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(57) ABSTRACT

The disclosure provides a method for transmitting uplink
control signaling, which includes: respectively performing,
on the uplink control signaling, channel coding, scrambling,
modulation, time-domain spreading and precoding trans-
form; or respectively performing, on the uplink control sig-
naling, channel coding, scrambling, modulation, precoding
transform and time-domain spreading; and mapping the
uplink control signaling to an Orthogonal Frequency Divi-
sion Multiplexing (OFDM) symbol used for bearing the
uplink control signaling; and transmitting the uplink control
signaling that is borne in the OFDM symbol. The disclosure
also provides a method for bearing a demodulation reference
signal during transmission of uplink control signaling, which
includes: bearing the uplink demodulation reference signal in
k OFDM symbols in a sub-frame. The disclosure also dis-
closes apparatuses for respectively implementing the meth-
ods above. The technical solutions of the disclosure effec-
tively solve the problem that the uplink control signaling is
transmitted using a structure of Discrete Fourier Transform-
spread-OFDM (DFT-s-OFDM).
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METHOD AND APPARATUS FOR
TRANSMITTING UPLINK CONTROL
SIGNALING AND BEARING UPLINK

DEMODULATION REFERENCE SIGNAL

TECHNICAL FIELD

[0001] The disclosure relates to a technology of transmit-
ting uplink control signaling, in particular to a method and
apparatus for transmitting uplink control signaling in a carrier
aggregation system, and a method and apparatus for bearing
an uplink demodulation reference signal during transmission
of uplink control signaling.

BACKGROUND

[0002] In a Hybrid Automatic Repeat Request (HARQ)
mode, codes transmitted by a transmitting end are not only
able to detect errors, but also have a certain error correcting
capability. After receiving codes, a decoder at a receiving end
firstly detects errors; when the errors are within the error
correcting capability of the codes, the errors are automatically
corrected; when there are too many errors, which go beyond
the error correcting capability of the codes, and the errors can
still be detected, then the receiving end transmits a decision
signal to the transmitting end via a feedback channel to ask
the transmitting end to retransmit the information. In an
Orthogonal Frequency Division Multiplexing (OFDM) sys-
tem, Acknowledged/Non-Acknowledged (ACK/NACK)
control signaling is used to indicate whether transmission is
right or wrong, so as to determine whether the information
needs to be retransmitted or not.

[0003] The Long Term Evolution (LTE) system is an
important project of the third generation partnership organi-
zation; FIG. 1 shows a schematic diagram illustrating a basic
frame structure of the LTE system in the relevant technolo-
gies; as shown in FIG. 1, the basic frame structure of the LTE
system is illustrated, which includes five hierarchies, namely,
radio frame, half-frame, sub-frame, slot and symbol, wherein
one radio frame has a length of 10 ms and consists of two
half-frames; each half-frame has a length of 5 ms and consists
of five sub-frames; each sub-frame has a length of 1 ms and
consists of two slots; and each slot has a length of 0.5 ms.
[0004] When the LTE system adopts a normal cyclic prefix,
one slotincludes seven uplink/downlink symbols each having
a length of 66.7 us, wherein the cyclic prefix of the first
symbol has a length of 5.21 ps, and the cyclic prefix of the
other six symbols has a length of 4.69 ps.

[0005] When the LTE system adopts an extended cyclic
prefix, one slot includes six uplink/downlink symbols each
having a length of 66.7 us, wherein the cyclic prefix of each
symbol has a length of 16.67 ps.

[0006] In a downlink HARQ of the LTE system, an
Acknowledged/Non-Acknowledged (ACK/NACK) message
is transmitted on a Physical Downlink Shared Channel (PD-
SCH); when a User Equipment (UE) has no Physical Uplink
Shared Channel (PUSCH), the ACK/NACK message is trans-
mitted on a Physical Uplink Control Channel (PUCCH); the
LTE system defines a plurality of PUCCH formats, including
PUCCH format 1/1a/1b and format 2/2a/2b, wherein the for-
mat 1 is used to transmit a Scheduling Request (SR) signal of
the UE; the format 1a and the format 1b are respectively used
to feed back a 1-bit ACK/NACK message and a 2-bit ACK/
NACK message; the format 2 is used to transmit Channel
States Information (CSI), wherein the CSI includes Channel
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Quality Information (CQI), Precoding Matrix Indicator
(PMI) and Rank Indication (RI); the format 2a is used to
transmit the CSIand a 1-bit ACK/NACK message; the format
2b is used to transmit the CSI information and a 2-bit ACK/
NACK message; and the format 2a/2b is only applied to the
scenario with the cyclic prefix being a normal cyclic prefix.

[0007] Inthe LTE system, in a Frequency Division Duplex
(FDD) system, since there is a one-to-one correspondence
between uplink sub-frames and downlink sub-frames, the UE
needs to feed back a 1-bit ACK/NACK message when the
PDSCH contains only one transmission block, and the UE
needs to feed back a 2-bit ACK/NACK message when the
PDSCH contains two transmission blocks; in a Time Division
Duplex (TDD) system, since there is no one-to-one corre-
spondence between uplink sub-frames and downlink sub-
frames, the ACK/NACK message corresponding to a plural-
ity of downlink sub-frames needs to be transmitted on the
PUCCH channel of one uplink sub-frame, wherein a set of
downlink sub-frames corresponding to uplink frames form a
bundling window. The methods for transmitting the ACK/
NACK message includes a bundling method and a “multi-
plexing with channel selection” method; wherein the basic
principle of the bundling method is to perform a logic “and”
operation on the ACK/NACK message of a transmission
block corresponding to each downlink sub-frame and need-
ing to be fed back in the uplink sub-frame; when a downlink
sub-frame has two transmission blocks, the UE needs to feed
back a 2-bit ACK/NACK message; when each sub-frame has
only one transmission block, the UE needs to feed back a 1-bit
ACK/NACK message; and the basic principle of the “multi-
plexing with channel selection” method is to indicate differ-
ent feedback states of the downlink sub-frame needing to be
fed back in the uplink sub-frame using different PUCCH
channels and different modulation symbols on the PUCCH
channel; when the downlink sub-frame has a plurality of
transmission blocks, the ACK/NACK fed back by the plural-
ity of transmission blocks of the downlink sub-frame is first
subjected to a logic “and” operation (also called spatial bun-
dling), and then is subjected to a channel selection, and finally
is transmitted using the PUCCH format 1b.

[0008] In the LTE system, there are two types of uplink
reference signals: one type is an uplink Demodulation Refer-
ence Signal (DM RS), and the other type is an uplink Sound-
ing Reference Signal (SRS); wherein the DM RS is formed by
a sequence on the frequency domain and the sequence is a
Cyclic Shift (CS) of a reference signal sequence, different
PUCCH formats correspond to different DM RS structures;
the SRS is periodically transmitted, when both an ACK/
NACK message and an SRS are transmitted, the ACK/NACK
message is transmitted using a truncation structure, namely,
the last symbol of the second slot of each sub-frame is not
used to bear the ACK/NACK message; when both a CSI and
an SRS are transmitted, only the CSI is transmitted.

[0009] Inorderto meet the requirement of the International
Telecommunication Union-Advanced (ITU-Advanced), a
Long Term Evolution Advanced (LTE-A) system, as the evo-
Iution standard of the LTE system, needs to support a greater
system bandwidth (up to 100 MHz) and needs to be backward
compatible with the existing standards of the LTE system. On
the basis of the existing LTE system, the bandwidth of the
LTE system can be merged to obtain a greater bandwidth,
which is called a Carrier Aggregation (CA) technology. This
CA technology can improve the spectrum utilization rate of
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an IMT-Advance system and relieve the shortage of spectrum
resources, thereby optimizing the utilization of the spectrum
resource.

[0010] When the LTE-A adopts the CA technology and the
UE is configured with four downlink component carriers, the
UE needs to feed back the ACK/NACK messages of these
four downlink component carriers. In the condition of Mul-
tiple Input Multiple Output (MIMO), the UE needs to feed
back the ACK/NACK message of each code; therefore, when
the UE is configured with four downlink component carriers,
the UE needs to feed back eight ACK/NACK messages. At
present, the conclusion about the ACK/NACK message feed-
back is that: for a terminal of the LTE-A system, when 4 bits
are supported at most for an ACK/NACK message, the “mul-
tiplexing with channel selection” method is adopted; when
more than 4 bits are supported for an ACK/NACK message
fed back, a method of a Discrete Fourier Transform-spread-
OFDM (DFT-s-OFDM) structure is adopted; of course, other
uplink control signaling also can be transmitted using the
DFT-s-OFDM structure. However, at present, the LTE-A sys-
tem does not provide a specific method for transmitting the
uplink control signaling adopting the structure of DFT-s-
OFDM, and does not indicate the location and the number of
uplink reference signals in this structure.

SUMMARY

[0011] In view of the problems above, the main purpose of
the disclosure is to provide a method and apparatus for trans-
mitting uplink control signaling, and a method and apparatus
for bearing an uplink demodulation reference signal during
transmission of uplink control signaling, to effectively solve
the problem that the uplink control signaling is transmitted
using a DFT-s-OFDM structure.

[0012] In order to achieve the purpose above, the technical
solutions of the disclosure are realized as follows.

[0013] The disclosure provides a method for transmitting
uplink control signaling, which includes:

[0014] respectively performing, on the uplink control sig-
naling, channel coding, scrambling, modulation, time-do-
main spreading and precoding transform; or respectively per-
forming, on the uplink control signaling, channel coding,
scrambling, modulation, precoding transform and time-do-
main spreading; and

[0015] mappingtheuplink control signaling to an Orthogo-
nal Frequency Division Multiplexing (OFDM) symbol used
for bearing the uplink control signaling; and

[0016] transmitting the uplink control signaling that is
borne in the OFDM symbol.

[0017] Preferably, performing channel coding on the
uplink control signaling may include:

[0018] when a bit number of the uplink control signaling is
greater than 11 bits, performing coding using a tail biting
convolution code with constraint length of 7 and code rate of
1/3; and

[0019] performing coding using a linear block code when
the bit number is no greater than 11 bits.

[0020] Wherein, a length of the coded uplink control sig-
naling may be related to whether two slots in a sub-frame bear
same information, specifically, when two slots in a sub-frame
bear the same information, the length of the coded uplink
control signaling is 12xQm; and when two slots in a sub-
frame bear different information, the length of the coded
uplink control signaling is 24xQm, wherein Qm is a corre-
sponding modulation order.

Dec. 20,2012

[0021] Preferably, performing scrambling on the uplink
control signaling may include:

[0022] adding a scrambling sequence to a sequence of the
coded uplink control signaling, and performing an operation
of'mod 2 to obtain a scrambled sequence; wherein the scram-
bling sequence is formed by a pseudorandom sequence.
[0023] Preferably, performing modulation on the uplink
control signaling may include:

[0024] modulating a sequence of the scrambled uplink con-
trol signaling by adopting a Quadrature Phase Shift Keying
(QPSK) modulation mode.

[0025] Preferably, performing time-domain spreading on
the uplink control signaling may include:

[0026] spreading a sequence of the processed uplink con-
trol signaling to an OFDM symbol used for bearing the uplink
control signaling using an orthogonal sequence;

[0027] wherein the orthogonal sequence may be a Discrete
Fourier Transform (DFT) sequence, or a Walsh sequence, or
a Const Amplitude Zero Auto Correlation (CAZAC)
sequence, or a spreading sequence of the DFT sequence, or a
spreading sequence of the Walsh sequence, or a spreading
sequence of the CAZAC sequence; and

[0028] wherein a length of the orthogonal sequence may be
equal to a number of OFDM symbols used for bearing the
uplink control signaling in one slot.

[0029] Preferably, performing precoding transform on the
uplink control signaling may include:

[0030] performing a DFT operation on a sequence of the
uplink control signaling in the OFDM symbol used for bear-
ing the uplink control signaling.

[0031] Preferably, the OFDM symbol used for bearing the
uplink control signaling may be OFDM symbols in a sub-
frame other than an OFDM symbol occupied by an uplink
reference signal.

[0032] Preferably, the method may further include:

[0033] when the uplink control signaling and an uplink
Sounding Reference Signal (SRS) are borne in one sub-
frame, neither uplink control signaling nor an uplink demodu-
lation reference signal is borne in a last OFDM symbol in a
second slot of the sub-frame.

[0034] Preferably, the uplink control signaling may be an
Acknowledged/Non-Acknowledged (ACK/NACK) message
or Channel State Information (CSI) for an uplink feedback.
[0035] The disclosure further provides a method for bear-
ing a demodulation reference signal during transmission of
uplink control signaling, which includes:

[0036] bearing the demodulation reference signal in k
Orthogonal Frequency Division Multiplexing (OFDM) sym-
bols in each slot.

[0037] Preferably, the method may further include:

[0038] in a sub-frame with a normal cyclic prefix, k=2 or
k=3; and

[0039] inasub-frame with an extended cyclic prefix, k=2 or
k=1.

[0040] Preferably, bearing the demodulation reference sig-

nal in k OFDM symbols in each slot may include:

[0041] in a sub-frame with a normal cyclic prefix, bearing
three demodulation reference signals respectively in the fol-
lowing OFDM symbols in each slot:

[0042] asecond OFDM symbol, a third OFDM symbol and
a sixth OFDM symbol; or

[0043] a zeroth OFDM symbol, a third OFDM symbol and
a sixth OFDM symbol; or
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[0044] a first OFDM symbol, a third OFDM symbol and a
fifth OFDM symbol;

[0045] inthe sub-frame with the normal cyclic prefix, bear-
ing two demodulation reference signals respectively in the
following OFDM symbols in each slot:

[0046] a zeroth OFDM symbol and a fifth OFDM symbol;
or
[0047] azeroth OFDM symbol and a sixth OFDM symbol;
or
[0048] a first OFDM symbol and a fifth OFDM symbol; or
[0049] asecond OFDM symbol and a third OFDM symbol;
or
[0050] asecond OFDM symbol and a fifth OFDM symbol;
[0051] inansub-frame withan extended cyclic prefix, bear-

ing two demodulation reference signals respectively in the
following OFDM symbols in each slot:

[0052] a zeroth OFDM symbol and a fifth OFDM symbol;
or

[0053] a zeroth OFDM symbol and a fourth OFDM sym-
bol; or

[0054] asecond OFDM symbol and a third OFDM symbol;
or

[0055] a first OFDM symbol and a fourth OFDM symbol;
or

[0056] asecond OFDM symbol and a fifth OFDM symbol;
and

[0057] in the sub-frame with the extended cyclic prefix,

bearing one demodulation reference signal in a second
OFDM symbol or a third OFDM symbol in each slot;
[0058] wherein the OFDM symbols in each slot are num-
bered starting from 0.

[0059] Preferably, the method may further include:

[0060] when two or more OFDM symbols are occupied by
the uplink demodulation reference signal, the demodulation
reference signal borne in each OFDM symbol is of a same
sequence or a sequence subjected to time-domain spreading,
wherein the sequence is a Computer-generated-Const Ampli-
tude Zero Auto Correlation (CG-CAZAC).

[0061] The disclosure provides an uplink transmitting
apparatus for a response message, which includes a prepro-
cessing unit, a mapping unit and a transmitting unit, wherein
[0062] the preprocessing unit is configured to preprocess
uplink control signaling;

[0063] the mapping unit is configured to map the prepro-
cessed uplink control signaling to an Orthogonal Frequency
Division Multiplexing (OFDM) symbol used for bearing the
uplink control signaling; and

[0064] the transmitting unit is configured to transmit the
uplink control signaling.

[0065] Preferably, the preprocessing unit may further
include a channel coding sub-unit, a scrambling sub-unit, a
modulation sub-unit, a time-domain spreading sub-unit and a
precoding transform sub-unit, wherein

[0066] the channel coding sub-unitis configured to perform
channel coding on the uplink control signaling;

[0067] the scrambling sub-unit is configured to scramble
the uplink control signaling subjected to the channel coding;
[0068] the modulation sub-unit is configured to modulate
the scrambled uplink control signaling;

[0069] the time-domain spreading sub-unit is configured to
perform time-domain spreading on the modulated uplink
control signaling; and
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[0070] the precoding transform sub-unit is configured to
perform precoding transform on the uplink control signaling
subjected to the time-domain spreading.

[0071] Preferably, the precoding transform sub-unit may be
further configured to perform precoding transform on the
modulated uplink control signaling; and

[0072] the time-domain spreading sub-unit may be further
configured to perform time-domain spreading on the uplink
control signaling subjected to the precoding transform.
[0073] Preferably, the channel coding sub-unit may be fur-
ther configured to:

[0074] perform coding using a tail biting convolution code
with constraint length of 7 and code rate of 1/3, when a bit
number of the uplink control signaling is greater than 11 bits;
and

[0075] perform coding using a linear block code when the
bit number is no greater than 11 bits;

[0076] wherein, a length of the coded uplink control sig-
naling may be related to whether two slots in a sub-frame bear
same information, specifically, when two slots in a sub-frame
bear same information, the length of the coded uplink control
signaling is 12xQm; and

[0077] when two slots in a sub-frame bear different infor-
mation, the length of the coded uplink control signaling is
24xQm, wherein Qm is a corresponding modulation order.
[0078] Preferably, the scrambling sub-unit may be further
configured to add a scrambling sequence to a sequence of the
coded uplink control signaling, and then perform an operation
of mod 2 to obtain a scrambled sequence, wherein the scram-
bling sequence is formed by a pseudorandom sequence.
[0079] Preferably, the modulation sub-unit may be further
configured to modulate the scrambled uplink control signal-
ing by adopting a Quadrature Phase Shift Keying (QPSK)
modulation mode.

[0080] Preferably, the time-domain spreading sub-unit may
be further configured to spread a sequence of the processed
uplink control signaling to an OFDM symbol used for bearing
the uplink control signaling using an orthogonal sequence;
[0081] wherein the orthogonal sequence may be a DFT
sequence, or a Walsh sequence, or a CAZAC sequence, or a
spreading sequence of the DFT sequence, or a spreading
sequence of the Walsh sequence, or a spreading sequence of
the CAZAC sequence; and

[0082] wherein a length of the orthogonal sequence may be
equal to a number of OFDM symbols used for bearing the
uplink control signaling in one slot.

[0083] Preferably, the precoding transform sub-unit may be
further configured to perform a DFT operation on a sequence
of the uplink control signaling in the OFDM symbol used for
bearing the uplink control signaling.

[0084] Preferably, the OFDM symbol used for bearing the
uplink control signaling may be OFDM symbols in a sub-
frame other than an OFDM symbol occupied by an uplink
reference signal.

[0085] Preferably, the mapping unit may be further config-
ured to:
[0086] when the uplink control signaling and an Sounding

Reference Signal (SRS) are borne in one sub-frame, bear
neither the uplink control signaling nor an uplink demodula-
tion reference signal in a last OFDM symbol in a second slot
of the sub-frame.

[0087] Preferably, the uplink control signaling may be an
Acknowledged/Non-Acknowledged (ACK/NACK) message
or Channel State Information (CSI) for an uplink feedback.
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[0088] The disclosure further provides an apparatus for
bearing a demodulation reference signal during transmission
of uplink control signaling, which includes:

[0089] abearing unit configured to bear an uplink demodu-
lation reference signal in k OFDM symbols in each slot.
[0090] Preferably, in a sub-frame with a normal cyclic pre-
fix, k=2 or k=3; and

[0091] inasub-frame with an extended cyclic prefix, k=2 or
k=1,

[0092] wherein the bearing unit may be further configured
to:

[0093] in the sub-frame with the normal cyclic prefix, bear

three demodulation reference signals respectively in the fol-
lowing OFDM symbols in each slot:

[0094] asecond OFDM symbol, a third OFDM symbol and
a sixth OFDM symbol; or

[0095] a zeroth OFDM symbol, a third OFDM symbol and
a sixth OFDM symbol; or

[0096] a first OFDM symbol, a third OFDM symbol and a
fifth OFDM symbol;

[0097] in the sub-frame with the normal cyclic prefix, bear
two demodulation reference signals respectively in the fol-
lowing OFDM symbols in each slot:

[0098] a zeroth OFDM symbol and a fifth OFDM symbol;
or
[0099] azeroth OFDM symbol and a sixth OFDM symbol;
or
[0100] a first OFDM symbol and a fifth OFDM symbol; or
[0101] asecond OFDM symbol and a third OFDM symbol;
or
[0102] asecond OFDM symbol and a fifth OFDM symbol;
[0103] in the sub-frame with the extended cyclic prefix,

bear two demodulation reference signals respectively in the
following OFDM symbols in each slot:

[0104] a zeroth OFDM symbol and a fifth OFDM symbol;
?(;105] a zeroth OFDM symbol and a fourth OFDM sym-
})811’025 asecond OFDM symbol and a third OFDM symbol;
?(;107] a first OFDM symbol and a fourth OFDM symbol;
%108] a second OFDM symbol and a fifth OFDM symbol;
2[1(1)1;109] in the sub-frame with the extended cyclic prefix,

bearing one demodulation reference signal in a second
OFDM symbol or a third OFDM symbol in each slot;
[0110] wherein the OFDM symbols in each slot are num-
bered starting from 0.

[0111] Preferably, when the two or more OFDM symbols
may be occupied by the uplink demodulation reference sig-
nal, the demodulation reference signal borne in each OFDM
symbol is of a same sequence, or a sequence subjected to
time-domain spreading, wherein the sequence may be a Com-
puter-generated-Const Amplitude Zero Auto Correlation
(CG-CAZAC) sequence.

[0112] In the disclosure, when the uplink control signaling
needing to be transmitted is transmitted using the structure of
DFT-s-OFDM, by the method for transmitting the uplink
control signaling in the disclosure, the uplink control infor-
mation to be transmitted can be successfully borne in a cor-
responding OFDM symbol in an uplink sub-frame. The tech-
nical solution of the disclosure effectively provides a specific
method for transmitting the uplink control signaling using a
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structure of DFT-s-OFDM and a method for bearing an uplink
demodulation reference signal when the uplink control sig-
naling is transmitted using the structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0113] FIG. 1 shows a schematic diagram illustrating a
basic frame structure of the LTE system in the relevant tech-
nologies;

[0114] FIG. 2 shows a structural diagram of performing
precoding using a tail biting convolution code according to
the disclosure;

[0115] FIG. 3 shows a schematic diagram of preprocessing
according to an Embodiment 1 of the disclosure;

[0116] FIG. 4 shows a schematic diagram of preprocessing
according to an Embodiment 2 of the disclosure;

[0117] FIG. 5 shows a schematic diagram of preprocessing
according to an Embodiment 3 of the disclosure;

[0118] FIG. 6 shows a schematic diagram of preprocessing
according to an Embodiment 4 of the disclosure;

[0119] FIG. 7 shows a schematic diagram of preprocessing
according to an Embodiment 5 of the disclosure;

[0120] FIG. 8 shows a schematic diagram of preprocessing
according to an Embodiment 6 of the disclosure;

[0121] FIG. 9 shows a schematic diagram of preprocessing
according to an Embodiment 7 of the disclosure;

[0122] FIG. 10 shows a schematic diagram of preprocess-
ing according to an Embodiment 8 of the disclosure;

[0123] FIG. 11 shows a schematic diagram of preprocess-
ing according to an Embodiment 9 of the disclosure;

[0124] FIG. 12 shows a schematic diagram of preprocess-
ing according to an Embodiment 10 of the disclosure;
[0125] FIG. 13 shows a schematic diagram of preprocess-
ing according to an Embodiment 11 of the disclosure;
[0126] FIG. 14 shows a schematic diagram of preprocess-
ing according to an Embodiment 12 of the disclosure;
[0127] FIG. 15 shows a schematic diagram of preprocess-
ing according to an Embodiment 13 of the disclosure;
[0128] FIG. 16 shows a schematic diagram of preprocess-
ing according to an Embodiment 14 of the disclosure;
[0129] FIG. 17 shows a schematic diagram of preprocess-
ing according to an Embodiment 15 of the disclosure;
[0130] FIG. 18 shows a schematic diagram of preprocess-
ing according to an Embodiment 16 of the disclosure;
[0131] FIG. 19 shows a schematic diagram illustrating
structure of an apparatus for transmitting uplink control sig-
naling according to the disclosure; and

[0132] FIG. 20 shows a schematic diagram illustrating
structure of an apparatus for bearing an uplink demodulation
reference signal during transmission of uplink control signal-
ing according to the disclosure.

DETAILED DESCRIPTION

[0133] The implementation of the disclosure is described
by taking an ACK/NACK message for example. When the
ACK/NACK message required for uplink feedback is of more
than four bits in a sub-frame, through a coding mode for the
ACK/NACK message provided in the disclosure, the ACK/
NACK message to be fed back can be successfully borne in a
corresponding OFDM symbol in an uplink sub-frame, so that
the uplink feedback is successfully performed.

[0134] For a better understanding of the purpose, technical
solutions and advantages of the disclosure, embodiments are
provided hereinafter to illustrate the disclosure in further
detail with reference to the accompanying drawings.
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5
[0135] The disclosure mainly transmits an ACK/NACK d, represents a coded signal; and ® represents interleaving
message using a structure of DFT-s-OFDM,; specifically, the processing; what shown in FIG. 2 is only a diagram of the
ACK/NACK message is preprocessed and then is mapped to exemplary channel coding; when the bit number M is no
N OFDM symbols (the number of OFDM symbols occupied greater than 11 bits, coding is performed using a linear block
by the ACK/NACK message in a sub-frame) to be transmit- code, wherein the specific coding method of the linear block
ted, wherein the value of N is related to the type of a cyclic code is: coding a plurality of feedback messages using a
prefix adopted by the system and the number of OFDM sym- length of a basic sequence specifically includes:
bols occupied by an uplink reference signal; and the location
of the OFDM symbol to which the ACK/NACK message is
mapped is related to the location of the uplink reference o-1
signal. bi = Z (O - Mmodti, i) mod 2,
[0136] In this disclosure, the preprocessing of the ACK/ ”
NACK message refers to one of the following two modes:
[0137] Mode 1: performing channel coding, scrambling, whereini=0, 1, 2,...,B-1;b,, b, ..., by | represents a bit
modulation, time-domain spreading and precoding transform sequence after the coding; B represents a length after the
1 turn; coding, wherein when two slots bear the same information in
[0138] Mode 2: performing channel coding, scrambling, a sub-frame, B=12xQ,,; when the two slots bear different
modulation, precoding transform and time-domain spreading information, B=2x12xQ,, (Q,, represents a modulation
in turn. order); N represents the length of the basic sequence; M, ,
[0139] The process of the channel coding includes: when represents the value of Sequence i in the basic sequence n; O,
the bit number M of the ACK/NACK message O,, O, . .. O,,...0,,, represents the signaling fed back; wherein the
O, needing to be fed back is greater than 11 bits, coding is basic sequence is as shown in Table 1 or Table 2 below; the
performed using a tail biting convolution code with constraint basic sequence also can adopt the form of the basic sequence
length of 7 and code rate of 1/3 as shown in FIG. 2;in FIG. 2, shown in Table 1 or Table 2 subjected to a row permutation, of
¢, represents a signal to be coded; D represents a modulator; course, other forms of basic sequences are not excluded.
TABLE 1
L Mo My Mo Ma My Ms Mg M7, Mg Mo Mo
0o 1 1 0 0 0 0 0 0 0 0 1
1 1 1 1 0 0 0 0 0 0 1 1
21 0 0 1 0 0 1 0 1 1 1
3 1 0 1 1 0 0 0 0 1 0 1
4 1 1 1 1 0 0 0 1 0 0 1
5 1 1 0 0 1 0 1 1 1 0 1
6 1 0 1 0 1 0 1 0 1 1 1
7001 0 0 1 1 0 0 1 1 0 1
8 1 1 0 1 1 0 0 1 0 1 1
9 1 0 1 1 1 0 1 0 0 1 1
01 0 1 0 0 1 1 1 0 1 1
11 1 1 1 0 0 1 1 0 1 0 1
2 1 0 0 1 0 1 0 1 1 1 1
13 1 1 0 1 0 1 0 1 0 1 1
14 1 0 0 0 1 1 0 1 0 0 1
15 1 1 0 0 1 1 1 1 0 1 1
16 1 1 1 0 1 1 1 0 0 1 0
17 1 0 0 1 1 1 0 0 1 0 0
18 1 1 0 1 1 1 1 1 0 0 0
9 1 0 0 0 0 1 1 0 0 0 0
20 1 0 1 0 0 0 1 0 0 0 1
21 1 1 0 1 0 0 0 0 0 1 1
2 1 0 0 0 1 0 0 1 1 0 1
23 1 1 1 0 1 0 0 0 1 1 1
241 1 1 1 1 0 1 1 1 1 0
25 1 1 0 0 0 1 1 1 0 0 1
26 1 0 1 1 0 1 0 0 1 1 0
271 1 1 1 0 1 0 1 1 1 0
28 1 0 1 0 1 1 1 0 1 0 0
29 1 0 1 1 1 1 1 1 1 0 0
30 1 1 1 1 1 1 1 1 1 1 1
31 1 0 0 0 0 0 0 0 0 0 0
TABLE 2
! Mio M;; Mo Mz My M;s Mg M;; Mg M4 Mo
0 1 1 0 0 0 0 0 0 0 0 1
1 1 1 1 0 0 0 0 0 0 1 1
2 1 0 0 1 0 0 1 0 1 1 1
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TABLE 2-continued
1 Mi, [ Mi, 1 Mi, 2 Mi, 3 Mi, 4 Mi, 5 Mi, 6 Mi, 7 Mi, 8 Mi, 9 Mi, 10
3 1 0 1 1 0 0 0 0 1 0 1
4 1 1 1 1 0 0 0 1 0 0 1
5 1 1 0 0 1 0 1 1 1 0 1
6 1 0 1 0 1 0 1 0 1 1 1
7001 0 0 1 1 0 0 1 1 0 1
8 1 1 0 1 1 0 0 1 0 1 1
9 1 0 1 1 1 0 1 0 0 1 1
10 1 0 1 0 0 1 1 1 0 1 1
11 1 1 1 0 0 1 1 0 1 0 1
12 1 0 0 1 0 1 0 1 1 1 1
13 1 1 0 1 0 1 0 1 0 1 1
14 1 0 0 0 1 1 0 1 0 0 1
15 1 1 0 0 1 1 1 1 0 1 1
16 1 1 1 0 1 1 1 0 0 1 0
17 1 0 0 1 1 1 0 0 1 0 0
18 1 1 0 1 1 1 1 1 0 0 0
19 1 0 0 0 0 1 1 0 0 0 0
20 1 0 1 0 0 0 1 0 0 0 1
21 1 1 0 1 0 0 0 0 0 1 1
22 1 0 0 0 1 0 0 1 1 0 1
23 1 1 1 0 1 0 0 0 1 1 1
[0140] The process of the scrambling includes: adding a pied by the uplink reference signal in the slot from the number

scrambling sequence ¢, ¢4, . . . C5; t0 a coded sequence b,
b, ..., bg ;, and then performing an operation of mod 2 to
obtain a scrambled sequence q,, q;, - - - , 5., namely, ¢,=mod
((c;4b,),2) (i=0, 1, . . . B-1), wherein the scrambling sequence
is formed by a pseudorandom sequence, with an initial value
of €, ~([ /2 [+1) QN { 1) 2 40z 7y

[0141] Wherein QPSK is used to perform the modulation
and the modulated sequence is

00 Q1v - Q5 (00 =2

m

[0142] Wherein the time-domain spreading refers to
spreading the coded sequence to an OFDM symbol occupied
by the ACK/NACK message in a sub-frame using an orthogo-
nal sequence, wherein the orthogonal sequence may be a DFT
sequence, or a Walsh sequence, or a CAZAC sequence, or a
spreading sequence of the DFT sequence, or a spreading
sequence of the Walsh sequence or a spreading sequence of
the CAZAC sequence; the length of the orthogonal sequence
is equal to the number of OFDM symbols occupied by the
ACK/NACK message in a slot. When the length of the
orthogonal sequence is less than the number of OFDM sym-
bols occupied by the ACK/NACK message, any one or more
sequences in the orthogonal sequences can be combined with
an original sequence so that the length of the combined
sequence is equal to the number of OFDM symbols occupied
by the ACK/NACK message.

[0143] Wherein the precoding transform refers to perform-
ing a DFT operation on the modulated sequence in the OFDM
symbol.

[0144] Thevalue of N being related to the type of the cyclic
prefix adopted by the system and the number of OFDM sym-
bols occupied by an uplink reference signal (DM RS and
SRS) refers that: the number of OFDM symbols in a current
slot can be obtained according to the type of the cyclic prefix
adopted by the system; and the number of OFDM symbols
occupied by the ACK/NACK message in a slot can be
obtained by subtracting the number of OFDM symbols occu-

of OFDM symbols in the current slot; thus the number N of
OFDM symbols occupied by the ACK/NACK message in a
sub-frame can be obtained.

[0145] The number of OFDM symbols occupied by the
uplink demodulation reference signal is 3 or 2 or 1 in a slot;
and the number of OFDM symbols occupied by the uplink
SRS is 1.

[0146] The location of the OFDM symbol to which the
ACK/NACK message is mapped being related to the location
of the uplink reference signal refers that: the preprocessed
ACK/NACK message is mapped to OFDM symbols other
than the OFDM symbol occupied by the uplink reference
signal.

[0147] For a normal cyclic prefix, the number of OFDM
symbols occupied by the uplink demodulation reference sig-
nal is 3 or 2 in each slot;

[0148] wherein when the number of OFDM symbols occu-
pied by the uplink demodulation reference signal is 3, the 3
demodulation reference signals are borne respectively in the
following OFDM symbols in each slot: a second OFDM
symbol, a third OFDM symbol and a sixth OFDM symbol; or
a zeroth OFDM symbol, a third OFDM symbol and a sixth
OFDM symbol; or a first OFDM symbol, a third OFDM
symbol and a fifth OFDM symbol; wherein the demodulation
reference signals in the three OFDM symbols may be of the
same sequence, or may be a sequence subjected to time-
domain spreading;

[0149] wherein when the number of OFDM symbols occu-
pied by the uplink demodulation reference signal is 2, the 2
demodulation reference signals are borne respectively in the
following OFDM symbols in each slot: a zeroth OFDM sym-
bol and a fifth OFDM symbol; or a zeroth OFDM symbol and
a sixth OFDM symbol; or a first OFDM symbol and a fifth
OFDM symbol; or a second OFDM symbol and a third
OFDM symbol; or a second OFDM symbol and a fiftth OFDM
symbol; wherein the demodulation reference signals in the
two OFDM symbols may be of the same sequence, or may be
a sequence subjected to time-domain spreading.

[0150] For an extended cyclic prefix, the number of OFDM
symbols occupied by the uplink demodulation reference sig-
nal is 2 or 1 in each slot;
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[0151] wherein when the number of OFDM symbols occu-
pied by the uplink demodulation reference signal is 2, the 2
demodulation reference signals are borne respectively in the
following OFDM symbols in each slot: a zeroth OFDM sym-
bol and a fifth OFDM symbol; or a zeroth OFDM symbol and
a fourth OFDM symbol; or a second OFDM symbol and a
third OFDM symbol; or a first OFDM symbol and a fourth
OFDM symbol; or a second OFDM symbol and a fiftth OFDM
symbol; wherein the demodulation reference signals in the
two OFDM symbols may be of the same sequence, or may be
a sequence subjected to time-domain spreading;

[0152] wherein when the number of OFDM symbols occu-
pied by the uplink demodulation reference signal is 1, the 1
demodulation reference signal may be borne in a second
OFDM symbol or a third OFDM symbol in each slot;
[0153] wherein the OFDM symbols in each slot are num-
bered starting from 0.

[0154] The sequence used by the demodulation reference
signal above is a CG-CAZAC sequence.

[0155] When an uplink SRS needs to be transmitted simul-
taneously, neither the ACK/NACK message nor the demodu-
lation reference signal is borne in the last OFDM symbol in
the second slot of each sub-frame.

[0156] The essence of the technical solutions of the disclo-
sure is illustrated below in further detail in conjunction with
embodiments, wherein in Embodiments 1 to 12, except that
the Embodiment 2 describes the condition of one uplink
demodulation reference signal existing in each slot, the other
embodiments describe the condition of two uplink demodu-
lation reference signals existing in each slot. Embodiments 13
to 16 describe the condition of three demodulation reference
signals existing in each slot. FIG. 3 to FIG. 18 are only the
exemplary description for the preprocessing of the ACK/
NACK message. In the embodiments, OFDM symbols are
numbered starting from 0.

Embodiment 1

[0157] Supposing an ACK/NACK message needing to be
transmitted is O,, O,, . . . O5; the system adopts a normal
cyclic prefix; no SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 2; the DM RS is
distributed in the first and fifth OFDM symbols of each slot in
a discontinuous manner and the sequence of the DM RS is
r,, () (=0, 1, ... 11) as shown in FIG. 3; different control
information is borne in respective slots; the linear block code
is the basic sequence shown in Table 1; the orthogonal code is
a Walsh sequence, as shown in Table 3, the modulation order
Q,,=2; and the preprocessing method described in the forgo-
ing Mode 2 is adopted.

TABLE 3

Sequence index Sequence

[1111]
[1-11-1]
[1-1-11]
[11-1-1]

W= O

[0158] The ACK/NACK message O, O,, ... O, needingto
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
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by, ...b,,, and the scrambled and modulated sequence is Q,,
Q. . . . Q,3; since each slot has seven OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 2 and
no SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 5 in each slot,
thus the Walsh sequence is extended into an orthogonal
sequence shown in Table 4.

TABLE 4

Orthogonal sequence

Sequence index [W(0) ... wNgZYH _ 1y

0 [11111]

1 [1-11-1-1]

2 [1-1-111]

3 [11-1-1-1]
[0159] The Q,, Q,, . .. Q;; and Q,,, Q3, . . . Q,; are
respectively precoded to obtain Q,', Q,', . .. Q;;'and Q,,',
Q5 . . . Q5" an orthogonal sequence [w(0) . . . w(4)] is

selected from Table 4 to respectively perform time-domain
spreadingonthe Q' Q5. ... Q;'and Q5. Qy5', .. . Qo3' map

the Q,', Q,, ... Q,,"and Q,,", Q,5', . . . Q,5' to the zeroth,
second, third, fourth and sixth OFDM symbols in each slot; a

pilot sequence is mapped to the first and fifth OFDM symbols
in each slot; a pilot frequency on the two OFDM symbols can
be formed in the following manners: the pilot sequence in
each OFDM symbol is r,,*(n) (n=0, 1, . . . 11), or time-
domain spreading is performed on ther, ,*(n) (0=0,1,...11)
using an orthogonal sequence [w(0) w(1)] selected from
Table 5 (or Table 6).

TABLE 5

Sequence index Sequence

0 [11]
1 [1-1]

TABLE 6

Sequence index Sequence

0 [1i]
1 [1-]

Embodiment 2

[0160] Supposing an ACK/NACK message needing to be
transmitted is Op, O, . . . O,; the system adopts an extended
cyclic prefix; no SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 1 and the DM RS is
distributed in the second OFDM symbol of each slot, as
shown in FIG. 4; different control information is borne in
respective slots; the linear block code is the basic sequence
shown in Table 1; the orthogonal code is a Walsh sequence, as
shown in Table 7, the modulation order Q,,=2; and the pre-
processing method described in the forgoing Mode 2 is
adopted.
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TABLE 7

Sequence index Sequence

11111]
1 e/'8'n:/5 e/'Gn:/S e/'4n:/5 e/'2n:/5

MW= O

[

e e e o Ce)
[1 e/Gn:/S e/2n:/5 e/8n:/5 e/4n:/5]
[1 e/:4n:/5 e/:Sn:/S e/:2n:/5 e/:Gm:/S]
[1 e/2n:/5 e/4'n:/5 61&1/5 e/Sn:/S]

[0161] The ACK/NACK message O, O,, ... O, needingto
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
by, ...b,,, and the scrambled and modulated sequence is Q,,
Q. . . . Q,3; since each slot has six OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 1 and
no SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 5 in each slot;

the Qg, Qy, . . . Q;; and Q,, Qy5, . . . Q5 are respectively

precoded to obtain Q,", Q,', .. . Q;,"and Q,,', Q5" . . . Qs5';
an orthogonal sequence [w(0) . .. w(4)] is selected from Table

5 to respectively perform time-domain spreading on the Q,',
Q... Q'and Q1 Qy5's - - Qo' tomap the Q,', Q5 . ..
Q' and Q,,', Q,5, . . . Q,5' to the zeroth, first, third, fourth
and fifth OFDM symbols in each slot; a pilot sequence r,, *

(n) (n=0, 1, ...11)is mapped to the second OFDM symbol’in
each slot.

Embodiment 3
[0162] Supposing an ACK/NACK message needing to be

transmitted is O, Oy, . . . O5; the system adopts a normal
cyclic prefix; an SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 2 and the DM RS is
distributed in the first and fifth OFDM symbols of each slot in
a discontinuous manner, as shown in FIG. 5; different control
information is borne in respective slots; the linear block code
is the basic sequence shown in Table 1; the orthogonal code is
a Walsh sequence, as shown in Table 3, the modulation order
Q,,=2; and the preprocessing method described in the forgo-
ing Mode 2 is adopted.

[0163] The ACK/NACK message O, O,, ... O, needingto
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
by, ...b,,, and the scrambled and modulated sequence is Q,,
Q, . . . Q,3; since each slot has seven OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 2 and
an SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 5 in the slot0,
and the number of OFDM symbols occupied by the ACK/
NACK message is 4 in the slotl, thereby the Walsh sequence
is repeated to 5 and the orthogonal sequence is as shown in
Table 4.

[0164] The Q,, Q,, ... Q,; and Q,,, Qi3, . . . Q,; are
respectively precoded to obtain Q,", Q' ... Q;,' and Q,,',
Q.5 . . . Q.5 an orthogonal sequence [w(0) . . . w(4)] is

selected from Table 4 to perform time-domain spreading on

the Q,", Q,',...Q,"tomap the Q,", Q,', ... Q, " to the zeroth,
second, third, fourth and sixth OFDM symbols in the slot0; an

orthogonal sequence [w(0) . . . w(3)] is selected from Table 3
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to perform time-domain spreading on the Q,,', Q,5', . . . Qs5'
to map the Q,,', Q,5', . . . Q5" to the zeroth, second, third and
fourth OFDM symbols in the slotl; a pilot sequence is
mapped to the first and fifth OFDM symbols in each slot; a
pilot frequency on the two OFDM symbols can be formed in
the following manners: the pilot sequence in each OFDM
symbolisr, “(n) (n=0, 1, ...11), or time-domain spreading
is performed on the r,, ,“(n) (n=0, 1, .. . 11) using an orthogo-
nal sequence [w(0) w(1)] selected from Table 7.

Embodiment 4

[0165] Supposing an ACK/NACK message needing to be
transmitted is O, O, . . . O; the system adopts an extended
cyclic prefix; an SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 1, and the DM RS
is distributed in the second OFDM symbol of each slot in a
continuous manner, as shown in FIG. 6; different control
information is borne in respective slots; the linear block code
is the basic sequence shown in Table 1; the orthogonal code is
a Walsh sequence, as shown in Table 3, the modulation order
Q,,=2; and the preprocessing method described in the forgo-
ing Mode 2 is adopted.

[0166] The ACK/NACK message O,, O, ... 0O, needing to
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
by, ...b,,, and the scrambled and modulated sequence is Q,,
Q,, . . . Q,3; since each slot has six OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 1 and
an SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 5 in the slot0,
and the number of OFDM symbols occupied by the ACK/
NACK message is 4 in the slotl, thereby the Walsh sequence
is repeated to 5 and the orthogonal sequence is as shown in
Table 4.

[0167] The Qg Q,, . . . Q,, are respectively precoded to
obtain Q,', Q5" ... Q;,'and Q,,', Q,5', . . . Q,5' an orthogonal
sequence [w(0) . .. w(4)] is selected from Table 4 to perform
time-domain spreadingonthe Q,',Q.', ... Q,,'to map the Q,’',
Q,',...Q,, tothe zeroth, first, second, fourth and fitth OFDM
symbols in the slot0; an orthogonal sequence [w(0) . .. w(3)]
is selected from Table 3 to perform time-domain spreading on
the Q,,', Q.5 . . . Q,5' to map the Q,,', Q5', . . . Q,5' to the
zeroth, first, third and fourth OFDM symbols in the slotl; a
pilot sequence is mapped to the second OFDM symbol.

Embodiment 5

[0168] Supposing an ACK/NACK message needing to be
transmitted is Oy, Oy, . . . O; the system adopts a normal
cyclic prefix; no SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 2, and the DM RS
is distributed in the zeroth and sixth OFDM symbols of each
slot in a discontinuous manner, as shown in FIG. 7; different
control information is borne in respective slots; the linear
block code is the basic sequence shown in Table 1; the
orthogonal code is a DFT sequence, as shown in Table 5, the
modulation order Q,,=2; and the preprocessing method
described in the forgoing Mode 2 is adopted.

[0169] The ACK/NACK message O, Oy, ...0O, needing to
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
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ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
by, ...b,,, and the scrambled and modulated sequence is Q,,
Q,, . . . Q,3; since each slot has seven OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 2 and
no SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 5 in each slot;

the Qg, Qy, . . . Q;; and Q,, Qy5, . . . Q5 are respectively
precoded to obtain Q,", Q,', .. . Q,;'and Q,', Q5" . . . Q5%
an orthogonal sequence [w(0) . .. w(4)] is selected from Table

5 to respectively perform time-domain spreading on the Q,',
Q.. Qu'and Q) Qy5', - Qo' tomap the Q,', Qy', . ..
Q,,'and Q,,', Q,5', . . . Q,5' to the first, second, third, fourth
and fitth OFDM symbols in each slot; a pilot sequence is
mapped to the zeroth and sixth OFDM symbols in each slot;
a pilot sequence is mapped to the zeroth and sixth OFDM
symbols; a pilot frequency on the two OFDM symbols can be
formed in the following manners: the pilot sequence in each
OFDM symbol is r,,*(n) (n=0, 1, . . . 11), or time-domain
spreading is performed on the r,, ,*(n) (n=0, 1, . . . 11) using
an orthogonal sequence [w(0) w(1)] selected from Table 5.

Embodiment 6

[0170] Supposing an ACK/NACK message needing to be
transmitted is Op, O, . . . O; the system adopts an extended
cyclic prefix; no SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 2 and the DM RS is
distributed in the zeroth and fifth OFDM symbols of each slot
in a discontinuous manner, as shown in FIG. 8; different
control information is borne in respective slots; the linear
block code is the basic sequence shown in Table 1; the
orthogonal code is a Walsh sequence, as shown in Table 3, the
modulation order Q,=2; and the preprocessing method
described in the forgoing Mode 2 is adopted.

[0171] The ACK/NACK message O,, O,, ... O, needingto
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
b,,...b,,, and the scrambled and modulated sequence is Q,,
Q. . . . Q,3; since each slot has six OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 2 and
no SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 4 in each slot;

the Qg, q;, - . - Q;; and Q,5, Q,5, . . . Q,5 are respectively
precoded to obtain Q,", Q,', .. . Q,;'and Q,', Q5" . . . Q5%
an orthogonal sequence [w(0) . .. w(3)] is selected from Table

3 to respectively perform time-domain spreading on the Q,’,
Q.. Qu'and Q)5 Qs - Qos' tomap the Q,', Q5 - ..
Q' and Q,,', Q,5', . . . Q,5' to the first, second, third and
fourth OFDM symbols in each slot; a pilot sequence is
mapped to the zeroth and fifth OFDM symbols in each slot; a
pilot frequency on the two OFDM symbols can be formed in
the following manners: the pilot sequence in each OFDM
symbolisr, “(1n) (0=0, 1, ... 11), or time-domain spreading
is performed on ther,, ,“(n) (n=0, 1, .. . 11) using an orthogo-
nal sequence [w(0) w(1)] selected from Table 7.
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Embodiment 7

[0172] Supposing an ACK/NACK message needing to be
transmitted is Oy, Oy, . . . O; the system adopts a normal
cyclic prefix; an SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 2 and the DM RS is
distributed in the first and seventh OFDM symbols of each
slot in a discontinuous manner, as shown in FIG. 9; different
control information is borne in respective slots; the linear
block code is the basic sequence shown in Table 1; the
orthogonal code is a DFT sequence, as shown in Table 7, the
modulation order Q,,=2; and the preprocessing method
described in the forgoing Mode 2 is adopted.

[0173] The ACK/NACK message O, O,, ... 0O, needing to
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
by, ...b,,, and the scrambled and modulated sequence is Q,,
Q. . . . Q,3; since each slot has seven OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 2 and
an SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 5 in the slot0,
and the number of OFDM symbols occupied by the ACK/
NACK message is 5 in the slot1; the Q,, Q,, ... Q;; and Q,,,
Q3. . . - Q,; are respectively precoded to obtain Q,', Q,', . . .
Q;,'and Q,,', Q,5, . .. Q,;'; an orthogonal sequence [w(0) .
. . w(4)] is selected from Table 5 to respectively perform
time-domain spreadingonthe Q,', Q,', ... Q,,'and Q,,', Q,5',
- Q' tomap the Q' Qy', ... Q' and Q5 Q' - - Qo
to the first, second, third, fourth and fifth OFDM symbols in
each slot; a pilot sequence is mapped to the zeroth and sixth
OFDM symbols in each slot; a pilot frequency on the two
OFDM symbols can be formed in the following manners: the
pilot sequence in each OFDM symbol isr, “(n) (n=0, 1, . ..
11), or time-domain spreading is performed on the r, “(n)
(n=0, 1, . . . 11) using an orthogonal sequence [w(0) w(1)]
selected from Table 5.

Embodiment 8

[0174] Supposing an ACK/NACK message needing to be
transmitted is O, O, . . . O; the system adopts an extended
cyclic prefix; an SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 2, and the DM RS
is distributed in the zeroth and fifth OFDM symbols of each
slot in a discontinuous manner, as shown in FI1G. 10; different
control information is borne in respective slots; the linear
block code is the basic sequence shown in Table 1; the
orthogonal code is a Walsh sequence, as shown in Table 3, the
modulation order Q,,=2; and the preprocessing method
described in the forgoing Mode 2 is adopted.

[0175] The ACK/NACK message O,, O, ... 0O, needing to
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
by, ...b,,, and the scrambled and modulated sequence is Q,,
Q,, . . . Q,3; since each slot has six OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 2 and
no SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 4 in each slot;

the Qg, Qy, . . . Qq; and Q,, Qy5, . . . Q5 are respectively
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precoded to obtain Q,", Q,', .. . Q;,"and Q,,', Q5" . . . Qs5';
an orthogonal sequence [w(0) . .. w(3)] is selected from Table

3 to respectively perform time-domain spreading on the Q,’,
Q... Q'and Q1 Qy5's - - Qo' tomap the Q,', Qy', . ..
Q' and Q,," Q.5 . . . Q,;5' to the first, second, third and
fourth OFDM symbols in each slot; a pilot sequence is
mapped to the zeroth and fifth OFDM symbols in each slot; a
pilot frequency on the two OFDM symbols can be formed in
the following manners: the pilot sequence in each OFDM
symbolis r, ,“(n) (n=0, 1, ... 11), or time-domain spreading
is performed on the r, “(n) (n=0, 1, ... 11) using an orthogo-
nal sequence [w(0) w(1)] selected from Table 7.

Embodiment 9

[0176] Supposing an ACK/NACK message needing to be
transmitted is O, Oy, . . . O5; the system adopts a normal
cyclic prefix; no SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 2, and the DM RS
is distributed in the second and third OFDM symbols of each
slot in a continuous manner, as shown in FIG. 11; different
control information is borne in respective slots; the linear
block code is the basic sequence shown in Table 1; the
orthogonal code is a DFT sequence, as shown in Table 7, the
modulation order Q,,=2; and the preprocessing method
described in the forgoing Mode 2 is adopted.

[0177] The ACK/NACK message O,, O, ... O, needingto
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
by, ...b,,, and the scrambled and modulated sequence is Q,,
Q,, . . . Q,3; since each slot has seven OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 2 and
no SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 5 in each slot;

the Qy, Qy, ... Q;; and Q,,, Q5 . . . Q,5 an are respectively

precoded to obtain Q,", Q,', .. . Q;,"and Q,,', Q5" . . . Qs5';
an orthogonal sequence [w(0) . .. w(4)] is selected from Table

5 to respectively perform time-domain spreading on the Q,',
Qo ... Qu'and Q)5 Qs . Qo' tomap the Q,', Q5 . ..
Q,;'and Q,,', Q5. ... Q,;' to the zeroth, first, fourth, fifthand
sixth OFDM symbols in each slot; a pilot sequence is mapped
to the second and third OFDM symbols in each slot; a pilot
frequency on the two OFDM symbols can be formed in the
following manners: the pilot sequence in each OFDM symbol
is r, *(m) (n=0, 1, . . . 11), or time-domain spreading is
performed on ther, ,*(n) (n=0, 1, ... 11) using an orthogonal
sequence [w(0) w(1)] selected from Table 7.

Embodiment 10

[0178] Supposing an ACK/NACK message needing to be
transmitted is Op, O, . . . O; the system adopts an extended
cyclic prefix; no SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 2 and the DM RS is
distributed in the second and third OFDM symbols of each
slot in a continuous manner, as shown in FIG. 12; different
control information is borne in respective slots; the linear
block code is the basic sequence shown in Table 1; the
orthogonal code is a Walsh sequence, as shown in Table 7, the
modulation order Q,,=2; and the preprocessing method
described in the forgoing Mode 2 is adopted.
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[0179] The ACK/NACK message O, O,, ... 0O, needing to
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
by, ...b,,, and the scrambled and modulated sequence is Q,,
Qy, . . . Q,5; since each slot has six OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 2 and
no SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 4 in each slot;
the Qg, Qy, . . . Qq; and Q,, Qy5, . . . Q5 are respectively

precoded to obtain Q,", Q,', .. . Q;,"and Q,,', Q5', . . . Qx3";
an orthogonal sequence [w(0) . .. w(3)] is selected from Table

3 to respectively perform time-domain spreading on the Q,’,
Q... Qu"and Q5 Qys'y .. . Qu3' tomap the Q,', Qs . . .
Q' and Q,,, Q5" . . . Q,5' to the zeroth, first, fourth and fifth
symbols in each slot; a pilot sequence is mapped to the second
and third OFDM symbols in each slot; a pilot frequency on
the two OFDM symbols can be formed in the following
manners: the pilot sequence in each OFDM symbol isr,, ,“(n)
(n=0,1,...11), ortime-domain spreading is performed on the
r,, (@) (=0, 1, ... 11) using an orthogonal sequence [w(0)
w(1)] selected from Table 7.

Embodiment 11

[0180] Supposing an ACK/NACK message needing to be
transmitted is Oy, Oy, . . . O; the system adopts a normal
cyclic prefix; an SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 2, and the DM RS
is distributed in the second and third OFDM symbols of each
slot in a continuous manner, as shown in FIG. 13; different
control information is borne in respective slots; the linear
block code is the basic sequence shown in Table 1; the
orthogonal code is a DFT sequence and a Walsh sequence, as
shown in Table 7 and Table 3, the modulation order Q,,=2;
and the preprocessing method described in the forgoing
Mode 2 is adopted.

[0181] The ACK/NACK message O,, O, ... 0O, needing to
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
by, ...b,,, and the scrambled and modulated sequence is Q,,
Q. . . . Q,3; since each slot has seven OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 2 and
an SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 5 in the slot0,
and the number of OFDM symbols occupied by the ACK/
NACK message is 4 in the slot1; the Q,, Q,, ... Q;; and Q,,,
Q3. . . - Q,; are respectively precoded to obtain Q,', Q,', . . .
Q,;'and Q,,', Q5" . .. Q,5"; an orthogonal sequence [w(0) .
.. w(4)] is selected from Table 5 to perform time-domain
spreadingonthe Q,", Q,',...Q;,"tomaptheQ,', Q,',... Q'
to the zeroth, first, fourth, fifth and sixth OFDM symbols in
the slot0; an orthogonal sequence [w(0) . . . w(3)] is selected
from Table 3 to perform time-domain spreading on the Q; ',
Q5 ... Qys'tomapthe Q,,', Q5 . . . Q5" to the zeroth, first,
fourth and fifth symbols in the slotl; a pilot sequence is
mapped to the second and third OFDM symbols in each slot;
apilot frequency on the two OFDM symbols can be formed in
the following manners: the pilot sequence in each OFDM
symbolisr, “(n) (n=0, 1, ... 11), or time-domain spreading
is performed on ther, “(n) (n=0, 1, ... 11) using an orthogo-
nal sequence [w(0) w(1)] selected from Table 7.
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Embodiment 12

[0182] Supposing an ACK/NACK message needing to be
transmitted is Op, O, . . . O; the system adopts an extended
cyclic prefix; an SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 2 and the DM RS is
distributed in the second and third OFDM symbols of each
slot in a continuous manner, as shown in FIG. 14; different
control information is borne in respective slots; the linear
block code is the basic sequence shown in Table 1; the
orthogonal code is a Walsh sequence, as shown in Table 7 and
Table 8, the modulation order Q,,=2; and the preprocessing
method described in the forgoing Mode 2 is adopted.

TABLE 8
Sequence index Sequence
0 [111]
1 [1 &2¥3 of4m'3]
5 [1 &3 23]

[0183] The ACK/NACK message O,, O, ... O, needingto
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
by, ...b,,, and the scrambled and modulated sequence is Q,,
Q,, . . . Q,3; since each slot has six OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 2 and
an SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 4 in the slot0,
and the number of OFDM symbols occupied by the ACK/
NACK message is 4 in the slot1; the Q,, Q,, ... Q,; and Q,,,
Q3. . . - Q,; are respectively precoded to obtain Q,', Q,', . . .
Q,;'and Q,,', Q5" . .. Q,5'";s an orthogonal sequence [w(0) .
.. w(3)] is selected from Table 3 to perform time-domain
spreadingonthe Q,", Q,',...Q;,"tomapthe Q,", Q,',... Q'
to the zeroth, first, fourth and fifth symbols in the slot0; an
orthogonal sequence [w(0) . . . w(2)] is selected from Table 8
to perform time-domain spreading on the Q,,', Q,5', .. . Q.5
to map the Q,,', Q,5', . . . Q,5' to the zeroth, first and fourth
OFDM symbols in the slot1; a pilot sequence is mapped to the
second and third OFDM symbols in each slot; a pilot fre-
quency on the two OFDM symbols can be formed in the
following manners: the pilot sequence in each OFDM symbol
is r, ,*(n) (n=0, 1, . . . 11), or time-domain spreading is
performed on ther, ,*(n) (n=0, 1,. .. 11) using an orthogonal
sequence [w(0) w(1)] selected from Table 7.

Embodiment 13

[0184] Supposing an ACK/NACK message needing to be
transmitted is O, Oy, . . . O5; the system adopts a normal
cyclic prefix; no SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 3, the DM RS is
distributed in the zeroth, third and sixth OFDM symbols of
each slot in a discontinuous manner, and the sequence of the
DM RS is r, () n=0, 1, . . . 11) as shown in FIG. 15;
different control information is borne in respective slots; the
linear block code is the basic sequence shown in Table 1; the
orthogonal code is a Walsh sequence, as shown in Table 3, the
modulation order Q,,=2; and the preprocessing method
described in the forgoing Mode 2 is adopted.
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[0185] The ACK/NACK message O, O, ...0O, needing to
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
by, ...b,,, and the scrambled and modulated sequence is Q,,
Q. . . . Q,3; since each slot has seven OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 3 and
no SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 4 in each slot;

the Qg, Qy, . . . Qq; and Q,, Qy5, . . . Q5 are respectively
precoded to obtain Q,", Q,', .. . Q,;'and Q,', Q,5', . . . Q,5%
an orthogonal sequence [w(0) . .. w(3)] is selected from Table

3 to respectively perform time-domain spreading on the Q,’,
Q... Q'and Q' Q' .. Qo' tomap the Q,', Qy', . ..
Q;,'and Q,,", Q,5', ... Q,5"to the first, second, fourth and fifth
OFDM symbols in each slot; a pilot sequence is mapped to the
zeroth, third and sixth OFDM symbols in each slot; a pilot
frequency on the three OFDM symbols can be formed in the
following manners: the pilot sequence in each OFDM symbol
is r, ,*(n) (0=0, 1, . . . 11), or time-domain spreading is
performed onther, “(n) (n=0, 1,...11) using an orthogonal
sequence [w(0) . . . w(2)] selected from Table 6.

Embodiment 14

[0186] Supposing an ACK/NACK message needing to be
transmitted is Oy, Oy, . . . O; the system adopts a normal
cyclic prefix; an SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 3, and the DM RS
is distributed in the zeroth, third and sixth OFDM symbols of
each slot in a discontinuous manner, as shown in FIG. 16;
different control information is borne in respective slots; the
linear block code is the basic sequence shown in Table 1; the
orthogonal code is a Walsh sequence, as shown in Table 3, the
modulation order Q,,=2; and the preprocessing method
described in the forgoing Mode 2 is adopted.

[0187] The ACK/NACK message O, O, ...0O, needing to
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
b,,...b,, and the scrambled and modulated sequence is Q,,
Q. . . . Q,3; since each slot has seven OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 3 and
an SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 4 in the slot0,
and the number of OFDM symbols occupied by the ACK/
NACK message is 4 in the slot1; the Q,, Q,, ... Q;; and Q,,,
Qs - - - Q,; are respectively precoded to obtain Q,', Q,', . . .
Q;,'and Q,,', Q,5, . .. Q,;'; an orthogonal sequence [w(0) .
.. w(3)] is selected from Table 3 to perform time-domain
spreadingonthe Q,", Q,',...Q,,"tomaptheQ,", Q... Q'
to the first, second, fourth and fifth OFDM symbols in the
slot0; an orthogonal sequence [w(0) . . . w(3)] is selected from
Table 3 to perform time-domain spreading on the Q,,', Q 5, .
.. Qus'tomap theQ,,',Q,5', ... Q5 to the first, second, fourth
and fitth OFDM symbols in the slotl; a pilot sequence is
mapped to the zeroth, third and sixth OFDM symbols in the
slot0 and the zeroth and third OFDM symbols in the slot 1; a
pilot frequency on the three OFDM symbols of the slot0 can
be formed in the following manners: the pilot sequence in
each OFDM symbol is r,,*(n) (n=0, 1, . . . 11), or time-
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domain spreading is performed on ther, *(n) (=0, 1,...11)
using an orthogonal sequence [w(0) . . . w(2)] selected from
Table 6; a pilot frequency on the two OFDM symbols of the
slotl can be formed in the following manners: the pilot
sequence in each OFDM symbolisr, ,“(n) (0=0,1,...11),0r
time-domain spreading is performed on the r, “(n) (n=0, 1, .
.. 11) using an orthogonal sequence [w(0) w(1)] selected
from Table 7.

Embodiment 15

[0188] Supposing an ACK/NACK message needing to be
transmitted is Op, O, . . . O; the system adopts an extended
cyclic prefix; no SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 3, and the DM RS
is distributed in the second, third and sixth OFDM symbols of
each slot in a partially continuous manner, as shown in FIG.
17, different control information is borne in respective slots;
the linear block code is the basic sequence shown in Table 1;
the orthogonal code is a Walsh sequence, as shown in Table 3,
the modulation order Q,,=2; and the preprocessing method
described in the forgoing Mode 2 is adopted.

[0189] The ACK/NACK message O, O,, ... O, needingto
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
b,,...b,,, and the scrambled and modulated sequence is Q,,
Q, . . . Q,3; since each slot has seven OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 3 and
an SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 4 in the slot0,
and the number of OFDM symbols occupied by the ACK/
NACK message is 4 in the slot1; the Q,, Q,, ... Q;; and Q,,,
Qs - - - Q,; are respectively precoded to obtain Q,', Q,', . . .
Q,'and Q,,', Q,5, . .. Q;'; an orthogonal sequence [w(0) .
.. w(3)] is selected from Table 3 to perform time-domain
spreadingonthe Q,", Q,',...Q;,"tomapthe Q,", Q,',... Q'
to the zeroth, first, fourth and fifth OFDM symbols in the
slot0; an orthogonal sequence [w(0) ... w(3)] is selected from
Table 3 to perform time-domain spreading on the Q,,', Q,3',
...Qy5'tomapthe Q,,', Q,5', ... Q,;' to the zeroth, first, fourth
and fitth OFDM symbols in the slotl; a pilot sequence is
mapped to the second, third and sixth OFDM symbols in the
slot0 and the second, third and sixth OFDM symbols in the
slot 1; a pilot frequency on the three OFDM symbols of the
slot0 can be formed in the following manners: the pilot
sequence in each OFDM symbolisr, ,“(n) (0=0,1,...11),0r
time-domain spreading is performed on the r, “(n) (n=0, 1, .
.. 11) using an orthogonal sequence [w(0) . . . w(2)] selected
from Table 6; a pilot frequency on the three OFDM symbols
of'the slotl can be formed in the following manners: the pilot
sequence in each OFDM symbolisr, ,“(n) (0=0,1,...11),0r
time-domain spreading is performed on the r, “(n) (n=0, 1, .
.. 11) using an orthogonal sequence [w(0) . . . w(2)] selected
from Table 6.

Embodiment 16

[0190] Supposing an ACK/NACK message needing to be
transmitted is Op, O, . . . O; the system adopts an extended
cyclic prefix; an SRS needs to be transmitted; the number of
OFDM symbols occupied by a DM RS is 3, and the DM RS
is distributed in the second, third and sixth OFDM symbols of
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each slot in a partially continuous manner, as shown in FIG.
18; different control information is borne in respective slots;
the linear block code is the basic sequence shown in Table 1;
the orthogonal code is a Walsh sequence, as shown in Table 3,
the modulation order Q,,=2; and the preprocessing method
described in the forgoing Mode 2 is adopted.

[0191] The ACK/NACK message O,, O, ... 0O, needing to
be transmitted is coded; since the bit number of the ACK/
NACK message needing to be transmitted is 8 bits and dif-
ferent control information is borne in respective slots, there-
fore coding is performed using the linear block code and the
length of the coded sequence is 48, the coded sequence is by,
by, ...b,,, and the scrambled and modulated sequence is Q,,
Q. . . . Q,3; since each slot has seven OFDM symbols, the
number of OFDM symbols occupied by the DM RS is 3 and
an SRS is transmitted, therefore the number of OFDM sym-
bols occupied by the ACK/NACK message is 4 in the slot0,
and the number of OFDM symbols occupied by the ACK/
NACK message is 4 in the slot1; the Q,, Q,, ... Q;; and Q,,,
Q3. . . - Q,; are respectively precoded to obtain Q,', Q,', . . .
Q,;'and Q,,', Q5" . .. Q,5"; an orthogonal sequence [w(0) .
.. w(3)] is selected from Table 3 to perform time-domain
spreadingonthe Q,", Q,',...Q;,"tomaptheQ,', Q,',... Q'
to the zeroth, first, fourth and fifth OFDM symbols in the
slot0; an orthogonal sequence [w(0) . . . w(3)] is selected from
Table 3 to perform time-domain spreading on the Q,,', Q;5',
... Qus'tomapthe Q,,', Q, 5, . .. Q,5' to the zeroth, first, fourth
and fitth OFDM symbols in the slotl; a pilot sequence is
mapped to the second, third and sixth OFDM symbols in the
slot0 and the second and third OFDM symbols in the slot 1; a
pilot frequency on the three OFDM symbols of the slot0 can
be formed in the following manners: the pilot sequence in
each OFDM symbol is r, “(n) (n=0, 1, . . . 11), or time-
domain spreading is performed on ther, ,*(n) (0=0, 1,...11)
using an orthogonal sequence [w(0) . . . w(2)] selected from
Table 6; a pilot frequency on the two OFDM symbols of the
slotl can be formed in the following manners: the pilot
sequence in each OFDM symbol isr, ,“(n) (0=0, 1, ...11),0r
time-domain spreading is performed on the r, ,“(n) (n=0, 1, .
.. 11) using an orthogonal sequence [w(0) w(1)] selected
from Table 7.

[0192] Ineach ofthe above embodiments of the disclosure,
the technical solution above also can be implemented by the
preprocessing method described in the forgoing Mode 1.
Since the implementation details with the preprocessing
method described in the forgoing Mode 1 and forgoing Mode
2 are basically the same, no description is repeated here.
[0193] FIG. 19 shows a schematic diagram illustrating
structure of an apparatus for transmitting uplink control sig-
naling according to the disclosure; as shown in FIG. 19, the
apparatus for transmitting uplink control signaling in the
disclosure includes a preprocessing unit 190, a mapping unit
191 and a transmitting unit 192, wherein the preprocessing
unit 190 is configured to preprocess uplink control signaling
for an uplink feedback;

[0194] the mapping unit 191 is configured to map the pre-
processed uplink control signaling to an OFDM symbol used
for bearing the uplink control signaling;

[0195] the transmitting unit 192 is configured to transmit
the uplink control signaling.

[0196] The preprocessing unit 190 further includes a chan-
nel coding sub-unit, a scrambling sub-unit, a modulation
sub-unit, a time-domain spreading sub-unit and a precoding
transform sub-unit, wherein
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[0197] the channel coding sub-unit is configured to perform
channel coding on the uplink control signaling;

[0198] the scrambling sub-unit is configured to scramble
the uplink control signaling subjected to the channel coding;
[0199] the modulation sub-unit is configured to modulate
the scrambled uplink control signaling;

[0200] the time-domain spreading sub-unit is configured to
perform time-domain spreading on the modulated uplink
control signaling;

[0201] the precoding transform sub-unit is configured to
perform precoding transform on the uplink control signaling
subjected to the time-domain spreading.

[0202] Preferably, the precoding transform sub-unit is fur-
ther configured to perform precoding transform on the modu-
lated uplink control signaling; and the time-domain spreading
sub-unit is further configured to perform time-domain
spreading on the uplink control signaling subjected to the
precoding transform.

[0203] The channel coding sub-unit is further configured to
perform coding using a tail biting convolution code with
constraint length of 7 and code rate of 1/3, when a bit number
of the uplink control signaling is greater than 11 bits; and
perform coding using a linear block code when the bit number
is no greater than 11 bits; wherein the length of the coded
uplink control signaling is related to whether two slots in a
sub-frame bear the same information, specifically, when two
slots in a sub-frame bear the same information, the length of
the coded uplink control signaling is 12xQm; and when two
slots in a sub-frame bear different information, the length of
the coded uplink control signaling is 24xQm, wherein Qm is
a corresponding modulation order.

[0204] The scrambling sub-unit is further configured to add
a scrambling sequence to the sequence of the coded uplink
control signaling, and then perform an operation of mod 2 to
obtain a scrambled sequence, wherein the scrambling
sequence is formed by a pseudorandom sequence.

[0205] The modulation sub-unit is further configured to
modulate the scrambled uplink control signaling by adopting
a QPSK modulation mode.

[0206] The time-domain spreading sub-unit is further con-
figured to spread the sequence of the processed uplink control
signaling to an OFDM symbol used for bearing the uplink
control signaling using an orthogonal sequence; wherein the
orthogonal sequence is a DFT sequence, or a Walsh sequence,
or a CAZAC sequence, or a spreading sequence of the DFT
sequence, or a spreading sequence of the Walsh sequence, or
a spreading sequence of the CAZAC sequence; and the length
of'the orthogonal sequence is equal to the number of OFDM
symbols used for bearing the uplink control signaling in one
slot.

[0207] The precoding transform sub-unit is further config-
ured to perform a DFT operation on the sequence of the
uplink control signaling in the OFDM symbol used for bear-
ing the uplink control signaling.

[0208] The OFDM symbol used for bearing the uplink con-
trol signaling is OFDM symbols in a sub-frame other than the
OFDM symbol occupied by an uplink reference signal.
[0209] The mapping unit 191 is configured to bear no
uplink control signaling in the last OFDM symbol in the
second slot of the sub-frame when the uplink control signal-
ing and an SRS are borne in one sub-frame.

[0210] The uplink control signaling is ACK/NACK mes-
sage or CSI.
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[0211] FIG. 20 shows a schematic diagram illustrating
structure of an apparatus for bearing an uplink demodulation
reference signal during transmission of uplink control signal-
ing according to the disclosure; as shown in FIG. 20, the
apparatus for bearing an uplink demodulation reference sig-
nal during transmission of uplink control signaling in the
disclosure includes a bearing unit 200 configured to bear an
uplink demodulation reference signal in k OFDM symbols in
each slot.

[0212] Wherein in a sub-frame with a normal cyclic prefix,
k=2 ork=3;

[0213] inasub-frame with an extended cyclic prefix, k=2 or
k=1.

[0214] Inthe sub-frame with the normal cyclic prefix, three

demodulation reference signals are respectively borne in the
following OFDM symbols in each slot: a second OFDM
symbol, a third OFDM symbol and a sixth OFDM symbol; or
a zeroth OFDM symbol, a third OFDM symbol and a sixth
OFDM symbol; or a first OFDM symbol, a third OFDM
symbol and a fifth OFDM symbol;
[0215] in the sub-frame with a normal cyclic prefix, two
demodulation reference signals are respectively borne in the
following OFDM symbols in each slot: a zeroth OFDM sym-
bol and a fifth OFDM symbol; or a zeroth OFDM symbol and
a sixth OFDM symbol; or a first OFDM symbol and a fifth
OFDM symbol; or a second OFDM symbol and a third
OFDM symbol;
[0216] inthe sub-frame with an extended cyclic prefix, two
demodulation reference signals are respectively borne in the
following OFDM symbols in each slot: a zeroth OFDM sym-
bol and a fifth OFDM symbol; or a zeroth OFDM symbol and
a fourth OFDM symbol; or a second OFDM symbol and a
third OFDM symbol; or a first OFDM symbol and a fourth
OFDM symbol; or a second OFDM symbol and a fiftth OFDM
symbol;
[0217] inthe sub-frame with the extended cyclic prefix, one
demodulation reference signal is borne in a second OFDM
symbol or a third OFDM symbol in each slot;
[0218] wherein when two or more OFDM symbols are
occupied by the uplink demodulation reference signal, the
demodulation reference signal borne in each OFDM symbol
is of the same sequence, or the sequence subjected to time-
domain spreading, wherein the sequence is a CG-CAZAC
sequence.
[0219] Those skilled in the art should understand that the
apparatuses shown in FIG. 19 and FIG. 20 are respectively
designed for implementing the method for transmitting the
uplink control signal and the method for bearing the uplink
demodulation reference signal during the transmission of the
uplink control signaling; the implementation function of each
processing unit can be understood with reference to the
related description in the forgoing method. The function of
each processing unit can be implemented by a program run-
ning on a processor, or can further be implemented by a
corresponding logic circuit.
[0220] The above are only the preferred embodiments of
the disclosure, and are not intended to limit the protection
scope of the disclosure.
1. A method for transmitting uplink control signaling, com-
prising:
respectively performing, on the uplink control signaling,
channel coding, scrambling, modulation, time-domain
spreading and precoding transform; or respectively per-
forming, on the uplink control signaling, channel cod-
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ing, scrambling, modulation, precoding transform and
time-domain spreading; and
mapping the uplink control signaling to an Orthogonal
Frequency Division Multiplexing (OFDM) symbol used
for bearing the uplink control signaling; and

transmitting the uplink control signaling that is borne in the
OFDM symbol.

2. The method according to claim 1, wherein performing
channel coding on the uplink control signaling comprises:

when a bit number of the uplink control signaling is greater

than 11 bits, performing coding using a tail biting con-
volution code with constraint length of 7 and code rate of
1/3; and

performing coding using a linear block code when the bit

number is no greater than 11 bits.

3. The method according to claim 2, wherein:

when two slots in a sub-frame bear same information, a

length of the coded uplink control signaling is 12xQm;
and

when two slots in a sub-frame bear different information,

the length of the coded uplink control signaling is
24xQm, wherein Qm is a corresponding modulation
order.

4. The method according to claim 1, wherein performing
scrambling on the uplink control signaling comprises:

adding a scrambling sequence to a sequence of the coded

uplink control signaling, and performing an operation of
mod 2 to obtain a scrambled sequence; wherein the
scrambling sequence is formed by a pseudorandom
sequence.

5. The method according to claim 1, wherein performing
modulation on the uplink control signaling comprises:

modulating a sequence of the scrambled uplink control

signaling by adopting a Quadrature Phase Shift Keying
(QPSK) modulation mode.

6. The method according to claim 1, wherein performing
time-domain spreading on the uplink control signaling com-
prises:

spreading a sequence of the processed uplink control sig-

naling to an OFDM symbol used for bearing the uplink
control signaling using an orthogonal sequence;
wherein the orthogonal sequence is a Discrete Fourier
Transform (DFT) sequence, or a Walsh sequence, or a
Const Amplitude Zero Auto Correlation (CAZAC)
sequence, or a spreading sequence of the DFT sequence,
or a spreading sequence of the Walsh sequence, or a
spreading sequence of the CAZAC sequence; and
wherein a length of the orthogonal sequence is equal to a
number of OFDM symbols used for bearing the uplink
control signaling in one slot.

7. The method according to claim 1, wherein performing
precoding transform on the uplink control signaling com-
prises:

performing a DFT operation on a sequence of the uplink

control signaling in the OFDM symbol used for bearing
the uplink control signaling.

8. The method according to claim 1, wherein the OFDM
symbol used for bearing the uplink control signaling is
OFDM symbols in a sub-frame other than an OFDM symbol
occupied by an uplink reference signal.

9. The method according to claim 8, wherein:

when the uplink control signaling and an uplink Sounding

Reference Signal (SRS) are borne in one sub-frame,
neither the uplink control signaling nor an uplink
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demodulation reference signal is borne in a last OFDM
symbol in a second slot of the sub-frame.

10. The method according to claim 1, wherein the uplink
control signaling is an Acknowledged/Non-Acknowledged
(ACK/NACK) message or Channel State Information (CSI)
for an uplink feedback.

11. A method for bearing a demodulation reference signal
during transmission of uplink control signaling, comprising:

bearing the demodulation reference signal in k Orthogonal
Frequency Division Multiplexing (OFDM) symbols in
each slot.

12. The method according to claim 11, wherein:

in a sub-frame with a normal cyclic prefix, k=2 or k=3; and

in a sub-frame with an extended cyclic prefix, k=2 or k=1.

13. The method according to claim 11, wherein bearing the
demodulation reference signal in k OFDM symbols in each
slot comprises:

in a sub-frame with a normal cyclic prefix, bearing three
demodulation reference signals respectively in the fol-
lowing OFDM symbols in each slot:

asecond OFDM symbol, a third OFDM symbol and a sixth
OFDM symbol; or

a zeroth OFDM symbol, a third OFDM symbol and a sixth
OFDM symbol; or

a first OFDM symbol, a third OFDM symbol and a fifth
OFDM symbol;

in the sub-frame with the normal cyclic prefix, bearing two
demodulation reference signals respectively in the fol-
lowing OFDM symbols in each slot:

a zeroth OFDM symbol and a fifth OFDM symbol; or

a zeroth OFDM symbol and a sixth OFDM symbol; or

a first OFDM symbol and a fifth OFDM symbol; or

a second OFDM symbol and a third OFDM symbol; or

a second OFDM symbol and a fifth OFDM symbol;

in an sub-frame with an extended cyclic prefix, bearing two
demodulation reference signals respectively in the fol-
lowing OFDM symbols in each slot:

a zeroth OFDM symbol and a fifth OFDM symbol; or

a zeroth OFDM symbol and a fourth OFDM symbol; or

a second OFDM symbol and a third OFDM symbol; or

a first OFDM symbol and a fourth OFDM symbol; or

a second OFDM symbol and a fifth OFDM symbol; and

in the sub-frame with the extended cyclic prefix, bearing
one demodulation reference signal in a second OFDM
symbol or a third OFDM symbol in each slot;

wherein the OFDM symbols in each slot are numbered
starting from 0.

14. The method according to claim 11, wherein when two
or more OFDM symbols are occupied by the uplink demodu-
lation reference signal, the demodulation reference signal
borne in each OFDM symbol is of a same sequence or a
sequence subjected to time-domain spreading, wherein the
sequence is a Computer-generated-Const Amplitude Zero
Auto Correlation (CG-CAZAC).

15. An uplink transmitting apparatus for a response mes-
sage, comprising:

a preprocessing unit configured to preprocess uplink con-

trol signaling;

a mapping unit configured to map the preprocessed uplink
control signaling to an Orthogonal Frequency Division
Multiplexing (OFDM) symbol used for bearing the
uplink control signaling; and

atransmitting unit configured to transmit the uplink control

signaling.
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16. The apparatus according to claim 15, wherein the pre-
processing unit further comprises:

a channel coding sub-unit configured to perform channel

coding on the uplink control signaling;

a scrambling sub-unit configured to scramble the uplink
control signaling subjected to the channel coding;

a modulation sub-unit configured to modulate the
scrambled uplink control signaling;

a time-domain spreading sub-unit configured to perform
time-domain spreading on the modulated uplink control
signaling; and

aprecoding transform sub-unit configured to perform pre-
coding transform on the uplink control signaling sub-
jected to the time-domain spreading.

17. The apparatus according to claim 16, wherein the pre-
coding transform sub-unit is further configured to perform
precoding transform on the modulated uplink control signal-
ing; and

wherein the time-domain spreading sub-unit is further con-
figured to perform time-domain spreading on the uplink
control signaling subjected to the precoding transform.

18. The apparatus according to claim 16, wherein the chan-
nel coding sub-unit is further configured to:

perform coding using a tail biting convolution code with
constraint length of 7 and code rate of 1/3, when a bit
number of the uplink control signaling is greater than 11
bits; and

perform coding using a linear block code when the bit
number is no greater than 11 bits;

wherein when two slots in a sub-frame bear same informa-
tion, a length of the coded uplink control signaling is
12xQm; and

wherein when two slots in a sub-frame bear different infor-
mation, the length of the coded uplink control signaling
is 24xQm, wherein Qm is a corresponding modulation
order.

19. The apparatus according to claim 16, wherein the
scrambling sub-unit is further configured to add a scrambling
sequence to a sequence of the coded uplink control signaling,
and then perform an operation of mod 2 to obtain a scrambled
sequence, wherein the scrambling sequence is formed by a
pseudorandom sequence.

20. The apparatus according to claim 16, wherein the
modulation sub-unit is further configured to modulate the
scrambled uplink control signaling by adopting a Quadrature
Phase Shift Keying (QPSK) modulation mode.

21. The apparatus according to claim 16, wherein the time-
domain spreading sub-unit is further configured to spread a
sequence of the processed uplink control signaling to an
OFDM symbol used for bearing the uplink control signaling
using an orthogonal sequence;

wherein the orthogonal sequence is a DFT sequence, or a
Walsh sequence, or a CAZAC sequence, or a spreading
sequence of the DFT sequence, or a spreading sequence
of the Walsh sequence, or a spreading sequence of the
CAZAC sequence; and

wherein a length of the orthogonal sequence is equal to a
number of OFDM symbols used for bearing the uplink
control signaling in one slot.

22. The apparatus according to claim 16, wherein the pre-
coding transform sub-unit is further configured to perform a
DFT operation on a sequence of the uplink control signaling
in the OFDM symbol used for bearing the uplink control
signaling.
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23. The apparatus according to claim 15, wherein the
OFDM symbol used for bearing the uplink control signaling
is OFDM symbols in a sub-frame other than an OFDM sym-
bol occupied by an uplink reference signal.

24. The apparatus according to claim 23, wherein the map-
ping unit is further configured to:

when the uplink control signaling and an Sounding Refer-

ence Signal (SRS) are borne in one sub-frame, bear
neither the uplink control signaling nor an uplink
demodulation reference signal in a last OFDM symbol
in a second slot of the sub-frame.

25. The apparatus according to claim 15, wherein the
uplink control signaling is an Acknowledged/Non-Acknowl-
edged (ACK/NACK) message or Channel State Information
(CSI) for an uplink feedback.

26. An apparatus for bearing a demodulation reference
signal during transmission of uplink control signaling, com-
prising:

a bearing unit configured to bear an uplink demodulation

reference signal in k OFDM symbols in each slot.

27. The apparatus according to claim 26, wherein:

in a sub-frame with a normal cyclic prefix, k=2 or k=3; and

in a sub-frame with an extended cyclic prefix, k=2 or k=1;

wherein the bearing unit is further configured to:

in the sub-frame with the normal cyclic prefix, bear three

demodulation reference signals respectively in the fol-
lowing OFDM symbols in each slot:
asecond OFDM symbol, a third OFDM symbol and a sixth
OFDM symbol; or

a zeroth OFDM symbol, a third OFDM symbol and a sixth
OFDM symbol; or

a first OFDM symbol, a third OFDM symbol and a fifth
OFDM symbol;

in the sub-frame with the normal cyclic prefix, bear two
demodulation reference signals respectively in the fol-
lowing OFDM symbols in each slot:

a zeroth OFDM symbol and a fifth OFDM symbol; or

a zeroth OFDM symbol and a sixth OFDM symbol; or

a first OFDM symbol and a fifth OFDM symbol; or

a second OFDM symbol and a third OFDM symbol; or

a second OFDM symbol and a fifth OFDM symbol;

in the sub-frame with the extended cyclic prefix, bear two
demodulation reference signals respectively in the fol-
lowing OFDM symbols in each slot:

a zeroth OFDM symbol and a fifth OFDM symbol; or

a zeroth OFDM symbol and a fourth OFDM symbol; or

a second OFDM symbol and a third OFDM symbol; or

a first OFDM symbol and a fourth OFDM symbol; or

a second OFDM symbol and a fifth OFDM symbol; and

in the sub-frame with the extended cyclic prefix, bearing

one demodulation reference signal in a second OFDM
symbol or a third OFDM symbol in each slot;

wherein the OFDM symbols in each slot are numbered

starting from 0.

28. The apparatus according to claim 26, wherein when the
two or more OFDM symbols are occupied by the uplink
demodulation reference signal, the demodulation reference
signal borne in each OFDM symbol is of a same sequence, or
a sequence subjected to time-domain spreading, wherein the
sequence is a Computer-generated-Const Amplitude Zero
Auto Correlation (CG-CAZAC) sequence.



US 2012/0320872 Al

29. The method according to claim 8, wherein the uplink
control signaling is an Acknowledged/Non-Acknowledged
(ACK/NACK) message or Channel State Information (CSI)
for an uplink feedback.

30. The method according to claim 9, wherein the uplink
control signaling is an Acknowledged/Non-Acknowledged
(ACK/NACK) message or Channel State Information (CSI)
for an uplink feedback.

31. The apparatus according to claim 17, wherein the chan-
nel coding sub-unit is further configured to:

perform coding using a tail biting convolution code with
constraint length of 7 and code rate of 1/3, when a bit
number of the uplink control signaling is greater than 11
bits; and

perform coding using a linear block code when the bit
number is no greater than 11 bits;

wherein when two slots in a sub-frame bear same informa-
tion, a length of the coded uplink control signaling is
12xQm; and

wherein when two slots in a sub-frame bear different infor-
mation, the length of the coded uplink control signaling
is 24xQm, wherein Qm is a corresponding modulation
order.

32. The apparatus according to claim 17, wherein the
scrambling sub-unit is further configured to add a scrambling
sequence to a sequence of the coded uplink control signaling,
and then perform an operation of mod 2 to obtain a scrambled
sequence, wherein the scrambling sequence is formed by a
pseudorandom sequence.

33. The apparatus according to claim 17, wherein the
modulation sub-unit is further configured to modulate the
scrambled uplink control signaling by adopting a Quadrature
Phase Shift Keying (QPSK) modulation mode.
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34. The apparatus according to claim 17, wherein the time-
domain spreading sub-unit is further configured to spread a
sequence of the processed uplink control signaling to an
OFDM symbol used for bearing the uplink control signaling
using an orthogonal sequence;
wherein the orthogonal sequence is a DFT sequence, or a
Walsh sequence, or a CAZAC sequence, or a spreading
sequence of the DFT sequence, or a spreading sequence
of the Walsh sequence, or a spreading sequence of the
CAZAC sequence; and

wherein a length of the orthogonal sequence is equal to a
number of OFDM symbols used for bearing the uplink
control signaling in one slot.

35. The apparatus according to claim 17, wherein the pre-
coding transform sub-unit is further configured to perform a
DFT operation on a sequence of the uplink control signaling
in the OFDM symbol used for bearing the uplink control
signaling.

36. The apparatus according to claim 16, wherein the
uplink control signaling is an Acknowledged/Non-Acknowl-
edged (ACK/NACK) message or Channel State Information
(CSI) for an uplink feedback.

37. The apparatus according to claim 17, wherein the
uplink control signaling is an Acknowledged/Non-Acknowl-
edged (ACK/NACK) message or Channel State Information
(CSI) for an uplink feedback.

38. The apparatus according to claim 23, wherein the
uplink control signaling is an Acknowledged/Non-Acknowl-
edged (ACK/NACK) message or Channel State Information
(CSI) for an uplink feedback.

39. The apparatus according to claim 24, wherein the
uplink control signaling is an Acknowledged/Non-Acknowl-
edged (ACK/NACK) message or Channel State Information
(CSI) for an uplink feedback.
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