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Provisional Application |

Inventors Dong Youn Seo, Joon Kui Ahn, Jung Hoon Lee

Title of Invention CQI Request Method for Multiple Component Carrier Aggregation

1. Objective of the Invention
This invention proposes a signaling method for uplink transmission of downlink channel information in
the cellular wireless communication system using multiple frequency bandwidth.

2. Composition of the Invention

A) CQI: Channel Quality Indicator Summary

For efficient communication, it is essential to have a feedback mechanism to provide channel
information. Generally, downlink channel information is sent up via uplink and uplink channel
information is sent down via downlink. This form of providing channel information is called CQI for
Channel Quality Indicator. Such CQI can be generated by a number of different methods.

For example, there is a method to upload directly quantized channel condition, a method to upload after
calculating the SINR, a method that informs the condition of channels actually being applied with MCS
(Modulation Coding Scheme), and others.

Among a number of CQI generation methods, in actuality, since we can see numerous instances of CQI
being generated using MCS as the base, we need to examine this further. We can use as an example CQI
generation for HSDPA transmission method and others from 3GPP. Accordingly, when CQI is generated
using MCS as the base, in detail, MCS will include modulation method and coded method and
corresponding coding rate and others. In addition, since CQI has to change if modulation method and
coded method changes, CQI will need a minimum of one per each code word unit.

If a MIMO is applied to the system, the necessary number of CQI will also change. Since MIMO
system uses multiple antennas to generate multiple channels, normally, it is possible to use many code
words. Accordingly, subsequent CQI also needs to use many. When a multiple CQI is used like this, the
amount of subsequently generated control information will increase proportionally.

[lustration 1 is a conceptual diagram of CQI generation and transmission. The terminal measures
downlink quality and sends the selected CQI value based on the measurement to the base station through
uplink control channel. The base station, based on the reported CQI, executes the scheduling (terminal
selection, resource allocation, and others) for downlink. Here, the CQI value can be modified to reflect
SINR (Signal to Interference and Noise Ratio), CINR (Carrier to Interference and Noise Ratio), BER (Bit
Error Rate), FER (Frame Error Rate) and other transmittable data. And for MIMO system, RI (Rank
Information), PMI (Precoding Matrix Information) and other information can be added that reflect the
channel condition.
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| Base Station |
4 CQI Reporting

Downlink
Measurement
| Terminal |
<Illustration 1> Overview of Transmission of Uplink CQI for Cellular Communication System

B) Specifics on Digital Radio Frequency for Channel Quality Indicator (CQI)

In order to maximize the usage of channel capacity assigned for each channel used in cellular
communication system, link adaptation is used to control MCS (Modulation and Coding Set) and
transmission power according to each channel. In order for these link adaptations to be executed at the
base station, inevitably, the user has to provide feedback to the base station with channel quality
information.

If the frequency bandwidth used by the system can get bandwidth that exceeds the coherence bandwidth,
within one bandwidth, channel can exhibit radical changes. Especially for multiple frequency systems like
the Orthogonal Frequency Division Multiplexing (OFDM), within the allotted bandwidth, a number of
sub-carriers exist, and since modulated symbols are transmitted through each sub-carrier mentioned above,
each sub-carrier channel becomes the optimal channel transmission. Accordingly, since the number of
sub-carriers in the majority of multi-carrier systems will see a dramatic increase in the amount of
feedback of channel information, in order to reduce the control overhead, many methods have been
proposed.

C) Channel Quality Indicator (CQI) Generation Method

Due to the increase in the volume of channel transmission, we will quickly review methods that have
been proposed to date to reduce the information volume of channel quality indicators generated in order
to reduce the control overhead.

The first method is to modify the channel information transmission unit. For example, for channel
information transmitted by each sub-carrier in the Orthogonal Frequency Division Multiplexing (OFDM),
there is a method to consolidate a number of sub-carriers to a group and transmit channel information
based on the group unit above. If an Orthogonal Frequency Division Multiplexing system using 2,048
sub-carriers consolidates 12 sub-carriers per each sub-carrier group, a total of 171 sub-carrier group
would be formed, and the actual amount of channel information transmitted will be reduced to 171 from
2,048.

In this patent, when frequency bandwidth is separated by each sub-carrier like in Orthogonal Frequency
Division Multiplexing (OFDM), by consolidating one or many sub-carriers into sub-carrier groups, CQI
is reported based on each sub-carrier group unit identified above and the basic unit in this method is
defined as CQI sub-carrier group or sub-band. When it is not possible for frequency bandwidth to be
identified with each sub-carrier in a group, the total frequency bandwidth is divided into sectional
frequency bandwidth, and using the divided frequency bandwidth as the base, CQI is generated. The
frequency bandwidth divided to generate CQI above is defined as CQI sub-band.

The second method is to generate Channel Quality Indicator by compressing the channel information.
For example, in Orthogonal Frequency Division Multiplexing, this method transmits compressed data by
using the compressing method for each sub-carrier’s channel information. With the compressing method
described above, one can consider a method like the DCT (Discrete Cosine Transform).

The third method is to generate CQI by selecting applicable frequency bandwidth needed to generate
channel information. For example, in Orthogonal Frequency Division Multiplexing, instead of
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transmitting channel information for all the sub-carriers, a Best-M method can be used by selecting and
transmitting the best M number of frequency bandwidth for sub-carrier or sub-carrier group.

When transmitting the CQI generated by selecting the frequency bandwidth like this, transmitting
sections can be largely divided into two sections. The first is the CQI value section and the second is the
CQI index section.

D) Generating CQI through Frequency Bandwidth Selection Method

The Illustration 2 below describes the method of generating CQI by selecting CQI sub-band among the
frequencies. The frequency bandwidth selected CQI method is composed of 3 major sections. The first is
the method of selecting the frequency bandwidth, or CQI sub-band, to be used in CQI generation. The
second method is to generate and transmit by manipulating the CQI value for frequency bandwidth
selected above. The third method is to transmit the index of frequency bandwidth selected above or CQI
sub-band.

In IMlustration 2, first, it includes the Best-M and Threshold-based methods as examples for the CQI
sub-band selection method. The Best-M technique is a method of selecting M number of CQI sub-bands
with good channel condition. In the example, by using the Best-3 technique, it selected CQI sub-bands of
index 5, 6, and 9 where the channel conditions were good. In addition, since the threshold-based method
uses the technique of selecting CQI sub-bands that have higher channel condition than the established
threshold, in this case, CQI sub-bands for index 5 and 6 that were higher than the threshold were selected.

As examples of a second method to generating and transmitting CQI values, Individual Transmission
method and Average Transmission method are described. The Individual Transmission method is a
method of transmitting all the CQI values of CQI sub-band selected in the first step described above.
Accordingly, for the Individual Transmission method, when the number of CQI sub-band selected above
increases, CQI values that need to be transmitted also increase. On the other hand, the Average
Transmission method is a method of transmitting the average of CQI values of CQI sub-bands selected
above. Accordingly, although the Average method has the benefit of transmitting only one CQI value
regardless of the number of CQI sub-bands selected above, but by transmitting the average of many CQI
sub-bands, it has the drawback of having lower accuracy. Here, the Average method can be a simple
arithmetic average method or an average method taking into account channel capacity.

4
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<Illustration 2> Frequency Bandwidth Selection CQI Generation and Transmission Technique

Thirdly, as an example of a method of transmitting CQI sub-band index, there is a Bitmap Index
method and a general Combinatorial Index method. A Bitmap Index method allocates one bit to every
CQI sub-band. If the relevant CQI sub-band is used, it is allocated as 1, and if it is not used, it is allocated
as 0, and therefore, this method identifies which sub-band CQI was used. For this Bitmap Index method,
although the number of bits necessary must match the total number of CQI sub-bands, regardless of the
number of CQI sub-bands used, it can always be displayed with a fixed number of bits. As for
Combinatorial Index method, it selects the number of CQI sub-bands to be used. And among all the CQI
sub-bands, this method displays by mapping to each index of the combination of the number of CQI sub-
bands used. To explain in more detail, when there are N number of CQI sub-bands, and when M number

of CQI sub-band index from N above is used, the total number of possible combinations are as below.
N!

NCum =
N -mp Formula (1)
For Formula (1), the number of bits needed to display the number can be calculated through Formula (2).

[1og>(xCu )= [losz[ﬁ;mﬂ Formula (2)

For the example in [llustration 2, the number, when it is possible to select 3 CQI sub-bands among the
total of 11 CQI sub-bands is ;;C3=165, and there are 8 bits to display 165 above. (27 <G5 < 28)

E) Increase of CQI Transmission volume from Multiple Dimensions

The number of CQI, due to the increase in the number of transmissions from a variety of dimensions,
can generate a great deal of overhead.

First, if you examine the increase of CQI from spatial dimension, it is as follows. For MIMO, through a
number of layers, when a number of code words are transmitted, a number of CQI become necessary. For
example, for 3GPP LTE, at most the use of 2 code words are possible with MIMO, and 2 CQI’s become
necessary. If one CQI is composed of 4 bits, and there are 2 code words, CQI must be composed of total
of 8 bits. With this CQI, since all the users that need to notify channel conditions will transmit, from the
total cellular resources perspective, it takes up many sections. Accordingly, from the channel capacity
perspective, it is advisable to minimize the volume of such CQI.

Second, if you examine the increase of CQI from the frequency perspective, it is as follows. The content
of CQI examined prior is only applicable to one frequency bandwidth. If the receiver selects the
frequency bandwidth that displays the best channel condition, transmits only the frequency selected above,
and if the transmitter provides services through the frequency bandwidth selected by the CQI above, CQI
becomes necessary for only one bandwidth. For this scenario, although this is appropriate for a single user
environment, it is not appropriate for multi-user environment, and hence more efficient method is
required. In case when CQI is transmitted only on one preferred bandwidth, if the issues that arise from
the scheduling process is examined in further detail, they are as follows. Although there would be no
issues if frequency bandwidths preferred by multi-users are all different and do not overlap, but when a
particular frequency bandwidth is selected by multiple users as the one with the best channel condition,
issues arise. In this case, except for the selected user, other users will not be able to use the particular
frequency bandwidth. Here, if each user transmits only through one preferred frequency bandwidth,
opportunity for users that are not selected prior to getting service will inherently be blocked. Accordingly,
in order to eliminate this issue and to effectively garner the benefits of diversity through multi-users, it is
necessary to transmit CQI for a number of frequency bandwidths. With the transmission of relevant CQI
for multiple frequency bandwidths like this, the volume of transmitted information will increase in
accordance with the number of selected frequency bandwidth CQI. For example, when 3
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frequency bandwidths are selected in the order of best channel condition, and when each CQI and
frequency bandwidth indicators are transmitted, CQI transmission volume increases 3 times, and for
indicators needed to display selected frequency bandwidths, additional transmission is necessary.

Third, when considering spatial and frequency modes, one needs to consider the increase in CQI. We
need to consider that from spatial perspective, many CQI will be necessary, and from frequency
perspective, many CQI will also be necessary.

Fourth, one needs to consider increase in CQI from other perspectives. For example, when Code
Division Multiple Access (CDMA) method is utilized, since there will be changes in signal strength for
each diffusion code, interference amount and others, CQI per diffusion code can be considered.
Accordingly, increase in CQI from code perspective can be considered. In addition, increase in CQI from
a variety of perspectives can be considered.

In order to decrease the transmission volume from transmitting all of these CQI, A concept called Delta
CQI was introduced. Here, one CQI is transmitted normally, and for the other CQI, only the difference
from the first CQI is transmitted. Hence, this uses method similar to Differential Modulation that is a part
of modulation method.

F) Differential COI

In above, the necessity of CQI was examined from a variety of perspectives. In cases when many CQI
are necessary, in order to reduce the transmission volume for CQI, it is possible to use Delta CQI concept.
By selecting one CQI that will serve as a base, the base CQI is transmitted normally. For subsequent
CQIs, only the differences from the base CQI are transmitted. Hence, this uses method similar to
Differential Modulation that is a part of modulation method. Here, when many CQI are displayed by a
differential method, many bits are generally allocated to the base CQI value, and relatively fewer bits are
allocated to differential values thereby decreasing the overall transmission volume in transmitting CQI.

G) CQI Transmission Mode
Uplink channel used for transmitting CQI in 3GPP LTE system is as follows in Chart 1.
Chart 1. Channel Used in CQI Transmission

Scheduling Method Periodic CQI Transmission Non Periodic CQI Transmission
Frequency Non Selection PUCCH
Frequency Selection PUCCH PUSCH

As illustrated in Chart 1, CQI, determined periodically by the higher layer, can be transmitted by using
the Physical Uplink Control Channel (PUCCH). And based on the need of the scheduler, it can be
transmitted non-periodically by using the Physical Uplink Shared Channel (PUSCH). When transmitting
through PUSCH, it is possible only when frequency is selected.

1) Transmitting CQI/PMI/RI through PUSCH after Receiving CQI Transmission Request Control Signal
(CQI Request)

In this case, PUSCH scheduling control signal (UL Grant) transmitted through the Physical Downlink
Control Channel (PDCCH) includes control signal requesting CQI transmission (CQI Request). Chart 2
below displays the mode when CQI/PMI/RI is transmitted through PUSCH.

Chart 2. Mode when CQI/PMI/RI is transmitted through PUSCH

PMI Feedback T

1 NoPMI Single PMI_| Muitiple PMI

PUSCH Wideband Mode 1-2
cal {wideband CQI)
feedback UE Selected Made 2-0 | . I Mode 2-2
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subband CQ]

Higher Layer-
configured Mode 3-0 Mode 3-1

(subband CQl)

The transmission mode in Chart 2 is selected at the higher layer, and CQI/PMI/RI gets transmitted
together at the same PUSCH sub-frame.

1-1) Mode 1-2

Under the assumption that data related to each sub-band is transmitted only through the sub-band,
precoding matrix is selected.

Under the assumption of the precoding matrix selected previously, the terminal generates CQI for
system bandwidth or bandwidth designated by the higher layer (set S).

The terminal transmits CQI and PMI value for each sub-band. At this time, the size of each sub-
band can be different depending on the size of the system bandwidth.

1-2) Mode 2-0

The terminal selects M number of sub-band that prefer system bandwidth or bandwidth
designated by the higher layer (set S).
The terminal, assuming that it will transmit data related to the M number of sub-band selected,
generates one CQI value.
The terminal generate one additional CQI (wideband CQI) value for system bandwidth or for set
S.
In case there are many code word for M number of sub-band selected, CQI value for each code
word is defined in the differential form.

o Differential CQI = Index associated with CQI value of M number of sub-band selected —

wideband CQI index.

The terminal transmits information on the location of M number of sub-band selected, one CQI
value for M number of sub-band selected, and CQI value generated on overall bandwidth or set S.
At this time, the size of sub-band and the value of M can change based on the size of the system
bandwidth.

1-3) Mode 2-2

With an assumption that the data will be transmitted through the M number of preferred sub-band,
the terminal simultaneously selects the location of M number of preferred sub-band and single
precoding matrix on M number of preferred sub-band.

CQI value for M number of preferred sub-band is defined by the code word.

The terminal will generate additional wideband CQI value for system bandwidth or on set S.

The terminal transmits information on the location of M number of preferred sub-band, one CQI
value for M number of sub-band selected, and CQI value generated for single precoding matrix
index, wideband precoding matrix index and wideband CQI on M number of preferred sub-band.
At this time, the size of sub-band and the value of M can change based on the size of the system
bandwidth.

1-4) Mode 3-0

The terminal generates wideband CQI value.
With an assumption that the data will be transmitted through each sub-band, the terminal
generates CQI value for each sub-band. At this time, even when RI > 1, CQI value will only
display CQI value related to the first code word.
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1-5) Mode 3-1
e Singe precoding matrix is generated for system bandwidth or set S.
o UE assumes the single precoding matrix generated previously for each sub-band and generates
sub-band CQI for each code word.
e Assuming single precoding matrix, UE generates wideband CQI.
e CQI for each sub-band is expressed in a differential form.
o Sub-band CQI = Sub-band CQI Index — Wideband CQI Index
e The size of sub-band can change based on the size of system bandwidth.

2) Periodic Transmission of CQI/PMI/RI through PUCCH

In this case, CQI information is periodically transmitted through PUCCH. But when a control signal to
transmit user data is received, it can be transmitted through PUSCH. Even when it is transmitted through
PUSCH, content of CQI/PMI/RI is based on CQI generated and transmitted by one of the mode defined
in the Chart 3 below. It can have transmission modes as described in Chart 3 below. In case of Mode 2-0
and Mode 2-1 in the Chart 3, the bandwidth part (BP), in the field of frequency, is the gathering of
continuously located sub-band, and can cover both system bandwidth and set S. The size of each sub-
band, the size of BP, and the number of BP can change based on the size of the system bandwidth. In
addition, in order to cover system bandwidth and set S, CQI per BP is transmitted in an ascending order
based on frequency.

Chart 3. CQI, PMI Transmission Mode

PMI Feedback Type
No PMI Single PMI

PUCCH Wideband Mode 1-0 Mode 1-1

cal (wideband CQI)

Feedback -UE Selected Mode 2-0 Mode 2-1

Type - - {subband CQI)

According to the combination of CQI/PMI/RI transmission, there are the following 4 transmission types.
o Type 1: Transmit sub-band CQI for Mode 2-0, Mode 2-1
o Type 2: Transmit Wideband CQI and PMI.
e Type 3: Transmit RI.
e Type 4: Transmit Wideband CQI.

When transmitting RI and wideband CQI/PMI, they are transmitted from sub-frame that has different
cycle and offset, and when RI and wideband CQI/PMI need to be transferred from the same sub-frame,
CQI/PMI are not transmitted.

e  Wideband CQI/PMI and sub-band CQI cycle is P, and has the following characteristics.
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o Wideband CQI/PMI has the H*P cycle. At this time, H=J*K+1, J is BP value, and K is
the total cycle value for BP. This is transmitted as {0, H, 2H, ...}.
o Outside of the time of transmitting Wideband CQI/PMLI, at the time of J*K sub-band CQI
is transmitted.
e Rlcycle is M times the wideband CQI/PMI cycle, and has the following characteristics.
o RI and wideband CQI/PMI offset is O.
o In case RI and wideband CQI/PMI are transmitted from the same sub-frame, wideband
CQI/PMI are not transmitted.
e The above parameter P, H, K and O are all determined by the higher layer and signaled.

2-1) Mode 1-0
When transmitting R, generate RI for system bandwidth or set S and transmit type 3 report. If
transmitting CQI, transmit wideband CQL

2-2) Mode 1-1

When transmitting RI, generate RI for system bandwidth or set S and transmit type 3 report. When
transmitting CQI/PMI, assuming the most recently transmitted RI, select single precoding matrix.
Transmit type 2 report containing Wideband CQI, single precoding matrix, and differential wideband CQL

2-3) Mode 2-0

When transmitting RI, generate RI for system bandwidth or set S and transmit type 3 report. When
transmitting Wideband CQI, assuming the most recently transmitted RI, generate wideband CQI and
transmit type 4 report. If transmitting CQI on selected sub-band, UE, by selecting the most preferred sub-
band for J number of BP composed of N number of sub-band, transmit type 1 report. For type 1 report,
following BP, 1 additional sub-frame may be necessary.

2-4) Mode 2-1

When transmitting RI, generate RI on system bandwidth or set S and transmit type 3 report. When
transmitting Wideband CQI, assuming the most recently transmitted RI, generate wideband CQI and
transmit type 4 report. If transmitting CQI on selected sub-band, UE, for J number of BP composed of a
number of Nj, by assuming the most recently transmitted PMI/RI, single CQI value for sub-band selected
within BP, and when RI is greater than 1, assuming the most recently transmitted RI and assuming the use
of single precoding matrix for the selected sub-band, generate difference in CQI per code word and use
type 1 report to transmit.

Explanation provided up to this point is with one CC (Component Carrier) each for downlink and
uplink as depicted in Illustration 3 (a). By corresponding with one another, a mapping relationship is
established for transmitting uplink channel information regarding downlink.
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Frequency bandwidth and downlink frequency correspond with one another. And with only one DL/UL
CC each, when there is a CQI request for UL grant, according to the non-periodic CQI transmission mode
established by the higher layer above, channel information on downlink can be transmitted through the
scheduled PUSCH.

100MHZ- »
’1*20MH24+ (—20MH1—+—2WH1—+—20MHZ—)‘4— 2+mm
oL wamm Canier

GCarrier E

PDCCH

%m&m@m o

L TL T 10 1L 11

UL Component Camrier uL Carlar A uL Camier B UL Compongnt Garrer

UL Cot o0t Carvier 0 UL Component Carrier E
R R

(a) Single CC ' (b) Muttiple CC

[llustration 3.

Since there are many DL CC with base station / terminal systems (for example, a system like LTE-A
(LTE-Advance) which is an improved version of LTE) where there are simultaneous receiving and
sending with a number of CC for downlink and uplink as depicted in Illustration 3 (b), there is a need to
freshly define the composition and translation of CQI request included in UL grant for non-periodic CQI
report.

When there is a CQI request in UL grant, there is overhead when entire CQI information for each DL
CC is uploaded every time. Accordingly, Method 1 and Method 2 refers to Per-CC CQI request that limits
CQI report for one CC with CQI request.

(Method 1) Together with CQI request to PDCCH that includes UL grant, provide explicit indication to
CC for CQI transmission.

According to the composition method for PDCCH, we can consider establishing a control signal to
transmit only though a specific DL for PDCCH that includes UL grant for all UL CC. In this case, an
explicit indication to DL CC is necessary for reporting CQI through relevant PDCCH. In addition, a
method like this is needed in order to independently select DL CC for reporting Per-CC CQI and
independently selecting DL CC to send PDCCH that includes UL grant.
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For example, if there are M number of DL CC, with the addition of 1 bit for Per-CC CQI request bit,
[log, M] bit is used for CC indication for Per-CC request. For more efficient bit composition, compose
the bit by bundling CC indication for Per-CC request for M states with CQI request off for 1 state
[log> (M+1)].

(Method 2) CQI information transmission for DL CC that transmits PDCCH that includes UL grant
(Implicit Indication)

Although only Per-CC CQI request for 1 bit is used, for CQI report, CQI is reported on DL CC that
transmits PDCCH that includes UL grant. This method includes the benefit of directly using the format
from existing LTE Rel 8, and compared to Method 1, it can reduce signaling. But, it has a downside in
that it forces transmission of PDCCH that includes UL grant only through relevant DL CC for CQI
request on DL CC.

Method 1 and Method 2 above refer to CQI reporting on one CC in order to reduce UL CQI report
overhead. For this method, in order to receive CQI information on all CC, many PDCCH that include UL
grant per CC need to be simultaneously transmitted, or consecutively transmitted in order to see CQI
information on entire CC. But, when channel condition changes suddenly and there are frequent updating
of CQI information on CC, it is advisable to instruct through one PDCCH (One-shot whole CC CQI
request). Consider other methods such as Method 3 or 4.

(Method 3) Addition of One-shot whole CC CQI request to Method 1

Simultaneously supports Explicit CC indication for Per-CC CQI request and One-shot whole CC CQI
request. For example, if there are M number of DL CC, by bundling CC indication for Per-CC CQI
request for M states, and CQI request off for 1 state, with One-shot whole CC CQI request for 1 state, it
can generate [log, (M+2)] bits.

(Method 4) Addition of One-shot whole CC CQI request to Method 2
Simultaneously support Implicit CC indication for Per-CC CQI request and One-shot whole CC CQI
request. For example, One-shot whole CC CQI request can be generated by adding an independent bit.

In case of non-periodic CQI transmission, there is a mode to transmit through PUSCH only CQI
without UL Payload data from CQI request and combination of value for specifically designated PRB and
specific MCS. This is defined as CQI only transmission. Since One-shot whole CC CQI report is a Burst
information, during this instance, it can be advantageous to transmit without mixing with Payload data.

For example, in LTE-A system that contains multiple CC, when there is CQI request in 1 bit as in the
existing LTE, when there is Payload data in PUSCH, execute Per-CC CQI report. And for CQI only
transmission, executing One-shot whole CC CQI report can be considered. Here, CQI only transmission
can be composed of the value for specifically designated PRB, specific MCS combination, and CQI
request. Accordingly, with this composition, there is the advantage of not needing additional signaling bit
for One-shot whole CC CQI request.

3. Effects of the Invention

This invention proposes non-periodic channel information transmission methods and related signaling
methods for systems with a variety of CC. By using the proposed methods, channel information
transmission signaling can be efficiently generated.
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