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Description

[0001] This application claims priority to Chinese patent application No. 201710942526.5 filed on October 11, 2017,
disclosure of which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present application relates to the field of communications, for example, to a signal sending method and
apparatus.

BACKGROUND

[0003] At present, the 4th Generation mobile communication technology (4G) Long-Term Evolution (LTE)/Long-Term
Evolution Advanced (LTE-Advanced/LTE-A) and the 5th Generation mobile communication technology (5G) are facing
increasing requirements. From the current development trend, both 4G and 5G systems are studying the characteristics
which support enhanced mobile broadband (eMBB), ultra-reliable and low-latency communication (URLLC) and massive
connections.

[0004] In anew radio (NR) technology, a short physical uplink control channel (PUCCH) has already agreed to use a
sequence-based form to carry at most two bits of control information. The short physical uplink control channel (PUCCH)
lasts for a relatively short time period, which imposes new requirements on a corresponding sequence design. Therefore,
it becomes an urgent problem to be solved to provide a new sequence design to be at least used for sending uplink
control information based on the short physical uplink control channel.

[0005] In view of the above problem in the related art, no effective solution has yet been proposed.

SUMMARY

[0006] Embodiments of the present application provide a signal sending method and apparatus to solve at least the
problem in the related art of a failure to send uplink control information based on a short sequence.

[0007] Anembodimentof the present application provides a signal sending method. The method includes: determining
hybrid automatic repeat request-acknowledgement (HARQ-ACK) information to be fed back; and sending the HARQ-
ACK information and a reference signal corresponding to the HARQ-ACK information on L subcarriers of K symbols,
where K>2 and L>12.

[0008] An embodiment of the present application provides another signal sending method. The method includes:
determining hybrid automatic repeat request-acknowledgement (HARQ-ACK) information to be fed back; and in response
to a number of pieces of HARQ-ACK information being not greater than 2, sending at least one sequence with a length
of M on M subcarriers of K symbols, where K>1, M>12, and M values of the sequence are mapped onto the M subcarriers.
[0009] Another embodiment of the present application provides a signal sending apparatus including a determining
module and a sending module. The determining module is configured to determine hybrid automatic repeat request-
acknowledgement (HARQ-ACK) information to be fed back. The sending module is configured to send the HARQ-ACK
information and a reference signal corresponding to the HARQ-ACK information on L subcarriers of K symbols, where
K>2 and L>12.

[0010] Another embodiment of the present application provides another signal sending apparatus including a deter-
mining module and a sending module. The determining module is configured to determine hybrid automatic repeat
request-acknowledgement (HARQ-ACK) information to be fed back. The sending module is configured to: in response
to a number of pieces of HARQ-ACK information being not greater than 2, send at least one sequence with a length of
M on M subcarriers of K symbols, where K>1, M>12, and M values of the sequence are mapped onto the M subcarriers.
[0011] Another embodiment of the present application further provides a storage medium. The storage medium is
configured to store program codes for performing the following steps: determining hybrid automatic repeat request-
acknowledgement (HARQ-ACK) information to be fed back; and sending the HARQ-ACK information and a reference
signal corresponding to the HARQ-ACK information on L subcarriers of K symbols, where K>2 and L>12.

BRIEF DESCRIPTION OF DRAWINGS
[0012] The drawings described herein are used to provide a further understanding of the present application and form
a part of the present application. The exemplary embodiments and descriptions thereof in the present application are

used to explain the present application and not to limit the present application in any improper way. In the drawings:

FIG. 1 is a flowchart of a signal sending method according to an embodiment of the present application;
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FIG. 2 is a flowchart of another signal sending method according to an embodiment of the present application;
FIG. 3 is a block diagram of a signal sending apparatus according to an embodiment of the present application;
FIG. 4 is a block diagram of another signal sending apparatus according to an embodiment of the present application;
FIG. 5 illustrates a signal sending method according to specific embodiment one of the present application;
FIG. 6 is a diagram of a probability density distribution in an embodiment of the present application;

FIG. 7 is a diagram of a probability distribution of max cross-correlation values of sequences in an embodiment of
the present application; and

FIG. 8 illustrates a signal sending method according to specific embodiment two of the present application.
DETAILED DESCRIPTION

[0013] The present application will be described hereinafter in detail with reference to the drawings and in conjunction
with embodiments. It is to be noted that if not in collision, the embodiments and features therein in the present application
may be combined with each other.

[0014] Itisto be noted that the terms "first", "second" and the like in the description, claims and drawings of the present
application are used to distinguish between similar objects and are not necessarily used to describe a particular order
or sequence.

Embodiment one

[0015] Network architecture in the embodiment of the present application includes a terminal and a base station, where
the terminal interacts with the base station.

[0016] This embodiment provides a signal sending method. FIG. 1 is a flowchart of a signal sending method according
to an embodiment of the present application. As shown in FIG. 1, the method includes step S102 and step S104.
[0017] In step S102, hybrid automatic repeat request-acknowledgement (HARQ-ACK) information to be fed back is
determined.

[0018] In step S104, the HARQ-ACK information and a reference signal corresponding to the HARQ-ACK information
are sent on L subcarriers of K symbols, where K>2 and L>12.

[0019] By the above steps, the present application solves the problem in the related art of a failure to send uplink
control information based on a short sequence, has advantages of a low peak-to-average power ratio (PAPR), a small
cubic metric (CM) and high power amplification efficiency, and has a characteristic of low mutual interference in consid-
eration of its coexistence with LTE.

[0020] In an embodiment, the above steps may, but may not necessarily, be executed by the terminal, such as a
mobile phone.

[0021] In an embodiment, the step of sending the reference signal corresponding to the HARQ-ACK information on
the L subcarriers of the K symbols includes: sending the reference signal corresponding to the HARQ-ACK information
on M subcarriers of one or more of the K symbols, where M>12. In an embodiment, M=12.

[0022] In an embodiment, the K symbols include a first symbol for sending the reference signal and a second symbol
for sending the HARQ-ACK information.

[0023] In an embodiment, the step of sending the reference signal corresponding to the HARQ-ACK information on
a predetermined number of subcarriers of at least one of the K symbols includes: sending, by a sequence with a length
of M, the reference signal corresponding to the HARQ-ACK information on the M subcarriers of at least one of the K
symbols, where M values of the sequence are mapped onto the M subcarriers.

[0024] In an embodiment, the sequence is a subset of a specified sequence set, where sequences in the specified
sequence set satisfy at least one of the following conditions: different cyclic shifts of each sequence are orthogonal; a
cubic metric (CM) of each sequence does not exceed a first preset threshold; a peak-to-average power ratio (PAPR) of
each sequence does not exceed a second preset threshold; a cross-correlation between any two sequences does not
exceed a third preset threshold; or a cross-correlation between any one sequence and a sequence with a length of 12
in an LTE system in the related art does not exceed a fourth preset threshold.

[0025] In an embodiment, the sequence x,(n) satisfies the following condition:
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X (n) = exp[j%(")j

where u is a sequence index, u is an integer and ue{0,1,2,...29}, ¢(n) is an element value of the sequence, n is an
element index, n=0, 1, 2, ..., 11, and a value of u has a corresponding relation with a value of ¢(n).

[0026] Itis to be noted that a corresponding relation between u and ¢(n) in the embodiment of the present application
does not constitute a limitation to the present application. u is the sequence index for distinguishing between different
sequences, and the corresponding relation between u and ¢(n) is not limited to those shown in table 1. For example, in
table 1, ¢(n) correspondingtou=0is[11-33-3-11-3-3-33-3], and ¢(n) correspondingtou=1is[11-33-1-3-1
-3 -3 3-31]. In fact, that ¢(n) correspondingtou=0is[11-33-1-3-1-3-33-31], and ¢(n) correspondingtou=1is
[11-33-3-11-3-3-33-3] also falls within the scope of the present application. The same is done for all the remaining
forms in the present application, and repeated descriptions will not be made later.

[0027] In an embodiment, the value of u and the value of ¢(n) are values listed in any one of tables 1 to 3 or are cyclic
shifts of each row as listed in any one of tables 1 to 3:
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(continued)
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Table 3

u p(n)

0 11131 |1 ]-1|1]|1]1]3]|-3]1
1 /111113133 |-1]-3]1
2 111133 [1|-3|3]3]-3|-3]-1
3 113 (3|1 |11 |1]|1]-1]3[|1]1
4 | 3|1|3|1|1]|-3|-3|-1|-1|3]1]-3
5111|111 ]3[3]|1]-1]-3|1]-3
6 |[3|!-3|/-1]/3|3(3|-3[3|-3|1]-1]|-3
7133|333 |-3[1]|1]3]3|1]-3
8 |[3|1]-3|1|1]-3|3|3]|-1]|-1]1]-3
9 |3/3|3|3|1[-3[3|1]-3]1|3]-3
0|13 (-3[1]3[3]3|1]|-1]1|-1]3
M1 |1]-3[3|[1]-3[-3[3|1]|1]-1]1]-3
12 |1 3|1 (3133|113 ]|1]-1]|-3
13 |-3|/-3[(3 (3|3 |-3|-1|1]|-3[3]1]-3
14 |-3|1(1|3|1]3]3|3|-1]-3[3]3
%5 |-3|-3(3|1]|-3[-3|3|1|3|-1|1]3
16 | 1|13 [3|1]-1]1|-1]-1]-3]1]-1
17 |3 |1 (11|31 ]1|1]1]-1|-3]1
8 |-3|1(3|3|-3[-1]3|1]|]-1]-3[3]3
9 |-3|-3(3|3|1]3|]3|3|-1]-3]1]-3
20 |3/ 1|1|1]3|3|-3|1]-1]-3|-1]-3
21 |-3/1|3|3|-1|-1(-3|3|]3]-3|3]-3
22 |-3/1|1|-3|3[-1[-3|3|]1]3]|-1]-3
23 13|13 1|-3[-1(-3|3|1]3]|3]1
24 |13/ 313|133 |1]|1]3]-3|3]-3
251313133 [-1(3|3|3]-3|-1]-3
26 |1 |13 |1]1|1(-3|1]1]1|1]-3
27 |33 |1 |-3|{1]|3|1]|1]1]3|3]3
28|13/ 3|-3|13|-3[-3[3|1]-1]1|3]-3
29 |33 (1|13 [3(-3|1]-1]1]|-1]1

[0028] In an embodiment, for tables 1 to 3, the peak-to-average power ratio (PAPR), the cubic metric (CM), the cross-
correlation between sequences and the cross-correlation with the sequence with a length of 12 in the LTE system satisfy

the conditions listed in table 4.
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[0029] In an embodiment, a cyclic shift of the sequence is

anj

2T
na)=x,(n) ex
v, (n,a) (n) p[] i,

where « denotes a cyclic shift amount and « € {0,1,2,...,11}, and M is a length of the sequence.

[0030] In an embodiment, the value of u and a value of the cyclic shift of the sequence are determined according to
a signaling indication of the base station.

[0031] This embodiment provides another signal sending method. FIG. 2 is a flowchart of another signal sending
method according to an embodiment of the present application. As shown in FIG. 2, the method includes step S202 and
step S204.

[0032] In step S202, hybrid automatic repeat request-acknowledgement (HARQ-ACK) information to be fed back is
determined.

[0033] In step S204, in response to a number of pieces of HARQ-ACK information being not greater than 2, at least
one sequence with a length of M is sent on M subcarriers of K symbols.

[0034] K>1, M>12, and M values of the sequence are mapped onto the M subcarriers. In an embodiment, M=12.
[0035] In an embodiment, the above steps may, but may not necessarily, be executed by a terminal, such as a mobile
phone.

[0036] In an embodiment, the sequence is a subset of a specified sequence set, where sequences in the specified
sequence set satisfy at least one of the following conditions: different cyclic shifts of each sequence are orthogonal; a
cubic metric (CM) of each sequence does not exceed a first preset threshold; a peak-to-average power ratio (PAPR) of
each sequence does not exceed a second preset threshold; a cross-correlation between any two sequences does not
exceed a third preset threshold; or a cross-correlation between any one sequence and a sequence with a length of 12
in an LTE system in the related art does not exceed a fourth preset threshold.

[0037] In an embodiment, the sequence x,(n) satisfies the following condition:

. T.p(n)

x,(n) =exp| j———
4
wherein u is a sequence index, u is an integer and ue{0,1,2....29}, ¢(n) is an element value of the sequence, n is an
element index, n=0, 1, 2, ..., 11, and a value of u has a corresponding relation with a value of ¢(n).
[0038] In an embodiment, the value of u and the value of ¢(n) are values listed in any one of tables 1 to 3 or are cyclic
shifts of each row listed in any one of tables 1 to 3.
- J
n

[0039] In an embodiment, a cyclic shift of the sequence is
. 27T
v, (n,a)=x,(n) -exp[] Iy

where « denotes a cyclic shift amount and « € {0,1,2,...,11}.

[0040] In this embodiment, the HARQ-ACK information has a corresponding relation with at least one of: an index of
the sequence, a value of the cyclic shift of the sequence or frequency domain positions of the M subcarriers.

[0041] From the description of the embodiments described above, it will be apparent to those skilled in the art that the
methods in the embodiments described above may be implemented by software plus a necessary general-purpose
hardware platform, or may of course be implemented by hardware. However, in many cases, the former is a preferred
implementation manner. Based on such an understanding, the solutions of the present application substantially, or the
part contributing to the related art, may be embodied in the form of a software product. The computer software product
is stored on a storage medium (such as a read-only memory (ROM)/random access memory (RAM), a magnetic disk
or an optical disk) and includes several instructions for enabling a terminal device (which may be a mobile phone, a
computer, a server or a network device) to perform the methods according to multiple embodiments of the present
application.

Embodiment two

[0042] This embodiment further provides a signal sending apparatus. The apparatus is configured to implement the
above-mentioned embodiments and preferred implementation manners. What has been described will not be repeated.
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As used below, the term "module" may be at least one of software or hardware capable of implementing predetermined
functions. The apparatus in the embodiment described below is preferably implemented by software, butimplementation
by hardware or by a combination of software and hardware is also possible and conceivable.

[0043] FIG. 3is a block diagram of a signal sending apparatus according to an embodiment of the present application.
As shown in FIG. 3, the apparatus includes a determining module 30 and a sending module 32.

[0044] The determining module 30 is configured to determine hybrid automatic repeat request-acknowledgement
(HARQ-ACK) information to be fed back.

[0045] The sending module 32 is configured to send the HARQ-ACK information and a reference signal corresponding
to the HARQ-ACK information on L subcarriers of K symbols, where K>2 and L>12.

[0046] FIG. 4 is a block diagram of another signal sending apparatus according to an embodiment of the present
application. As shown in FIG. 4, the apparatus includes a determining module 40 and a sending module 42.

[0047] The determining module 40 is configured to determine hybrid automatic repeat request-acknowledgement
(HARQ-ACK) information to be fed back.

[0048] The sending module 42 is configured to: in response to a number of pieces of HARQ-ACK information being
not greater than 2, send at least one sequence with a length of M on M subcarriers of K symbols, where K>1, M>12,
and M values of the sequence are mapped onto the M subcarriers.

[0049] In an embodiment, the above-mentioned various modules may be implemented by software or hardware.
Implementation by hardware may, but may not necessarily, be performed in the following manner: the above-mentioned
various modules are located in the same processor or located in different processors in any combination form.

Embodiment three

[0050] This embodiment is an optional embodiment of the present application and used for describing the present
application in detail in conjunction with specific implementation manners.
[0051] This embodiment includes scheme 1 and scheme 2.

Scheme 1

[0052] A terminal determines HARQ information required to be fed back according to received data. The terminal
sends the HARQ information and a reference signal corresponding to the HARQ-ACK information on L (L>12) subcarriers
of K (K>2) symbols. The reference signal is sent on 12 subcarriers of at least one of the K symbols (a symbol for sending
the reference signal is a reference signal symbol). A sequence sent on the 12 subcarriers of the preceding reference
signal symbol is a subset of a set of sequences with a length of 12, where the set of sequences includes 30 sequences
which satisfy at least one of the following conditions: different cyclic shifts of each sequence are orthogonal; a CM of
each sequence does not exceed a first preset threshold (such as 0.69); a peak-to-average power ratio (PAPR) of each
sequence does not exceed a second preset threshold; a cross-correlation between any two sequences does not exceed
a third preset threshold; or a cross-correlation between any one sequence and a sequence with a length of 12in an LTE
system in the related art does not exceed a fourth preset threshold.

[0053] In an embodiment, without loss of generality, a sequence corresponding to an indexof u (u=0, 1, 2, ...., 29)

. T.pn
is X, (n)= exp (]%j where a value of u and a value of ¢(n) are listed in the following table or cyclic shifts

of each row listed in the following table.
[0054] Inanembodiment, anindex of a sequence selected by the terminal and a value of a cyclic shift of the sequence
are determined according to a signaling indication of a base station.

Scheme 2

[0055] The terminal determines the HARQ-ACK information required to be fed back according to the received data.
When the number of pieces of information sent by the terminal is not greater than 2, the terminal sends at least one
sequence with a length of 12 on 12 subcarriers of K (K>1) symbols. The sequence sent by the terminal is a subset of
the set of sequences with a length of 12, where the set of sequences includes 30 sequences which satisfy at least one
of the following conditions: different cyclic shifts of each sequence are orthogonal; the CM of each sequence does not
exceed the first preset threshold (such as 0.69); the peak-to-average power ratio (PAPR) of each sequence does not
exceed the second preset threshold; the cross-correlation between any two sequences does not exceed the third preset
threshold; or a cross-correlation between any one sequence and a sequence with a length of 12 in an LTE system in
the related art does not exceed a fourth preset threshold.
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[0056] In an embodiment, without loss of generality, the sequence corresponding to the index ofu (u=0, 1, 2, ..., 29)

T.p(n
%) where the value of u and the value of ¢(n) are listed in the following table or cyclic shifts

is x, (n) = exp(j

of each row listed in the following table.

[0057] In an embodiment, HARQ information sent by the terminal has a corresponding relation with the index of the
sequence, the value of the cyclic shift of the sequence and frequency domain positions of the 12 subcarriers. For different
HARQ information, at least one of the index of the sequence, the value of the cyclic shift of the sequence or the frequency
domain positions of the 12 subcarriers corresponding to the different HARQ information is different.

[0058] Based on scheme 1 or scheme 2 described above, the sequence or subsets thereof are used as the reference
signal or for directly carrying the HARQ information, which has advantages of a small cubic metric and high power
amplification efficiency and the like. For example, when a neighboring cell uses a different sequence index, the solution
can further reduce inter-cell interference and improves overall performance of a system.

Application embodiment one

[0059] FIG. 5illustrates a signal sending method according to application embodiment one of the present application.
As shown in FIG. 5, HARQ-ACK information is sent on 2 symbols, that is, K=2. A first symbol is used for sending a
reference signal, and a second symbol is used for sending the HARQ-ACK information. When the number of pieces of
HARQ-ACK information is not greater than 2 bits, 1 bit or 2 bits of HARQ-ACK information are modulated by using binary
phase shift keying (BPSK) or quadrature phase shift keying (QPSK) to obtain a modulation symbol d, and then the

modulation symbol d, after being multiplied by a sequence x;f (n) is mapped onto the symbol for sending the HARQ-
ACKinformation. A sequence x}f (n) isdirectly mapped into the symbol for sending the reference signal. The sequence
x}f (n) and the sequence x}f (n) are sequences having a same sequence index of u, and may have a same cyclic

shift or different cyclic shifts. In an embodiment, the sequence x,f (n) and the sequence x}f (n) are sequences in a

sequence set {x,(n)}, where the sequence x,(n) satisfies:

x,(n)= exp[j%(n)j

where u is the sequence index, ¢(n) is a predetermined parameter, and values of u and ¢(n) are listed in table 1 or cyclic
shifts of each row in table 1.

Table 1
u (0),...,0(11)
0 113 (1|1 ]|1]-3[1]-3[-3]-1]|-1]1
1 11113133 |1]|1]1]-1|3]1
111131133 ]3]3|-1]H41
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(continued)

u 9(0),...,p(11)
1213131 |1]-1]3[3|1[1]3
1313313 |3[1]4]1|-3[1]3
14 |1 |3]3[1|1|-3[3[3[3|1]-3]1
513 [3[1|3|1][-1]1]1|1][-3]3
6|1 |3]1|3|3|3[3|[3|3[1]1]-=3
171331 |3[1]-1]3[3|1][1]1
1813131 |1]3[1]1]|3|-3]3
19 1 |3]1]3|3|3[-1]|3[3|-3[3]1
20| 1|33 |11 ]|3[3[1]1]1]|1]1
21 (1|1 |3 [4]4]|1|3[1]1]3]|1]|3
21| 3|3[3[4|1|1]1]-1|3|-1]-3
23 1|1 |33 |31 |1[1]1]1]|1]1
241|133 |3|3|-3[3[3|1|1]-=3
25 1|1 |1]3]4]3|3[1]-1]1]|1]|3
26 | 1|1 |-3[1]3[1|3[3]3]|3|1]1
27 | 1|33 |1|3|3|1]1]1]|1]|-3]|-3
28 (1|11 [1]4]3|3[1]1]3]|1]|3
20 [ 1|13 [ 3] 1|1 |3[-1]-1]-1]1]-1

anj

. 27T
v, (1) —Xu(")‘exp[] i,

[0060] In an embodiment, a cyclic shift of the sequence x,(n) is

where « is a cyclic shift amountand « € (0,1,2,...,11}.

[0061] The sequence x,(n) satisfies at least one of the following conditions: different cyclic shifts of each sequence
are orthogonal, a cubic metric (CM) of each sequence does not exceed 0.69, or a cross-correlation between any two
sequences does not exceed a predetermined threshold.

[0062] The cubic metric (CM) of the sequence is calculated according to the following formula:

20log, {rms|v’_ (H[}—-1.52
M _ glO{ norm( )|} dB
1.56 :
' v(t)
where rms(x) = M and vnmm(t) :W

[0063] A cross-correlation between two sequences is calculated by method 1 or method 2 below.

Method 1: xcorr_coeffs = abs(NFFT * IFFT(seq1.* conj(seq2), NFFT) / length(seq1))
Method 2: xcorr_coeffs = abs(sum((seq1.* conj(seq2))) / length(seq1)

[0064] NFFT denotes points of an operation of (I)FFT, conj denotes conjugation, length denotes a length, seq1 and
seq2 are two sequences in frequency domain, abs denotes an absolute value, and sum denotes summation.
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[0065] For method 2, correlation values of different cyclic shifts of any one sequence in table 1 with different cyclic
shifts of another one sequence in table 1 are required to be calculated.

[0066] A probability density distribution of CM values of 30 sequences in table 1 is shown in FIG. 6. FIG. 6 is a diagram
of a probability density distribution in an embodiment of the present application, where an ordinate CDF is a cumulative
distribution function.

[0067] A probability density distribution of max cross-correlation values of the 30 sequences in table 1 is shown in
FIG. 7. As can be seen from FIG. 7, the max cross-correlation values of the 30 sequences in table 1 do not exceed 0.68.
A probability distribution of max cross-correlation values of sequences in FIG. 7 is calculated by the above-mentioned
method 1. FIG. 7 is a diagram of a probability distribution of max cross-correlation values of sequences in an embodiment
of the present application.

Application embodiment two

[0068] FIG. 8 illustrates an information sending method according to application embodiment two of the present ap-
plication. As shown in FIG. 8, HARQ-ACK information is sent on 2 symbols, that is, K=2. When a number of pieces of

HARQ-ACK information is not greater than 2 bits, one sequence le(n) or two sequences x,fl(n) and x52(p) are
u

selected by a sequence selector for 1 bit or 2 bits of HARQ-ACK information. When the sequence selector outputs one

sequence xus1(n) the sequence xsz(n) will be determined according to a predefinition manner with the sequence
’ u
le(n) The sequences le(n) and sz (n)are mapped to the 2 symbols, respectively. A set of candidate sequences

for the sequences le(n) and sz (n) isthe same as that in application embodiment one and will not be repeated here.

Embodiment four

[0069] An embodiment of the present application further provides a storage medium. In this embodiment, the storage
medium may be configured to store program codes for executing steps S1 and S2 described below.

[0070] In S1, hybrid automatic repeat request-acknowledgement (HARQ-ACK) information to be fed back is deter-
mined.

[0071] In S2, the HARQ-ACK information and a reference signal corresponding to the HARQ-ACK information are
sent on L subcarriers of K symbols, where K>2 and L>12.

[0072] Inthis embodiment, the storage medium may include, butis not limited to, a USB flash disk, a read-only memory
(ROM), arandom access memory (RAM), a mobile hard disk, a magnetic disk, an optical disk or another medium capable
of storing program codes.

[0073] Inthisembodiment, a processor performs, according to program codes stored in a storage medium, the following
steps: determining hybrid automatic repeat request-acknowledgement (HARQ-ACK) information to be fed back; and
sending the HARQ-ACK information and a reference signal corresponding to the HARQ-ACK information on L subcarriers
of K symbols, where K>2 and L>12.

[0074] For specific examples in this embodiment, reference may be made to the examples described in the above-
mentioned embodiments and optional implantation manners, and repetition will not be made in this embodiment.
[0075] Apparently, those skilled in the art should understand that various modules or steps described above of the
present application may be implemented by a general-purpose computing apparatus, the various modules or steps may
be concentrated on a single computing apparatus or distributed on a network composed of multiple computing appara-
tuses. In an embodiment, the various modules or steps may be implemented by program codes executable by the
computing apparatus, so that the modules or steps may be stored in a storage apparatus for execution by the computing
apparatus, and in some circumstances, the illustrated or described steps may be performed in sequences different from
those described herein, or the module or steps may be made into various integrated circuit modules separately, or
multiple modules or steps therein may be made into a single integrated circuit module for implementation. In this way,
the present application is not limited to any particular combination of hardware and software.

Claims
1. A signal sending method, comprising:

determining hybrid automatic repeat request-acknowledgement, HARQ-ACK, information to be fed back; and
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sending the HARQ-ACK information and a reference signal corresponding to the HARQ-ACK information on L
subcarriers of K symbols, wherein K>2 and L>12.

The method of claim 1, wherein sending the reference signal corresponding to the HARQ-ACK information on the
L subcarriers of the K symbols comprises:

sending the reference signal corresponding to the HARQ-ACK information on M subcarriers of at least one of the
K symbols, wherein M>12.

The method of claim 1, wherein the K symbols comprise a first symbol for sending the reference signal and a second
symbol for sending the HARQ-ACK information.

The method of claim 2, wherein sending the reference signal corresponding to the HARQ-ACK information on the
M subcarriers of at least one of the K symbols comprises:

sending, by a sequence with a length of M, the reference signal corresponding to the HARQ-ACK information on
the M subcarriers of at least one of the K symbols, wherein M values of the sequence are mapped onto the M
subcarriers.

The method of claim 2, wherein M=12.

The method of claim 4, wherein the sequence is a subset of a specified sequence set, wherein sequences in the
specified sequence set satisfy at least one of following conditions:

different cyclic shifts of each sequence are orthogonal;

a cubic metric, CM, of each sequence does not exceed a first preset threshold;

a peak-to-average power ratio, PAPR, of each sequence does not exceed a second preset threshold;

a cross-correlation between any two sequences does not exceed a third preset threshold; or

a cross-correlation between any one sequence and a sequence with a length of 12 in a Long-Term Evolution,
LTE, system does not exceed a fourth preset threshold.

The method of claim 4, wherein a sequence x,(n) satisfies a following condition:

x,(n) =exp []%(n)j

where u is a sequence index, u is an integer and ue {0,1,2.... 29}, ¢(n) is an element value of the sequence, n is
an element index, n=0, 1, 2, ..., 11, and a value of u has a corresponding relation with a value of ¢(n).

The method of claim 7, wherein the value of u and the value of ¢(n) are values listed in any one of tables 1 to 3 or
are cyclic shifts of each row listed in any one of tables 1 to 3:

Table 1
u o(n)

Ol N B~ W|DN
-
]
w
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(continued)
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(continued)
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(continued)

u p(n)
18 |3|1|3|-3|3[1|3|1|-1]-3|3]3
19 |3|-3|3|-3|1|3[3|3|-1]-3[1]-3
20 |31 |1]1]3[3|-3[1]-1]-3|-1]-3
21 |31 |33 |1|-1]|-3]|3
2 | 3[1|-1]3|3[1|-3[3]|1]3]|-1]-3

3

23 (3|13 |1 |-3|-1]-3 1133 |1
24 (3(3(3|1|3|3|]1|1]3|-3|3]-3
25 (3133|313 |3|3|-3|-1]-3
26 (1131 |-1(-1]-3]-1]1 111]-8

27 (331|313 |1]1]1|[3]3]3
28(3(3(-3|3|-3|-3[3|1|-1|1|3]-3
2 (313|113 (3|31 ]|-1(1]-1]1

anj

2T
na)=x,(n) ex
v, (n,a) (n) p[] i,

9. The method of claim 8, wherein a cyclic shift of the sequence is

where « denotes a cyclic shift amount and «e{0,1,2,...,11}, and M is a length of the sequence.

10. The method of claim 8, wherein the value of u and a value of the cyclic shift of the sequence are determined according
to a signaling indication of a base station.

11. A signal sending method, comprising:

determining hybrid automatic repeat request-acknowledgement, HARQ-ACK, information to be fed back; and
in response to a number of pieces of HARQ-ACK information being not greater than 2, sending at least one
sequence with a length of M on M subcarriers of K symbols, wherein K>1, M>12, and M values of the sequence
are mapped onto the M subcarriers.

12. The method of claim 11, wherein M=12.

13. The method of claim 11, wherein the sequence is a subset of a specified sequence set, wherein sequences in the
specified sequence set satisfy at least one of following conditions:

different cyclic shifts of each sequence are orthogonal;

a cubic metric, CM, of each sequence does not exceed a first preset threshold;

a peak-to-average power ratio, PAPR, of each sequence does not exceed a second preset threshold;

a cross-correlation between any two sequences does not exceed a third preset threshold; or

a cross-correlation between any one sequence and a sequence with a length of 12 in a Long-Term Evolution,
LTE, system does not exceed a fourth preset threshold.

14. The method of claim 10, wherein a sequence x,(n) satisfies a following condition:

%, (n) = exp [j—”"’f")j
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where u is a sequence index, u is an integer and ue{0,1,2,...29}, ¢(n) is an element value of the sequence, n is an
element index, n=0, 1, 2, ..., 11, and a value of u has a corresponding relation with a value of ¢(n).

15. The method of claim 14, wherein the value of u and the value of ¢(n) are values listed in any one of tables 1 to 3 or
are cyclic shifts of each row listed in any one of tables 1 to 3:

10

15

20

25

30

35

40

45

50

55

Table 1

u p(n)

0 11-3/3|-3{1|1|-3]|-3|]-3]3]-3
1 1133 |1]-3|-1[-3|-3|3]-3]-1
2 B33 |11 (13| 1]1]1]|-3]41
3 3!3|3|-1|1|3]-3[-3[3]-3]3
4 313|113 |-3[3]1]1]3]|-1]-3
5 3|!3|1}1|-3|-3{3|3|3]|3]-3
6 113]3|1{-3|-3[3|3]-3]1]-3
7 3|!-1|-3[3|-1|-3|1|-1|-1]3]-3
8 33131 |1]|-3]-3[3]|-3]|3
9 A4]11]1]1 3|3 |-1[-1]3]-3]1
10 113|333 |1]-3]-3[3|3]1
11 1111113 |-3|1]-3[-3[3]|3]1
12 A1 |11 11|33 [3[-1]-1]1
13 SBl-1|-83]1|-1|-3]1]1]3]|-1]-41
14 31311 |3|1]-1|-1|[-1]-3]3
15 1!1-3|1]3|1|3|3|[3|-1]1]3
16 311133 |1|1]3[3[|-1]-3]1
17 311133333 |[3|[1]-1]3
18 33|31 |-3[-3|-3[-3[1]|3]1
19 1133}/ 1|1|3|1|[1][3]-1]3
20 3|31 1|-1|3]3]3]3|1]-3
21 113|133 |1]1]1]3]|-3]41
22 111333133 ]-3]1]-3
23 3113|1331 ]1]1|1]-3
24 3113|133 |1]-1]3]|-3]-3
25 313333311 [-3]1]1
26 3131313 |11 ]1]-3|-1]41
27 113/ 3|1]|-1]-3[-1|-1]|3]-1]3
28 33|11 |11 ]|1]-1]3|1]1
29 313131111 |[1]1]3

17
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Table 2

p(n)
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50

p(n)
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(continued)

u p(n)

4 |31 |3 [1]|1|3|3[1]-1]3]|1]-3
5 1|11 |1 1]|3[3|1]1|3]1]-3
6 |-3|3|1|3[3|3[-3/3|-3[1]-1]-3
7
8
9

23 (3|13 |1 |-3|-1]-3 1133 |1
24 (3(3(3|1|3|3|]1|1]3|-3|3]-3
25 (313|383 |-3|-1]3|3|3|-3|-1]-3

N
»
-
1
-
w
1
=N
1
-
1
-
]
w
1
-
-
-
RN
]
w

16. The method of claim 15, wherein a cyclic shift of the sequence is

anj

2T
na)=x,(n) ex
v, (n,a) (n) p[] i,

where « denotes a cyclic shift amount and « € {0,1,2,...,11}.

17. The method of claim 11, wherein the HARQ-ACK information has a corresponding relation with at least one of:
anindex of the sequence, a value of a cyclic shift of the sequence, or frequency domain positions of the M subcarriers.

18. A signal sending apparatus, comprising:
a determining module, which is configured to determine hybrid automatic repeat request-acknowledgement,

HARQ-ACK, information to be fed back; and
a sending module, which is configured to send the HARQ-ACK information and a reference signal corresponding
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to the HARQ-ACK information on L subcarriers of K symbols, wherein K>2 and L>12.
19. A signal sending apparatus, comprising:
a determining module, which is configured to determine hybrid automatic repeat request-acknowledgement,
HARQ-ACK, information to be fed back; and
a sending module, which is configured to: in response to a number of pieces of HARQ-ACK information being
not greater than 2, send at least one sequence with a length of M on M subcarriers of K symbols, wherein K>1,

M>12, and M values of the sequence are mapped onto the M subcarriers.

20. A storage medium, comprising stored programs, wherein the programs, when executed, perform the method of any
one of claims 1 to 17.

21. A processor, which is configured to execute programs which, when executed on the processor, perform the method
of any one of claims 1 to 17.

20
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FIG. 1
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back
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