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APPARATUS AND METHOD FOR TRANSMITTING/RECEIVING
CHANNEL QUALITY INFORMATION IN A COMMUNICATION
SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a communication system using
an Orthogonal Frequency Division Multiple Access (OFDMA) scheme
(hereinafter referred to as an “OFDMA” communication system), and in

particular, to an apparatus and method for transmitting/receiving channel quality
information in an OFDMA communication system using multiple frequency reuse
factors.

2. Description of the Related Art

Active research on a 4™ generation (4G) communication system, which is
the next generation communication system, is being conducted to provide users
with services having various qualities-of-service (QoS) at a high data rate.
Currently, the 4G communication system is being developed as a new
communication system that guarantees mobility and QoS for a wireless Local
Area Network (LAN) system and a wireless Metropolitan Area Network (MAN)
system, both of which guarantee a higher data rate, thereby to support high-speed
services.

A system that employs an Orthogonal Frequency Division Multipléxing
(OFDM) scheme or an OFDMA scheme to support a broadband transmission
network for physical channels of the wireless MAN system is defined as a
communication system based on the Institute of Electrical and Electronics
Engineers (IEEE) 802.16 standard (hereinafter referred to as IEEE 802.16
communication system). The IEEE 802.16 communication system, which applies
the OFDM/OFDMA schemes to the wireless MAN system, can support high-
speed data transmission by transmitting physical channel signals using multiple
subcarriers.

A communication system having a cellular structure (hereinafter referred
to as a “cellular communication system”) may suffer inter-cell interference (ICI)
because a plurality of cells constituting the cellular communication system can
commonly use the limited resources, i.e., the limited frequency resources, code
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resources, time slot resources, etc. The IEEE 802,16 communication system is a
typical cellular communication system.

In the IEEE 802.16 communication system, if multiple cells share the
frequency resources, system performance deteriorates due to the ICI. In some
cases, however, the frequency resources are reused in order to increase the total
capacity of the IEEE 802.16 communication system. A ratio of the reused
frequency resources is referred to as a “frequency reuse factor,” and a frequency
reuse factor K is defined as an operation of repeatedly using the same frequency
resource, or frequency band, for every K cells/sectors. As a result, the frequency
reuse factor is determined according to the number of cells/sectors that do not use
the same frequency resource.

A concept of the frequency reuse factor will now be described with
reference to the diagram of FIG. 1, which illustrates a frequency reuse concept in
a cellular communication system. Referring to FIG. 1, a frequency F1 used in a
cell with radius R is reused in another cell with radius R.

FIG. 2 is a diagram schematically illustrating a resource allocation
method based on multiple frequency reuse factors in a conventional IEEE 802.16
communication system. Referring to FIG. 2, a cell center 201 located in the
vicinity of a base station (BS) allocates a resource with K=1 to a subscriber
station (SS) because it has a higher carrier-to-interference and noise ratio (CINR).
On the contrary, a cell boundary 203 located farther from the BS allocates a
resource with K>1 to the SS because it has a lower CINR. In this manner, the BS
(or upper node) uses a different frequency reuse factor according to a channel
state in the process of allocating a resource to the SS, thereby increasing resource
efficiency.

FIG. 3 is a graph illustrating a relationship between a distance from a BS
and a CINR separately for K=1 and K>1 in an IEEE 802.16 communication
system. Referring to FIG 3, for K>1, frequency efficiency is higher at the cell
boundary.

Therefore, in the IEEE 802.16 communication system, a BS uses the
frame in which a frequency reuse factor ‘1’ and a frequency reuse factor ‘K’
coexist, in order to provide smooth service or safely transmit important
information such as control information to an SS located in the cell boundary.
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FIG. 4 is a diagram illustrating a format of an OFDMA-based frame in an
IEEE 802.16 communication system. Referring to FIG. 4, an OFDMA frame
includes subchannel allocation regions having various subchannel allocation
schemes. That is, the OFDMA frame includes a Partial Usage of Subchannels
(PUSC) allocation region, a Full Usage of Subchannels (FUSC) allocation region,
an Optional FUSC allocation region, and a Band Adaptive Modulation & Coding
(Band AMC) allocation region.

The allocation region is a variable region, a length of which is changeable
by a BS. For the change in the allocation region, the BS broadcasts a downlink
MAP (DL-MAP) to SSs to inform the SSs of the change in the allocation region.
The BS always uses a frequency reuse factor ‘1’ for the FUSC and Optional
FUSC allocation regions, and uses a frequency reuse factor ‘1’ or ‘N’ for PUSC
and Band AMC allocation regions.

The IEEE 802.16 communication system uses various schemes, in
particular an Adaptive Modulation and Coding (AMC) scheme, in order to
support high-speed data transmission. The AMC scheme refers to a data
transmission scheme that determines a different modulation scheme and coding
scheme according to a channel state between a cell, or BS, and an SS, thereby
improving the total efficiency of the cell. The AMC scheme has a plurality of
modulation schemes and a plurality of coding schemes, and modulates/codes
channel signals with a combination of the modulation schemes and the coding
schemes.

Commonly, each of the combinations of the modulation schemes and the
coding schemes is referred to as a Modulation and Coding Scheme (MCS), and a
plurality of MCSs with a level #1 to a level #N can be defined according to the
number of the MCSs. That is, the AMC scheme adaptively determines a level of
the MCS according to a channel state between the BS and the SS, thereby
improving the total system efficiency. Therefore, a scheduler of the BS must be
aware of Channel Quality Information (CQI) for each of SSs. To this end, the SS
measures its channel state and reports an associated CQI to the BS, and the BS
determines an MCS level for the corresponding SS taking the reported CQI into
account. However, if the CQI reported from the SS is incorrect, the BS may
allocate an inappropriate MCS level, causing a loss of radio resources and a
reduction in system performance.
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Generally, there are two possible methods for feeding back a CQI from an
SS to a BS in the IEEE 802.16 communication system. One method feeds back
the CQI using messages defined in a Medium Access Control (MAC) layer, for
example, ~Report-Request (REP-REQ) and Report-Response (REP-RSP)
messages, and another method feeds back the CQI using a Channel Quality
Indicator Channel (CQICH) defined in a physical layer. The names of the
messages and/or channels are subject to change.

In a method of transmitting/receiving a CQI in the MAC layer, the BS
transmits a REP-REQ message for requesting a CQI report to an SS, and the SS
transmits a REP-RSP message to the BS to report a measured CQL. Herein, the
REP-RSP message may be used as an unsolicited message.

In a method of transmitting/receiving a CQI in the physical layer, the BS
transmits a CQICH allocation Information Element (IE) message to each of SSs
to allocate a dedicated CQI channel, and the SS reports a CQI using the allocated
dedicated CQI channel. Herein, the CQI can be a CINR.

The SS can report a CQI by measuring channel quality for either a
particular subchannel or a reference signal in a frame.

In the former case where the SS measures channel quality for a particular
subchannel, the SS can report a correct CQI, in which even the interference (or
loading) from neighboring cells or sectors is reflected. However, for the channel
quality measurement, the SS must process a data signal for the particular
subchannel, causing an increase in calculation required by the SS to acquire the
data signal.

On the contrary, in the latter case where the SS measures channel quality
using its known reference signal, the SS can reduce calculation required for the
channel quality measurement. In this case, however, the SS cannot report a CQI,
in which even the interference (or loading) from neighboring cells or sectors is
reflected. Therefore, the SS reports an equivalent CQI measured for the maximum
possible interference (loading). The term “equivalent CQI” refers to a CQI
measured in such a manner that an SS measures strength of a boosted reference
signal, and subtracts the boosted value from the strength of the reference signal
when reporting a CQI. The reference signal can be a preamble or pilot signal.
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SUMMARY OF THE INVENTION

The IEEE 802.16 communication system, an SS feeds back only one
measured CQI, i.e.,, one measured CINR value to a BS through a REP-RSP
message or a dedicated CQI channel, for all the cases where the SS is allocated a
subchannel, except for the case where the SS is allocated a Band AMC
subchannel. Therefore, the BS has no way to determine whether the CINR value
reported from the SS is for a frequency reuse factor ‘1’ or a frequency reuse factor
‘K’ which is positive integer greater than one.

As the frequency reuse factor increases, the BS receives a CQI having a
higher CINR value from the SS. For example, if the SS reports a CINR value for
a frequency reuse factor ‘1’ in the state where a frequency reuse factor for a
subchannel actually allocated to the SS is ‘K’, the reported CINR value is lower
than an actual CINR value. In this case, even though the SS can be allocated an
MCS level having higher modulation order and coding rate and perform
communication at a higher data rate, it receives a service at a lower data rate due
to the report of the incorrectly measured CINR. This wastes radio resources.

On the contrary, if the SS reports a CINR value for a frequency reuse
factor ‘K’ in the state where a frequency reuse factor for a subchannel actually
allocated to the SS is ‘1’ the reported CINR value is higher than an actual CINR
value. In this case, the SS reports less interference than actual interference,
increasing a transmission error probability. As a result, in order for the BS to
effectively utilize the AMC scheme, it is preferable that the SS report a CQI for
each of the individual subchannels corresponding to different frequency reuse
factors, existing in a frame. However, such a scheme is not disclosed in IEEE
802.16 standard. In addition, the IEEE 802.16 standard has not defined how the
BS could determine whether the SS reports a CQI for a particular subchannel or
an equivalent CQI.

According to one aspect of the present invention, there is provided a
method for transmitting/receiving channel quality information (CQI) in a
communication system including a base station (BS) and a subscriber station (SS),
the method comprising:

requesting, from the SS by the BS, CQI for downlink resources
corresponding to a frequency reuse factor, which is designated to the SS by the

2144482_1 (GHMatters)1 2/22/2009
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BS;

measuring, by the SS, channel quality of the downlink resources in
response to the CQI request; and

transmitting , from the SS to the BS, CQI corresponding to the measured
channel quality,

wherein the SS measures the channel quality by measuring a strength of a
boosted reference signal and subtracting the strength of the boosted reference
signal from a strength of a reference signal.

According to another aspect of the present invention, there is provided a
method for transmitting/receiving channel quality information (CQI) in a
communication system including a base station (BS) and a subscriber station (SS),
the method comprising:

transmitting, from the BS to the SS, a transmission request for a CQI for
subchannels corresponding to a frequency reuse factor, which is designated to the
SS by the BS;

measuring, by the SS, channel quality for individual subchannels
designated by the BS, in response to the transmission request for the CQI; and

transmitting, from the SS to the BS, CQI corresponding to the measured
channel quality,

wherein the SS measures the channel quality for the individual
subchannels by measuring a strength of a boosted reference signal and subtracting
the strength of the boosted reference signal from a strength of a reference signal.

According to another aspect of the present invention, there is provided an
apparatus for transmitting channel quality information (CQI) in a subscriber
station (SS) of a communication system that utilizes frames for communication,
wherein each of the frames includes a plurality of allocation regions, and a
frequency reuse factor is individually set in each of the allocation regions,, the
apparatus comprising:

a receiver for receiving, from a base station (BS), a transmission request
message for CQI of an allocation region desired to be received by the BS from
among the plurality of allocation regions wherein the transmission request
message includes information on a request for reporting, by the SS, a Carrier-to-
Interference and Noise Ratio (CINR) measurement corresponding to the
allocation region having a frequency reuse factor K, which is designated to the SS
by the BS;

a channel quality measurer for measuring channel quality for the

2144482_1 (GHMatlers)12/22/2009
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allocation region corresponding to the frequency reuse factor K, when the
transmission request message is detected; and

a CQI generation/transmission unit for transmitting CQI corresponding to
the measured channel quality for the allocation region to the BS.

According to a further aspect of the present invention, there is provided
an apparatus for receiving channel quality information (CQI) in a base station
(BS) of a communication system that utilizes frames for communication, wherein
each of the frames includes a plurality of allocation regions, and a frequency
reuse factor is individually set in each of the allocation regions, the apparatus
comprising:

a scheduler for sending, to a subscriber station (SS), a transmission
request message for CQI of an allocation region desired to be received from
among the plurality of allocation regions, wherein the transmission request
message includes information on a request for reporting a Carrier-to-Interference
and Noise Ratio (CINR) measurement corresponding to the allocation region
having a frequency reuse factor K, which is designated to the SS by the BS; and
a receiver for receiving the CQI for the allocation region from the SS and
providing the CQI to the scheduler to be used for performing scheduling.

According to yet another aspect of the present invention, there is
provided a method for transmitting channel quality information (CQI) by a
subscriber station (SS) in a communication system that utilizes frames, wherein
each of the frames includes a plurality of allocation regions, and a frequency
reuse factor is individually set in each of the allocation regions, the method
comprising;:

receiving, by the SS from a base station (BS), a transmission request
message for CQI of an allocation region desired to be received by the BS from
among the plurality of allocation regions, wherein the transmission request
message includes information on a request for reporting, by the SS, a Carrier-to-
Interference and Noise Ratio (CINR) measurement corresponding to the
allocation region having a frequency reuse factor K, which is designated to the SS
by the BS;

measuring channel quality for the allocation region corresponding to the
frequency reuse factor K; and

transmitting, by the SS to the BS, CQI corresponding to the measured
channel quality for the allocation region.

2144482_1 (GHMatters)12/22/2008
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According to still another aspect of the present invention, there is
provided a method for receiving channel quality information (CQI) by a base
station (BS) in a communication system that utilizes frames for communication,
wherein each of the frames includes a plurality of allocation regions, and a
frequency reuse factor is individually set in each of the allocation regions, the
method comprising:

sending, from the BS to a subscriber station (SS), a transmission request
message for CQI of an allocation region desired to be received by the BS from
among the plurality of allocation regions, wherein the transmission request
message includes information on a request for reporting, by the SS, a
Carrier-to-Interference and Noise Ratio (CINR) measurement corresponding to
the allocation region having a frequency reuse factor K, which is designated to
the SS by the BS; and

receiving, by the BS from the (SS), the CQI for the allocation region.

BRIEF DESCRIPTION OF THE DRAWINGS

Objects, features and advantages of the present invention will become
more apparent from the following detailed description when taken in conjunction
with the accompanying drawings in which:

FIG. 1 is a diagram illustrating a frequency reuse concept in a cellular
communication system;

FIG. 2 is a diagram schematically illustrating a resource allocation
method based on multiple frequency reuse factors in a conventional IEEE 802.16
communication system;

FIG. 3 is a graph illustrating a relationship between a distance from a BS
and a CINR separately for K=1 and K>1 in an IEEE 802.16 communication
system,;

FIG. 4 is a diagram illustrating a format of an OFDMA-based frame in an
IEEE 802.16 communication system;

FIG. 5 is a block diagram illustrating a structure of a BS apparatus for
instructing a CQI report in an IEEE 802.16 communication system according to
embodiments of the present invention;

FIG. 6 is a block diagram illustrating a structure of an SS apparatus for
measuring and reporting a CQI in an IEEE 802.16 communication system
according to the present invention;

2144482_1 (GHMatters)12/22/2009
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FIG. 7 is a signaling diagram illustrating a signal transmission/reception
process according to the present invention;

FIG. 8 is a flowchart illustrating a BS’s operation according to the present
invention; and

2144482_1 (GHMaters)12/22/2009
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FIG 9 is a flowchart illustrating an SS’s operation according to the
present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will now be described in
detail with reference to the annexed drawings. In the following description, a
detailed description of known functions and configurations incorporated herein
has been omitted for clarity and conciseness.

In a communication system using an Orthogonal Frequency Division
Multiple Access (OFDMA) scheme (hereinafter referred to as an “OFDMA
communication system”) according to the present invention, a base station (BS)
transmits a newly defined Report-Request (REP-REQ) message for requesting
channel quality information (CQI) to a subscriber station (SS), and the SS
transmits a CQI to the BS using a newly defined Report-Response (REP-RSP)
message. The CQI can be a carrier-to-interference and noise ratio (CINR) or a
received signal strength indicator (RSSI). It will be assumed herein that the CQI
is a CINR.

The REP-REQ message is a message used for instructing a CQI report for
each of individual subchannels corresponding to different frequency reuse factors,
in one frame, and the REP-RSP message is a message used for recording therein a
CINR value for each of individual subchannels, measured in response to the CQI
report instruction in the REP-REQ message. In addition, the REP-RSP message
includes information indicating whether the SS has taken into account the
interference from neighboring cells or sectors. That is, the SS can report a CQI by
either measuring the channel quality for subchannels in a downlink frame, or
measuring the channel quality (equivalent CQI) using reference signals (i.e.,
preamble or pilot signals). The term “equivalent CQI” refers to a CQI measured
in such a manner that an SS measures strength of a boosted reference signal, and
subtracts the boosted value from the strength of the reference signal when
reporting a CQI. The reference signal can be a preamble or pilot signal.

In this manner, even though the BS requests transmission of a CQI for
each individual subchannel or frequency reuse factor, the SS measures the
channel quality according to its own selected CQI measurement method, includes
information indicating whether it has taken into account interference from
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neighboring cells or sectors in the REP-RSP message, and transmits the REP-RSP
message to the BS. The BS can perform efficient scheduling by receiving the
REP-RSP message including the information (hereinafter referred to as a “cell
loading indicator”) indicating whether the interference is taken into account.

Embodiments of the present invention will be described herein below
with reference to an Institute of Electrical and Electronics Engineers (IEEE)
802.16 communication system, one of the typical OFDMA communication
systems.

The present invention can define the following three possible
embodiments for a frequency reuse factor-based CQI transmission/reception
scheme.

In a first embodiment, a BS transmits to an SS a REP-REQ message so as
to instruct the SS to report a CQI for some or all of individual subchannel fields
existing in a downlink frame. Upon receiving the REP-REQ message, the SS can
report either CQIs or equivalent CQIs, measured for some or all of the individual
subchannel fields existing in the downlink frame. Of course, the REP-REQ
message always includes cell loading indicator information.

In a second embodiment, a BS transmits to an SS a REP-REQ message so
as to instruct the SS to classify subchannels instead of individual CQIs for
subchannels existing in a downlink frame according to frequency reuse factors ‘1’
and ‘K’ which is positive integer greater than one and report some or all of CQIs
for the individual frequency reuse factors. Upon receiving the REP-REQ message,
the SS reports some or all of CQIs or equivalent CQIs for the subchannels with
the frequency reuse factors of ‘1’ or ‘K’, by transmitting the REP-RSP message to
the BS.

In a third embodiment, a BS requests an SS to send a CQI report for a
subchannel corresponding to a particular frequency reuse factor, and the SS
reports a CQI or an equivalent CQI for the subchannel corresponding to the
particular frequency reuse factor, in response to the request from the BS.

With reference to FIG. 5, a description will now be made of a structure of
a BS in an IEEE 802.16 communication system according to the present invention.
FIG. 5 is a block diagram illustrating a structure of a BS apparatus for instructing
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a CQI report in an IEEE 802.16 communication system.

Referring to FIG. 5, a BS includes a Medium Access Control (MAC)
layer processor 501 for generating and analyzing data and a MAC message, a
Time Division Duplexing (TDD) transmission modem 502 for TDD-
modulating/demodulating the data and the MAC message generated by the MAC
layer processor 501 before transmitting them to an SS, a TDD reception modem
504 for TDD-modulating/demodulating data and a MAC message received from
the SS, a duplexer 503 for duplexing signals transmitted/received via an antenna,
and a scheduler 505, connected to the MAC layer processor 501, for scheduling
the SS.

The scheduler 505 determines a frequency reuse factor for an SS
according to an operation environment, and instructs a CQI report for the
determined frequency reuse factor by transmitting a REP-REQ message to the SS.
Information included in the REP-REQ message is subject to change according to
first through third embodiments of the present invention.

FIG. 6 is a block diagram illustrating a structure of an SS apparatus for
measuring and reporting a CQI in an IEEE 802.16 communication system
according to the present invention.

Referring to FIG. 6, an SS includes a MAC layer processor 601 for
generating and analyzing data and a MAC message, a TDD transmission modem
602 for TDD-modulating/demodulating the data and the MAC message generated
by the MAC layer processor 601 before transmitting them to a BS, a TDD
reception modem 604 for TDD-modulating/demodulating data and a MAC
message received from the BS, a duplexer 603 for duplexing signals
transmitted/received via an antenna, a channel quality measurer 605 for
measuring downlink channel quality, and a CQI generation/transmission unit 606
for generating a coded value for a measured channel quality value to be
transmitted through a REP-RSP message or a dedicated CQI channel in order to
transmit the measured channel quality to the BS.

The channel quality measurer 605 either measures channel quality for
subchannels designated by a BS or subchannels for a particular frequency reuse
factor, or measures channel quality for preambles. The CQI
generation/transmission unit 606 generates a REP-RSP message that is mapped to
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the measured channel quality and can be uniquely set according to each
individual embodiment, or encodes a measured channel quality value to be
transmitted through a dedicated CQI channel, and outputs the resuit to the MAC
layer processor 601.

A description will now be made of the REP-REQ message and the REP-
RSP message that are uniquely set according to each individual embodiment. The
conventional REP-REQ and REP-RSP messages are specified in IEEE 802.16-
REVA/D5, and the present invention proposes new REP-REQ and REP-RSP
messages shown in Table 1 through Table 6 by partially modifying the
conventional REP-REQ and REP-RSP messages. With the use of the newly
proposed messages, a BS and an SS can transmit/receive a CQI in a channel
environment in which multiple frequency reuse factors are used.

First Embodiment

Table 1 below shows Type Length Value (TLV) parameters in a REP-
REQ message according to a first embodiment of the present invention, in which
the length is expressed m bytes.

Table 1

Name Type | Length Value

Bit #0=1: Report the (equivalent) estimation
of CINR in PUSC region with frequency
reuse factor=3,

Bit #1=1: Report the (equivalent) estimation
of CINR in PUSC region with frequency
reuse factor=1,

Bit #2=1: Report the (equivalent) estimation
of CINR in FUSC region,

1.3 |1 Bit #3=1: Report the (equivalent) estimation
of CINR in Optional FUSC region,

Bit #4=1: Report the (equivalent) estimation
of CINR in Band AMC Channel region,

Bit #5=1: Report the (equivalent) estimation
of CINR in Safety Channel region,

Bit #6=1: Reserved,

Bit #7: AAS CINR measurement indicator:
When the last bit of Channel Type request is

Channel  Type
Request
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‘0’ the CINR measurement directed by Bit
#4 shall be done for the symbols that are not
beamformed.  Otherwise, the CINR
measurement directed by Bit #4 shall be
done for the symbols that are beamformed.

As described above, in the first embodiment, a BS transmits to an SS a

REP-REQ message so as to instruct the SS to report a CQI for some or all of

individual subchannel regions existing in a downlink frame. Upon receiving the

5 REP-REQ message, the SS can either report CQIs measured for some or all of the

individual subchannel regions existing in the downlink frame, or report measured
equivalent CQIs.

Therefore, the BS determines bitmap values of a Channel Type Request
10 field in the REP-REQ message shown in Table 1, and transmits the resultant REP-
REQ message to the SS.

Upon receiving the REP-REQ message, the SS measures either CINRs

for subchannels designated by the BS or CINRs (or equivalent CINRs) for

15 preambles, and reports the measured CINRs to the BS through a REP-RSP
message shown in Table 2 or a dedicated CQI channel.

Table 2 below shows a REP-RSP message, which is a response message
to the REP-REQ message, according to the first embodiment of the present
20 mvention.

Table 2
Channel
Type Name Type | Length Value
Request

Bit #0~4: The (equivalent)
estimation of CINR in PUSC
region with frequency reuse
factor=3,

Bit #5,6: reserved,

Bit #7: Cell loading indicator:
‘0’- it is assumed that the
region is fully loaded. ‘1’-the

PUSC region
Bit #0=1 | with frequency | 2.1 1
reuse factor=3
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cell loading is reflected in the
estimation.

PUSC region
Bit #1=1 | with frequency |2.2
reuse factor=1

Bit #0~4: The (equivalent)
estimation of CINR in PUSC
region with frequency reuse
factor=1,

Bit #5,6: reserved,

Bit #7: Cell loading indicator:
‘0’- it is assumed that the
region is fully loaded. 1’-the
cell loading is reflected in the
estimation.

Bit#2=1 | FUSC region |2.3

Bit #0~4: The (equivalent)
estimation of CINR in FUSC
region,

Bit #5,6: reserved,

Bit #7: Cell loading indicator:
‘0’- it is assumed that the
region is fully loaded. ‘1’-the
cell loading is reflected in the
estimation.

Optional

e
Bit#3=1| piisc region

24

Bit #0~4: The (equivalent)
estimation of CINR in the
Optional FUSC region,

Bit #5,6: reserved,

Bit #7: Cell loading indicator:
‘0’- it is assumed that the
region is fully loaded. ‘1’-the
cell loading is reflected in the
estimation.

) Band AMC
Bit #4=1 Channel 2.5

First 12 bits for the band
indicating bitmap and next 25
bits for CINR reports (5 bits
per each band).

When the 8th bit of Channel
Type Request is ‘0’ the CINR
measurement shall be done
for the symbols that are not
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beamformed. Otherwise, the
CINR measurement shall be
done for the symbols that are
beamformed.

Bit #37,38: reserved,

Bit #39: Cell loading
indicator: ‘0’- it is assumed
that the region is fully loaded.
‘1’ the cell loading is
reflected in the estimation.
The first 20 bits for the
reported bin indices and the
next 20 bits for CINR reports
(5 bits for each bin).

Bit #5=1 | Safety Channel | 2.6 5

Upon detecting a CQI report request for subchannel regions through the
REP-REQ message received from the BS, the SS measures CQIs or equivalent
CQIs for the corresponding subchannels, and transmits the REP-RSP message,
shown in Table 2, including the measured CQI values recorded therein, to the BS.
A particular bit in the REP-RSP message represents a cell loading indicator. When
a value of the particular bit is ‘0’, it means an equivalent CQI report indicating
that interference (loading) from neighboring cells or sectors was not taken into
consideration, on the assumption that the current interference is equal to the
maximum interference. On the contrary, however, when a value of the particular
bit is “1’, it means a CQI report for some or all of the subchannel regions, in
which interference from neighboring cells or sectors was taken into account. The
cell loading indicator is included even in REP-RSP messages used in the second
and third embodiments described below.

The SS can transmit a CQI using a dedicated CQI channel instead of the
REP-REQ message. To this end, the BS allocates a plurality of dedicated CQI
channels to the SS by transmitting the existing CQICH allocation IE a
predetermined number of times, and the SS reports CINR values for a plurality of
subchannels or preambles using the plurality of the allocated dedicated CQI
channels. In this case, the SS follows a CQI report method designated in the last
transmitted REP-RSP message. If the number of CQIs transmitted through the last
transmitted REP-RSP message is greater than the number, Q which is positive
integer, of the currently allocated CQI channels, a CQI report method of reporting
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the first Q CQIs transmitted through the REP-RSP message is applied to the
currently allocated CQI channels. This can be applied in the same way even to the
second and third embodiments.

Second Embodiment

Table 3 below shows TLV parameters in a REP-REQ message according
to a second embodiment of the present invention, in which the length is expressed
in bytes.

Table 3
Name Type | Length Value
Bit #0: CINR for reuse 1 configuration
Bit #1: CINR for reuse K configuration
Bit #2: CINR for Band AMC Zone
Bit #3: CINR of Safety Channel
Bit #4~6: reserved.

ghalemel Bit #7: AAS CINR measurement indicator:
P 1.3 1 When the last bit of Channel Type Request is
Request

‘0’ the CINR measurement directed by Bit #4
shall be done for the symbols that are not
beamformed. Otherwise, the CINR
measurement directed by Bit #4 shall be done
for the symbols that are beamformed.

As described above, in the second embodiment, a BS instructs an SS to
report CQIs for subchannels associated with frequency reuse factors ‘1’ and ‘K’,
and the SS measures CQIs or equivalent CQIs for the subchannels associated with
the frequency reuse factors ‘1’ and ‘K’, and reports the measured CQIs to the BS.
Therefore, compared with the first embodiment, the second embodiment can
reduce message overhead.

The BS determines bitmap values of a Channel Type Request field in the
REP-REQ message shown in Table 3, and transmits the resultant REP-REQ
message to the SS. For example, if the BS determines a bitmap value as Bit #0=1,
the SS can measure CQIs or equivalent CQIs for subchannels corresponding to a
frequency reuse factor ‘1’, and report the measured CQIs. Therefore, upon
receiving the REP-REQ message, the SS measures CQIs or equivalent CQIs for
subchannels associated with frequency reuse factors ‘1’ and ‘K’ designated by the
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BS, and reports the measured CQIs (or CINRs) to the BS through the REP-RSP
message shown in Table 4, or a dedicated CQI channel.

Table 4 below shows a REP-RSP message, which is a response message
to the REP-REQ message, according to the second embodiment of the present

invention.

Table 4

Channel
Type Name Type | Length Value
Request

First 5 bits for the CINR
measurement report for reuse 1
configuration,

Bit #5,6: reserved,
Bit #0=1 CINR for rouse ! 2.1 | Bit #7: Cell loading indicator:

configuration o

‘0> - it is assumed that the
region is fully loaded. ‘1°- the
cell loading is reflected in the
estimation.
First 5 bits for the CINR
measurement report for reuse K
configuration

Bit #5,6: reserved,
Bit #1=1 Sﬁ;g:;ffe Klaz |1 Bit #7: Cell loading indicator:

‘0> - it is assumed that the
region is fully loaded. ‘1°- the
cell loading is reflected in the
estimation.
First 12 bits for the band
indicating bitmap and next 25
bits for CINR reports (5 bits
. CINR of Band pfar each band). When the 8t.h
Bit #2=1 AMC Zone 23 5 bit of Channel Type Request is

‘0> the CINR measurement
shall be done for the symbols
that are mnot beamformed.
Otherwise, the CINR
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measurement shall be done for

the symbols that  are

beamformed.

Bit #37,38: reserved,

Bit #39: Cell loading indicator:
‘0’ - it is assumed that the

region is fully loaded. ‘1°- the
cell loading is reflected in the
estimation.

The first 20 bits for the
Bit CINR of Safety a4 s reported bin indices and the

#3=1 Channel ' next 20 bits for CINR reports

(5 bits for each bin).

Upon detecting a CQI report request for subchannel regions associated
with frequency reuse factors ‘1” and ‘K’ from the BS, the SS measures CQIs or
equivalent CQIs for the corresponding subchannels, and transmits the REP-RSP
message, shown in Table 4, including the measured CQI or equivalent CQI values
recorded therein, to the BS. ‘K’ is positive integer greater than one.

Third Embodiment
Table 5 below shows TLV parameters in a REP-REQ message according
to a third embodiment of the present invention, in which the length is expressed in

bytes.

Table 5
Name | Type | Length Value
000 = Normal subchannel with frequency reuse
factor = 1 configuration,
001 = Normal subchannel with frequency reuse
factor = K configuration (K is positive interger

Channel greater than one),
Type 1.3 1 010 =-Band AMC Channel
Request 011 = Safety Channel,

Bit #3~6: reserved.

Bit #7: AAS CINR measurement indicator: When
the last bit of Channel Type Request is ‘0’ the
CINR measurement directed by Bit #4 shall be
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done for the symbols that are not beamformed.
Otherwise, the CINR measurement directed by
Bit #4 shall be done for the symbols that are
beamformed.

As described above, in the third embodiment, a BS can allocate
subchannels associated with one frequency reuse factor for an individual SS
according to an operation environment. Therefore, the BS can instruct the SS to
report only the CQIs for the subchannels associated with a particular frequency
reuse factor. Also, in the third embodiment, the SS may transmit equivalent CQIs.
Therefore, compared with the first and second embodiments, the third
embodiment can further reduce the message overhead.

The BS determines a frequency reuse factor for an SS and transmits the
resultant information through the REP-REQ message shown in Table 5, at initial
access of the SS or when necessary. For example, if the BS sets the Channel Type
Request field in the REP-REQ message to ‘000°, the SS measures only the CQIs
or equivalent CQIs for the subchannels associated with the frequency reuse factor
‘1’, and reports the measured CQIs to the BS. In this case, the SS reports the
measured CQIs or equivalent CQIs to the BS through the REP-RSP message
shown in Table 6, or a dedicated CQI channel.

Table 6 below shows a REP-RSP message, which is a response message
to the REP-REQ message, according to the third embodiment of the present
invention, in which the length is expressed in bytes.

Table 6
Channel
Type Name Type | Length Value
Request
First 5 bits for the CINR
measurement report for reuse 1
configuration,
000 CINR for reuse 21 1 Bit #5,6: reserved,
1 configuration Bit #7: Cell loading indicator:
‘0 - it is assumed that the
region is fully loaded. ‘1°- the
cell loading is reflected in the
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estimation.
First 5 bits for the CINR
measurement report for reuse K
configuration,
Bit #5,6: reserved,
001 I‘iﬁ ﬁf;rar;‘;e 22 |1 Bit #7: Cell loading indicator:
‘0’ - it is assumed that the
region is fully loaded. ‘1’- the
cell loading is reflected in the
estimation.
First 12 bits for the band
indicating bitmap and next 25
bits for CINR reports (5 bits per
each band). When the 8th bit of
Channel Type request is ‘0’ the
CINR measurement shall be
done for the symbols that are
not beamformed. Otherwise, the
010 iﬁg Z(())ieBand 23 5 CINR measurement shall be
done for the symbols that are
beamformed.
Bit #37,38: reserved,
Bit #39: Cell loading indicator:
‘0’ - it is assumed that the
region is fully loaded. ‘1’- the
cell loading is reflected in the
estimation.
The first 20 bits for the reported
CINR of Safety o4 s bin indices and the next 20 bits
Channel ) for CINR reports (5 bits for
each bin).

011

Upon detecting a report request, received from the BS, for CQIs or
equivalent CQIs for subchannels associated with a particular frequency reuse
factor among subchannel regions associated with a frequency reuse factors ‘1’
and ‘K’, the SS measures CQIs or equivalent CQIs for subchannels associated
with the corresponding frequency reuse factor, and transmits the REP-RSP
message, shown in Table 6, including the measured CQI values recorded therein,
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to the BS. Regarding the difference between the third embodiment and the second
embodiment, while the second embodiment allows the SS to transmit CQIs for all
subchannels associated with the frequency reuse factors ‘1’ and ‘K’, the third
embodiment allows the SS to measure the CINRs and report the measured CINRs
when it is allocated subchannels associated with a frequency reuse factor
allocated thereto, i.e., subchannels associated with the frequency reuse factor ‘1°.
Therefore, compared with the first and second embodiments, the third
embodiment minimizes the message overhead.

With reference to FIG. 7, a description will now be made of a CQI
transmission/reception signaling process according to the present invention. FIG.
7 is a signaling diagram illustrating a signal transmission/reception process
according to the present invention.

Referring to FIG. 7, a BS 750 transmits a REP-REQ message for
requesting channel quality measurement to an SS 700 in step 702. The REP-REQ
message differs according to embodiments, and one of the formats shown in Table
1, Table 3 and Table 5 can be used for the REP-REQ message. The SS 700
transmits a REP-RSP message in response to the REP-REQ message in step 704.
The REP-RSP message corresponds to the REP-REQ message, and one of the
formats shown in Table 2, Table 4 and Table 6 can be used for the REP-RSP
message.

Steps 702 and 704 represent a process of transmitting CQIs using the
REP-REQ and REP-RSP messages defined in a MAC layer. Alternatively, it is
also possible to transmit the CQIs using a dedicated CQI channel defined in a
physical layer.

That is, the BS 750 allocates a dedicated CQI channel to the SS 700
through a DL/UL-MAP of a downlink frame in step 706. The SS 700 reports a
CQI to the BS 750 using the dedicated CQI channel allocated in a CQI report
method designated in the last transmitted REP-RSP message in step 708.

In another possible case, the SS 700 reports a CQI using an unsolicited
REP-RSP message in step 710. The BS 750 detects a CQI report method by

receiving the unsolicited REP-RSP message.

FIG. 8 is a flowchart illustrating a BS’s operation according to the third
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embodiment of the present invention. Referring to FIG. 8, in step 802, a BS
determines a subchannel or a frequency reuse factor, for which an SS will send a
CQI report, according an operation environment. In step 804, the BS transmits a
REP-REQ message to the SS to request a CQI report for the subchannel
associated with the determined frequency reuse factor.

FIG. 9 is a flowchart illustrating an SS’s operation according to the third
embodiment of the present invention. Referring to FIG. 9, in step 902, an SS
receives a transmission command for an unsolicited REP-RSP message from an
upper layer, or receives a REP-REQ message from a BS. In step 904, the SS
changes information on subchannels to be measured according to a
measurement/report method indicated by the BS or determined by the upper layer
of the BS. In step 906, the SS measures CINRs for the subchannels established in
step 904, or CINRs for preambles. In step 908, the SS reports the measured
CINRs to the BS using a REP-RSP message or a dedicated CQI channel. The
REP-RSP message can include cell loading indicator information indicating
whether interference (loading) from neighboring cells or sectors was reflected in
the reported CQlIs.

As can be understood from the foregoing description, the present
invention efficiently transmits/receives CQIs using the newly defined REP-REQ
and REP-RSP messages in the OFDMA communication system, making it
possible to correctly transmit/receive CQIs for individual subchannels
corresponding to different frequency reuse factors. As a result, the BS can
effectively apply the AMC scheme to the SS, contributing to an increase in the
total transmission efficiency and resource management efficiency of the system.

While the invention has been shown and described with reference to a
certain preferred embodiment thereof, it will be understood by those skilled in the
art that various changes in form and details may be made therein without
departing from the spirit and scope of the invention as defined by the appended
claims.

In the claims which follow and in the preceding description of the
invention, except where the context requires otherwise due to express language or
necessary implication, the word “comprise” or variations such as “comprises” or
“comprising” is used in an inclusive sense, i.e. to specify the presence of the
stated features but not to preclude the presence or addition of further features in

2144482_1 (GHMatlers)12/22/2009
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It is to be understood that, if any prior art publication is referred to herein,

such reference does not constitute an admission that the publication forms a part
of the common general knowledge in the art, in Australia or any other country.
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WHAT IS CLAIMED IS:

1. A method for transmitting/receiving channel quality information
(CQI) in a communication system including a base station (BS) and a subscriber
station (SS), the method comprising:

requesting, from the SS by the BS, CQI for downlink resources
corresponding to a frequency reuse factor, which is designated to the SS by the
BS;

measuring, by the SS, channel quality of the downlink resources in
response to the CQI request; and

transmitting , from the SS to the BS, CQI corresponding to the measured
channel quality,

wherein the SS measures the channel quality by measuring a strength of a
boosted reference signal and subtracting the strength of the boosted reference
signal from a strength of a reference signal.

2. The method of claim 1, wherein the channel quality is measured
as a carrier-to-interference and noise ratio (CINR).

3. The method of claim 2, wherein the CINR can be measured from
a preamble signal or a specific subchannel region.

4. The method of claim 1, wherein the frequency reuse factor
designated by the BS is K, which is a positive integer greater than or equal to 1.

5. A method for transmitting/receiving channel quality information
(CQI) in a communication system including a base station (BS) and a subscriber
station (SS), the method comprising:

transmitting, from the BS to the SS, a transmission request for a CQI for
subchannels corresponding to a frequency reuse factor, which is designated to the
SS by the BS;

measuring, by the SS, channel quality for individual subchannels
designated by the BS, in response to the transmission request for the CQI; and

transmitting, from the SS to the BS, CQI corresponding to the measured
channel quality,

wherein the SS measures the channel quality for the individual
subchannels by measuring a strength of a boosted reference signal and subtracting
the strength of the boosted reference signal from a strength of a reference signal.

2144482_1 (GHMatters)12/22/2009
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6. The method of claim 5, wherein the channel quality can be
measured from a preamble signal.

7. The method of claim 6, wherein the BS transmits the

transmission request for some or all of the subchannels.

8. The method of claim 6, wherein the transmission request
corresponds to all or any one of frequency reuse factors, existing in a frame.

9. The method of claim 5, wherein the transmission request is
transmitted using a report-request (REP-REQ) message that is set in a bitmap
format for the individual subchannels, which the BS desires to receive.

10. The method of claim 9, wherein the CQI corresponding to the
measured channel quality is transmitted using a report-response (REP-RSP)
message set in a bitmap format generated by measuring the channel quality for
the subchannels and recording the measured channel quality for the subchannels.

1. The method of claim 10, wherein the REP-RSP message is
transmitted using a CQI report method applied to a previously transmitted REP-
RSP message.

12. The method of claim 10, wherein the REP-RSP message includes

information indicating whether interference from neighboring cells or sectors was
reflected in the CQIs.

13. The method of claim 5, wherein the transmission request is
transmitted using a dedicated channel quality indicator channel (CQICH)
allocated to the SS.

14. An apparatus for transmitting channel quality information (CQI)
in a subscriber station (SS) of a communication system that utilizes frames for
communication, wherein each of the frames includes a plurality of allocation
regions, and a frequency reuse factor is individually set in each of the allocation
regions,, the apparatus comprising:

a receiver for receiving, from a base station (BS), a transmission request
message for CQI of an allocation region desired to be received by the BS from
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among the plurality of allocation regions wherein the transmission request
message includes information on a request for reporting, by the SS, a Carrier-to-
Interference and Noise Ratio (CINR) measurement corresponding to the
allocation region having a frequency reuse factor K, which is designated to the SS
by the BS;

a channel quality measurer for measuring channel quality for the
allocation region corresponding to the frequency reuse factor K, when the
transmission request message is detected; and

a CQI generation/transmission unit for transmitting CQI corresponding to
the measured channel quality for the allocation region to the BS.

15. The apparatus of claim 14, wherein the information on the
request for reporting includes a bit value for instructing the SS to report CINRs
measured from preamble signals for different frequency reuse factors.

16. The apparatus of claim 14, wherein the frequency reuse factor K
is defined such that one frequency band is repeatedly used in K cells, and K is a
positive integer.

17. The apparatus of claim 14, wherein the allocation region
comprises one of a preamble region, a Partial Usage of Subchannels (PUSC)
allocation region, a Full Usage of Subchannels (FUSC) allocation region, an
Optional FUSC allocation region, and a Band Adaptive Modulation & Coding
(Band AMC) allocation region.

18. The apparatus of claim 14, wherein the CQI is measured by
measuring a strength of a boosted reference signal and compensating the boosted
reference signal for a non-boosted signal.

19. An apparatus for receiving channel quality information (CQI) in
a base station (BS) of a communication system that utilizes frames for
communication, wherein each of the frames includes a plurality of allocation
regions, and a frequency reuse factor is individually set in each of the allocation
regions, the apparatus comprising:

a scheduler for sending, to a subscriber station (SS), a transmission
request message for CQI of an allocation region desired to be received from
among the plurality of allocation regions, wherein the transmission request
message includes information on a request for reporting a Carrier-to-Interference
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and Noise Ratio (CINR) measurement corresponding to the allocation region
having a frequency reuse factor K, which is designated to the SS by the BS; and

a receiver for receiving the CQI for the allocation region from the SS and
providing the CQI to the scheduler to be used for performing scheduling.

20. The apparatus of claim 19, wherein the information on the
request for reporting includes a bit value for instructing the SS to report CINRs
measured from preamble signals for different frequency reuse factors.

21. The apparatus of claim 19, wherein the allocation region
comprises one of a preamble region, a Partial Usage of Subchannels (PUSC)
allocation region, a Full Usage of Subchannels (FUSC) allocation region, an
Optional FUSC allocation region, and a Band Adaptive Modulation & Coding
(Band AMC) allocation region.

22. The apparatus of claim 19, wherein the frequency reuse factor K
is defined such that one frequency band is repeatedly used in K cells, and K is a
positive integer.

23. The apparatus of claim 19, wherein the SS measures the CQI by
measuring a strength ot a boosted reference signal and compensating the boosted
reference signal for a non-boosted signal.

24, A method for transmitting channel quality information (CQI) by a
subscriber station (SS) in a communication system that utilizes frames, wherein
each of the frames includes a plurality of allocation regions, and a frequency
reuse factor is individually set in each of the allocation regions, the method
comprising:

receiving, by the SS from a base station (BS), a transmission request
message for CQI of an allocation region desired to be received by the BS from
among the plurality of allocation regions, wherein the transmission request
message includes information on a request for reporting, by the SS, a Carrier-to-
Interference and Noise Ratio (CINR) measurement corresponding to the
allocation region having a frequency reuse factor K, which is designated to the SS
by the BS;

measuring channel quality for the allocation region corresponding to the
frequency reuse factor K; and

transmitting, by the SS to the BS, CQI corresponding to the measured
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channel quality for the allocation region.

25. The method o claim 24, wherein the information on the request
for reporting includes a bit value for instructing the SS to report CINRs measured
from preamble signals for different frequency reuse factors.

26. The method of claim 24, wherein the frequency reuse factor K is
defined such that one frequency band is repeatedly used in K cells, and K is a
positive integer.

27. The method of claim 24, wherein the allocation region comprises
one of a preamble region, a Partial Usage of Subchannels (PUSC) allocation
region, a Full Usage of Subchannels (FUSC) allocation region, an Optional FUSC
allocation region, and a Band Adaptive Modulation & Coding Band (Band AMC)
allocation region.

28. The method of claim 24, wherein the SS measures the CQI by
measuring a strength of a boosted reference signal and compensating the boosted
reference signal for a non-boosted signal.

29. A method for receiving channel quality information (CQI) by a
base station (BS) in a communication system that utilizes frames for
communication, wherein each of the frames includes a plurality of allocation
regions, and a frequency reuse factor is individually set in each of the allocation
regions, the method comprising:

sending, from the BS to a subscriber station (SS), a transmission request
message for CQI of an allocation region desired to be received by the BS from
among the plurality of allocation regions, wherein the transmission request
message includes information on a request for reporting, by the SS, a
Carrier-to-Interference and Noise Ratio (CINR) measurement corresponding to
the allocation region having a frequency reuse factor K, which is designated to
the SS by the BS; and

receiving, by the BS from the (SS), the CQI for the allocation region.

30. The method of claim 29, wherein the information on the request

for reporting includes a bit value for instructing the SS to report CINRs measured
from preamble signals for different frequency reuse factors.
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31. The method of claim 29, wherein the frequency reuse factor K is
defined such that one frequency band is repeatedly used in K cells, and K is a
positive integer.

32. The method of claim 29, wherein the allocation region comprises
one of a preamble of region, a Partial Usage of Subchannels (PUSC) allocation
region, a Full Usage of Subchannels (FUSC) allocation region, an Optional FUSC
allocation region, and a Band Adaptive Modulation & Coding Band (Band AMC)
allocation region.

33. The method of claim 29, wherein the SS measures the CQI by

measuring a strength of a boosted reference signal and compensating the boosted
reference signal for a non-boosted signal.

2144482_1 (GHMatters)12/22/2009




WO 2006/073271 PCT/KR2006/000042

FIG.2



WO 2006/073271 PCT/KR2006/000042

2/7

CINR (dB)

DISTANCE FROM 8BS

FIG.3



PCT/KR2006/000042

WO 2006/073271

3/7

7 OId

A

===
m!.l .m puiddews BuipI0do. aoUel) B Ul teadde Aejy
aWel} AlaAs uj jeadde 1snpy
] i " y (X 1189 Qi)
I 0SN4 _ 0sn4 | (01199 @1)| ( 1189 @[ (A 1189 @] (X tiea @py| X 1199 G
{ revondo | 98041y OAY | euondo | “osng | osnd | osnd | osnd | AU SRR
| M L —

aweqns n

Y

suwelgns 1

\/



WO 2006/073271

417

501
UPPER INTERFACE MAC
LAYER
1905 PROCESSOR
SCHEDULER fe—>

>

902
TDD

TX MODEM

PCT/KR2006/000042

504

y /50
DUPLEXER

TDD

A

RX MODEM

FIG.5

UPPER INTERFACE

al

FIG.6

601 802
[ Top |
VA TX MODEM 60
LAYER DUPLEXER
PROCESSOR ng604
< RX MODEM i““““" ‘
606 605
cal CHANNEL
_| GENERATION/ Je—— QUALITY
TRANSMISSION MEASURER



WO 2006/073271

5/7

£700

SS

PCT/KR2006/000042

730

BS

REP-REQ (702)

REP-RSP (704)

o ——

———Caoiie

e

})

o~
—

8

REP-RSP (710)

A_-——_‘—_-———“-—__—_—__"““‘-—-—-—~>

FIG.7



WO 2006/073271

6/7

( START )

A

DETERMINE SUBCHANNEL OR

FREQUENCY REUSE FACTOR TO BE

REPORTED BY SS

~— 802

TRANSMIT

REP-REQ

~ 804

END

FIG.8

PCT/KR2006/000042



WO 2006/073271 PCT/KR2006/000042

717

( START )

A

RECEIVE UNSOLICITED
REP-RSP ORREP-REQ [ 902

CHANGE MEASUREMENT/

REPORT METHOD [ 904

MEASURE CINR I.goe

REPORT CINR USING
REP-RSP OR 908
DEDICATED CQICH

FI1G.9



	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

