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[0001] CONFIGURATION FOR CQI REPORTING IN LTE

[0002] FIELD OF THE INVENTION

[0003] The present disclosure is related to wireless communication
systems.

[0004] BACKGROUND

[0005] The Third Generation Partnership Project (3GPP) has initiated

the Long Term Evolution (LTE) program to bring new technology, new
network architectures, new configurations and new applications and services
to wireless networks in order to provide improved spectral efficiency and
faster user experiences.

[0006] In LTE, a wireless transmit receive unit (WTRU) may
communicate with an eNodeB (eNB). The WTRU may send the eNB certain
feedback to give the eNB an indication of the quality of the channel across
which the WIRU and eNB are communicating. One particular type of
feedback is a channel quality index (CQI) report (hereinafter “CQI”). CQI may
be transmitted by the WTRU on a periodic basis or an aperiodic basis. A
periodic CQI may be transmitted on the physical uplink control channel
(PUCCH) or the physical uplink shared channel (PUSCH). An aperiodic CQI
may be transmitted only on the PUSCH.

[0007] Three different types of CQI’s can be transmitted by a WTRU. A
wideband type CQI provides channel quality information of an entire system
bandwidth of a cell. A multiband type CQI provides channel quality
information for a subset of system bandwidth of the cell. There is also a CQI
for multiple input/multiple output (MIMO) type systems.

[0008] An LTE compliant WTRU may use PUCCH and PUSCH
resources for transmitting CQI. The WTRU may send the CQI on the PUCCH
as long as the WTRU maintains synchronization. An eNB may configure the

WTRU to transmit wideband or narrowband reports.
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[0009] SUMMARY

[0010] A method and apparatus are disclosed for a WTRU to receive and
process CQI reporting configuration information. The WTRU may be
configured to receive CQI configuration information and transmit a CQI
report based on the CQI configuration information. The configuration
information may be received by the WTRU in a radio resource control (RRC)
message. The WTRU may receive information elements (IEs) that include

specific configuration information.

[0011] BRIEF DESCRIPTION OF THE DRAWING

[0012] A more detailed understanding may be had from the following
description, given by way of example and to be understood in conjunction with
the accompanying drawings wherein:

[0013] Figure 1 shows an example wireless communication system
including a plurality of wireless transmit/receive units (WTRUs) and an
eNodeB in accordance with one embodiment;

[0014] Figure 2 is a functional block diagram of a WTRU and the
eNodeB of Figure 1 in accordance with one embodiment;

[0015] Figure 3 is a signal diagram of a random access channel (RACH)
process in accordance with one embodiment; and

[0016] Figure 4 is a flow diagram of a method of CQI reporting in

accordance with one embodiment.

[0017] DETAILED DESCRIPTION

[0018] When referred to hereafter, the terminology ‘"wireless
transmit/receive unit (WTRU)" includes but is not limited to a user equipment
(UE), a mobile station, a fixed or mobile subscriber unit, a pager, a cellular
telephone, a personal digital assistant (PDA), a computer, or any other type
of user device capable of operating in a wireless environment. When referred

to hereafter, the terminology "base station" includes but is not limited to a
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Node-B, a site controller, an access point (AP), or any other type of interfacing
device capable of operating in a wireless environment.

[0019] Figure 1 shows a wireless communication system 100 including a
plurality of WI'RUs 110 and an eNodeB (eNB) 120. As shown in Figure 1, the
WTRUs 110 are in communication with the eNB 120. Although three WTRUs
110 and one eNB 120 are shown in Figure 1, it should be noted that any
combination of wireless and wired devices may be included in the wireless
communication system 100.

[0020] Figure 2 is a functional block diagram 200 of a WTRU 110 and
the base station 120 of the wireless communication system 100 of Figure 1. As
shown in Figure 1, the WTRU 110 is in communication with the eNB 120.
The WTRU 110 is configured to receive instructions and parameters for
feedback reporting, including, for example, a CQI, from the eNB 120. The
eNB 120 may be configured to transmit, and the WTRU 110 configured to
receive and monitor signals on the broadcast channel (BCH). The WTRU 110
may also be configured to receive messages on the BCH, measure CQI, and
transmit CQI reports to the eNB (120). The WTRU 110 may transmit on any
uplink channel, such as a RACH, for example. The WTRU 110 may be
configured to transmit and receive radio resource control (RRC) messages and
layer 1 (I1.1) messages.

[0021] In addition to the components that may be found in a typical
WTRU, the WTRU 110 includes a processor 215, a receiver 216, a transmitter
217, and an antenna 218. The WTRU 110 may also include a user interface
221, which may include, but is not limited to, an LCD or LED screen, a touch
screen, a keyboard, a stylus, or any other typical input/output device. The
WTRU 110 may also include memory 219, both volatile and non-volatile, as
well as interfaces 220 to other devices, such as universal serial bus (USB)
ports, serial ports and the like. The receiver 216 and the transmitter 217 are
in communication with the processor 215. The antenna 218 is in
communication with both the receiver 216 and the transmitter 217 to

facilitate the transmission and reception of wireless data.
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[0022] In addition to the components that may be found in a typical
eNB, the eNB 120 includes a processor 225, a receiver 226, a transmitter 227,
and an antenna 228. The receiver 226 and the transmitter 227 are in
communication with the processor 225. The antenna 228 is in communication
with both the receiver 226 and the transmitter 227 to facilitate the
transmission and reception of wireless data.

[0023] When a WTRU begins communicating with an eNB, it may
access a shared uplink channel, such as the random access channel. Accessing
the RACH is a process that includes multiple messaging between a WTRU
and an eNB. This is because the RACH is contentious, and many WTRUs
may be attempting to use the RACH at the same time. Figure 3 shows a
RACH process 300 in accordance with one embodiment. The RACH process
300 includes a WTRU (110 of Fig. 1) and an eNB (120 of Fig. 1)
communicating four (4) messages to each other. Message 1 (302) is a RACH
preamble transmitted by the WTRU. Message 2 (304) is the RACH response,
transmitted by the eNB. Message 3 (306) is the RACH scheduled
transmission, and message 4 (308) is the contention resolution.

[0024] A CQI may be configured during the RACH process 300. The
configuration information may be in RACH message 2 (304) or RACH message
4 (308). RACH message 4 (308) can include a relatively large amount of
information as compared to the other three messages (302, 304, 306). After
the RACH process 300, the WTRU may be reconfigured for either periodic or
aperiodic CQI reporting.

[0025] A WTRU may receive instructions and parameters to configure a
CQI during the RACH process or in an RRC message after the RACH process.
CQI report configuration may include, for example, specification of the radio
resource and type of CQI report.

[0026] A WTRU may require information as to where the CQI report
configuration information may be found. The WTRU may receive a broadcast
message from an eNB that may include an indication of where the WIRU may

look for CQI report configuration information. For example, a broadcast
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message may include an indication that the WTRU should monitor the RACH
to find CQI report configuration information. Alternatively, the broadcast
message may include an indication that that the WTRU should receive CQI
report configuration information in a radio resource control (RRC) message.
[0027] The CQI configuration indication may be found in a downlink
channel such as the primary broadcast channel (P-BCH) or the dynamic
broadcast channel (D-BCH). The indicator may be as small as one (1) bit. For
example, a single bit value of 1 may indicate that the WTRU should use the
RACH, and a single bit value of 0 may indicate that the WTRU should use
RRC messaging. The location of this indication in the broadcast message may
be specified in advance.

[0028] A CQI report may include, for example, a number indicating a
CQI reporting process, a process ID and a set that includes the total number
sub-bands being measured. The set may be denoted as S. The set S may be
configured by an eNB. The CQI computations by the WTRU may be done on
the set S.

[0029] The eNB my configure the CQI report type to be, for example,
wideband or selected sub-band. The WTRU may receive an information
element (IE) that includes periodic CQI report formatting information. For
wideband CQI reporting, a single CQI report is transmitted that may be
measured across all the sub-bands in a set S. For selected sub-band CQI
reporting, a CQI report may be transmitted that is measured across a subset
of set S. The sub-bands selected by the WTRU may be, for example, the sub-
bands with the largest signal-to-noise ratio among the sub-bands in set S.
This type of CQI reporting is generally reported on the PUSCH.
Alternatively, a MIMO type CQI report may include a CQI report for each
codeword.

[0030] The CQI report may also include a CQI report type. The report
type may be represented by, for example, three (3) bits, when there are up to
six possible report types. For example, 000 may represent wideband reporting,

001 may represent selected sub-band reporting, and 110 may represent all
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sub-band reporting. If more than six (6) possible report types are available,
four (4) for more bits may be used.

[0031] For CQI transmitted by the WTRU on the PUCCH, the eNB may
indicate if the WTRU is to use wideband CQI or frequency selective CQI. If
using frequency selective CQI, the WTRU may select the sub-bands used for
measurement. The selection of the measured sub-bands may be an implicit
function of a time index.

[0032] For CQI transmitted by the WTRU on the PUSCH, the eNB may
signal one of three (3) possible CQI types that the WTRU may use. The eNB
may signal that the WTRU may use wideband CQI, selected sub-band CQI or
eNB configured CQI.

[0033] If selected sub-band CQI is to be configured by the eNB, a
compressed label scheme may be used. In this approach, a parameter M may
be configured by the eNB, where M is an integer value. M may be smaller
than the total number of values the WTRU may use for CQI, and may be used
to limit the number of values used by the WTRU for CQL.

[0034] If the eNB instructs the WTRU to use eNB configured CQI
reporting, the eNB may indicate a differential compression method to be used
by the WIRU. The reported CQI value may be a differential with respect to a
reference value, such as computing a wideband CQI differentially with respect
to neighbouring sub-bands, for example.

[0035] Figure 4 is a flow diagram of a method of CQI reporting 400 in
accordance with one embodiment. At step 402 a WTRU may receive CQI
position information that includes where the CQI configuration information
may be found by the WTRU. This position information may be transmitted on
a shared downlink channel, such as a broadcast channel 404, for example. At
step 406, the WTRU may receive the CQI configuration information. This
may be located in an RRC message 408. At step 410, the WTRU processes the
configuration information, measures for CQI and processes a CQI report. The

format of the report may be based on the configuration information. At step
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412, the WTRU may transmit the CQI report. The CQI report may be
transmitted in an RRC message 414, for example.

[0036] Resource allocation may implicitly indicate whether the PUCCH
or the PUSCH will be used for CQI reporting. An uplink (UL) resource
allocation for CQI reporting may include time, frequency, code resource,
duration, periodicity, and start time. The duration may be specified for
periodic CQI reporting and the start time may be based on a system frame
number (SFN). The resource allocation may be received by the WTRU in an
IE. If a MIMO type CQI is requested by the eNB, the eNB may indicate the
configuration information for each codeword to the WTRU.

[0037] CQI reporting may be reconfigured during operation of a WTRU.
The reconfiguration may include, for example, an eNB configuring and/or
reconfiguring certain CQI reporting parameters or extending a CQI report
before it expires. In addition to using RRC for reconfiguration for CQI
reporting, a medium access control (MAC) control protocol data unit (PDU)
can also be used.

[0038] If the MAC control PDU is to be used for CQI reporting
reconfiguration, then one (1) bit can be used in the MAC control PDU header
to indicate if CQI reporting reconfiguration is included in the MAC control
PDU.

[0039] If a specific MAC control PDU is used for CQI reporting, then
indication of the CQI reporting MAC control PDU may be placed at the
beginning of the PDU and the number of bits used as an indicator may depend
on how many different MAC control PDUs exist. For example, if less than 32
different MAC control PDUs exist, then five bits are enough to indicate if this
is a CQI reporting reconfiguration.

[0040] The position of all information elements for CQI reporting
reconfiguration in the MAC control PDU may be fixed prior to the WTRU
starting operation so that the WIRU knows what each element represents.
[0041] The configuration for aperiodic CQI reporting may transmitted
by the eNB to the WTRU when a trigger is received by the eNB. The trigger

-



WO 2009/088739 PCT/US2008/087965

for aperiodic CQI reporting from the eNB can be a one (1) bit indication.
Alternatively, the request can be embedded into codewords in an uplink grant.
The eNB may allocate the uplink grant for the WTRU so that the radio
resource is available in an uplink shared channel. The configuration message
can be RRC, MAC, or layer 1 (L.1) control signaling, for example.

[0042] The eNB may signal to a WITRU which CQI report type will be
used for aperiodic CQI reporting. A single PUSCH sub-frame type report may
include a set of CQI values, each of which corresponds to a set of sub-bands.
The single PUSCH sub-frame type report may alternatively include a sub-
band specific CQI for all sub-bands or a CQI value averaged over multiple sub-
bands.

[0043] For aperiodic CQI reporting, the eNB may configure the PUSCH
resource based on the type of aperiodic CQI report. The control information
sent by the eNB may include, for example, the radio frame, timeslot,

frequency band, and possible code resource on the PUSCH for aperiodic CQI

reporting.
[0044] EMBODIMENTS
[0045] 1. A method of channel quality index (CQI) reporting in a

wireless transmit receive unit (WTRU), the method comprising the WTRU
receiving CQI position information in a broadcast message as to a position of
CQI configuration information, the WTRU receiving the CQI configuration
information in a RRC message, the WTRU processing a CQI report based on
the CQI configuration information, and the WTRU transmitting the CQI
report.

[0046] 2. The method as in embodiment 1 further comprising the
WTRU receiving the CQI position information in a downlink channel in a
single bit, and the WTRU reading the single bit to determine the position of
the configuration information.

[0047] 3. The method as in embodiment 1 or 2 further comprising

the WTRU receiving CQI configuration information in an information element

(IE).
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[0048] 4. The method as in embodiment 3 wherein the information
element includes uplink channel resource information.

[0049] 5. The method as in embodiment 4 wherein the uplink
channel resource information includes time, frequency, code resource and
duration of a periodic CQI.

[0050] 6. The method as in embodiment 3 or 4 wherein the
information element includes CQI reporting periodicity information.

[0051] 1. The method as in any one of embodiments 3-6 wherein the
information element includes CQI frame number information.

[0052] 8. The method as in any one of embodiments 3-7 wherein the
information element includes periodic CQI format information.

[0053] 9. The method as in any one of embodiments 3-8 wherein the
information element includes a CQI type.

[0054] 10. A wireless transmit receive unit (WTRU) configured to
report a channel quality index (CQI), the WTRU comprising a receiver
configured to receive CQI position information in a broadcast message and
CQI configuration information in a radio resource control (RRC) message, a
processor configured to process a CQI report based on the CQI configuration
information and a transmitter configured to transmit the CQI report.

[0055] 11. The WTRU as in embodiment 10 wherein the receiver is
further configured to receive the CQI position information in a downlink
channel in a single bit, and the processor is further configured to read a single
bit to determine the position of the configuration information.

[0056] 12. The WTRU as in embodiment 10 or 11 wherein the
receiver is further configured to receive CQI configuration information in an
information element (IE).

[0057] 13. The WTRU as in embodiment 12 wherein the information
element includes uplink channel resource information.

[0058] 14. The WTRU as in embodiment 13 wherein the uplink
channel resource information includes time, frequency, code resource and

duration of a periodic CQI.
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[0059] 15. The WTRU as in any one of embodiments 12-14 wherein
the information element includes CQI reporting periodicity information.

[0060] 16. The WTRU as in any one of embodiments 12-15 wherein
the information element includes CQI frame number information.

[0061] 17. The WTRU as in any one of embodiments 12-16 wherein
the information element includes periodic CQI format information.

[0062] 18 The WTRU as in any one of embodiments 12-17 wherein
the information element includes a CQI type.

[0063] 19. The WTRU as any one of embodiments 10-18 wherein the
processor is further configured to process a differential CQI.

[0064] 20. The WTRU as in any one of embodiments 10-19 wherein
the processor is further configured to process a selected sub-band CQI using a
compressed label scheme.

[0065] Although the features and elements are described in particular
combinations, each feature or element can be used alone without the other
features and elements or in various combinations with or without other
features and elements. The methods or flow charts provided herein may be
implemented in a computer program, software, or firmware tangibly embodied
in a computer-readable storage medium for execution by a general purpose
computer or a processor. Examples of computer-readable storage mediums
include a read only memory (ROM), a random access memory (RAM), a
register, cache memory, semiconductor memory devices, magnetic media such
as internal hard disks and removable disks, magneto-optical media, and
optical media such as CD-ROM disks, and digital versatile disks (DVDs).
[0066] Suitable processors include, by way of example, a general
purpose processor, a special purpose processor, a conventional processor, a
digital signal processor (DSP), a plurality of microprocessors, one or more
microprocessors in association with a DSP core, a controller, a microcontroller,
Application Specific Integrated Circuits (ASICs), Field Programmable Gate
Arrays (FPGAs) circuits, any other type of integrated circuit (IC), and/or a

state machine.
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[0067] A processor in association with software may be used to
implement a radio frequency transceiver for use in a wireless transmit receive
unit (WTRU), user equipment (UE), terminal, base station, radio network
controller (RNC), or any host computer. The WTRU may be used in
conjunction with modules, implemented in hardware and/or software, such as
a camera, a video camera module, a videophone, a speakerphone, a vibration
device, a speaker, a microphone, a television transceiver, a hands free headset,
a keyboard, a Bluetooth® module, a frequency modulated (FM) radio unit, a
liquid crystal display (LCD) display unit, an organic light-emitting diode
(OLED) display unit, a digital music player, a media player, a video game
player module, an Internet browser, and/or any wireless local area network
(WLAN) module.

-11-
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CLAIMS
What is claimed is:
1. A method of channel quality index (CQI) reporting in a wireless
transmit receive unit (WTRU), the method comprising:
the WTRU receiving CQI position information in a broadcast
message as to a position of CQI configuration information;
the WTRU receiving the CQI configuration information in a RRC
message;
the WTRU processing a CQI report based on the CQI
configuration information; and

the WTRU transmitting the CQI report.

2. The method as in claim 1 further comprising:
the WTRU receiving the CQI position information in a downlink
channel in a single bit; and
the WTRU reading the single bit to determine the position of the

configuration information.

3. The method as in claim 1 further comprising the WTRU receiving CQI

configuration information in an information element (I1E).

4, The method as in claim 3 wherein the information element includes

uplink channel resource information.

5. The method as in claim 4 wherein the uplink channel resource

information includes time, frequency, code resource and duration of a periodic
CQl.

6. The method as in claim 3 wherein the information element includes

CQI reporting periodicity information.

-12-
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7. The method as in claim 3 wherein the information element includes

CQI frame number information.

8. The method as in claim 3 wherein the information element includes

periodic CQI format information.

9. The method as in claim 3 wherein the information element includes a
CQI type.

10. A wireless transmit receive unit (WTRU) configured to report a channel
quality index (CQI), the WTRU comprising:

a receiver configured to receive CQI position information in a
broadcast message and CQI configuration information in a radio
resource control (RRC) message;

a processor configured to process a CQI report based on the CQI
configuration information; and

a transmitter configured to transmit the CQI report.

11. The WTRU as in claim 10 wherein:
the receiver is further configured to receive the CQI position
information in a downlink channel in a single bit; and
the processor is further configured to read a single bit to

determine the position of the configuration information.

12. The WTRU as in claim 10 wherein the receiver is further configured to

receive CQI configuration information in an information element (IE).

13. The WTRU as in claim 12 wherein the information element includes

uplink channel resource information.

13-
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14. The WTRU as in claim 13 wherein the uplink channel resource

information includes time, frequency, code resource and duration of a periodic

CQl.

15. The WTRU as in claim 12 wherein the information element includes

CQI reporting periodicity information.

16. The WTRU as in claim 12 wherein the information element includes

CQI frame number information.

17. The WTRU as in claim 12 wherein the information element includes

periodic CQI format information.

18 The WTRU as in claim 12 wherein the information element includes a

CQI type.

19. The WTRU as claim 10 wherein the processor is further configured to
process a differential CQI.

20. The WTRU as in claim 10 wherein the processor is further configured to

process a selected sub-band CQI using a compressed label scheme.

-14-
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