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(57) ABSTRACT

An uplink control information (UCI) transmitting method is
provided. In this method, a user equipment (UE) receives a
configuration signaling, determines a candidate physical
uplink control channel (PUCCH) set corresponding to an
acknowledgement  (ACK)/negative  acknowledgement
(NACK) resource indication (ARI), receives a downlink
grant signaling and downlink data corresponding to the
downlink grant signaling, generates hybrid automatic repeat
request ACK (HARQ-ACK) bits, performs processing for
UCI bits including HARQ-ACK, determines the PUCCH
used to transmit the UCI bits in the candidate PUCCH set
according to an ARI in the downlink grant signaling, and
transmits the UCI bits on the determined PUCCH. The

(51) Imt.CL present disclosure further provides an aperiodic channel
HO04W 72/04 (2006.01) state information (A-CSI) transmitting method. In this
HO4L 5/00 (2006.01) method, a UE receives an uplink grant signaling, determines
HO4W 72/10 (2006.01) whether an A-CSI report is triggered according to a CSI
HO4L 1/18 (2006.01) request field in the uplink grant signaling, determines a CSI
HO4W 72/14 (2006.01) process to be updated after determining that the A-CSI
HO4L 5/14 (2006.01) report is triggered, and transmits A-CSI on an uplink com-
HO4W 52/14 (2006.01) ponent carrier (CC) carrying the A-CSI report.
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FIG. 2

A UE receives a configuration signaliing, ]
and determines a candidate PUCCH set corresponding to an ARt | 201

]
The Ut receives 2 downlink grant signalfing and

townlink data corresponding to the downlink 202
grant signalling, and generates HARQ-ACK bits

¥
The UE perfonms processing for the UGH Bits,
determines the PUCCH used to transmit the

UG bits in the candidate PUCCH set 903
according to the ARI In the downlink grant signaling,
and transmits the UCH bits on the detarmined PUCCH
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FIG. 4
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FIG. 5
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FIG. 6
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UPLINK CONTROL INFORMATION
TRANSMITTING METHOD AND
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit under 35 U.S.C.
§119(a) of a Chinese patent application filed on May 14,
2015 in the Chinese Patent Office and assigned Serial
number 201510246773.2, the entire disclosure of which is
hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to wireless commu-
nication fields. More particularly, the present disclosure
relates to an uplink control information (UCI) transmitting
method and apparatus.

BACKGROUND

[0003] In along term evolution (LTE) system, wide work
bandwidth can be obtained by aggregation of multiple
component carriers (CCs) to constitute a downlink and an
uplink, i.e., a carrier aggregation (CA) technology, so as to
support a high transmission rate. At present, various types of
CA are supported, i.e., all aggregated cells are frequency
division duplex (FDD) cells, all aggregated cells are time
division duplex (TDD) cells TDD uplink configuration and
TDD downlink configuration of which are same, all aggre-
gated cells are TDD cells TDD uplink configuration and
TDD downlink configuration of which are different, aggre-
gation of FDD cells and TDD cells are also supported. And
the TDD uplink configuration and TDD downlink configu-
ration of the TDD cells may be semi-statically configured, or
may be dynamically changed.

[0004] For a user equipment (UE), when a CA mode is
configured, a cell is a primary cell (Pcell), and other cells are
referred to as secondary cells (Scells). According to a LTE
method, on the Pcell and the Scells, downlink data is
transmitted based on a hybrid automatic repeat request
(HARQ) mechanism. Accordingly, the UE needs to feed
HARQ acknowledgment (HARQ-ACK) corresponding to
multiple cells back. For a cell in a FDD system, the
HARQ-ACK corresponding to data in a downlink subframe
is transmitted in an uplink subframe. For a cell in a TDD
system, when the number of downlink subframes is more
than the number of uplink subframes in its frame structure,
HARQ-ACK corresponding to data in multiple downlink
subframes is transmitted in an uplink subframe, wherein the
multiple downlink subframes are referred to as a bundling
window corresponding to the uplink subframe. For example,
a size of the bundling window in a LTE TDD cell may be 1,
2, 3, 4, or 9. According to a LTE method, HARQ-ACK
corresponding to all configured cells is fed back in a physical
uplink control channel (PUCCH) on the Pcell. In addition,
periodic channel state information (P-CSI) of various cells is
also mapped to the Pcell for transmission, and aperiodic CSI
(A-CSI) of various cells is mapped to a physical uplink
shared channel (PUSCH) for transmission.

[0005] According to a LTE method, a PUCCH format 3 is
supported, and a basic idea of the PUCCH format 3 includes
that multiple pieces of uplink control information (UCI) bits,
e.g., HARQ-ACK bits, scheduling requests (SRs), and/or
P-CSI from multiple configured cells, are jointed encoded,
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and are mapped to a physical channel for transmission. The
PUCCH format 3 may support transmission of at most 22
bits.

[0006] The above information is presented as background
information only to assist with an understanding of the
present disclosure. No determination has been made, and no
assertion is made, as to whether any of the above might be
applicable as prior art with regard to the present disclosure.

SUMMARY

[0007] Aspects of the present disclosure are to address at
least the above-mentioned problems and/or disadvantages
and to provide at least the advantages described below.
Accordingly, an aspect of the present disclosure is to provide
uplink control information (UCI) transmitting methods and
apparatus, so as to support transmission of more than 22 UCI
bits and to implement effective aperiodic channel state
information (A-CSI) transmission.

[0008] In accordance with an aspect of the present disclo-
sure, an UCI transmitting method is provided. The UCI
transmitting method includes receiving, by a user equipment
(UE), a configuration signaling, determining a candidate
physical uplink control channel (PUCCH) set corresponding
to an acknowledgement ACK)/negative acknowledgement
(NACK) resource indication (ARI), receiving, by the UE, a
downlink grant signaling and downlink data corresponding
to the downlink grant signaling, generating hybrid automatic
repeat request ACK (HARQ-ACK) bits, and performing, by
the UE, processing for UCI bits including HARQ-ACK,
determining the PUCCH used to transmit the UCI bits in the
candidate PUCCH set according to an ARI in the downlink
grant signaling, and transmitting the UCI bits on the deter-
mined PUCCH.

[0009] Preferably, when a PUCCH format X is used to
transmit the UCI bits, the process of the UE performing the
processing for the UCI bits and transmitting the UCI bits on
the PUCCH comprises:

[0010] writing the UCI bits after performing encoding,
rate matching (RM) and scrambling into a (R,,,.XC,...)
matrix, reading the UCI bits out column by column, map-
ping first C,,,,., columns to a first time slot, mapping last
C,,.x,1 cOlumns to a second time slot, respectively mapping
the first C,,,,. , columns in the first time slot and the last
C,,.x,1 columns in the second time slot after performing
orthogonal cover code (OCC) extension to single-carrier
frequency-division multiple access (SCFDMA) symbols,
[0011] wherein the number of columns of the (R,,,,.xC,,...)
matrix C,,,. is determined according to the number of the
SCFDMA symbols and a length of OCC of the PUCCH
format X, the number of rows R,,,,,, is determined according
to the number of modulation symbols transmission of which
is supported by the PUCCH format X and the number of
physical bits allowed to be carried by each of the modulation
symbols, wherein C,,,,,. o+C,,,.,=C
[0012] Preferably, when the UCI bits includes periodic
CSI (P-CSI), the UCI bits including the P-CSI are transmit-
ted on the PUCCH indicated by the ARI.

[0013] Preferably, the processing of determining the
PUCCH according to the ARI comprises:

[0014] respectively mapping the ARI and additional con-
trol information after processed together to transmission
power control (TPC) fields in downlink grant signalings
except a TPC field still used for the power control in a

mux
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downlink grant signaling on a primary cell (Pcell); deter-
mining the PUCCH according to the ARI mapped to the
corresponding TPC field.

[0015] Preferably, the process of mapping the ARI and the
additional control information comprises: mapping the ARI
to TPC fields in first N successive downlink grant signalings
transmitted by the base station except the downlink grant
signaling including the TPC field still used for the power
control on the Pcell, and mapping the additional control
information to a TPC field in a remaining downlink grant
signaling, wherein N is a integer more than or equal to 4.
[0016] Preferably, the process of mapping the additional
control information to the TPC field in the remaining down-
link grant signaling comprises:

[0017] wusing the TPC field in the remaining downlink
grant signaling to carry the total number of currently-
scheduled downlink grant signalings; or

[0018] wusing the TPC field in the remaining downlink
grant signaling to carry the total number of currently-
scheduled transport blocks (TBs).

[0019] Preferably, the process of the total number of the
currently-scheduled downlink grant signalings or the total
number of the currently-scheduled TBs is counted in a time
domain, in a frequency domain, or jointly in both the time
domain and the frequency domain.

[0020] Preferably, the process of determining the PUCCH
according to the ARI comprises:

[0021] determining the PUCCH according to the ARI,
selecting a PUCCH format according to the number of the
UCT bits; or

[0022] determining a PUCCH format and the PUCCH
currently used according to the ARI, wherein PUCCH
formats corresponding to different PUCCHs in the candidate
PUCCH set is same or different.

[0023] In accordance with another aspect of the present
disclosure, an UCI transmitting apparatus is provided. The
UCI transmitting apparatus includes a candidate PUCCH set
determining module, to receive a configuration signaling,
determine a candidate PUCCH set corresponding to an ARI,
a HARQ-ACK bit generating module, to receive a downlink
grant signaling and downlink data corresponding to the
downlink grant signaling, generate HARQ-ACK bits, a UCI
bit processing module, to perform processing for the UCI
bits including HARQ-ACK, a PUCCH determining module,
to determine the PUCCH used to transmit the UCI bits in the
candidate PUCCH set according to an ARI in the downlink
grant signaling, and a transmitting module, to transmit the
UCI bits on the determined PUCCH.

[0024] In accordance with another aspect of the present
disclosure, an A-CSI transmitting method is provided. The
A-CSI transmitting method includes receiving, by a UE, an
uplink grant signaling, determining, by the UE, whether an
A-CSI report is triggered according to a CSI request field in
the uplink grant signaling, and after determining that the
A-CSI report is triggered, determining, by the UE, a CSI
process to be updated, and transmitting A-CSI on an uplink
component carrier (CC) carrying the A-CSI report.

[0025] Preferably, the process of determining whether the
A-CSI report is triggered according to the CSI request field
in the uplink grant signaling comprises: for a CC only
configured with downlink transmission, determining, by the
UE, whether the A-CSI report is triggered by detecting a
downlink control information (DCI) format 0, wherein the
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CSI request field in the DCI format 0 is used to trigger the
A-CSI report of the CC only configured with the downlink
transmission.

[0026] Preferably, for the CC only configured with the
downlink transmission, when it is determined that the A-CSI
report is triggered according to the DCI format 0, the uplink
CC carrying the A-CSI report is a Pcell, a primary secondary
cell (PScell) or an uplink CC indicated by designated bits in
the DCI format 0.

[0027] Preferably, for the CC only configured with the
downlink transmission,

[0028] a CSI process triggered by each value of the CSI
request field in the DCI format 0 is independently configured
by a high layer signaling; and/or

[0029] more than 2 bit information in the DCI format O is
used as the CSI request field; and/or

[0030] the process of transmitting the A-CSI on the uplink
CC carrying the A-CSI report comprises: when uplink data
transmission is not scheduled for the UE on the uplink CC
carrying the A-CSI report, determining a physical uplink
shared channel (PUSCH) parameter of the uplink CC
according to the DCI format 0, and transmitting the A-CSI;
when the uplink data transmission is scheduled for the UE
on the uplink CC and another A-CSI report is not triggered,
determining the PUSCH parameter of the uplink CC accord-
ing to the uplink grant signaling of the uplink CC, and
transmitting the A-CSI; when the UE detects the uplink
grant signaling on the uplink CC and the uplink grant
signaling triggers another A-CSI, only transmitting, by the
UE, the A-CSI triggered by the uplink grant signaling, or
simultaneously feeding, by the UE, two A-CSI reports back.
[0031] Preferably, the process of determining the CSI
process to be updated comprises:

[0032] when the A-CSI of multiple cell groups (CGs) are
triggered in a subframe and the total number of triggered
CSI processes N is more than a UE capability of updating
and reporting the A-CSI K, selecting K CSI processes with
highest K priorities from the N CSI processes, updating and
reporting the K CSI processes.

[0033] Preferably, a way of determining priorities of dif-
ferent CSI processes comprises:

[0034] a priority of the CSI process of simultaneously
feeding rank indicator (RI) and channel quality information
(CQI)/precoding matrix indicator (PMI) back is higher than
a priority of the CSI process of only feeding the CQI/PMI
back when default RI is used; and/or

[0035] the priorities of the CSI processes are determined
according to priorities of various pre-defined CSI report
modes used for the A-CSI; and/or

[0036] the priorities of the CSI processes are determined
according to priorities of various pre-defined downlink
transmission modes; and/or

[0037] the priorities of the CSI processes are determined
according to CSI process identifications (IDs); and/or
[0038] a unique cell ID is configured for each CC config-
ured for the UE, the priorities of the CSI processes are
determined according to cell IDs; and/or

[0039] a cell ID is configured for each CC configured for
the UE, the cell ID is a cell index in a CG, and the priorities
of the CSI processes are determined according to cell IDs;
and/or

[0040] the priorities of the CSI processes are determined
according to CG indices; and/or
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[0041] when a CG is divided to multiple A-CSI subsets of
feeding the A-CSI back, the priorities of the CSI processes
are determined according to A-CSI subset indices; and/or

[0042] the priorities of the CSI processes are determined
according to whether cells carry UCI, wherein a priority of
a Pcell is higher than a priority of a PScell, the priority of the
PScell is higher than a priority of another Scell; and/or

[0043] a priority of the CSI process of a cell in a licensed
spectrum is higher than a priority of the CSI process of a cell
in an unlicensed spectrum, or the priority of the CSI process
of the cell in the unlicensed spectrum is higher than the
priority of the CSI process of the cell in the licensed
spectrum.

[0044] Preferably, when the K CSI processes with the K
highest priorities are selected, for an A-CSI report corre-
sponding to a CG, only the CSI of CSI processes in the K
CSI processes with the highest K priorities is remained, and
the total number of the A-CSI bits are determined according
to the remained CSI.

[0045] 1In accordance with another aspect of the present
disclosure, an A-CSI transmitting apparatus is provided. The
A-CSI transmitting apparatus includes a receiving module,
to receive an uplink grant signaling, an A-CSI report trig-
gering module, to determine whether an A-CSI report is
triggered according to a CSI request field in the uplink grant
signaling, and a transmitting module, to after determining
the A-CSI report is triggered, determine a CSI process to be
updated, and transmit A-CSI on an uplink CC carrying the
A-CSI report.

[0046] It can be seen from the technical solutions above
that, in this present disclosure, a UE receives a configuration
signaling, determines a candidate PUCCH set corresponding
to an ARI, receives a downlink grant signaling and downlink
data corresponding to the downlink grant signaling, gener-
ates HARQ-ACK bits, performs processing for UCI bits
including HARQ-ACK, determines the PUCCH used to
transmit the UCI bits in the candidate PUCCH set according
to an ARI in the downlink grant signaling, and transmits the
UCI bits on the determined PUCCH. Thus, transmission of
more than 22 UCI bits can be transmitted.

[0047] The present disclosure further provides an A-CSI
transmitting method. In this method, a UE receives an uplink
grant signaling, determines whether an A-CSI report is
triggered according to a CSI request field in the uplink grant
signaling, determines a CSI process to be updated after
determining that the A-CSI report is triggered, and transmits
A-CSI on an uplink CC carrying the A-CSI report. Thus,
effective A-CSI transmission can be implemented.

[0048] Other aspects, advantages, and salient features of
the disclosure will become apparent to those skilled in the art
from the following detailed description, which, taken in
conjunction with the annexed drawings, discloses various
embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] The above and other aspects, features, and advan-
tages of certain embodiments of the present disclosure will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

[0050] FIG. 1 is a schematic diagram illustrating a physi-
cal uplink control channel (PUCCH) format 3 according to
an embodiment of the present disclosure;
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[0051] FIG. 2 is a flowchart illustrating a uplink control
information (UCI) transmitting method according to various
embodiments of the present disclosure;

[0052] FIG. 3 is a schematic diagram illustrating a
PUCCH format X according to an embodiment of the
present disclosure;

[0053] FIG. 4 is a schematic diagram illustrating a struc-
ture of a UCI transmitting apparatus according to various
embodiments of the present disclosure;

[0054] FIG. 5 is a basic flowchart illustrating an aperiodic
channel state information (A-CSI) transmitting method
according to various embodiments of the present disclosure;
and

[0055] FIG. 6 is a schematic diagram illustrating a struc-
ture of an A-CSI transmitting apparatus according to various
embodiments of the present disclosure.

[0056] Throughout the drawings, it should be noted that
like reference numbers are used to depict the same or similar
elements, features, and structures.

DETAILED DESCRIPTION

[0057] The following description with reference to the
accompanying drawings is provided to assist in a compre-
hensive understanding of various embodiments of the pres-
ent disclosure as defined by the claims and their equivalents.
It includes various specific details to assist in that under-
standing but these are to be regarded as merely exemplary.
Accordingly, those of ordinary skill in the art will recognize
that various changes and modifications of the various
embodiments described herein can be made without depart-
ing from the scope and spirit of the present disclosure. In
addition, descriptions of well-known functions and con-
structions may be omitted for clarity and conciseness.
[0058] The terms and words used in the following descrip-
tion and claims are not limited to the bibliographical mean-
ings, but, are merely used by the inventor to enable a clear
and consistent understanding of the present disclosure.
Accordingly, it should be apparent to those skilled in the art
that the following description of various embodiments of the
present disclosure is provided for illustration purpose only
and not for the purpose of limiting the present disclosure as
defined by the appended claims and their equivalents.
[0059] It is to be understood that the singular forms “a,”
“an,” and “the” include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to “a
component surface” includes reference to one or more of
such surfaces.

[0060] FIG. 1 is a schematic diagram illustrating a physi-
cal uplink control channel (PUCCH) format 3 according to
an embodiment of the present disclosure.

[0061] Referring to FIG. 1, it is assumed that rate match-
ing (RM) encoding is used, the UCI bits after performing the
RM channel encoding and the scrambling are modulated to
obtain 24 quadrature phase-shift keying (QPSK) symbols,
and the 24 QPSK symbols are mapped to a physical resource
block (PRB) in uplink resources for transmission. First 12
QPSK symbols are mapped to a first time slot for the
PUCCH format 3 for transmission, and last 12 QPSK
symbols are mapped to a second time slot for the PUCCH
format 3 for transmission. There is a mirroring relation
relative to a center frequency between locations of PRBs
respectively used for the PUCCH format 3 transmission in
two slots, so as to obtain a frequency diversity gain. Take the
first time slot as an example. The 12 QPSK symbols after
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respectively multiplying by each element of an orthogonal
cover code (OCC) are mapped to five symbols in the first
time slot, wherein the length of the OCC is equal to 5.

[0062] At present, 3rd generation partnership project
(3GPP) organization for standardization performs standard
works for an enhanced CA technology of aggregating more
cells, e.g., the number of the aggregated cells can reach 32.
For a UE, all configured cells may be divided into multiple
cell groups (CGs), or there is one CG. For each CG, the UCI
is fed back in a PUCCH on a cell, wherein the cell on which
the UCI is fed back is similar as the Pcell in the current CA
technology. The number of cells in each CG may exceed the
maximum number of aggregated cells supported by the
current CA technology. When the number of the configured
cells is large or the size of the bundling window is large, the
number of the HARQ-ACK bits to be fed back by the UE is
large, e.g., the number of the HARQ-ACK bits is more than
22. In addition, when the number of the configured cells is
large, the CSI to be fed back by the UE is increased
accordingly. In addition, the UE may transmit a SR in the
uplink. For example, the number of CSI bits is more than 22.
Accordingly, in order to support transmission of more than
22 UCI bits, a new PUCCH format is required. Thus, a
PUCCH format X is introduced, which will bring a series of
effects, and a UCI transmitting method will be designed
accordingly.

[0063] An uplink control information (UCI) transmitting
method is provided according to various embodiments of the
present disclosure.

[0064] FIG.2 is a flowchart illustrating a UCI transmitting
method according to various embodiments of the present
disclosure.

[0065] Referring to FIG. 2, the method includes proce-
dures as follows.

[0066] At operation 201, a user equipment (UE) receives
a configuration signaling, and determines a candidate physi-
cal uplink control channel (PUCCH) set corresponding to an
acknowledgement  (ACK)/negative  acknowledgement
(NACK) resource indication (ARI).

[0067] In particular, the candidate PUCCH set is semi-
statically configured through a signaling such as a radio
resource control (RRC) signaling, and the candidate
PUCCH set corresponds to the ARI. When hybrid automatic
repeat request ACK (HARQ-ACK) is to be fed back in a
subframe, a PUCCH used to transmit the HARQ-ACK and
additional information in UCI may be dynamically indicated
by the 2-bit ARI in a downlink grant signaling in the
candidate PUCCH set.

[0068] At operation 202, the UE receives a downlink grant
signaling and downlink data corresponding to the downlink
grant signaling, and generates HARQ-ACK bits.

[0069] The downlink grant signaling received by the UE
includes the ARI used to indicate the PUCCH.

[0070] At operation 203, the UE performs processing for
the UCI bits including the HARQ-ACK, determines the
PUCCH used to transmit the UCI bits in the candidate
PUCCH set according to the ARI in the downlink grant
signaling, and transmits the UCI bits on the determined
PUCCH.

[0071] Various embodiments of the present disclosure are
described as follows.
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First Embodiment

[0072] In a carrier aggregation (CA) system, a PUCCH
format 3 supports transmission of at most 22 UCI bits. In
order to feed more UCI bits back on a PUCCH, a new
PUCCH format is defined, which is referred to as a PUCCH
format X hereinafter. In this embodiment, a UCI transmit-
ting method by using the PUCCH format X is described, i.e.,
a method for implementing procedures in block 203 when
the PUCCH format X is used in FIG. 2.

[0073] The PUCCH format X may be obtained by extend-
ing the PUCCH format 3. A possible method includes
ensuring that an orthogonal cover code (OCC) extension
structure of the PUCCH format 3 is not changed (i.e., a
length of the OCC is not changed), and increasing the
number of physical resource blocks (PRBs) used in a
frequency domain to support more UCI bits. For example, it
is assumed that the PUCCH format X may use N PRBs, thus,
may carry about 22N UCI bits. Another extending method
includes ensuring that one PRB is used in the frequency
domain, and decreasing the length of the OCC. For example,
a 2-bit OCC is used to support more UCI bits. Alternatively,
the number of the used PRBs is increased, and the length of
the OCC is decreased, so as to support more UCI bits.
According to any of the three methods above, after encod-
ing, rate matching (RM), scrambling and modulating are
respectively performed for the UCI bits, modulation sym-
bols are mapped to uplink single-carrier frequency-division
multiple access (SCFDMA) symbols after OCC extension is
performed for the modulation symbols.

[0074] FIG. 3 is a schematic diagram illustrating a
PUCCH format X according to an embodiment of the
present disclosure.

[0075] Referring to FIG. 3, it is assumed that, the UCI bits
after performing the encoding, the rate matching and the
scrambling are equally divided into C,,,, parts represented
as C,,, columns. C,, ., columns after performing the
modulating and the OCC extension are mapped to uplink
SCFDMA symbols in a first time slot, and C,,,,. , columns
after performing the modulating and the OCC extension are
mapped to uplink SCFDMA symbols in a second time slot,
whereinC,,,,. o+C,,..1=C,..n- C,in o may beequalto C, .,
or may differ by 1to C,,,,,, ;, so as to maximize the frequency
diversity gain. It may be assumed that the length of the OCC
is equal to the number of the SCFDMA symbols used to
carry the modulation symbols in a time slot, thus, C,,.
0=C,,,,r.,=1. It may be assumed that the length of the OCC
is less than the number of the SCFDMA symbols used to
carry the modulation symbols in a time slot, thus, C,,,,, , and
C,,.x,1 may be respectively more than 1. In FIG. 3, a process
of performing the encoding, the rating matching and the
scrambling for a piece of UCI is illustrated, which may
represent a process of performing joint encoding for some
pieces of different types of UCIL; or it may be supported
through a simple extension that the encoding, the rate
matching and the scrambling may be respectively performed
for the pieces of the multiple types of UCI, and then the
pieces of the multiple types of UCI are mapped as the C,,,,,,
columns. In FIG. 3, the process of dividing the UCI bits into
the C,,,,. columns may be performed before a modulating
module is performed, or may be performed after the modu-
lating module is performed.

[0076] Based on a PUCCH structure in long term evalu-
ation (LTE), there is a mirroring relation relative to a center
frequency between locations of PRBs respectively used for
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the PUCCH format X transmission in two slots in a sub-
frame. Thus, the frequency diversity gain may be obtained
for a signal transmitted in the two slots. For a signal in a time
slot, since the signal is limited in a time slot, there is no
frequency diversity effect. Further, the UCI is denoted as ¢,
wherein K is the number of the UCI bits, k=0, 1, . . ., K-1.
According to a convolutional encoding method in LTE,
output bits respectively corresponding to three generator
polynomials are d,©, d,*” and d,®. According to a rating
matching method in LTE, the bit sequences d,, d,* and
d,® are respectively interleaved, and are cascaded to obtain
a cyclic buffer sequence for the rating matching process. In
particular, first K bits of the cyclic buffer sequence corre-
spond to d,”, middle K bits of the cyclic buffer sequence
correspond to d,”, and last K bits of the cyclic buffer
sequence correspond to d,®. Thus, the output bits after
performing the RM operation may maintain a similar struc-
ture, i.e., successive K bits correspond to one of d,*, d,)
and d,*. In order to ensure that the similar frequency
diversity gain is obtained for the K bits corresponding to
each generator polynomial (i.e., 4, d,* or d,?), the K
bits may be evenly mapped to resources in two time slots.
According to a structure of the PUCCH format X as shown
in FIG. 3, a processing method includes writing a bit
sequence , after performing the scrambling into a (R,,,,,.x
C,...) matrix, reading the bit sequence out column by
column, mapping the first C,,,., , columns to a first time slot,
mapping the last C,,,., columns to a second time slot,
mapping the first C,,, , columns in the first time slot after
performing the OCC extension to SCFDMA symbols, and
mapping the last C,,,.; columns in the second time slot to
SCFDMA symbols after performing the OCC extension.
The number of columns of the (R,,,xC,,...) matrix C, .
may be obtained according to the number of the SCFDMA
symbols and the length of the OCC of the PUCCH format X.
The number of modulation symbols transmission of which is
supported by the PUCCH format X is denoted as H. Each
modulation symbol may carry ¢ ,, physical bits. For the
number of rows of the (R, .xC,,,) matrix R, R, =
(HQ,,)/C,,.., and it is denoted that R',,,.=R,,.../Q,,. In FIG.
3, only R',,,. rows are illustrated, and each element y,
actually represents a column vector including Q,, rows. It
may be assumed that g is written into the (R,,,.XC,...)
matrix row by row, thus, ¥,=[q,,, 4 e, - - - Dpprcy- 0y L
and pe=Q,,'Crun | K/Cprpe |4k mod C,,,,,.. Alternatively, it
may be assumed that q, is written into the (R, .xC

micXConsc)
matrix group by group, wherein a group includes €, rows,
thus,

Y. = [GQmk> GQmb+1 - QQ,,,-HQ,,,A]T-

According to this method, it is ensured that K bits corre-
sponding to each generator polynomial (i.e., d,®, 4, or
d,®) are evenly mapped to the first C pux0 cOlumns and the
last C,,,,..; columns, and then are mapped in two time slots
of the PUCCH format X transmission, so as to obtain the
similar frequency diversity gain and to improve link perfor-
mance of the PUCCH format X transmission.

Second Embodiment

[0077] In this embodiment, when UCI bits include both
HARQ-ACK and periodic channel state information
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(P-CSI), i.e., the HARQ-ACK and the P-CSI are simulta-
neously transmitted, a processing method is described as
follows.

[0078] Inthe LTE system, if multiple types of signals are
to be transmitted in an uplink subframe by the UE, multiples
corresponding uplink channels are allocated for the UE. For
example, when the P-CSI is to be transmitted in a subframe,
the base station semi-statically configures a channel used for
P-CSI transmission for the UE. When the number of the
P-CSI bits is less than or equal to M (e.g., M is equal to 11),
a PUCCH format 2 is still used to fed the P-CSI back. When
the number of the P-CSI bits is large, the PUCCH format X
is used for the P-CSI transmission. Alternatively, when the
total number of the P-CSI bits is less than or equal to N (e.g.,
N is equal to 22), the PUCCH format 3 is used for the P-CSI
transmission; and when the total number of the P-CSI bits is
more than N, the PUCCH format X is used.

[0079] In addition, when the HARQ-ACK is fed back in a
subframe, the 2-bit ARI in a downlink grant signaling may
dynamically indicate a PUCCH used for the transmission of
the HARQ-ACK and additional information in the UCI. In
particular, four candidate PUCCHs may be semi-statically
configured through the RRC signaling, so that the 2-bit ARI
may dynamically indicate which PUCCH is used for the
UCI transmission. The PUCCH format 3 may be used for
UCI transmission in the PUCCH, so as to support transmis-
sion of at most 22 UCI bits. Alternatively, the PUCCH
format X may be used for transmission of more than 22 UCI
bits in the PUCCH.

[0080] Based on analysis above, the base station may be in
accordance with the total number of the P-CSI bits to
semi-statically configure the PUCCH used for the P-CSI
transmission, thus, the PUCCH used for the P-CSI trans-
mission may carry a few bits. The base station may be in
accordance with the UCI bits fed back in a cell group (CG)
in a subframe (including the HARQ-ACK and the P-CSI,
and further including scheduling request (SR)) to determine
the PUCCH indicated by the ARI, thus, the PUCCH indi-
cated by the ARI may carry more bits. Thus, when the P-CSI
and the HARQ-ACK are simultaneously fed back in a
subframe, the PUCCH allocated for the P-CSI transmission
may not carry all UCI bits (including the HARQ-ACK and
the P-CSI, and further including SR), but the PUCCH
indicated by the ARI may carry all the UCI bits.

[0081] In order to ensure UE operation consistency in
conditions of various combinations of feedback information
in the UCI, according to some embodiments of the present
disclosure, when the P-CSI and the HARQ-ACK are simul-
taneously transmitted in a subframe (the SR may further
simultaneously transmitted), the UE may feed the UCI back
in the PUCCH dynamically indicated by the ARI.

[0082] According to this method above, the UE operation
includes feeding the UCI back by using the PUCCH indi-
cated by the ARI, regardless of which PUCCH format (the
PUCCH format 2, the PUCCH format 3, or the PUCCH
format X) is used in the PUCCH semi-statically configured
for the P-CSI transmission. Thus, the UE operation consis-
tency is ensured. When the PUCCH indicated by the ARI
does not exist, the PUCCH semi-statically configured for the
P-CSI transmission may be used to feed the uplink infor-
mation back. In addition, when the PUCCH format used in
the channel configured for the P-CSI transmission is same as
that used in the channel indicated by the ARI, since multiple
values are set for the ARI, the base station may dynamically
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adjust PUCCH allocation according to a UE scheduling
condition, so as to improve PUCCH allocation flexibility of
the base station. According to base station’s implementation,
the PUCCH semi-statically configured for the P-CSI trans-
mission may be one of candidate PUCCHs corresponding to
the N-bit ARI and semi-statically configured, e.g., N is equal
to 2. Thus, the base station can flexibly select the PUCCH
used for the UCI transmission through the ARI, so as to
avoid additional PUCCH expenses.

Third Embodiment

[0083] 1In order to decrease redundant bits of ARI and to
improve resource utilization, a new ARI carrying method is
provided according to some embodiments of the present
disclosure. According to the new ARI carrying method, the
UE extracts the ARI from a corresponding downlink grant
signaling to determine a PUCCH used for transmission of
UCI bits. According to the new ARI carrying method, the
UE may further effectively identify a condition of losing last
some successive downlink grant signalings in a bundling
window.

[0084] In the LTE system, the HARQ-ACK corresponding
to downlink transmission in multiple downlink subframes
on multiple component carriers (CCs) may be fed back in an
uplink subframe. The multiple downlink subframes on the
multiple CCs are referred to as a bundling window corre-
sponding to the uplink subframe. In order to assist the UE to
determine whether one or more pieces of downlink trans-
mission have been lost, a downlink allocation indication
(DAI) technology is introduced in the LTE system. In
particular, the DAI may be 2-bit information, which is a
counter used to indicate how many downlink grant signal-
ings are transmitted to a current subframe location. How-
ever, a condition of losing four successive downlink grant
signalings or a condition of losing last some successive
downlink grant signalings may not be found according to the
2-bit DAL The 2-bit DAI is a trade-off between detection
performance and signaling overhead. That is, in the LTE
system, a probability of losing four successive downlink
subframes is very low, thus, optimization is not needed.
[0085] In addition, in the LTE system, when the HARQ-
ACK is to be fed back in a subframe, the 2-bit ARI in the
downlink grant signaling may dynamically indicate a
PUCCH used for HARQ-ACK transmission. Four candidate
PUCCHSs may be semi-statically configured through a RRC
signaling, so that the 2-bit ARI may dynamically indicate
which PUCCH is used for the HARQ-ACK transmission.
[0086] According to methods in the current LTE system, a
transmission power control (TPC) field in the downlink
grant signaling the DAIT of which is equal to 1 on the primary
cell (Pcell) is still used for the power control. A TPC field in
another downlink grant signaling on the Pcell and a TPC
field in a downlink grant signaling on a secondary cell
(Scell) are used for the ARI. When at most 32 carriers are
configured for the UE, especially in a time division duplex
(TDD) system, many TPC fields in downlink grant signal-
ings are used for the ARI. But all pieces of the ARI carried
in the TPC fields are same 2-bit information, which cause a
great amount of redundant bits.

[0087] According to some embodiments of the present
disclosure, the ARI and additional control information (e.g.,
newly-defined control information) after processed together
are mapped to TPC fields in downlink grant signalings
except the TPC field still used for the power control in the
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downlink grant signaling on the Pcell. The additional control
information may indicate which PUCCH format is currently
allocated for the channel, the total number of transmitted
downlink grant signalings and the total number of transmit-
ted transport blocks (ITBs); or the additional control infor-
mation may be as extension information of the DAI. When
the UE receives a number of downlink grant signalings
except the downlink grant signaling including the TPC field
used for the power control on the Pcell, the UE may recover
the ARI information and the additional condition informa-
tion.

[0088] According to analysis above, the condition of los-
ing successive four downlink grant signalings may not be
found according to the DAI currently designed in the LTE
system. That is, optimization for this condition of losing four
successive downlink grant signalings is not needed. Thus,
the TPC field in the downlink grant signaling may be used
to carry more information. The DAI may be still used in a
time domain, i.e., the DAI is used to count the number of
downlink grant signalings in various subframes on a CC.
Alternatively, the DAI may be used in a frequency domain,
i.e., the DAI is used to count the number of downlink grant
signalings on various CCs in a same subframe. Alternatively,
the DAI may be used in both the time domain and the
frequency domain, i.e., the DAI is firstly used to count the
number of downlink grant signalings on various CCs in a
subframe, and then is used to count the number of downlink
grant signalings on various CCs in a next subframe. Alter-
natively, the DAI may be used in the frequency domain, i.e.,
the DAI is used to continue to count the number of TBs
scheduled by downlink grant signalings on various CCs in a
same subframe. Alternatively, the DAI may be used in both
the time domain and the frequency domain, i.e., the DAI is
firstly used to count the number of TBs scheduled by
downlink grant signalings on various CCs in a subframe, and
then is used to continue to count the number of TBs
scheduled by downlink grant signalings on various CCs in a
next subframe.

[0089] According to a possible method, TPC fields in first
N successive downlink grant signalings transmitted by the
base station except the TPC field used for the power control
in the downlink grant signaling on the Pcell may still
indicate the ARI, wherein N is more thanN . e.g., N, . is
equal to 4; and a TPC field in subsequent another downlink
grant signaling is used to indicate the additional control
information. When the UE loses the first N successive
downlink grant signalings except the downlink grant signal-
ing including the TPC field used for the power control on the
Pcell, there is no available ARI information for the UE. The
probability of losing the first N successive downlink grant
signalings is extremely low, thus, optimization is not needed.
A method for processing TPC fields in downlink grant
signalings after an N-th downlink grant signaling indicating
the ARI is described as follows.

[0090] In a first processing method, these TPC fields are
used to carry the total number of the downlink grant sig-
nalings currently scheduled by the based station. Further,
log,(N,,,;,,) bits are used for transmission by the number of
the downlink grant signalings mod N,,,,,.. For example, when
N,.. i1s equal to 4, the total number of the currently-
scheduled downlink grant signalings is transmitted by using
2 bits. According to the DAI used for counting in the
downlink grant signaling, the UE may find a condition of
losing successive less than N,,,, downlink grant signalings
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except a condition of losing last some downlink grant
signalings. Further, based on this method, according to the
total number of the downlink grant signalings carried in the
TPC field, the UE may determine whether last 1~N . -1
downlink grant signalings are lost. Thus, according to the
DALI and the total number of the downlink grant signalings
carried in the TPC fields, the UE may find all conditions of
losing less than N,,,,, successive downlink grant signalings.
According to the analysis above, if optimization for losing
N,,..,, successive downlink grant signalings when N, is
more than or equal to 4 is not needed, the UE may estimate
how many downlink grant signalings are transmitted from
the base station, and may configure the number of the
HARQ-ACK bits. The UE may further determine which
PUCCH format is used in the channel indicated by the ARI
according to the UCI bits carried in the current subframe.
The UCI may include the HARQ-ACK, the P-CSI and/or the
SR.

[0091] According to this method, it may be assumed that
the UE receives at least one downlink grant signaling except
the downlink grant signaling including the TPC field used
for the power control on the Pcell and the first N downlink
grant signalings indicating the ARI. That is, the UE receives
the number of the currently-scheduled downlink grant sig-
nalings carried in TPC fields. Thus, the UE may accurately
obtain the total number of the HARQ-ACK bits transmitted
on the PUCCH, and may transmit the HARQ-ACK on the
PUCCH indicated by the ARI according to the total number
of the HARQ-ACK bits. The additional information in the
UCI may be simultaneously fed back in the PUCCH indi-
cated by ARI. Alternatively, it may be assumed that the UE
only receives at least one of the first N downlink grant
signalings indicating the ARI except downlink grant signal-
ing including the TPC field used for the power control on the
Pcell, thus, the UE may still obtain the ARI to determine the
PUCCH, but may not accurately determine the number of
the downlink grant signalings scheduled by the base station.
In this condition, in order to determine the total number of
the HARQ-ACK bits, the UE may obtain the number of the
downlink grant signalings through detection or analysis, or
may assume that the base station fixedly schedules N
downlink grant signalings to calculate the number of the
HARQ-ACK bits, e.g., the UE fixedly feeds 2N HARQ-
ACK bits back.

[0092] If the base station actually schedules at least
N+N,,,,, downlink grant signalings, it is ensured that the UE
receives the total number of the currently-scheduled down-
link grant signalings carried in the TPC field under a
prerequisite that the condition of successively losing N,,,;,,
downlink grant signalings is not optimized. Thus, the base
station may assume that the UE accurately knows the total
number the HARQ-ACK bits, so that blind detection is not
needed. If the base station actually schedules more than N
but less than N+N,,,,. downlink grant signalings, the UE may
at most lose last N,,,,—1 downlink grant signalings, which
may cause that the UE may not receive the total number of
the currently-scheduled downlink grant signalings carried in
the TPC field, thus, the UE may not know the accurate
number of the HARQ-ACK bits. Alternatively, if the base
station actually schedules less than or equal to N downlink
grant signalings, i.e., the base station may not use the TPC
field to carry the total number of the currently-scheduled
downlink grant signalings, the UE may not know the accu-
rate number of the HARQ-ACK bits. If the UE determines
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the total number of the HARQ-ACK bits according to the
number of the downlink grant signalings obtained through
detection or analysis, the base station may receive the
HARQ-ACK by blindly detecting multiple possible total
numbers of the HARQ-ACK bits, or may receive the
HARQ-ACK according to the number of the HARQ-ACK
bits corresponding to actually-scheduled downlink transmis-
sion data. Alternatively, in the condition of not receiving the
number of the currently-scheduled downlink grant signal-
ings, the UE may calculate the number of the HARQ-ACK
bits based on assumption that the base station fixedly
schedules N downlink grant signalings, e.g., the UE fixedly
feeds 2N-bit HARQ-ACK back. The base station may
blindly detect two payload sizes, i.e., the number of the
HARQ-ACK bits corresponding to the actually-scheduled
downlink transmission data and the 2N bits.

[0093] In a second processing method, these TPC fields
are used to carry the total number of TBs currently sched-
uled by the base station. Further, log,(B,,,,,,) bits may be used
for transmission by the total number of TBs mod B,,,,,. For
example, B,,,, is equal to 8, the log,(B,,;,)-bit information
after processed is mapped to TPC fields in multiple down-
link grant signalings. According to the DAI used for count-
ing the TBs in the downlink grant signaling, the UE may find
a condition of losing successive less than B, TBs except a
condition of losing last some TBs. Further, based on this
method, the UE may determine whether last 1~B, . -1 TBs
scheduled by the base station are lost according to the total
number of the TBs in the TPC fields. Thus, according to the
DAI and the total number of the TBs carried in the TPC
fields, the UE may find all conditions of losing less than B,,,,,
successive TBs. According to the analysis above, if optimi-
zation for losing B,,;,, successive TBs when B,,;, is more
than or equal to 8 (i.e., losing more than 4 downlink grant
signalings) is not needed, the UE may estimate how many
TBs are transmitted from the base station, and may configure
the number of the HARQ-ACK bits. The UE may further
determine which PUCCH format is used in the channel
indicated by the ARI according to the UCI bits carried in the
current subframe. The UCI may include the HARQ-ACK,
the P-CSI and/or the SR.

[0094] According to this method, it may be assumed that
the UE receives at least one downlink grant signaling except
the downlink grant signaling including the TPC field used
for the power control on the Pcell and the first N downlink
grant signalings indicating the ARI. That is, the UE receives
the total number of the currently-scheduled TBs carried in
the TPC fields. Thus, the UE may accurately obtain the total
number of the HARQ-ACK bits transmitted on the PUCCH,
and may transmit the HARQ-ACK on the PUCCH indicated
by the ARI according to the total number of the HARQ-ACK
bits. The additional information in the UCI may be simul-
taneously fed back in the PUCCH indicated by ARI. Alter-
natively, it may be assumed that the UE only receives at least
one of the first N downlink grant signalings indicating the
ARI except downlink grant signaling including the TPC
field used for the power control on the Pcell, thus, the UE
may still obtain the ARI to determine the PUCCH, but may
not accurately determine the number of the TBs scheduled
by the base station. In this condition, in order to determine
the total number of the HARQ-ACK bits, the UE may obtain
the number of the TBs through detection or analysis, or may
assume that the base station fixedly schedules B TBs to
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calculate the number of the HARQ-ACK bits, e.g., the UE
fixedly feeds B HARQ-ACK bits back.

[0095] If the base station actually schedules at least
N+N,,,,, downlink grant signalings, it is ensured that the UE
receives the total number of the currently-scheduled TBs
carried in the TPC field under a prerequisite that the con-
dition of successively losing N,,,,, downlink grant signalings
is not optimized. Thus, the base station may assume that the
UE accurately knows the total number the HARQ-ACK bits,
so that blind detection is not needed. If the base station
actually schedules more than N but less than N+N, . down-
link grant signalings, the UE may at most lose last N,,,,—1
downlink grant signalings, which may cause that the UE
may not receive the total number of the currently-scheduled
TBs carried in the TPC field, thus, the UE may not know the
accurate number of the HARQ-ACK bits. Alternatively, if
the base station actually schedules less than or equal to N
downlink grant signalings, i.e., the base station may not use
the TPC field to carry the total number of the currently-
scheduled TBs, the UE may not know the accurate number
of the HARQ-ACK bits. If the UE determines the total
number of the HARQ-ACK bits according to the number of
the TBs obtained through detection or analysis, the base
station may receive the HARQ-ACK by blindly detecting
multiple possible total numbers of the HARQ-ACK bits, or
may receive the HARQ-ACK according to the number of the
HARQ-ACK bits corresponding to actually-scheduled
downlink transmission data. Alternatively, in the condition
of not receiving the number of the currently-scheduled TBs,
the UE may calculate the number of the HARQ-ACK bits
based on assumption that the base station fixedly schedules
B TBs, e.g., the UE fixedly feeds B-bit HARQ-ACK back.
The base station may blindly detect two payload sizes, i.e.,
the number of the HARQ-ACK bits corresponding to the
actually-scheduled downlink transmission data and the B
bits.

Fourth Embodiment

[0096] In this embodiment of the present disclosure, a
method for determining a PUCCH and a corresponding
PUCCH format according to ARI is described as follows.
[0097] In the LTE system, HARQ-ACK corresponding to
downlink transmission on multiple CCs in multiple down-
link subframes is fed back in an uplink subframe. The
multiple downlink subframes of the multiple CCs are
referred to as a bundling window corresponding to the
uplink subframe. If frequency division duplex (FDD) timing
is used as reference HARQ timing, the bundling window
includes resources on multiple CCs in a subframe. If TDD
timing is used as the reference HARQ timing, the bundling
window includes resources on multiple CCs in multiple
subframes. The more the number of CCs configured for the
UE, the more the number of the HARQ-ACK bits. For
example, it is assumed that 32 CCs are configured, the
bundling window corresponding to each CC includes 4
subframes, thus, the number of the HARQ-ACK bits may
reach 128 even in a spatial bundling condition.

[0098] In a normal condition, the base station may not
schedule all subframes of all configured CCs in the bundling
window for a same UE. In a condition, the base station may
schedule a little downlink data in the bundling window, and
the valid number of the HARQ-ACK bits is less than or
equal to N1 bits, e.g., N1 is equal to 22. Considering
resource utilization rate, the PUCCH format 3 may be
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configured for the UE. In another condition, the base station
may schedule many downlink data, and the valid number of
the HARQ-ACK bits is more than N1. The PUCCH format
X may be configured for the UE. The PUCCH format X may
further support multiple numbers of payload bits. For
example, when the number of the HARQ-ACK bits to be fed
back is more than N1 and less than N2 (e.g., N2 is equal to
66), the UE may process the PUCCH format X according to
a condition of carrying N2 bits; when the number of the
HARQ-ACK bits to be fed back is more than N2, the UE
may process the PUCCH format X according to a condition
of carrying N3 bits (e.g., N3 is equal to 130). In order to
optimize PUCCH transmission performance and improve
uplink resource utilization rate under a prerequisite of ensur-
ing scheduling flexibility of the base station, the UE may
dynamically change the used PUCCH format. For example,
the PUCCH format 3 and the PUCCH format X may be
changed between each other according to a threshold N1
bits; or the PUCCH format 3, the PUCCH format X for a
small payload, and the PUCCH format X for a large payload
may be changed between each other according to thresholds
N1 bits and N2 bits.

[0099] In addition, in the LTE system, when the HARQ-
ACK is to be fed back in a subframe, 2-bit ARI in the
downlink grant signaling may dynamically indicate a
PUCCH used for the HARQ-ACK transmission. Four can-
didate PUCCHs may be configured through a RRC signal-
ing, so as to use 2-bit ARI to dynamically indicate which
PUCCH is used for the HARQ-ACK transmission.

[0100] According to various embodiments of the present
disclosure, a value of the ARI may dynamically indicate the
PUCCH format used for UCI transmission, and may further
indicate the PUCCH currently used by the UE. In particular,
the ARI is denoted as N-bit information, e.g., N is equal to
2. 2V candidate options are semi-statically configured
through the RRC signaling, wherein a candidate option
includes a PUCCH format and a corresponding PUCCH.
PUCCH formats corresponding to different PUCCHs in the
candidate options may be same or may be different. N-bit
ARI in the downlink grant signaling may dynamically
indicate the PUCCH format and the PUCCH used for the
UCI transmission. The UE may determine the PUCCH
format and the PUCCH used for the UCI transmission
according to the detected ARI. According to this method, the
base station can flexibly and dynamically indicate the
PUCCH format. However, if the number of the ARI bits is
not increased, the number of candidate PUCCHs corre-
sponding to a designated PUCCH format is decreased.
[0101] According to various embodiments of the present
disclosure, the UCI transmitting method is implemented as
described above. Further, a UCI transmitting apparatus is
provided according to various embodiments of the present
disclosure.

[0102] FIG. 4 is a schematic diagram illustrating a basic
structure of the apparatus according to various embodiments
of the present disclosure.

[0103] Referring to FIG. 4, the apparatus includes a can-
didate PUCCH set determining module, a HARQ-ACK bit
generating module, a UCI bit processing module, a PUCCH
determining module in a processor, and a transmitting
module in a transceiver.

[0104] The candidate PUCCH set determining module is
to receive a configuration signaling, and determine a can-
didate PUCCH set corresponding to an ARI. The HARQ-
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ACK bit generating module is to receive the downlink grant
signaling and downlink data corresponding to the downlink
grant signaling, and generate HARQ-ACK bits. The UCI bit
processing module is to perform processing for the UCI bits
including the HARQ-ACK. The PUCCH determining mod-
ule is to determine the PUCCH used to transmit the UCI bits
in the candidate PUCCH set according to the ARI in the
downlink grant signaling. The transmitting module is to
transmit the UCI bits on the determined PUCCH.

[0105] A method and apparatus for transmitting aperiodic
CSI (A-CSI) in UCI are described as follows.

[0106] FIG. 5 is a flowchart illustrating an A-CSI trans-
mitting method according to various embodiments of the
present disclosure.

[0107] Referring to FIG. 5, this method includes proce-
dures as follows.

[0108] At operation 501, a UE receives an uplink grant
signaling.
[0109] At operation 502, the UE determines whether an

A-CSI report is triggered according to a CSI request field in
the uplink grant signaling.

[0110] At operation 503, after determining the A-CSI
report is triggered, the UE determines a CSI process to be
updated, and transmits A-CSI on an uplink CC carrying the
A-CSI report.

[0111] The A-CSI transmitting method is described
according to two embodiments of the present disclosure as
follows.

Fifth Embodiment

[0112] In the LTE system, an A-CSI report is triggered,
and is mapped to a PUSCH for transmission. The uplink
grant signaling may include a 1-bit or 2-bit CSI request field,
the CSI request field is used to trigger an A-CSI report for
the UE. Take the 2-bit CSI request field as an example. A
value “0,0” indicates not to trigger the A-CSI report. A value
“0,1” indicates the A-CSI report of the downlink CC cor-
responding to the uplink CC scheduled by the uplink grant
signaling, wherein a corresponding relationship between the
downlink CC and the uplink CC is determined according to
a system information block 2 (SIB2). Which CSI reports are
respectively indicated through values “1,0” and “1,1” are
determined by a RRC signaling, i.e., the values “1,0” or
“1,1” may be configured to trigger an A-CSI report of any
of CCs, so as to ensure a maximum flexibility. For the value
“0,1”, since typical CA configuration is asymmetric, only
the downlink CC configured with the corresponding uplink
CC can use the value “1,0” to trigger the A-CSI report.
Especially, since the UE may be configured with 32 down-
link CCs and only 1 uplink CC, a probability of the use of
the value “1, 0” is limited.

[0113] According to various embodiments of the present
disclosure, in order to fully use the value “0,1”, the UE is
required to detect downlink control information (DCI) for-
mat 0 on the CC only configured with the downlink trans-
mission, so that the DCI format 0 is used to trigger the A-CSI
report of the CC only configured with the downlink trans-
mission for the UE. The number of blind detection times is
not increased when the UE detects the DCI format 0. That
is because that the number of bits of the DCI format 0 is
equal to that of the DCI format 1A, and the UE has to detect
the DCI format 1A when blindly detecting the downlink
grant signaling used for scheduling the downlink transmis-
sion.
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[0114] Since the uplink transmission may not be per-
formed on the CC only configured with the downlink
transmission, the triggered A-CSI may only be transmitted
on another CC configured with uplink bandwidth. The
another CC may fixedly be a Pcell; or the another CC may
be the CC used to feed the UCI of the CC only configured
with the downlink transmission back, i.e., the primary
secondary cell (PScell); or some bits of the DCI format 0 is
re-defined, so as to indicate the UE to select the another CC
used to feed the A-CSI back from multiple configured uplink
CCs.

[0115] The DCI format O corresponding to the CC only
configured with the downlink transmission may be used only
to trigger the A-CSI, or may be used simultaneously to
trigger the A-CSI of the CC only configured with the
downlink transmission and to schedule uplink data trans-
mission on the CC on which the A-CSI is fed back.

[0116] For the DCI format 0 corresponding to the CC only
configured with the downlink transmission, only the value
“0,1” may be used to trigger the A-CSI, or values “0,17,
“1,0” and “1,1” may also be used to trigger the A-CSI. For
the values “0,17, “1,0” and “1,1”, CSI processes correspond-
ing to the A-CSI triggered through the values “0,17, “1,0”
and “1,1” may be configured through a higher signaling,
which may be same with or different from configuration of
another CC supporting the uplink transmission.

[0117] The DCI format O corresponding to the CC only
configured with the downlink transmission may have 2 bits
used for the CSI request, or may have more bits used for the
CSI request. Thus, the RRC signaling may be used to
configure more different A-CSI sets. For example, it is
assumed that the DCI format 0 corresponding to the CC only
configured with the downlink transmission is not used to
schedule uplink data, thus, some fields in the DCI format are
invalid, and may be used to increase bits of the CSI request.
[0118] When the A-CSI is triggered through the DCI
format 0 corresponding to the CC only configured with the
downlink transmission and uplink data transmission is not
scheduled for the UE on the CC on which the A-CSI is fed
back, a related PUSCH parameter of the CC on which the
A-CSl s fed back is determined according to the DCI format
0, and the A-CSI is transmitted. When the A-CSI is triggered
through the DCI format O corresponding to the CC only
configured with the downlink transmission, the uplink data
transmission is scheduled for the UE on the CC on which the
A-CSI is fed back, but an additional A-CSI report is not
triggered on the CC on which the A-CSI is fed back, the
related PUSCH parameter is determined according to the
uplink grant signaling of the CC on which the A-CSI is fed
back, and the A-CSI triggered through the DCI format 0 of
the CC only configured with the downlink transmission is
transmitted in the PUSCH. When the A-CSI is triggered
through the DCI format 0 of the CC only configured with the
downlink transmission and the UE detects the uplink grant
signaling of the CC on which the A-CSI is fed back which
triggers the additional A-CSI (i.e., the UE simultaneously
receives at least two A-CSI triggers in a subframe), the UE
determines this condition as a configuration error; or the UE
may only feed the A-CSI triggered by the uplink grant
signaling of the CC on which the A-CSI is fed back, i.e., the
UE discard the A-CSI triggered by the DCI-format 0 cor-
responding to the CC only configured with the downlink
transmission; or the UE may simultaneously feed the two
A-CSI reports back, especially, the UE may feed a union set
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of the two A-CSI reports, i.e., the CSI processes repeatedly
for the two A-CSI reports are only transmitted once.

Sixth Embodiment

[0119] In the LTE system, an A-CSI report is triggered,
and is mapped to a PUSCH for transmission. The uplink
grant signaling may include a 1-bit or 2-bit CSI request field,
the CSI request field is used to trigger an A-CSI report for
the UE. Take the 2-bit CSI request field as an example. A
value “0,0” indicates not to trigger the A-CSI report. A value
“0,1” indicates the A-CSI report of the downlink CC cor-
responding to the uplink CC scheduled by the uplink grant
signaling, wherein a corresponding relationship between the
downlink CC and the uplink CC is determined according to
a SIB2. Which CSI reports are respectively indicated
through values “1,0” and “1,1” are determined by a RRC
signaling, i.e., the values “1,0” or “1,1” may be configured
to trigger an A-CSI report of any of CCs, so as to ensure a
maximum flexibility.

[0120] In addition, in the LTE system, multiple CGs may
be configured for the UE. For a CG, UCI of various cells in
the CG is fed back on a cell in the CG. Especially, the RRC
signaling is used to configure a set of CSI processes of
A-CSI reports for each CG, and the uplink grant signalings
are used respectively to trigger the A-CSI reports of the UE.
However, according to UE capability, regardless whether
multiple CGs are configured, the number of CSI processes
of A-CSI updated and fed back in a subframe is fixed, which
is denoted as K CSI processes. For various CGs, the A-CSI
reports triggered by CSI request fields are independently
configured, ie., for a CG, it is allowed that a code word
corresponding to the CSI request field is used to configure
A-CSI reports corresponding to at most the K CSI processes.
Thus, when the base station triggers the A-CSI reports in the
multiple CGs in a same subframe, the total number of CSI
processes triggered in the multiple CGs may exceed UE
capability of updating the feeding the A-CSI back. In a
processing method, the UE may take this condition as a
configuration error, which may cause an A-CSI trigger
limitation of the base station. In another processing method,
it may depend on UE implementation to process this con-
dition. Since different manufacturers may have different
implementing methods, the base station may not determine
which K CSI processes are updated and reported by the UE.
Thus, it is hard for UE scheduling. Actually, in some
conditions, the base station may intentionally make the
number of the A-CSI processes triggered in the multiple
CGs in a subframe more than K. A priority rule may be
defined to control the UE only to update A-CSI of a part of
CGs, wherein the part of the CGs have high priorities, or to
control UE only to update CSI processes of various CGs,
wherein the CSI processes have high priorities. Thus, the
CSI process set updated is not configured through the RRC
signaling, so that to increase the number of sets including the
triggered A-CSI in a condition of not changing the RRC
signaling.

[0121] According to this embodiment, when the base
station triggers the A-CSI corresponding to multiple CGs
and the total number of the triggered CSI processes is more
than the UE capability of updating and reporting the A-CSI
K, the total number of'the triggered CSI processes is denoted
as N, the UE respectively selects CSI processes with highest
K priorities from the N CSI processes, updates and reports
the CSL
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[0122] For the CSI, the priority may be processed accord-
ing to aspects as follows.

[0123] For the A-CSI, a design rule may include feeding
completed CSI once, i.e., reporting whole related channel
quality information (CQI)/precoding matrix indicator (PMI)
when rank indicator (RI) is a designated value in default
(e.g., RI is equal to 1), or reporting the RI and whole
CQI/PMI in a PUSCH. Thus, a method for distinguishing
between two CSI report types (i.e., the RI and the CQI/PMI)
may not directly apply to the A-CSI. In a simple method, the
CSI report type is not used as a rule of the A-CSI priority.
Alternatively, a priority of the CSI process of simultaneously
feeding the RI and the CQI/PMI back is higher than a
priority of the CSI process of only feeding the CQI/PMI
back when the default value of RI is used. Alternatively,
priorities of various CSI report modes used for the A-CSI
may be defined. Alternatively, priorities of various downlink
transmission modes may be defined.

[0124] A CSI process ID may still use as a rule of
determining an A-CSI priority. For example, the CSI process
with a small CSI process ID is prioritized. CSI processes for
TM1~TM9 is not defined in the LTE system, but may be
processed by only configuring a CSI process the CSI process
ID of which is equal to 0.

[0125] There are two methods for defining a cell ID. In a
first method, a unique cell ID is configured for each CC
configured for the UE. Thus, the priorities of the CSI
processes of different CGs may be determined according to
cell IDs. Since different CGs have different cell 1Ds, it is
ensured that a CSI process with a highest priority may be
selected. Thus, it is not used to compare another parameter.
In a second method, the cell ID is configured as a cell index
of a cell in the CG, i.e., cells in different CGs may have a
same cell ID used for the A-CSI priority. Thus, when the cell
IDs of the CSI processes in two CGs are same, CSI subframe
set indices may be further compared, e.g., the CSI process
with a small CSI subframe set index is prioritized; or when
the cell IDs of the CSI processes in the two CGs are same,
the CG indices may be further compared, e.g., the CSI
process with a small CG index is prioritized; or both the CSI
subframe set index and the CG index may be used in the
priority rule.

[0126] The CG index may be taken as a rule of determin-
ing the A-CSI priority. For example, the CSI process with
the small CG index is prioritized. According to this method,
it can be implemented that the CG including the Pcell has the
highest priority, so as to ensure downlink transmission
performance of the CG including the Pcell.

[0127] Itis assumed that a CG may be further divided into
multiple A-CSI subsets of feeding A-CSI back, i.e., the
A-CSI triggered by the A-CSI report is limited on a subset
of CCs in the CG. Thus, the index of the A-CSI subset is
considered as a rule of determining the A-CSI priority. For
example, the CSI process with a small A-CSI subset index
is prioritized. All A-CSI subsets belonging to the CGs may
be ordered together, so as to distinguishing between priori-
ties according to the A-CSI subset indices. It is usually
ensured that the CG including the Pcell has a smallest index.
Alternatively, the A-CSI subset indices may be defined in
each CG, thus, the A-CSI subset indices of the A-CSI subsets
belonging to multiple CGs may be same.

[0128] In order to ensure downlink transmission perfor-
mance of the CC used to carry the UCI, a priority order may
be defined as follows. A priority of the Pcell is higher than
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a priority of a PScell, and the priority of the PScell is higher
than a priority of a Scell except the PScell. If there are
multiple PScells, priorities of the PScells may be same. If
there are multiple SCells except the PScell, priorities of the
SCells may be same. Alternatively, if there are multiple
PScells, the PScells may be further ordered according to
indices of the PScells; if there are multiple SCells except the
PScell, priorities of the SCells may be ordered according to
indices of the SCells.

[0129] A licensed spectrum or a unlicensed spectrum to
which a cell belongs may be taken as a rule. For example,
a priority of a cell in the licensed spectrum is higher than a
priority of a cell in the unlicensed spectrum. That is because
it is ensured that CSI measurement of the cell in the licensed
spectrum is valid, but for the cell in the unlicensed spectrum,
even though the A-CSI report is triggered, if there is no
channel occupied by the cell for a long time period, the
A-CSI validity is bad. Alternatively, it may be defined that
the priority of the cell in the unlicensed spectrum is higher
than the priority of the cell in the licensed spectrum. That is
because if the CSI report of the unlicensed spectrum is not
timely reported and used, the base station may not have the
available A-CSI report for a long time period, while the CSI
report of the licensed spectrum may be frequently reported,
i.e., there are more opportunities for the CSI report of the
licensed spectrum.

[0130] According to the method above, when the number
of the CSI processes of the triggered A-CSI in the multiple
CGs is more than K, the UE determines to update the CSI
corresponding to K CSI processes. Since the priority rule is
used on both the base station and UE, there is no uncertainty,
and the UE may transmit the A-CSI only corresponding to
the K CSI processes, i.e., for an A-CSI report corresponding
to a CG, only the CSI of CSI processes in the K CSI
processes with highest K priorities is remained may be
remained, the total number of the A-CSI bits is determined
according to the remained CSI, and the A-CSI report is
transmitted on the uplink channel corresponding to the
A-CSI report of the CG. According to this method, since
invalid bits corresponding to the A-CSI not updated are
removed, the impact for the uplink data transmission is
decreased, and uplink resource utilization rate is improved.
[0131] Multiple parameters of processing A-CSI priorities
are described above. An actual priority rule may use one
parameter in the multiple parameters, or may jointly use
multiple parameters in the multiple parameters. For
example, four parameters are used, and priorities of the four
parameters may be ordered from highest to lowest priority as
follows, i.e., a priority of the CSI report type is higher than
a priority of the CSI process ID, the priority of the CSI
process 1D is higher than a priority of the cell ID, the priority
of the cell ID is higher than a priority of the CSI subframe
set index. In a condition of jointly using some parameters,
only when a parameter with a higher priority cannot deter-
mine the priority, a parameter with a low priority is further
used for comparison.

[0132] According to various embodiments of the present
disclosure, the A-CSI transmitting method is implemented
as described above. Further, an A-CSI transmitting appara-
tus is provided according to embodiments of the present
disclosure.

[0133] FIG. 6 is a schematic diagram illustrating a basic
structure of the apparatus according to various embodiments
of the present disclosure.
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[0134] Referring to FIG. 6, the apparatus includes a
receiving module in a transceiver, an A-CSI report triggering
module in a processor, and a transmitting module in the
transceiver.
[0135] The receiving module is to receive an uplink grant
signaling. The A-CSI report triggering module is to deter-
mine whether an A-CSI report is triggered according to a
CSI request field in the uplink grant signaling. The trans-
mitting module is to after determining the A-CSI report is
triggered, determine a CSI process to be updated, and
transmit A-CSI on the uplink CC carrying the A-CSI report.
[0136] While the present disclosure has been shown and
described with reference to various embodiments 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 present disclosure
as defined by the appended claims and their equivalents.
What is claimed is:
1. An uplink control information (UCI) transmitting
method, the UCI transmitting method comprising:
receiving, by a user equipment (UE), a configuration
signaling, and determining a candidate physical uplink
control channel (PUCCH) set corresponding to an
acknowledgement (ACK)/negative acknowledgement
(NACK) resource indication (ARI);

receiving, by the UE, a downlink grant signaling and
downlink data corresponding to the downlink grant
signaling, and generating hybrid automatic repeat
request ACK (HARQ-ACK) bits;

performing, by the UE, processing for UCI bits including

HARQ-ACK, determining the PUCCH used to transmit
the UCI bits in the candidate PUCCH set according to
an ARI in the downlink grant signaling, and transmit-
ting the UCI bits on the determined PUCCH.

2. The method of claim 1, wherein, when a PUCCH
format X is used to transmit the UCI bits, the performing of
the processing for the UCI bits and the transmitting of the
UCI bits on the PUCCH comprises:

writing the UCI bits after performing encoding, rate

matching (RM) and scrambling into a (R,,,.XC,...)
matrix, reading the UCI bits out column by column,
mapping first C,,,,. , columns to a first time slot, map-
ping last C,,,. ; columns to a second time slot, respec-
tively mapping the first C,,,. , columns in the first time
slot and the last C,,,.,, columns in the second time slot
after performing orthogonal cover code (OCC) exten-
sion to single-carrier frequency-division multiple
access (SCFDMA) symbols,

wherein the number of columns of the (R,,,.xC,,..)

matrix C,,,,. is determined according to the number of
the SCFDMA symbols and a length of OCC of the
PUCCH format X, the number of rows R, is deter-
mined according to the number of modulation symbols
transmission of which is supported by the PUCCH
format X and the number of physical bits allowed to be
carried by each of the modulation symbols, wherein
Crriee0+Cricen “Coin

3. The method of claim 1, wherein, when the UCI bits
includes periodic channel state information (P-CSI), the UCI
bits including the P-CSI are transmitted on the PUCCH
indicated by the ARI

4. The method of claim 1, wherein the determining of the
PUCCH according to the ARI comprises:
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respectively mapping the ARI and additional control
information after processed together to transmission
power control (TPC) fields in downlink grant signal-
ings except a TPC field still used for the power control
in a downlink grant signaling on a primary cell (Pcell);
and

determining the PUCCH according to the ARI mapped to

the corresponding TPC field.

5. The method of claim 4, wherein the mapping of the ARI
and the additional control information comprises:

mapping the ARI to TPC fields in first N successive

downlink grant signalings transmitted by the base sta-
tion except the downlink grant signaling including the
TPC field still used for the power control on the Pcell;
and

mapping the additional control information to a TPC field

in a remaining downlink grant signaling, wherein N is
a integer more than or equal to 4.

6. The method of claim 5, wherein the mapping of the
additional control information to the TPC field in the
remaining downlink grant signaling comprises:

using the TPC field in the remaining downlink grant

signaling to carry the total number of currently-sched-
uled downlink grant signalings; or

using the TPC field in the remaining downlink grant

signaling to carry the total number of currently-sched-
uled transport blocks (TBs).
7. The method of claim 6, wherein the total number of the
currently-scheduled downlink grant signalings or the total
number of the currently-scheduled TBs is counted in a time
domain, in a frequency domain, or jointly in both the time
domain and the frequency domain.
8. The method of claim 1, wherein the determining of the
PUCCH according to the ARI comprises:
determining the PUCCH according to the ARI, and select-
ing a PUCCH format according to the number of the
UCI bits; or

determining a PUCCH format and the PUCCH currently
used according to the ARI, wherein PUCCH formats
corresponding to different PUCCHs in the candidate
PUCCH set is same or different.

9. An uplink control information (UCI) transmitting appa-
ratus, the UCI transmitting apparatus comprising:

a processor configured to:

receive a configuration signaling, and to determine a
candidate PUCCH set corresponding to an acknowl-
edgement  (ACK)/negative  acknowledgement
(NACK) resource indication (ARI),

receive a downlink grant signaling and downlink data
corresponding to the downlink grant signaling, and
to generate HARQ-ACK bits,

perform processing for the UCI bits including HARQ-
ACK, and

determine the PUCCH used to transmit the UCI bits in
the candidate PUCCH set according to an ARI in the
downlink grant signaling; and

a transceiver configured to transmit the UCI bits on the

determined PUCCH.

10. An aperiodic channel state information (A-CSI) trans-
mitting method, the A-CSI transmitting method comprising:

receiving, by a user equipment (UE), an uplink grant

signaling;
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determining, by the UE, whether an A-CSI report is
triggered according to a CSI request field in the uplink
grant signaling;
after determining that the A-CSI report is triggered,
determining, by the UE, a CSI process to be updated,
and transmitting A-CSI on an uplink component carrier
(CC) carrying the A-CSI report.
11. The method of claim 10, wherein the determining of
whether the A-CSI report is triggered according to the CSI
request field in the uplink grant signaling comprises:
for a CC only configured with downlink transmission,
determining, by the UE, whether the A-CSI report is
triggered by detecting a downlink control information
(DCI) format 0,
wherein the CSI request field in the DCI format O is used
to trigger the A-CSI report of the CC only configured
with the downlink transmission.
12. The method of claim 11, wherein for the CC only
configured with the downlink transmission, when it is deter-
mined that the A-CSI report is triggered according to the
DCI format 0, the uplink CC carrying the A-CSI report is a
primary cell (Pcell), a primary secondary cell (PScell) or an
uplink CC indicated by designated bits in the DCI format 0.
13. The method of claim 11, wherein for the CC only
configured with the downlink transmission,
a CSI process triggered by each value of the CSI request
field in the DCI format O is independently configured
by a high layer signaling; and/or
more than 2 bit information in the DCI format 0 is used
as the CSI request field; and/or
the transmitting of the A-CSI on the uplink CC carrying
the A-CSI report comprises:
when uplink data transmission is not scheduled for the
UE on the uplink CC carrying the A-CSI report,
determining a physical uplink shared channel
(PUSCH) parameter of the uplink CC according to
the DCI format 0, and transmitting the A-CSI;

when the uplink data transmission is scheduled for the
UE on the uplink CC and another A-CSI report is not
triggered, determining the PUSCH parameter of the
uplink CC according to the uplink grant signaling of
the uplink CC, and transmitting the A-CSI; and

when the UE detects the uplink grant signaling on the
uplink CC and the uplink grant signaling triggers
another A-CSI, only transmitting, by the UE, the
A-CSI triggered by the uplink grant signaling, or
simultaneously feeding, by the UE, two A-CSI
reports back.

14. The method of claim 10, wherein the determining of
the CSI process to be updated comprises:

when the A-CSI of multiple cell groups (CGs) are trig-
gered in a subframe and the total number of triggered
CSI processes N is more than a UE capability of
updating and reporting the A-CSI K, selecting K CSI
processes with highest K priorities from the N CSI
processes, updating and reporting the K CSI processes.

15. The method of claim 14, further comprising deter-
mining priorities of different CSI processes, wherein the
determining of priorities of different CSI processes com-
prises:

a priority of the CSI process of simultaneously feeding

rank indicator (RI) and channel quality information
(CQI)/precoding matrix indicator (PMI) back is higher
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than a priority of the CSI process of only feeding the
CQI/PMI back when default RI is used; and/or

the priorities of the CSI processes are determined accord-
ing to priorities of various pre-defined CSI report
modes used for the A-CSI; and/or

the priorities of the CSI processes are determined accord-
ing to priorities of various pre-defined downlink trans-
mission modes; and/or

the priorities of the CSI processes are determined accord-
ing to CSI process identifications (IDs); and/or

a unique cell ID is configured for each CC configured for
the UE, the priorities of the CSI processes are deter-
mined according to cell IDs; and/or

a cell ID is configured for each CC configured for the UE,
the cell ID is a cell index in a CG, and the priorities of
the CSI processes are determined according to cell IDs;
and/or

the priorities of the CSI processes are determined accord-
ing to CG indices; and/or

when a CG is divided to multiple A-CSI subsets of
feeding the A-CSI back, the priorities of the CSI
processes are determined according to A-CSI subset
indices; and/or

the priorities of the CSI processes are determined accord-
ing to whether cells carry uplink control information
(UCI), wherein a priority of a primary cell (Pcell) is
higher than a priority of a primary secondary cell

Nov. 17,2016

(PScell), the priority of the PScell is higher than a
priority of another Scell; and/or

a priority of the CSI process of a cell in a licensed

spectrum is higher than a priority of the CSI process of
a cell in a unlicensed spectrum, or the priority of the
CSI process of the cell in the unlicensed spectrum is
higher than the priority of the CSI process of the cell in
the licensed spectrum.

16. The method of claim 14, wherein, when the K CSI
processes with the K highest priorities are selected, for an
A-CSI report corresponding to a CG, only the CSI of CSI
processes in the K CSI processes with the highest K priori-
ties is remained, and the total number of the A-CSI bits are
determined according to the remained CSI.

17. An aperiodic Channel State Information (A-CSI)
transmitting apparatus, the A-CSI transmitting apparatus
comprising:

a transceiver configured to transmit and receive signals;

and

a processor configured to:

control the transceiver to receive an uplink grant sig-
naling,

determine whether an A-CSI report is triggered accord-
ing to a CSI request field in the uplink grant signal-
ng,

after determining the A-CSI report is triggered, deter-
mine a CSI process to be updated, and

control the transceiver to transmit A-CSI on an uplink
component carrier (CC) carrying the A-CSI report.

*® ok ok ok Kk
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