response to the request, the MS receives the required uplink resource
allocated by the BS (S34). The MS then uses the allocated uplink resource to transmit ﬁt
least one feedback header which includes the feedback information (S35). The feedback
header, which can be referred to as an unsolicited header since the header is sent without
solicitation from the BS, does not contain a payload. As such, a protocol data unit (PDU)
consists of the feedback header alone and does not contain a payload.

In transmitting the feedback header, one or more feedback headers can be
transmitted to the BS via the allocated uplink resource. If a feedBack type field of the
feedback header indicates that there is more than one feedback type, then the feedback
header includes not only a first feedback type, but also a second feedback type and any
subsequent in the feedback type field. For example, if the feedback types indicated in the
feedback type field relate to transmission power and channel, the feedback type relating to
the transmission power is included in the header along with corresponding feedback content
in the feedback content field. Moreover, with the remaining bits in the feedback type and
feedback content fields, the feedback type relating to the channel is included in the header
along with corresponding feedback content in the feedback content field. With such
arrangement, data or contents occupying small number of bits can be included in a single
header, making the transmission of the header more efficient.

Alternatively, if the feedback information destined for the BS is large and cannot be
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Included in one unsolicited feedback header, then more than one header can be used to
transmit the feedback information. Here, the feedback types 1m the first and the second
feedback headers are identical so as to include the same feedback information. If the last
teedback header of the serial feedback headers transmitting the same feedback information
has available bits, it is possible to include another feedback type and feedback content in the
last feedback header whose operation is described above.

T'o notify the BS whether the unsolicited feedback header contains more than one
teedback types, the feedback type can be assigned a specific code by which the BS can
decipher that the feedback header includes multiple feedback types along with
corresponding feedback contents. For example, if the feedback type 1s indicated as ‘1000,

then the BS would receive the feedback header and know that the feedback header contains

: multiple feedback types. Any other feedback type code would indicate that the feedback

header does not contain multiple feedback types. In short, the unsolicited feedback header
includes at least one feedback type, regardless what the teedback type code is, and at least
one feedback content that corresponds to the at least one feedback type.

In addition, if the fast feedback channel or the CQICH is allocated to a specific MS
by the BS, as in the case above, the CID field does not need to be included in the header.
Instead, the 1-bit resource, which is used to indicate whether the CID is included or not in
the header, can be used to represent a value for the feedback content or information.

Furthermore, there could be situations where the MS does not need to requests for
allocation of an uplink resource from the BS. That 1s, the MS can use the current uplink
resource used to transmit data. Using the current uplink resource, the MS can transmit
feedback information included in the unsolicited feedback header. This way, the MS would
not have to receive uplink resource allocation and feedback information can be transmitted
more efficiently.

Figure 4 is an example of an operation which illustrates receiving an uplink resource

allocation for transmitting feedback information when the CQICH 1is not allocated. In
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Figure 4, the MS is not allocated on the fast feedback channel or the CQICH. However, the
MS first determines whether the CQICH is allocated by the BS. If the MS determines that
the CQICH is not allocated, the MS transmits a request message (a bandwidth request) to
the BS requesting for an uplink resource allocation in order to transmit a feedback header
(S41). The request message includes a bandwidth request CDMA code and a bandwidth
request header. More specifically, as part of the request message, the bandwidth request
CDMA code is first transmitted, and thereafter, the bandwidth request header is transmitted.
In response to the request, the BS allocates the uplink resource to the MS (S42). Thereafter,
the MS transmits the feedback header via the allocated uplink resource (S43).

Figure 5 illustrates an operation of the modulator/demodulator. As illustrated in
Figure 5, the data stream inputted in series is converted into a parallel data stream, and each
parallel data stream is applied the IDFT scheme. In order to process fast data, an Inverse
Fast Fourier Transform (IFFT) scheme is used. After each parallel data stream is inverse
transformed correspondingly to the number of subcarriers, each transformed parallel data is
then converted back into a data stream series before changing the frequency. Thereafter, the
frequency changed data stream is transmitted to the recelving end which then demodulates
the received signal using the inverse operation from that of the transmitting end.

In the OFDM or OFDMA wireless communication system of the related art, a base
station (BS) receives from a mobile station (MS) a determined value of the downlink
channel status via a fast feedback channel, and in case of the MIMO system, the BS
receives an antenna weight value from the MS. In addition, the BS receives the MS selected
MIMO mode as well as the permutation mode selected by the MS.

In recent years, the MIMO system has been receiving much recognition in the
mobile communication system requiring fast data transmission for improving frequency
efficiency and the network link storage by using each of the plurality of antennas of the BS
and the MS. In the MIMO system, the BS transmits data via a plurality of antennas to the

MS. Upon receipt of the transmitted data, the MS estimates the channel information of each
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channel used by the BS to transmit data, determines the weight value(s) using each
estimated channei information, and feeds back or transmits to the BS the determined weight
values. By applying the transmitted weight values to the inputted data, the BS can then
more accurately transmit the data to the MS. In the MIMO system, based on the data
transmission method employed by the plurality of the antennas of the transmitting end, the
MIMO mode can be classified into various modes, including a Space-Time Transmit
Diversity (STTD), Spatial Multiplexing (SM), and a closed-loop SM.

At the same time, the MS in the OFDM or the OFDMA wireless communication
system determines a permutation mode to be used for transmitting in the downlink direction
and then transmits (or feeds back) the determined permutation mode to the BS as feedback
information. Here, determining the permutation mode refers to determining data allocation
and arrangement on a frequency bandwidth for data transmission. That is, the permutation
mode refers to selecting any one of a Full Usage Subcarrier (FUSC), which uses all the
subcarriers in the bandwidth to achieve diversity, a Partial Usage Subcarrier (PUSC), which
uses a specified amount of subcarriers to achieve diversity, and an Adjacent Subcarrier
Permutation (ASCP), which uses a specified amount of subcarriers adjacent to each other.

There are various methods available for transmitting as feedback information the
MIMO mode and the permutation mode selected by the MS. For example, the MS selected
MIMO mode and permutation mode can be transmitted periodically by using an
Information Element (IE), which provides a Channel Quality Information Channel
(CQICH). Alternatively, the MIMO mode and the permutation mode can be transmitted
during a polling operation of the BS by using a fast feedback allocation subheader, which is

transmitted along with data from the MS. Furthermore, if the MS receives the CQICH

allocation from the BS and selects the MIMO mode and/or the permutation mode to include
in the feedback information, the CQICH is used to transmit an indication flag while a mode
selection feedback header is used to transmit the MIMO mode and/or the permutation mode.

The mode selection feedback header is used when the MIMO mode and/or the permutation
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mode 1s not fed back frequently or is fed back non-periodically.

Figure 6 illustrates a structure of a mode selection feedback header. The mode
selection feedback header is transmitted by itself and is not accompanied by a data portion.
In Figure 6, the “Feedback Type” field provides that either the MIMO mode or the
permutation mode has been selected, and the “Feedback Content” provides a value of a
feedback payload. Here, the feedback payload value refers to indications of the MS selected
MIMO mode and the permutation mode.

A detailed information or content of the feedback information from the MS to the
BS 1s transmitted via the feedback payload. The feedback payload can be comprised of at
least two bits, such as 4 bits, 5 bits, or 6 bits. Furthermore, the MS selected MIMO mode
and the permutation mode are mapped on each feedback payload, as indicated by Tables 1,
2, and 3. The BS decodes the values received from the BS via the feedback payload and
learns of the MS selected MIMO mode and the permutation mode, and thereafter, transmits

the data during the subsequent data frame.

[Table 1]

Payload Content
0b0000 STTD and PUSC/FUSC permutation
0b0001 STTD and adjacent subcarrier permutation
0b0010 SM and PUSC/FUSC permutation
0b0011 SM and adjacent subcarrier permutation
0b0100 Closed-loop SM and PUSC/FUSC permutation
0b0101 Closed-loop SM and adjacent subcarrier permutation
0b0110 Closed-loop SM + Beamforming and adjacent subcarrier

permutation
0b1000 ~0bl111 | Reserved

[Table 2]
:‘ Payload ~ Content
 0b00100 Hybrid and PUSC/FUSC permutration
0600101 Hybria_and adjacent subcartier perm_ufétion o B
i 0b00110 r Bea;nformingﬁand arjj acent subcarrier pennu-t;tion - )
0b00111 Closed-loop SM and PUSC/FUSC permutation
- 0b01000 Ciosed-loop SM and anT;cent subcarrier pe}mutatioﬁ - h
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0bl1000 ~0b1111 | Reserved

[Table 3]

Payload Content

0b101100 Closed-loop SM and PUSC/FUSC permutation

0b101101 Closed-loop SM and adjacent subcarrier permutation

0bl101110 Hybrid and PUSC/FUSC permutation

0b101111 Hybrid and adjacent subcarrier permutation

0b110000 Beamforming and adjacent subcarrier permutation

0b110001 Antenna Group A. For 3-antenna BS, 00=Antenna group 0, 1 &
0, 2. For 4-antenna BS, 00=Antenna group 0, 1 & 2, 3

Obl110001 Antenna Group B. For 3-antenna BS, 00=Antenna group 0, 1 &
1, 2. For 4-antenna BS, 00=Antenna group 0,2 & 1, 3

0b110011 Antenna Group C. For 3-antenna BS, 00=Antenna group 0, 1 &
0, 2. For 4-antenna BS, 00=Antenna group 0,3 & 1, 2

0b1000 ~0bl111 | Reserved

The contents of Tables 2 and 3 are relatively recent and have recently been added.
As such, the MS selected MIMO mode and the permutation mode can be mapped to the 5-
bit feedback payload and the 6-bit feedback payload, respectively.

According to the conventional art, the mode selection feedback header is structured
to include only the 4-bit feedback payload. Therefore, the newly introduced 5-bit feedback
payload or the 6-bit feedback payload cannot be included. Consequently, the contents (or
information) of the MIMO mode and the permutation matrix mapped in the 5-bit and 6-bit
feedback payloads cannot be transmitted as feedback to the BS.

Figure 7 1s an example illustrating an operation of the present invention. In Figure 7,
the MS selects the MIMO mode and the permutation mode (S21). When the MS makes the
selection, the MS can select the contents of any one of the Table 1 — Table 3.

Atfter the MS selects the MIMO mode and thé permutation mode, the MS includes the
teedback payload mapped by the MIMO mode and the permutation mode in the mode
selection feedback header, and then transmits the feedback header to the BS (S22). Figure &

illustrates an example of a mode selection feedback header. Compared to the conventional
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mode selection feedback header, the mode selection feedback header of Figure 7 includes a
“Feedback Content Indicator” field, and a capability to accommodate larger data bits (or
number of feedback payload bits), i.e., 6 bits, in a “Feedback Content” field.

The Feedback Content Indicator field is used to indicate the number of bits of the feedback
payload, which is included in the Feedback Content field. In other words, different from the
conventional art, the Feedback Content Indicator field is provided or added to support a 5-
bit or a 6-bit MIMO mode and the permutation mode which cannot be selected using a 4-bit
teedback payload. For example, ‘00’ represents 4 bits, ‘01’ represents 5 bits, ‘10’ represents
6 bits, and “11° 1s ‘reserved.’

After the mode selection feedback header is received by the BS, the BS then determines the
number of bits for the feedback payload based on the Feedback Content Indicator field
included in the mode selection feedback header (S23). As stated above, the feedback

payload is included in the Feedback Content field. Furthermore, the BS determines the

MIMO mode and the permutation mode from the Feedback Content field based on the

determined number of feedback payload bits (S24).

For example, 1f the Feedback Content Indicator is represented by ‘01, the number of bits
for the feedback payload included in the Feedback Content is 5 bits. Moreover, if the
content of the Feedback Content field is ‘11000,” as indicated in Table 2, the MS selected
MIMO mode and the permutation mode are ‘Closed-loop SM and adjacent subcarrier
(AMC) permutation.’

In another example, if the Feedback Content Indicator is represented by °10,” the number of
bits for feedback payload included in the Feedback Content is 6 bits. Moreover, if the
content of the Feedback Content field is ‘110000,” as indicated in Table 3, the MS selected
MIMO mode and the permutation mode are ‘Beamforming and adjacent subcarrier
permutation.’

Thereafter, the BS applies the MS determined MIMO mode and the permutation matrix in

the subsequent data frame and transmits the data.
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In another embodiment of the present invention, a fast feedback allocation subheader can be
used by the BS to transmit a request to the MS to provide the feedback value. Moreover, the
fast feedback allocation subheader can also be used to allocate the uplink resource to be
used by the MS. Table 4 shows a data format of the fast feedback allocation subheader.

[Table 4]

Syntax Size Notes
FAST FEEDBACK

allocation subheader{

Allocation offset 6 bits

Feedback type 2 bits | 00 — Fast DL measurement

01 — Fast MIMO feedback, antenna #0

10 — Fast MIMO feedback, antenna #1

11 —MIMO mode and permutation mode feedback

et

Reterring to Table 4, the ‘allocation offset’ field is a value from the MS, which received the
fast feedback allocation subheader from the BS, allocating the location of the slot for
transmitting feedback information according to the request by the BS. According to the
related art, the MS transmits the BS requested feedback value using the slot designated by
the “allocation offset’ via the CQICH.

The “feedback type’ field is an allocated value which represents feedback information the
BS wants to receive from the MS. More specifically, the BS can allocate the following
values to the MS. For example, the allocated value can be a downlink channel estimated

value (i.e., Feedback type = ‘007), a weight value of antenna #0 when there are two antennas

(1.e., Feedback type = ‘01°), a weight value of antenna #1 when there are two antennas (i.e.,
Feedback type = ‘10”), and change in a MIMO mode or a permutation mode (i.e., Feedback
type = “11°). Furthermore, the BS can allocate an uplink resource in case the MS wants to
change the MIMO mode or the permutation mode. Preferably, such an uplink resource
allocation is applied to the uplink portion of the subsequent frame.

However, transmitting feedback information using the fast feedback allocation subheader is
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not without flaws. First, the amount of information that can be transmitted in the feedback
information using the fast feedback allocation subheader 1s limited. Second, the amount of
information that can be received as feedback information is limited since the feedback
information 1s transmitted via an allocated specified slot in the fast feedback channel. Lastly,
when the MS wants to change the MIMO mode or the permutation mode, the BS applies the
allocated uplink resource only to the uplink portion of the subsequent frame. As such, the
MS can miss the opportunity to transmit the feedback information until the subsequent
frame, causing inefficiency.

In order to deal with problems associated with the fast feedback allocation subheader, the
BS transmits a feedback request message to the MS. In another embodiment of the present
invention, the feedback request message can be in a form of an Enhanced Fast-Feedback
Allocation Type (EFAT) or a feedback header (FS). By comprising the feedback request
message with the EFAT or the FS subheader formats, there can be at least two feedback
methods by which the imnformation is fed back to the BS from each formats, and at the same
time, the types of information received via the feedback information can be increased from
cach formats. In addition, a method of notifying the existence of the EFAT subheader or the
ES by using the Medium Access Channel (MAC) header can be used to comply with the
related art.

Figure 9 illustrates examples of a data structure of a MAC Protocol Data Unit (PDU). In
Figure 9, the MAC header is located in the front of the MAC PDU, and the EFAT
subheader and the FS header are located in the end of the respective MAC PDU.

Figure 10 are examples illustrating structural components of a MAC header. It is preferable
to indicate through the MAC header that the EFAT subheader or the FS are included at the
end of the MAC PDU. As described above, the MAC header ‘type’ can be used to provide
whether other types of subheaders are available. However, in Figure 10, the respective
‘reserved’ field representing 1 bit of the related art can be used as an indicator to notify the

existence of the EFAT subheader or the FS header, respectively.
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Figure 11 is an example illustrating a data frame in the physical layer. In Figure 11, the BS
uses a DL-MAP Information Element (IE) of the DL-MAP to transmit information on the
location and size of the burst, which is allocated to the MS by the BS. The burst is
comprised of a plurality of data packets and each data packet includes the MAC header and

a subheader. Preferably, the BS attaches the EFAT subheader at the end of the data packet
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when making a feedback request of specific information from the MS.

Table 5 is an example showing a data format of the EFAT subheader.

| Table 3]

Syntax

Size (bits)

Notes

Enhanced Fast-
Feedback

Subheader{

Allocation

Allocation type

0 = Use Fast Feedback channel (CQICH)
1 = Use Feedback MAC header

If allocation type = 0{

Allocation offset

CQICH. num

Feedback type

Frame offset

| WL B~ N

telse{

UIUC

Puration

Feedback type

Frame offset

Wl &~ B~ B

ot

Table 6 is an example showing a data format of the Feedback Subheader.

[Table 6]
- S&ntax ~ Size (bits)x J Notes
" Feedback Subheader{ ' - -
Allogation"type ) 1 0 = Use Fast Feedback channel (éQICH)
1 = Use Feedback MAC header
If allocation type = 0 { - - ) -
Allocation offset 6 B ]
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CQICH num : 4
Feedback type 3

o

Frame offset

telse{
UIUC

Duration

Feedback type

Wl | B B

Frame offset

N’

The ‘Allocation type’ field of Table 5 and Table 6 is an indicator which indicates a method
of transmitting as feedback a specific information request from the BS. Preferably, the
specific information request from the BS is not limited to one feedback method but includes
at least two feedback methods from which the BS can select and order any one of the
feedback methods based on the channel status. For example, if there are two feedback
methods by which to transmit feedback information, the first feedback method can include
transmitting the feedback information via the CQICH and the second feedback method can
include using the feedback MAC header. From these two feedback methods, the BS selects
cither the first feedback method or the second feedback method and orders the MS to
transmit according to the selected feedback method. Here, the feedback methods are not
limited to the examples of above but can includes other feedback methods.

The ‘Allocation offset’ field is an indicator which indicates a location of the slot for the MS
to use in transmitting feedback information if the BS has selected to transmit feedback
information via the CQICH as the feedback method. In detail, the offset value is determined
from the starting point of the CQICH. Moreover, ‘CQICH_num’ represents a number of
CQICH slots that can be used by the MS to feed back specific information requested by the
BS.

The ‘Duration’ field of Table 5 and Table 6 is an indicator which indicates a length of the
symbol that can be used by the MS to feed back information if the BS has selected to

transmit feedback information using the feedback MAC header as the feedback method.
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Preferably, a plurality of symbols can be used to feed back information and not limited to
one symbol.

The ‘Frame offset’ field is an indicator which indicates a location of the starting time to
begin feedback transmission, and includes an offset value based on the current frame which
includes the EFAT subheader. Preferably, the MS selects the starting data frame to begin
transmission of feedback information, and not be bound to transmitting feedback
information in the subsequent data frame after receiving the feedback information request
message from the BS.

The ‘Feedback type’ field in an indicator which indicates specific information the BS
wishes to receive as feedback information. If the BS has selected to transmit feedback
information via the CQICH as the feedback method, and there is a plurality of downlink
channel status estimated values and antennas, the MS can provide information pertaining to
a weight value of each antenna and changes in the MIMO mode and/or the permutation
mode. At the same time, if the BS has selected to transmit feedback information using the
feedback MAC header as the feedback method, various information, as shown in Table 7,
can be provided. Furthermore, the BS can provide the ‘Feedback type’ field in a bitmap

format, and at the same time, allocates uplink resources in order to receive a plurality of

feedback values.
[Table 7]
Feedback ' Feedback contents | Derscripﬁmf
type
"~ 0b0000 | Set as described in Table 296d "MIMO  mode and

permutation feedback
0b0001 | DL average CQI (5 bits) 5 bits CQI feedback
060010 Number of index L (2bits) + L occurrences | MIMO ~ coefficients
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of Antenna index (2bits) + MIMO | feedback
coefficients (5 bits 8, 4, 5, 4, 10, 6)

0b0011 Preferred-DIUC (4 bits) Preferred DL channel

DIUC feedback

0b0100 UL-TX-Power (7 bits) UL transmission power

0b0101 Preferred DIUC (4 bits) + UL-TX-Power (7 | PHY channel feedback
bits) +UL-headroom (6 bits) + CQI (5 bits)

0b0110 Number of bands N (2 bits) + N | CQIs of multiple AMC
occurrences of ‘band index (6 bits) + CQI | bands
(5 bits)’

0b0011 Number of feedback types 0 (2 bits) + 0 | Multiple  types  of
occurrences of feedback type (4 bits) + | feedback
feedback content (variable)

0b1000~ reserved

Obl1111

Table 8 shows a preferred data format of the FS. In Table 8, as in Table 6, the BS

commands the MS to use the feedback MAC header to feed back information, and does not

provide the MS to select one of either the CQICH feedback method or the feedback MAC

header feedback method.

[Table 9]

Syntax Size (bits)

Notes

Feedback subheader{

UIUC

Feedback type

Allocation offset

Slot num

In the OFDMA slot

Frame offset (F)

| =] N ] &

In Table 8, the ‘UTUC” field includes coding and modulation information for the MS

to use to transmit information, and the ‘Feedback type’ field is an indicator which indicates

specific information the BS wants to receive from the MS. In addition, the “Allocation
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offset’ field is an indicator which assigns a location of the slot for the MS to use to transmit
feedback information. Preferably, the starting point of the offset value should be determined
by counting the slots from last slot of the corresponding data frame to assign the location.
The ‘Slot-num’ field is an indicator which indicates a number of slots that can be used to by
the MS for feeding back information to the BS. Here, a maximum of four slots can be
allocated, and if a Quadrature Phase Shift Keying (QPSK) is 1/2, a maximum of 192 bits
(48 bits * 4 slots) can be used for transmission, and since the FS has maximum of 6 bits, up
to four slots can be assigned. The ‘Frame offset’ field is an indicator which allocates the
starting time location of the specific feedback information. The offset value is determined

from the current data frame which includes the FS.

Figure 12 are examples illustrating a feedback operation of the ‘Feedback type.” In

Figure 12, the data burst, allocated to the MS, includes three MAC PDUs (D, @, @),

which includes the EFAT subheader and the FS subheader, respectively.

The first MAC PDU (D) represents a feedback method indicated by the ¢ Allocation

type’ field which transmits feedback information via the CQICH. Here, for example,
‘Allocation offset’ is set to ‘1,” ‘Frame offset’ is set to ‘0,” and ‘CQICH num’ 1s set to ‘3.’
Accordingly, in Figure 13, the MS uses three slots on the CQICH, which were allocated for
feeding back information in the subsequent data frame and not in the current frame
comprising the MAC PDU, to feed back the specific information requested by the BS.

The second MAC PDU () represents a feedback method indicated by the
‘Allocation type’ field which transmits feedback information using the feedback MAC
header. Here, for example, ‘Duration’ is set to ‘1,” and ‘Frame offset’ is set to “1.
Accordingly, in Figure 13, the MS uses two slots in the feedback MAC header, which were
allocated for feeding back information \in the subsequent data frame and not in the current
frame comprising the MAC PDU, to feed back the specific information requested by the BS.

The feedback MAC header allocation, as is the case with uplink data burst allocation, can
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be achieved by providing the wireless resources for feedback information using ‘Duration’ of

Table 5.

Figure 13 is an example illustrating components of the feedback MAC header.
In Figure 14, the feedback MAC header is a header which feeds back the feedback information
5 expressed in Table 6. Preferably, the MS can use ‘Feedback content’ of the feedback MAC

header representing 16 bits to feed back a large volume of BS desired feedback information.
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CLAIMS:
1. A method of transmitting feedback information in a wireless

communication system, the method comprising:

transmitting a request message to request a base station (BS) to allocate an

uplink resource for transmitting a feedback header as unsolicited feedback to the BS;
receiving the uplink resource allocation from the BS; and

transmitting the feedback header via the uplink resource allocation, wherein

the feedback header comprises a feedback type, feedback content most significant bits
(MSB), feedback content least significant bits (LSB), connection identifier (CID) MSB,
and CID LSB fields; and

wherein each of the feedback content MSB, feedback content LSB, CID
MSB, and CID LSB fields is represented by 8 bits and the feedback type field is

represented by 4 bits.
2. The method of claim 1, further comprising:

performing the transmitting of the request message without an instruction

by the BS to transmit the teedback header.

3. The method of claim 1, further comprising:

performing the transmitting of the request message without receiving a tast-

feedback allocation subheader.

4, The method of claim 1, wherein the request message 1s a bandwidth request
message.
J. The method of claim 1, wherein the feedback header 1s comprised 1n a

feedback protocol data unit (PDU), and the PDU is transmitted without a payload.

6. The method of claim 1, wherein the feedback header is transmitted non-

periodically.

7. A mobile station, comprising:
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a transmitter for transmitting a request message to request a base station

(BS) to allocate an uplink resource for transmitting a feedback header as unsolicited

feedback to the BS:

a recelver for receiving the uplink resource allocation from the BS;

wherein the transmitter i1s further configured for transmitting the feedback
header via the uplink resource allocation, wherein the feedback header comprises a
feedback type, feedback content most significant bits (MSB), feedback content least
significant bits (LSB), connection identifier (CID) MSB, and CID LSB fields; and

wherein each of the feedback content MSB, feedback content LSB, CID
MSB, and CID LSB fields 1s represented by 8 bits and the feedback type field is
represented by 4 bits.

8. The mobile station of claim 7, wherein the transmitting of the request

message occurs without an instruction by the BS to transmit the feedback header.

9. The mobile station of claim 7, wherein the transmitting of the request

message occurs without receiving a fast-feedback allocation subheader.

10. The mobile station of claim 7, wherein the request message is a bandwidth

request message.

11. The mobile station of claim 7, wherein the feedback header 1s comprised in

a feedback protocol data unit (PDU), and the PDU is transmitted without a payload.

12. The mobile station of claim 7, wherein the feedback header is transmitted

non-periodically.
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