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System and Method for Reporting Feedback Information for Adaptive
Codebooks

[0001] This application claims the benefit of U.S. Provisional Application No. 61/332,947,
filed on May 10, 2010, entitled “Method for Reporting Quantized Feedback for Adaptive
Codebook in PUCCH” and U.S. Non-Provisional Application No. 13/102,802, filed on May 6,
2011, entitled “System and Method for Reporting Quantized Feedback Information for Adaptive

Codebooks” which applications are hereby incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates generally to wireless communication systems and
methods, and more particularly to a system and method for reporting feedback information, such

as quantized feedback information, for adaptive codebooks.

BACKGROUND

[0003] Wireless communication systems are widely used to provide voice and data services
for multiple users using a variety of access terminals such as cellular telephones, laptop
computers and various multimedia devices. Such communications systems can encompass local
area networks, such as IEEE 801.11 networks, cellular telephone and/or mobile broadband
networks. The communication system can use one or more multiple access techniques, such as
Frequency Division Multiple Access (FDMA), Time Division Multiple Access (TDMA), Code
Division Multiple Access (CDMA), Orthogonal Frequency Division Multiple Access (OFDMA),
Single Carrier Frequency Division Multiple Access (SC-FDMA) and others. Mobile broadband
networks can conform to a number of standards such as the main 2"%-Generation (2G)
technology Global System for Mobile Communications (GSM), the main 3"-Generation (3G)
technology Universal Mobile Telecommunications System (UMTS) and the main 4™-Generation

(4G) technology Long Term Evolution (LTE).
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[0004] In an LTE based wireless communications system, the communications system’s
capacity may be significantly improved when a transmitter such as a base station in a downlink
channel has full or partial knowledge of a channel over which it will be transmitting. Information
related to the channel may be referred to as channel state information (CSI). CSI may be
obtained by the transmitter over a reverse feedback channel. A receiver such as a mobile station
of transmissions made by the transmitter may transmit CSI back to the transmitter over the
reverse feedback channel. The receiver may estimate the channel, generate the CSI, and feed the

CSI back to the transmitter.

[0005] In a 4G LTE system, a reverse feedback channel referred to as a physical uplink
control channel (PUCCH) is used to allow receivers to transmit (feed back) channel information
to the transmitter serving the receivers. As an example, up to 13 information bits (information
prior to encoding) may be transmitted in a single PUCCH packet. Actual PUCCH packet payload

1s 20 coded bits.

[0006] In LTE and earlier compliant communications systems, there may be several types of
channel state information including Rank Indicator (RI), Precoding Matrix Indicator (PMI) and
Channel Quality Indicator (CQI). CQI can be further divided into two categories, namely
wideband CQI (W-CQI) and narrowband CQI (N-CQI). RI is an indication of a number of
spatial layers that can be supported by a communications channel. The RI may be fedback
infrequently. PMI and W-CQI are indications of channel quality or a codebook quantized version
of the channel quality for a wideband channel. The wideband PMI/CQI may be fedback
frequently. Moreover, N-CQI is an indication of channel quality for a narrowband channel. The

N-CQI may be fedback frequently.

[0007] In LTE and earlier compliant communications systems, there may be at least three
reports from a mobile station to a base station. Channel state information such as RI, PMI and

CQI is allocated into different reports and sent back to the base station through the PUCCH. For

-
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example, based upon channel state information, a mobile station may select a matrix indicator in
a codebook. Furthermore, through the PUCCH, the mobile station may send the matrix indicator
to a base station in a particular report. Based upon the matrix indicator, the base station may

perform multi-user multiple input multiple and multiple output (MU MIMO) beamforming.

SUMMARY OF THE INVENTION

[0008] These and other problems are generally solved or circumvented, and technical
advantages are generally achieved, by preferred embodiments of the present invention which

provide a system and method for reporting channel state information for adaptive codebooks.

[0009] In accordance with an embodiment, a method for a wireless communications system
includes generating a rank indicator, which is sent in a first report, sending a second report
comprising a first matrix indicator and a wideband channel quality indictor, and sending a third
report comprising a first narrowband channel quality indicator, a second matrix indicator and a

channel state information indicator.

[0010] In the embodiment, the channel state information indicator is a covariance matrix
when the rank indicator has a value equal to 1. On the other hand, the channel state information
indicator is a second narrowband channel quality indicator when the rank indicator has a value
greater than 1. Furthermore, a reporting period of the first report is longer than a reporting period
of the second report; and the reporting period of the second report is longer than a reporting
period of the third report. The method further comprises generating channel state information
and transmitting the channel state information from a mobile station to a base station serving the
mobile station. The channel state information comprises a long term wideband channel statistics

report and a short term narrowband channel statistics report.

[0011] In accordance with another embodiment, a method for a wireless communications
system includes generating a rank indicator, which is sent in a first report, sending a second

report comprising a first channel state information indicator and a wideband channel quality
3-
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indictor, and sending a third report comprising a first narrowband channel quality indicator, a

second matrix indicator and a second channel state information indicator.

[0012] In the embodiment, when the rank indicator has a value equal to 1, the first channel
state information indicator is a plurality of most significant bits of a first matrix indicator and the
second channel state information indicator is a plurality of less significant bits of the first matrix
indicator. On the other hand, when the rank indicator has a value greater than 1, the first channel
state information indicator is a first matrix indicator and the second channel state information

indicator is a second narrowband channel quality indicator.

[0013] In accordance with yet another embodiment, a method for a wireless communications
system includes generating a rank indicator, which is sent in a first report, sending a second
report comprising a first matrix indicator and a wideband channel quality indictor, and sending a
third report comprising a first narrowband channel quality indicator and a channel state
information indicator. The channel state information indicator is a second matrix indicator when
the rank indicator has a value equal to 1. On the other hand, the channel state information
indicator is a second narrowband channel quality indicator when the rank indicator has a value

greater than 1.

[0014] In accordance with yet another embodiment, a system for wireless communications
includes a mobile station and a base station. The mobile station comprises a channel state
information estimate device coupled to a receiver. The channel state information estimate device
is configured to calculate channel state information between a base station and the mobile station.
The mobile station further comprises a feedback information generator coupled to the channel
state information estimate device. Furthermore, the feedback information generator is configured
to generate feedback information and encode the feedback information into a feedback payload.

The mobile station further comprises a transmit device coupled to the feedback information
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generator. In addition, the transmit device is configured to send the feedback payload to the base

station.

[0015] An advantage disclosed herein is that the resolution of feedback information from a
mobile station to a base station is improved by splitting channel station information into several

reports but keeping the same number of reports as specified by LTE REL-S8.

[0016] The foregoing has outlined rather broadly the features and technical advantages of
the present invention in order that the detailed description of the invention that follows may be
better understood. Additional features and advantages of the invention will be described
hereinafter which form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and specific embodiment disclosed may be readily
utilized as a basis for modifying or designing other structures or processes for carrying out the
same purposes of the present invention. It should also be realized by those skilled in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set forth

in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] For a more complete understanding of the present invention, and the advantages
thereof, reference is now made to the following descriptions taken in conjunction with the

accompanying drawings, in which:

[0018] Figure 1 illustrates a wireless communication system in accordance with an

embodiment;

[0019] Figure 2A illustrates a block diagram of a base station in accordance with an

embodiment;

[0020] Figure 2B illustrates a block diagram of a mobile station in accordance with an

embodiment;
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[0021] Figure 3 illustrates a flow diagram of feeding back channel information to a base

station in accordance with an embodiment;

[0022] Figure 4 illustrates a flow diagram of feeding back channel information to a base

station in accordance with another embodiment; and

[0023] Figure 5 illustrates a flow diagram of feeding back channel information to a base

station in accordance with yet another embodiment.

[0024] Corresponding numerals and symbols in the different figures generally refer to
corresponding parts unless otherwise indicated. The figures are drawn to clearly illustrate the

relevant aspects of the various embodiments and are not necessarily drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0025] The making and using of the presently preferred embodiments are discussed in detail
below. It should be appreciated, however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed are merely illustrative of specific ways to make and use the invention,

and do not limit the scope of the invention.

[0026] The present invention will be described with respect to preferred embodiments in a
specific context, namely a system and method for reporting channel state information from a
wireless device. The invention may also be applied, however, to a variety of wireless systems

and devices.

[0027] Referring initially to Figure 1, a wireless network is illustrated. The illustrated
wireless network may accommodate 2™-Generation (2G) standards such as Global System for
Mobile Communications (GSM), 3"-Generation (3G) standards such as Universal Mobile
Telecommunications System (UMTS) and 4™_Generation (4G) standards such as Long Term

Evolution (LTE).
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[0028] The wireless network may include a mobile station 110 and a base station 105. The
base station 105 communicates with the mobile station 110 over channel 115, and the mobile
station 110 feeds back information, including channel information, to the base station 105 over
feedback channel 116. Channel 115 may include a downlink channel (from base station 105 to
mobile station 110) and an uplink channel (from mobile station 110 to base station 105), while
feedback channel 116 may be used by the mobile station 110 to transmit information back to the
base station 105. It should be recognized that while Figure 1 may illustrate the wireless network
system having one wireless device and one base station, the wireless network may accommodate
any number of wireless devices and base stations and still remain within the scope of the present

mvention.

[0029] The mobile station 110 may be a notebook computer, a mobile phone or a Personal
Digital Assistant (PDA), a media player, a gaming device or the like. The base station 105 may
include a processor 120, a transmitter 125 and a receiver 130. Furthermore, the transmitter 125
may comprise at least two transmit antennas 126. The receiver 130 may comprise at least one
receive antenna 131. Similarly, the mobile station 110 may include a processor 140, a transmitter
150 and a receiver 145. In addition, the transmitter 150 may comprise at least one transmit

antenna 151. The receiver 145 may comprise at least one receive antenna 146.

[0030] The receiver 145 of the mobile station 110 receives transmissions made by the
transmitter 125 of the base station 105 and from the received transmissions. The processor 140
may compute channel state information such as Rank Indicator (RI), Precoding Matrix Indicator
(PMI) and Channel Quality Indicator (CQI). The channel state information may be transmitted
back to the base station 105, where it is received by the receiver 130. Furthermore, the receiver
130 forwards the channel state information to the processor 120 that makes use of the channel
information to design future transmissions such as beamforming. It should be noted that

beamforming is a technique for controlling the gain of a plurality of antennas in a specific
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direction. The gain control can be achieved by controlling the amplitude and phase of the

plurality of antennas.

[0031] The channel state information described above may be in the form of time domain
channel information or frequency domain channel information or a combination thereof. Time
domain channel information may be in the form of short term channel information or long term
channel information, while frequency domain channel information may be in the form of
narrowband channel information or wideband channel information. In general, long term channel
information and/or wideband channel information may be collectively referred to as wideband
long term channel statistics. Likewise, short term channel information and/or narrowband

channel information may be collectively referred to as narrowband short term statistics.

[0032] Figure 2A illustrates a base station 201. Data 200, in the form of bits, symbols, or
packets for example, destined for a plurality of mobile stations being served are sent to a
scheduler 204, which decides which mobile stations will be transmitted to in a given
time/frequency opportunity. Data for mobile stations are processed by modulation and coding
block 210 to convert to transmitted symbols and add redundancy for the purpose of assisting
with error correction or error detection. The modulation and coding scheme is chosen based in

part on or in accordance with information about the channel quality information feedback 215.

[0033] The output of modulation and coding block 210 is passed to a transmit beamforming
block 220, which maps the modulated and coded stream for each mobile station onto a

beamforming vector. The beamformed outputs are coupled to antennas 216 through RF circuitry.

Feedback decode/channel information reconstruct unit 202 decodes feedback information from
channel quality information feedback 215. Feedback decode/channel information reconstruct
unit 202 may be referred to simply as a feedback decoder. Decoding feedback information may
involve the use of a codebook 205 if channel quality information feedback 215 was quantized

using a codebook by a mobile station. Codebook 205 may be a baseline codebook as specified by

-8-
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a technical standard or an adapted codebook that is originally a baseline codebook or another
codebook that has been adapted using long term channel information or a function of long term

channel information provided by the mobile station.

[0034] The channel information being fedback may have different periodicity. As an
example, RI feedback may be fedback at a relatively low frequency, as is long term channel
information, while wideband PMI/CQI and/or narrowband PMI and/or CQI may be fedback at a
relatively high frequency. Feedback decode/channel information reconstruct unit 202 may need
to process the received channel quality information feedback 215 differently in accordance with

the type of channel information being fedback.

[0035] Adaptation of codebook 205 may be performed by codebook adjust unit 206.
Codebook adjust unit 206 may adapt codebook 205 using feedback information provided in
channel quality information feedback 215. Codebook adjust unit 206 may also make use of

transforms stored in a memory to transform a baseline codebook.

[0036] Output of feedback decode/channel information reconstruct unit 202 may be
provided to channel estimate transform unit 230. Channel estimate transform unit 230 may be
used to transform an estimate of the channel to comply with a transformed channel model used at
the mobile station. Modulation and coding block 210 may perform any number of coding and
modulation techniques. The choice of modulation and coding rate in a preferred embodiment
may be made in accordance with channel quality information feedback 215 in a preferred
embodiment and may be determined jointly in scheduler 204. A processor 235 may be used to
execute applications for the base station 201, and may be used to control the operation of units
such as codebook adjust unit 206, channel estimate transform unit 230, modulation and coding

block 210, scheduler 204, and so forth.

[0037] Figure 2B illustrates a mobile station 203. The mobile station 203 may have one or

more receive antennas 251, connecting through RF circuitry to a receiver signal processing block

9.
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250. Some of the key components of receiver signal processing block 250 include channel

estimation block 255, eigen decomposition block 260, and a mobility estimate block 265.

[0038] Channel estimation block 255 may employ any number of algorithms known in the
art such as least squares to estimate a channel between mobile station 203 and its serving base
station. Eigen decomposition block 260 may be used to compute eigen components of a spatial
domain channel correlation matrix of a channel between the mobile station 203 and its serving
base station. According to an example embodiment, eigen decomposition block 260 may make
use of eigen decomposition to compute the eigen components from the spatial domain channel
correlation matrix provided by channel estimation block 255, which may then be fed back to the
base station serving the mobile station 203. According to an example embodiment, in order to
reduce the amount of information fed back to the base station, quantization block 275 may

quantize the eigenvalues using codebook 280.

[0039] Codebook 280 may be a baseline codebook as specified by a technical standard or an
adapted codebook that is originally a baseline codebook that has been adapted using long term
channel information or a function of long term channel information measured by the mobile
station 203. Adaptation of codebook 280 may be performed by codebook adjust unit 282.
Codebook adjust unit 282 may adapt codebook 280 using channel information, such as long term

channel information measured by the mobile station 203.

[0040] In a LTE based wireless communications system, the channel state information
between a plurality of mobile stations and a base station may comprise a large amount of data
when high resolution is pursued. As a result, the total bits of a report specified by LTE may not
be sufficient to accommodate the channel state information. Thus, some LTE versions such as
LTE Rel-8 employ codebook-based precoding. In accordance with LTE Rel-8, the codebook 280
may comprise a plurality of predetermined precoding matrix indicators. Each precoding matrix

indicator may also be referred to as a precoding matrix indicator (PMI).

-10-
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[0041] A channel estimate transform block 270 may be used to transform a model of the
channel between the base station and the mobile station 203. The transformation of the model of
the channel between the base station and the mobile station 203 may allow for a reduction in the
amount of channel feedback information by feeding back a different form of channel feedback
information that may be amenable to quantization using codebooks as well as reduced
dimensionality, which leads to reduced codebook size, thereby increasing codebook resolution
while maintaining constant codebook size or reducing codebook size while maintaining

codebook resolution.

[0042] In sum, channel state information produced from information provided by channel
estimation block 255 may be quantized using a quantization block 275. Quantization block 275
quantizes the channel state information using codebook 280. An index from codebook 280 may
be output from quantization block 275. An estimate of the amount of channel variation, produced
by mobility estimate block 265, may be used to improve the quantization algorithm by
initializing the algorithm from a previous quantization level or adjusting the amount of

localization.

[0043] Feedback block 285 generates a new feedback message by combining the codebook
indices output from quantization block 275. Generate channel quality information block 290
generates a special feedback control message employing the outputs of feedback block 285 to
produce channel quality information feedback 215. Generate channel quality information block
290 may also apply an error correcting code to protect information in the feedback message from

CIrors.

[0044] As specified by LTE release 8 (Rel-8), there may be three configurable periods
defined in PUCCH for reporting the channel state information between a mobile station and a
base station. These three configurable periods are commonly referred to as the first report, the

second report and the third report respectively. In accordance with an embodiment, the first

-11-
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report’s reporting period is longer than that of the second report. Likewise, the second report’s
report period is longer than that of the third report. In other words, the information in the third
report may have the highest reporting frequency in comparison with the information in the first

and second reports.

[0045] Figure 3 illustrates a flow diagram of feeding back channel information to a base
station in accordance with a first embodiment. At step 302, a rank indicator is sent from a mobile
station to a base station in a first report wherein the rank indicator shows the number of layers
transmitted. At step 304, if the value of the rank indicator is equal to 1, then the algorithm
executes step 306 and step 308 wherein a wideband channel quality indicator and a wideband
first matrix indicator, which is also referred to as a first precoding matrix indicator (PMI 1), are
reported in a second report. Subsequently, a narrow band channel quality indicator, a covariance
matrix, which is commonly known as a narrowband R, and a second matrix indicator, which is

also referred to as a second precoding matrix indicator (PMI 2) are reported in a third report.

[0046] On the other hand, if the value of the rank indicator is greater than 1, the algorithm
executes step 310 and step 312. At step 310, the content of the second report is the same as that
of the second report shown at step 306. However, because the value of the rank indicator is
greater than 1, two codewords may be transmitted to antenna ports. As a result, the mobile
station may report two narrowband channel quality indicators. Therefore, at step 312, after
accommodating the second narrowband channel quality indicator, the third report may not have

space for the narrowband R shown at step 308.

[0047] In sum, depending on the value of the rank indicator, in the third report from the
mobile station, there is a swap between the narrowband R and the second narrowband channel
quality indicator. More particularly, when the rank indicator’s value is greater than 1, the mobile
station is obligated to report two narrowband channel quality indicators in the third report. There

is no space for reporting a narrowband R. On the other hand, when the rank indicator’s value is

-12-
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equal to 1, the mobile station may only report one narrowband channel quality indicator. The
space for the other narrowband channel quality indicator can be used to report a narrowband R.
An advantageous feature of having a swap between a narrowband channel quality indicator and a
narrowband R in the third report from a mobile station is that the resolution of channel state

information can be improved.

[0048] Figure 4 illustrates a flow diagram of feeding back channel information to a base
station in accordance with a second embodiment. At step 402, a rank indicator is sent from a
mobile station to a base station in a first report wherein the rank indicator shows the number of
layers transmitted. At step 404, if the value of the rank indicator is equal to 1, then the algorithm
executes step 406 and step 408 wherein a wideband channel quality indicator and the most
significant bits of a wideband first matrix indicator are reported in a second report. It should be
noted that the wideband first matrix may be a wideband R in accordance with an embodiment.
Subsequently, a narrow band channel quality indicator, a second matrix indicator (commonly
known as PMI 2) and the rest bits of the wideband first matrix indicator are reported in a third
report. The bits of the wideband first matrix indicator are split among different reports. The
technique of splitting a matrix indicator into several reports may be referred to as an adaptive
codebook technique. On the other hand, if the value of the rank indicator is greater than 1, the
algorithm executes step 410 and step 412. At step 410, a wideband channel quality indicator and
a first matrix indicator are reported in the second report. Furthermore, because the rank indicator
is greater than 1, two codewords may be transmitted to antenna ports. As a result, the mobile
station may report two narrowband channel quality indicators. Therefore, at step 412, the content

of the third report is similar to that of the third report described in the first embodiment.

[0049] In sum, depending on the value of the rank indicator, in the second and third reports
from the mobile station, there is a swap between the wideband R and the combination of the
second narrowband channel quality indicator and a first matrix indicator. More particularly,

when the rank indicator is greater than 1, the mobile station is obligated to report two
13-
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narrowband channel quality indicators in the third report. There is no space for reporting a
wideband R in the third report. On the other hand, when the rank indicator is equal to 1, the
mobile station may only report one narrowband channel quality indicator. The space for the other
narrowband channel quality indicator can be used to report some bits of the narrowband R. As a

result, the bits of the narrowband R can be split between the second report and the third report.

[0050] In short, an adaptive codebook is employed by fully utilizing the unoccupied bits,
which are reserved for a channel quality indicator when the rank indicator is greater than 1. An
advantageous feature of splitting the bits of the narrowband R between the second report and the
third report from a mobile station is that the mobile station can provide accurate channel state
information by fully utilizing the space the second channel quality indicator. The feedback
information from a mobile station to a base station is enhanced by employing a split narrowband
R, which may have a large number of bits in comparison with a PMI. In fact, by using a split

narrowband R, the feedback quality and coverage of the PUCCH are improved.

[0051] Figure 5 illustrates a flow diagram of feeding back channel information to a base
station in accordance with a third embodiment. At step 502, a rank indicator is sent from a
mobile station to a base station in a first report wherein the rank indicator shows the number of
layers transmitted. At step 504, if the value of the rank indicator is equal to 1, then the algorithm
executes step 506 and step 508 wherein a wideband channel quality indicator and a wideband
first matrix indicator, which is also referred to as a first precoding matrix indicator (PMI 1), are
reported in a second report. Subsequently, a narrow band channel quality indicator and a second
matrix indicator, which is also referred to as a second precoding matrix indicator (PMI 2) are

reported in a third report.

[0052] On the other hand, if the value of the rank indicator is greater than 1, the algorithm
executes step 510 and step 512. At step 510, the content of the second report is the same as that

of the second report shown at step 506. However, because RI is greater than 1, two codewords

-14-
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may be transmitted to antenna ports. As a result, the mobile station may report two narrowband
channel quality indicators. Therefore, instead of reporting a PMI 2 at step 512, the third report
may comprise the second narrowband channel quality indicator. An advantageous feature of
having adaptive codebooks is that when the rank indicator is low, the unoccupied bits of the third
report are used to boost the multi-user multiple input and multiple output (MU MIMO)
beamforming gain. On the other hand, when the rank indicator is high, the bits of the third report
are occupied by a second channel quality indicator so as to boost the single-user multiple input

and multiple output (SU MIMO) spatial multiplexing gain.

[0053] Although embodiments of the present invention and its advantages have been
described in detail, it should be understood that various changes, substitutions and alterations can
be made herein without departing from the spirit and scope of the invention as defined by the

appended claims.

[0054] Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presently existing or later to be developed,
that perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.

-15-
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WHAT IS CLAIMED IS:

I. A method comprising;:
generating a rank indicator, wherein the rank indicator is sent in a first report;
sending a second report comprising:
a first matrix indicator; and
a wideband channel quality indictor; and
sending a third report comprising:
a first narrowband channel quality indicator;
a second matrix indicator; and

a channel state information indicator.

2. The method of claim 1, wherein the channel state information indicator is a covariance

matrix when the rank indicator has a value equal to 1.

3. The method of claim 1, wherein the channel state information indicator is a second

narrowband channel quality indicator when the rank indicator has a value greater than 1.

4, The method of claim 1, wherein

a reporting period of the first report is longer than a reporting period of the second report;

and

the reporting period of the second report is longer than a reporting period of the third
report.
5. The method of claim 1, further comprising:

generating channel state information comprising:
a long term wideband channel statistics report; and

a short term narrowband channel statistics report; and
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transmitting the channel state information from a mobile station to a base station serving

the mobile station.

6. A method comprising;:
generating a rank indicator, wherein the rank indicator is sent in a first report;
sending a second report comprising:
a first channel state information indicator; and
a wideband channel quality indictor; and
sending a third report comprising:
a first narrowband channel quality indicator;
a second matrix indicator; and

a second channel state information indicator.

7. The method of claim 6, wherein when the rank indicator has a value equal to 1,

the first channel state information indicator is a plurality of most significant bits of a first
matrix indicator; and

the second channel state information indicator is a plurality of less significant bits of the

first matrix indicator.

8. The method of claim 6, wherein when the rank indicator has a value greater than 1,
the first channel state information indicator is a first matrix indicator; and
the second channel state information indicator is a second narrowband channel quality

indicator.

9. The method of claim 6, wherein
a reporting frequency of the first report is lower than a reporting frequency of the second

report; and
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the reporting frequency of the second report is lower than a reporting frequency of the

third report.

10. The method of claim 6, further comprising:
generating channel state information comprising:
a long term wideband channel statistics report; and

a short term narrowband channel statistics report.

11. The method of claim 10, wherein the long term wideband channel statistics report

comprises a rank indicator, a first matrix indicator and a wideband channel quality indicator.

12. The method of claim 10, wherein the short term narrowband channel statistics report

comprises a second matrix indicator and a narrowband channel quality indicator.

13. A method comprising:
generating a rank indicator, wherein the rank indicator is sent in a first report;
sending a second report comprising:
a first matrix indicator; and
a wideband channel quality indictor; and
sending a third report comprising:
a first narrowband channel quality indicator; and

a channel state information indicator.

14, The method of claim 13, wherein the channel state information indicator is a second

matrix indicator when the rank indicator has a value equal to 1.

15, The method of claim 13, wherein the channel state information indicator is a second

narrowband channel quality indicator when the rank indicator has a value greater than 1.
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16.  The method of claim 13, further comprising:

generating channel state information comprising:

a long term wideband channel statistics report; and

a short term narrowband channel statistics report;
encoding all or part of the channel state information to produce a feedback payload; and
transmitting the feedback payload to a communication server serving a communication

device.

17. The method of claim 16, wherein
the long term wideband channel statistics report comprises:
a rank indicator;
a first matrix indicator; and
a wideband channel quality indicator; and
the short term narrowband channel statistics report comprises:
a second matrix indicator; and

a narrowband channel quality indicator.

18. A mobile station comprising;:

a channel state information estimator coupled to a receiver, wherein the channel state
information estimator is configured to calculate channel state information between a base station
and the mobile station;

a feedback information generator coupled to the channel state information estimator,
wherein the feedback information generator is configured to generate feedback information and
encode the feedback information into a feedback payload; and

a transmitter coupled to the feedback information generator, wherein the transmitter is

configured to send the feedback payload to the base station.
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19.  The mobile station of claim 18, wherein the feedback payload comprises:
long term wideband channel statistics report comprising;:
a rank indicator;
a first matrix indicator; and
a wideband channel quality indicator; and
short term narrowband channel statistics report comprising:
a second matrix indicator; and

a narrowband channel quality indicator.

20. The mobile station of claim 18, wherein the transmitter transmits feedback payload to the

base station via three reports.

21. The mobile station of claim 20, further comprising;:

a first report comprising:
a rank indicator;

a second report comprising:
a first channel state information indicator; and
a wideband channel quality indictor; and

a third report comprising:
a first narrowband channel quality indicator;
a second matrix indicator; and

a second channel state information.

22. The mobile station of claim 21, wherein when the rank indicator has a value equal to 1,
the first channel state information indicator is a plurality of most significant bits of a first

matrix indicator; and
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the second channel state information is a plurality of less significant bits of the first

matrix indicator.

23.  The mobile station of claim 21, wherein when the rank indicator has a value greater than
1,
the first channel state information indicator is a first matrix indicator; and

the second channel state information is a second narrowband channel quality indicator.
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