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(54) SEQUENCE GENERATION METHOD AND DEVICE, AND STORAGE MEDIUM

(57) Disclosed are a sequence generation method
and device and a storage medium. The sequence gen-
eration method comprises: generating a first sequence
according to a pre-generated random sequence; and us-
ing the first sequence as a reference signal sequence,

wherein multiple elements in the first sequence are all in
a plural form and have the same modulus value, the
phase difference between two adjacent elements is less
than π/2, and the modulus value is an amplitude used to
represent signal strength.
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Description

[0001] The present application claims the priority of the Chinese Patent Application 201910854925.5 filed to the CNIPA
on September 10, 2019, is the entire contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a wireless communication network, for example, to a sequence generation
method, a sequence generation apparatus and a storage medium.

BACKGROUND

[0003] In high-frequency scenarios, due to high path loss and shadow fading, the signal-to-noise ratio will be very low
in some areas at the edge of the cell. In addition, in high-frequency scenarios, Power Amplifiers (PAs) are relatively low
in efficiency. In order to improve the signal-to-noise ratio and save the power consumption of batteries of User Equipment
(UE), the Peak to Average Power Ratio (PAPR) of signals transmitted by UEs should be as low as possible. Therefore,
how to configure low-PAPR reference signal sequences is a problem to be solved urgently.

SUMMARY

[0004] According to embodiments of the present disclosure, a sequence generation method, a sequence generation
apparatus and a storage medium are provided, for effective PAPR reduction in reference signal sequences.
[0005] According to an embodiment of the present disclosure, provided is a sequence generation method. The method
may include: generating a first sequence according to a pre-generated random sequence; and using the first sequence
as a reference signal sequence. A plurality of elements in the first sequence are all in the form of complex numbers and
have the same modulus value, a phase difference between any two adjacent elements is less than π/2, and the modulus
value is an amplitude value used to indicate signal strength.
[0006] According to an embodiment of the present disclosure, provided is a sequence generation apparatus. The
apparatus may include: a generation module and a determination module. The generation module is configured to
generate a first sequence according to a pre-generated random sequence. The determination module is configured to
use the first sequence as a reference signal sequence. A plurality of elements in the first sequence are all in the form
of complex numbers and have the same modulus value, a phase difference between any two adjacent elements is less
than π/2, and the modulus value is an amplitude value used to indicate
[0007] According to an embodiment of the present disclosure, provided is a storage medium having computer programs
stored thereon which, when executed by a processor, cause the processor to carry out the sequence generation method
described in the above embodiments.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

FIG. 1 is a flowchart of a method for transmitting feedback information according to an embodiment of the present
disclosure;
FIG. 2 is a schematic diagram of generation of a reference signal sequence according to an embodiment of the
present disclosure;
FIG. 3 is a schematic diagram of generation of another reference signal sequence according to an embodiment of
the present disclosure;
FIG. 4 is a schematic diagram of generation of a DMRS sequence according to an embodiment of the present
disclosure;
FIG. 5 is a schematic diagram of generation of a PTRS sequence according to an embodiment of the present
disclosure;
FIG. 6 is a schematic diagram of generation of an SRS sequence according to an embodiment of the present
disclosure;
FIG. 7 is a schematic diagram of generation of a GI sequence according to an embodiment of the present disclosure;
FIG. 8 is a structural diagram of a sequence generation apparatus according to an embodiment of the present
disclosure; and
FIG. 9 is a schematic structural diagram of a device according to an embodiment of the present disclosure.
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DETAILED DESCRIPTION

[0009] The embodiments of the present disclosure will be described below with reference to the accompanying draw-
ings.
[0010] In the New Radio (NR), in order to transmit signals with lower PAPR, Discrete Fourier Transform spread
Orthogonal Frequency Division Multiplexing (DFT-s-OFDM) waveform may be selected. Since the data of DFT-s-OFDM
waveform is mapped in time domain, the PAPR will be lower than that in Cyclic Prefix-Orthogonal Frequency Division
Multiplexing (CP-OFDM). The PAPR can be reduced by selecting Zadoff-Chu sequences (i.e., ZC sequences) or 1/2π
Binary Phase Shift Keying (BPSK) sequences for reference signals. However, the ZC sequences or 1/2π BRPSK se-
quences are still relatively high in PAPR. Thus, other sequences may be used to obtain an even lower PAPR, to satisfy
the application scenarios requiring lower PAPR in the 5th Generation mobile communication system (5G) or 6G, for
example, when the reference signal sequence has a high overhead.
[0011] An embodiment of the present disclosure provides a sequence generation method, so as to provide a reference
signal sequence with a lower PAPR.
[0012] FIG. 1 is a flowchart of a sequence generation method according to an embodiment of the present disclosure.
This embodiment may be applied to a situation of generating a reference signal sequence with a lower PAPR, and may
be executed by a base station or a UE.
[0013] As shown in FIG. 1, the method provided in this embodiment includes steps S120 to S140.
[0014] At S120, a first sequence is generated according to a pre-generated random sequence.
[0015] At S140, the first sequence is used as a reference signal sequence.
[0016] A plurality of elements in the first sequence are all in the form of complex numbers and have the same modulus
value, a phase difference between any two adjacent elements is less than π/2, and the modulus value is an amplitude
value used to indicate signal strength.
[0017] In the embodiment, a random sequence may be pre-generated, and then a first sequence is generated according
to the random sequence and used as a reference signal sequence. The random sequence may be a pseudorandom
sequence. In an embodiment, a plurality of elements in the first sequence have the same modulus value, which can
reduce the PAPR of signals after oversampling the reference signal sequence in DFT-s-OFDM. The modulus value of
each element refers to an amplitude value of the signal, which is a parameter used to indicate signal strength.
[0018] In an embodiment, the phase difference between any two adjacent elements in the first sequence is less than
π/2. For example, the phase difference between any two adjacent elements in the first sequence is π/4 or smaller. In
the embodiment, compared with a π/2 BPSK sequence, the phase difference between any two adjacent elements in the
first sequence is smaller, so that the PAPR of the reference signal can be reduced.
[0019] In an embodiment, the phase difference between a first element and a last element in the first sequence is less
than π/2. In an embodiment, the phase difference between the first element and the last element in the first sequence
is π/4 or smaller. In the embodiment, the phase difference between the first element and the last element in the first
sequence being π/4 allows a head and a tail of the first sequence to be connected, and the PAPR of the oversampled
signal can be lower.
[0020] In an embodiment, the first sequence includes an odd bit sequence and an even bit sequence, where the phase
difference between any two adjacent elements in the odd bit sequence is π/2, and the phase difference between any
two adjacent elements in the even bit sequence is π/2 or 0. In the embodiment, by splitting the first sequence into an
odd bit sequence and an even bit sequence and defining the phase of each element in the odd bit sequence and the
even bit sequence, it is convenient for the generation of the first sequence, and the generated first sequence has enough
randomness and relatively stable power in frequency domain.
[0021] In an embodiment, the odd bit sequence is a 1/2π BPSK sequence. In the embodiment, the odd bit sequence
is set as a 1/2π BPSK sequence to facilitate the generation of the first sequence, and to make the first sequence has
enough randomness.
[0022] In an embodiment, in a case where a current element is included in a first element set, a phase average of two
elements adjacent to the current element is used as the phase of the current element. The first element set includes all
elements other than a last element in the even bit sequence. In an embodiment, a phase average of a penultimate
element and the first element in the first sequence is used as the phase of the last element in the even bit sequence. In
this embodiment, the phase of all elements other than the last element in the even bit sequence can be calculated from
a phase average of two elements adjacent to this element in the first sequence, and the phase of the last element in the
even bit sequence can be calculated from a phase average of the penultimate element and the first element in the first
sequence. The even bit sequence generated on the basis of the odd bit sequence can satisfy that the phase difference
between adjacent elements in the first sequence is 1/4π, and the PAPR can thus be reduced.
[0023] In an embodiment, in a case where the current element is included in a second element set, if the phase of a
previous odd bit element adjacent to the current element is 3/4π, the phase of the current element is adjusted as π. The
second element set includes all elements having a phase of 0 in the even bit sequence. In the embodiment, for an
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element having a phase of 0 in the even bit sequence, if the phase of a previous odd bit element adjacent to this element
is 3/4π, the phase of elements in the even bit sequence is adjusted as π, so that phase interpolation errors can be corrected.
[0024] In an embodiment, each element in the first sequence has a modulus value of 1. In the embodiment, setting
the modulus value of each element in the first sequence as 1 is to facilitate power normalization.
[0025] In an embodiment, the phase of each element in the first sequence includes -3/4π, -1/2π, -1/4π, 0, 1/4π, 1/2π,
3/4π or π.
[0026] In an embodiment, a way of determining the phase of each element in the even bit sequence includes: obtaining
the phase of the current element by rotating a previous odd bit element adjacent to the current element by 1/4π or -1/4π,
the phase of the current element satisfying that the phase difference between the current element and a next odd bit
element adjacent to the current element is 1/4π. In the embodiment, the phase of each element in the even bit sequence
can be obtained by rotating a previous odd bit element by 1/4π or -1/4π, where the rotated element satisfies the condition
that the phase difference between the rotated element and a next odd bit element adjacent to the element is 1/4π.
[0027] In an embodiment, the generating a first sequence according to a pre-generated random sequence includes:
a relation between the first sequence d(n) and the random sequence b(m) is: 

where  , m=1, 2, 3, ..., M, n=1, 2, 3, ..., N, N=2M, exp is an exponential function with a natural constant
e as the base, mod is a mod function, j denotes an imaginary part of a complex number, eq(a, b) is an equality determination
function, and eq(a, b) has a result of 1 when a and b are equal and a result of 0 when a and b are not equal. eq (b(i),
b(i + 1)) means that the eq function has a result of 1 when b(i) and b(i + 1) are equal, and a result of 0 when b(i) and b(i
+ 1) are not equal.
[0028] In the embodiment, in a case where the first sequence d(n) is obtained through the relation between the first
sequence d(n) and the random sequence b(m), N=2M, and additionally, b(M+1)=b(1), so that the head and tail of the
first sequence are connected, and the PAPR after oversampling the reference signal corresponding to the first sequence
is lower.
[0029] In an embodiment, the generating a first sequence according to a pre-generated random sequence includes:

generating an odd bit sequence according to the pre-generated random sequence;
generating an even bit sequence according to the odd bit sequence; and, generating the first sequence according
to the odd bit sequence and the even bit sequence.

[0030] In an embodiment, the generating an odd bit sequence according to the pre-generated random sequence
includes: the relation between the odd bit sequence d1(m) and the random sequence b(m) is: 

 where m=1, 2, 3, ..., M, mod is a mod function, and j denotes the imaginary part of the complex number.
[0031] In an embodiment, the generating an even bit sequence according to the odd bit sequence includes: the modulus
value of each element in the even bit sequence is the same as that of each element in the odd bit sequence; and, the
phase of the current element in the even bit sequence is a phase average of two elements adjacent to the current element
in the odd bit sequence.
[0032] In an embodiment, the generating the first sequence according to the even bit sequence includes: sequentially
interpolating one element, that is sequentially arranged in the even bit sequence, between two adjacent elements in the
odd bit sequence.
[0033] In the embodiment, the odd bit sequence d1(m) may be generated through the relation between the odd bit
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sequence d1(m) and the random sequence b(m), Then, the modulus value of each element in the even bit sequence is
configured to be the same as that of each element in the odd bit sequence, and the phase of the current element in the
even bit sequence is set to be the phase average of two elements adjacent to the current element in the odd bit sequence.
Finally, the odd bit sequence is placed at odd bits of the first sequence, and the even bit sequence is placed at even
bits of the first sequence. For the elements in the even bit sequence having a phase of 0, if an absolute value of elements,
that have the same sequential numbers as the elements having a phase of 0 in the even bit sequence, in the odd bit
sequence added by one element is 1/4π, the phase of the elements having a phase of 0 in the even bit sequence is
changed into π.
[0034] In an embodiment, the random sequence includes a pseudorandom sequence (i.e., a Pseudo Noise (PN)
sequence), a Gold sequence or an m sequence. In the embodiment, the random sequence may be a pseudorandom
sequence, a Gold sequence or an m sequence, so that the phase of the reference signal corresponding to the generated
reference signal sequence has enough randomness and relatively stable power in frequency domain.
[0035] In an embodiment, the odd bit sequence d1(m) can be generated according to the relation between the odd
bit sequence d1(m) and the random sequence b(m). In the embodiment, the sequence b(m) is known, m=1, 2, 3, ..., M
and b(m) is a pseudorandom sequence (e.g., a PN sequence, a Gold sequence or an m sequence) having a length of
M, the corresponding d1(m) can be obtained according to the relation between d1(m) and b(m). The relation between
d1(m) and b(m) may be: 

[0036] After the odd bit sequence d1(m) is obtained, one element is added in the odd bit sequence d1(m) to obtain a
sequence d1’(m’), where m’=1, 2, 3, ..., M+1). It is assumed that d1’(m)=d1(m) (where m=1, 2, 3, ..., M) and
d1’(M+1)=d1(1). The odd bit sequence d2(m) is interpolated between two adjacent elements in the sequence d1’(m’),
where the conditions that the modulus value of the even bit sequence d2(m) is the same as that of d1’(m’) and the phase
of d2(m) is the phase average of d1’(m) and d1’(m + 1). If the phase of d2(m) is 0 and the absolute value of the phase
of d1’(m) is 1/4π, the phase of d2(m) is changed into π. Then, the sequence d1(m) is placed at odd bits of the first
sequence d(n), and the sequence d2(m) is placed at even bits of the first sequence d(n), where n=1, 2, 3, ..., N and
N=2M. The first sequence d(n) is a reference signal sequence having a length of N, and thus has a lower PAPR.
[0037] FIG. 2 is a schematic diagram of generation of a reference signal sequence according to an embodiment of
the present disclosure. As shown in FIG. 2, the adopted random sequence is a Gold sequence denoted by b(m), and
the corresponding d1(m) is obtained according to the relation between d1(m) and b(m). For example, d1(m) is a 1/2π
BPSK sequence. d1(m) is added by one bit to obtain d1’(m’). The modulus value and phase of the corresponding element
in the even bit sequence are obtained based on the modulus value and phase of each element in the odd bit sequence,
that is, the even bit sequence d2(m) is obtained. The even bit sequence is interpolated into the odd bit sequence to
obtain a first sequence d(n), i.e., a reference signal sequence d(n).
[0038] In an embodiment, the first sequence d(n) can be generated according to the relation between the first sequence
d(n) and the random sequence b(m). In the embodiment, the sequence b(m) is known, m=1, 2, 3, ..., M, and b(m) is a
random sequence (e.g., a PN sequence, a Gold sequence or an m sequence) having a length of M. One element is
added in the sequence b(m) to obtain a sequence b’(m’), where m’=1, 2, 3, ..., M+1. If it is assumed that b’(m) = b(m)
(where m=1, 2, 3, ..., M) and b’(M + 1) = b(1), the corresponding d(n) can be obtained according to the relation between
d(n) and b(m). The relation between d(n) and b(m) may be:

where  , m=1, 2, 3, ..., M, n=1, 2, 3, ..., N, N=2M, exp is an exponential function with a natural constant
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e as the base, mod is a mod function, j denotes an imaginary part of a complex number, eq(a, b) is an equality determination
function, and eq(a, b) has a result of 1 when a and b are equal and a result of 0 when a and b are not equal. In the
embodiment, the first sequence d(n) is a reference signal sequence having a length of N and thus has a lower PAPR.
[0039] FIG. 3 is a schematic diagram of generation of another reference signal sequence according to an embodiment
of the present disclosure. As shown in FIG. 3, the adopted random sequence is a Gold sequence denoted by b(m) ,
b(m) is added by one bit to obtain corresponding b’(m’), and a first sequence d(n) (i.e., a reference signal sequence
d(n)) is obtained according to a relation between d(n) and b(m).
[0040] In an embodiment, the reference signal sequence includes a Demodulation Reference Signal (DMRS) se-
quence, a Phase-Tracking Reference Signal (PTRS) sequence or a Sounding Reference Signal (SRS) sequence.
[0041] In an embodiment, in a case where the reference signal sequence is a DMRS sequence, the sequence gen-
eration method further includes: performing discrete Fourier transform on the first sequence to obtain a DMRS frequency-
domain sequence.
[0042] In an embodiment, the first sequence may be used as a DMRS sequence. In the embodiment, the sequence
b(m) is known, m=1, 2, 3, ..., M, and b(m) is a random sequence (e.g., a PN sequence, a Gold sequence or an m
sequence) having a length of M. One element is added in the sequence b(m) to obtain a sequence b’(m’), where m’=1,
2, 3, ..., M+1. If it is assumed that b’(m) = b(m) (where m=1, 2, 3, ..., M) and b’(M + 1) = b(1), the corresponding d(n)
can be obtained according to the relation between b(m) and d(n). The relation between d(n) and b(m) may be: 

 where  , m=1, 2, 3, ..., M, n=1, 2, 3, ..., N, N=2M, exp is an exponential function with a natural
constant e as the base, mod is a mod function, j denotes an imaginary part of a complex number, eq(a, b) is an equality
determination function, and eq(a, b) has a result of 1 when a and b are equal and a result of 0 when a and b are not equal.
[0043] The first sequence d(n) is a reference signal sequence having a length of N. If the reference signal sequence
is a DMRS sequence, Discrete Fourier Transform (DFT) is performed on the first sequence d(n) to obtain a DMRS
frequency-domain sequence. The DMRS frequency-domain sequence is placed in a time-frequency resource where the
DMRS of DFT-s-OFDM is located, and transmitted as DMRS, thereby realizing a lower PAPR.
[0044] FIG. 4 is a schematic diagram of generation of a DMRS sequence according to an embodiment of the present
disclosure. As shown in FIG. 4, the adopted random sequence is a Gold sequence denoted by b(m) , b(m) is added by
one bit to obtain b’(m’), and a first sequence d(n) (i.e., a reference signal sequence d(n)) is obtained according to a
relation between d(n) and b(m). DFT is performed on the generated d(n) to obtain a DMRS frequency-domain sequence
which is then placed in a time-frequency resource where the DMRS of DTF-S-OFDM is located and transmitted as
DMRS. In the embodiment, by taking one slot as an example, the DMRS frequency-domain sequence is placed in a
time-frequency resource where the DMRS of DTF-S-OFDM is located and transmitted as DMRS.
[0045] In an embodiment, the first sequence may be used as a PTRS sequence. In the embodiment, the sequence
b1(m) is known, m=1,2,3, ...M, and b1(m) and b2(m) are pseudorandom sequences (e.g., PN sequences, Gold sequences
or m sequences) having a length of M. One element is added in the sequence b1(m) and the sequence b2(m) to obtain
sequences b1’(m’) and b1’(m’), where m ’=1, 2, 3, ..., M+1. If it is assumed that b1’(m) = b1(m) (where m=1, 2, 3, ..., M),
b1’(M + 1) = b1(1), b2’(m) = b2(m) (where m=1,2,3, ...M) and b2’(M+1)=b2(1), corresponding d1(n) and d2(n) can be
obtained according to a relation between d(n) and b(m). The relation between d(n) and b(m) may be: 
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 where  , m=1, 2, 3, ..., M, n=1, 2, 3, ..., N, N=2M, exp is an exponential function with a natural constant
e as the base, mod is a mod function, j denotes an imaginary part of a complex number, eq(a, b) is an equality determination
function, and eq(a, b) has a result of 1 when a and b are equal and a result of 0 when a and b are not equal.
[0046] The generated sequences d1(n) and d2(n) are used as PTRS sequences, and the PTRS sequences are placed
at two ends of an OFDM symbol before one DFT of DFT-s-OFDM and transmitted as PTRS, so that the PAPR is lower.
[0047] FIG. 5 is a schematic diagram of generation of a PTRS sequence according to an embodiment of the present
disclosure. As shown in FIG. 5, the adopted random sequences are Gold sequences denoted by b1(m) and b2(m), b1(m)
and b2(m) are added by one bit, respectively, to obtain corresponding b1’(m’) and b1’(m’), and first sequences d1(n)
and d2(n) (i.e., a reference signal PTRS1 denoted by d1(n) and a reference signal PTRS2 denoted by d2(n)) are obtained
according to a relation between d(n) and b(m). In an embodiment, d1(n) and d2(n) can be placed at two ends (i.e., head
and tail) of an OFDM symbol before one DFT of DFT-s-OFDM and transmitted as PTRS, thereby realizing a lower PAPR.
[0048] In an embodiment, in a case where the reference signal sequence is an SRS sequence, the sequence generation
method further includes: performing discrete Fourier transform on the first sequence to obtain an SRS frequency-domain
sequence.
[0049] In an embodiment, the first sequence can be used as an SRS sequence. In the embodiment, the sequence
b(m) is known, m=1, 2, 3, ..., M, and b(m) is a random sequence (e.g., a PN sequence, a Gold sequence or an m
sequence) having a length of M. One element is added in the sequence b(m) to obtain a sequence b’(m’), where m’=1,
2, 3, ..., M+1. If it is assumed that b’(m) = b(m) (where m=1, 2, 3, ..., M) and b’(M + 1) = b(1), the corresponding d(n)
can be obtained according to the relation between b(m) and d(n). The relation between d(n) and b(m) may be: 

 where  , m=1, 2, 3, ..., M, n=1, 2, 3, ..., N, N=2M, exp is an exponential function with a natural constant
e as the base, mod is a mod function, j denotes an imaginary part of a complex number, eq(a, b) is an equality determination
function, and eq(a, b) has a result of 1 when a and b are equal and a result of 0 when a and b are not equal.
[0050] The first sequence d(n) is a reference signal sequence having a length of N. If the reference signal sequence
is an SRS sequence, DFT is performed on the first sequence d(n) to obtain an SRS frequency-domain sequence. The
SRS frequency-domain sequence is placed in a time-frequency resource where the SRS of DFT-s-OFDM is located,
and transmitted as SRS, thereby realizing a lower PAPR.
[0051] FIG. 6 is a schematic diagram of generation of an SRS sequence according to an embodiment of the present
disclosure. As shown in FIG. 6, the adopted random sequence is a Gold sequence denoted by b(m), b(m) is added by
one bit to obtain corresponding b’(m’), and a first sequence d(n) (i.e., a reference signal sequence d(n) ) is obtained
according to the relation between d(n) and b(m). DFT is performed on the generated d(n) to obtain an SRS frequency-
domain sequence, and the SRS time-frequency sequence is placed in a time-frequency resource where the SRS of
DTF-S-OFDM is located and transmitted as SRS.
[0052] In an embodiment, the sequence generation method further includes: using the first sequence as a guard
interval (GI) sequence. In the embodiment, the first sequence may also be used as a GI sequence or other known
sequences. In an embodiment, the using the first sequence as a GI sequence includes: placing the first sequence at a
front end of an OFDM symbol before one DFT of DFT-s-OFDM to serve as the GI sequence.
[0053] In an embodiment, the first sequence is used as a GI sequence. In the embodiment, the sequence b1(m) is
known, m=1, 2, 3, ..., M, and b1(m) is a random sequence (e.g., a PN sequence, a Gold sequence or an m sequence)
having a length of M. One element is added in the sequence b1(m) to obtain a sequence b1’(m’), where m’=1, 2, 3, ...,
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M+1. If it is assumed that b1’(m) = b1(m) (where m=1, 2, 3, ..., M) and b1’(M +1) = b1(1), the corresponding d(n) can
be obtained according to a relation between b(m) and d1(n). The relation between d(n) and b(m) may be:

where  , m=1, 2, 3, ..., M, n=1, 2, 3, ..., N, N=2M, exp is an exponential function with a natural constant
e as the base, mod is a mod function, j denotes an imaginary part of a complex number, eq(a, b) is an equality determination
function, and eq(a, b) has a result of 1 when a and b are equal and a result of 0 when a and b are not equal.
[0054] The generated sequence d1(n) is used as a GI sequence, and the GI sequence is placed at a front end of an
OFDM symbol before one DFT of DFT-s-OFDM and transmitted as GI, thereby realizing a PAPR.
[0055] FIG. 7 is a schematic diagram of generation of a GI sequence according to an embodiment of the present
disclosure. As shown in FIG. 7, the adopted random sequence is a Gold sequence denoted by b1(m), b1(m) is added
by one bit to obtain b1’(m’), and a first sequence d1(n) (i.e., a GI sequence) is obtained according to a relation between
d(n) and b(m). In an embodiment, d1(n) may be placed at a front end (i.e., head) of an OFDM symbol before one DFT
of DFT-s-OFDM and transmitted as GI, thereby realizing a lower PAPR.
[0056] FIG. 8 is a structural diagram of a sequence generation apparatus according to an embodiment of the present
disclosure. As shown in FIG. 8, the sequence generation apparatus provided in the embodiment includes a generation
module 220 and a determination module 240.
[0057] The generation module 220 is configured to generate a first sequence according to a pre-generated random
sequence. The determination module 240 is configured to use the first sequence as a reference signal sequence. A
plurality of elements in the first sequence are all in the form of complex numbers and have the same modulus value, a
phase difference between any two adjacent elements is less than π/2, and the modulus value is an amplitude value used
to indicate signal strength.
[0058] The sequence generation module provided in the embodiment is configured to implement the sequence gen-
eration method in the embodiment shown in FIG. 1. An implementation principle and technical effects of the sequence
generation apparatus provided in the embodiment are similar to those of the sequence generation method and will not
be repeated here.
[0059] In an embodiment, the phase difference between a first element and a last element in the first sequence is less
than π/2.
[0060] In an embodiment, the phase difference between any two adjacent elements in the first sequence is π/4 or
smaller.
[0061] In an embodiment, the phase difference between the first element and the last element in the first sequence
is π/4 or smaller.
[0062] In an embodiment, the first sequence includes an odd bit sequence and an even bit sequence.
[0063] The phase difference between any two adjacent elements in the odd bit sequence is π/2, and the phase
difference between any two adjacent elements in the even bit sequence is π/2 or 0.
[0064] In an embodiment, the odd bit sequence is a 1/2π Binary Phase Shift Keying (BPSK) sequence.
[0065] In an embodiment, in a case where a current element is included in a first element set, a phase average of two
elements adjacent to the current element is used as a phase of the current element. The first element set includes all
elements other than a last element in the even bit sequence.
[0066] In an embodiment, a phase average of a penultimate element and the first element in the first sequence is used
as the phase of the last element in the even bit sequence.
[0067] In an embodiment, in a case where the current element is included in a second element set, if a phase of a
previous odd bit element adjacent to the current element is 3/4π, the phase of the current element is adjusted as π. The
second element set includes all elements having a phase of 0 in the even bit sequence.
[0068] In an embodiment, each element in the first sequence has a modulus value of 1.
[0069] In an embodiment, the phase of each element in the first sequence includes -3/4π, -1/2π, -1/4π, 0, 1/4π, 1/2π,
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3/4π or π.
[0070] In an embodiment, a way of determining the phase of each element in the even bit sequence includes: obtaining
the phase of the current element by rotating a previous odd bit element adjacent to the current element by 1/4π or -1/4π,
the phase of the current element satisfying that the phase difference between the current element and a next odd bit
element adjacent to the current element is 1/4π.
[0071] In an embodiment, the generating a first sequence according to a pre-generated random sequence includes:
a relation between the first sequence d(n) and the random sequence b(m) is:

where  , m=1, 2, 3, ..., M, n=1, 2, 3, ..., N, N=2M, exp is an exponential function with a natural constant
e as the base, mod is a mod function, j denotes an imaginary part of a complex number, eq(a, b) is an equality determination
function, and eq(a, b) has a result of 1 when a and b are equal and a result of 0 when a and b are not equal.
[0072] In an embodiment, the generation module includes: a first generation unit, a second generation unit and a third
generation unit.
[0073] The first generation unit is configured to generate an odd bit sequence according to the pre-generated random
sequence. The second generation unit is configured to generate an even bit sequence according to the odd bit sequence.
The third generation unit is configured to generate the first sequence according to the odd bit sequence and the even
bit sequence.
[0074] In an embodiment, the first generation unit includes: a relation between the odd bit sequence d1(m) and the
random sequence b(m) is: 

where m=1, 2, 3, ..., M, mod is a mod function, and j denotes an imaginary part of a complex number.
[0075] In an embodiment, the second generation unit includes: a modulus value of each element in the even bit
sequence is the same as that of each element in the odd bit sequence; and, a phase of a current element in the even
bit sequence is a phase average of two elements adjacent to the current element in the odd bit sequence.
[0076] In an embodiment, the third generation unit is further configured sequentially interpolate one element, that is
sequentially arranged in the even bit sequence, between two adjacent elements in the odd bit sequence.
[0077] In an embodiment, the random sequence is a pseudorandom PN sequence, a Gold sequence or an m sequence.
[0078] In an embodiment, the reference signal sequence includes a Demodulation Reference Signal (DMRS) se-
quence, a Phase-Tracking Reference Signal (PTRS) sequence or a Sounding Reference Signal (SRS) sequence.
[0079] In an embodiment, the sequence generation apparatus is further configured to use the first sequence as a
Guard Interval (GI) sequence.
[0080] In an embodiment, in a case where the reference signal sequence is a DMRS sequence, the sequence gen-
eration apparatus further includes: a first transform module configured to perform discrete Fourier transform on the first
sequence to obtain a DMRS frequency-domain sequence.
[0081] In an embodiment, in a case where the reference signal sequence is an SRS sequence, the sequence generation
apparatus further includes: a second transform module configured to perform discrete Fourier transform on the first
sequence to obtain an SRS frequency-domain sequence.
[0082] In an embodiment, the using the first sequence as a GI sequence includes: placing the first sequence at a front
end of an OFDM symbol before one DFT of DFT-s-OFDM to serve as the GI sequence.
[0083] FIG. 9 is a schematic structural diagram of a device according to an embodiment of the present disclosure. As
shown in FIG. 9, the device provided by the present disclosure includes a processor 310 and a memory 320. The device
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may have one or more processors 310, and FIG. 9 is illustrated by taking one processor 310 as an example. The device
may one or more memories 320, and FIG. 9 is illustrated by taking one processor 320 as an example. The processor
310 and the memory 320 in the device may be connected via a bus or in other ways. FIG. 9 is illustrated by taking the
processor 310 and the memory 320 being connected via a bus as an example. In the embodiment, the device is a base
station.
[0084] As a computer-readable storage medium, the memory 320 may be configured to store software programs,
computer-executable programs and modules, for example, program instructions/modules corresponding to the device
according to any one of the embodiments of the present disclosure (for example, the generation module and the deter-
mination module in the sequence generation apparatus). The memory 320 may include a program storage region and
a data storage region. The program storage region may store application programs required by an operating system
and at least one function. The data storage region may store data created according to the use of the device, etc. In
addition, the memory 320 may include high-speed random-access memories, or may include non-volatile memories, for
example, at least one magnetic disk memory device, a flash memory device or other non-volatile solid-state memory
devices. In some instances, the memory 320 may include memories remotely arranged relative to the processor 310.
These remote memories may be connected to the device via a network. Examples of the network include, but not limited
to, Internet, Intranet, local area networks, mobile communication networks and combinations thereof.
[0085] The device mentioned above may be configured to execute the sequence generation method according any
one of the above embodiments, and has the corresponding functions and effects.
[0086] An embodiment of the present disclosure further provides a storage medium storing computer-executable
instructions which, when executed by a processor, cause the processor to carry out a sequence generation method.
The method is applied on a base station side. The method includes: generating a first sequence according to a pre-
generated random sequence; and, using the first sequence as a reference signal sequence. A plurality of elements in
the first sequence are all in the form of complex numbers and have the same modulus value, a phase difference between
any two adjacent elements is less than π/2, and the modulus value is an amplitude value used to indicate signal strength.
[0087] The term "user equipment" encompasses any suitable type of wireless user equipment, for example, mobile
phones, portable data processing apparatuses, portable web browsers or vehicle-mounted mobile stations.
[0088] Generally, various embodiments of the present disclosure may be implemented in hardware or dedicated
circuits, software, logics or any combinations thereof. For example, some aspects may be implemented in hardware,
while other aspects may be implemented in firmware or software that can be executed by a controller, a microprocessor
or other computing apparatuses, although the present disclosure is not limited thereto.
[0089] The embodiments of the present disclosure may be implemented by executing computer program instructions
by a data processor of a mobile device, for example, in processor entities, or by hardware, or by a combination of software
and hardware. The computer program instructions may be assembly instructions, Instruction Set Architecture (ISA)
instructions, machine instructions, machine-related instructions, microcodes, firmware instructions, state setting data,
or source codes or target codes written in any combination of one or more programming languages.
[0090] The blocks of any logic flow in the accompanying drawings of the present disclosure may indicate program
steps, or may indicate interconnected logic circuits, modules and functions, or may indicate combinations of program
steps and logic circuits, modules or functions. The computer programs may be stored on a memory. The memory may
be of any type suitable for the local technical environment and may be implemented by any suitable data storage
technology, for example, but not limited to, read-only memories (ROMs), random access memories (RAMs), optical
memory devices and systems (digital video discs (DVDs) or compact disks (CDs)), etc. The computer-readable medium
may include non-transient storage mediums. The data processor may be of any type suitable for the local technical
environment, for example, but not limited to, general purpose computers, special purpose computers, microprocessors,
digital signal processors (DSPs), application specific integrated circuits (ASICs), field-programmable gate arrays (FG-
PAs), and processors based on a multicore processor architecture.

Claims

1. A sequence generation method, comprising:

generating a first sequence according to a pre-generated random sequence; and
using the first sequence as a reference signal sequence;
wherein the first sequence has a plurality of elements which are all in a form of complex numbers and have a
same modulus value, a phase difference between two adjacent elements is less than π/2, and the modulus
value is an amplitude value indicating signal strength.

2. The method of claim 1, wherein the phase difference between a first element and a last element in the first sequence
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is less than π/2.

3. The method of clam 1, wherein the phase difference between two adjacent elements in the first sequence is π/4 or
smaller.

4. The method of claim 2, wherein the phase difference between the first element and the last element in the first
sequence is π/4 or smaller.

5. The method of claim 1, wherein the first sequence comprises an odd bit sequence and an even bit sequence; and
the phase difference between two adjacent elements in the odd bit sequence is π/2, and the phase difference
between two adjacent elements in the even bit sequence is π/2 or 0.

6. The method of claim 5, wherein the odd bit sequence is a 1/2π Binary Phase Shift Keying (BRSK) sequence.

7. The method of claim 5, further comprising:
in response to a current element being included in a first element set, using a phase average of two elements
adjacent to the current element in the first sequence as a phase of the current element, wherein the first element
set comprises all elements other than a last element in the even bit sequence.

8. The method of claim 5, further comprising:
using a phase average of a penultimate element and the first element in the first sequence as the phase of the last
element in the even bit sequence.

9. The method of claim 5, further comprising:
in response to the current element being included in a second element set and a phase of a previous odd bit element
adjacent to the current element being 3/4π, adjusting the phase of the current element as π, wherein the second
element set comprises all elements having a phase of 0 in the even bit sequence.

10. The method of claim 1, wherein each element in the first sequence has a modulus value of 1.

11. The method of claim 1, wherein the phase of each element in the first sequence comprises -3/4π, -1/2π, -1/4π, 0,
1/4π, 1/2π, 3/4π or π.

12. The method of claim 5, wherein a way of determining the phase of each element in the even bit sequence comprises:
obtaining the phase of the current element by rotating a previous odd bit element adjacent to the current element
by 1/4π or -1/4π, the phase of the current element satisfying that the phase difference between the current element
and a next odd bit element adjacent to the current element is 1/4π.

13. The method of claim 1, wherein the generating a first sequence according to a pre-generated random sequence
comprises:

a relation between the first sequence d(n) and the random sequence b(m) is: 

where  , m=1, 2, 3, ..., M, n=1, 2, 3, ..., N, N=2M, exp is an exponential function with a natural
constant e as the base, mod is a mod function, j denotes an imaginary part of a complex number, eq(a, b) is
an equality determination function, and eq(a, b) has a result of 1 in response to a and b being equal and a result
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of 0 in response to a and b being not equal.

14. The method of claim 1 or 5, wherein the generating a first sequence according to a pre-generated random sequence
comprises:

generating an odd bit sequence according to the pre-generated random sequence;
generating an even bit sequence according to the odd bit sequence; and
generating the first sequence according to the odd bit sequence and the even bit sequence.

15. The method of claim 14, wherein the generating a first sequence according to a pre-generated random sequence
comprises:

a relation between the odd bit sequence d1(m) and the random sequence b(m) is: 

where m=1, 2, 3, ..., M, mod is a mod function, and j denotes an imaginary part of a complex number.

16. The method of claim 15, wherein the generating an even bit sequence according to the

the modulus value of each element in the even bit sequence is the same as that of each element in the odd bit
sequence; and
the phase of a current element in the even bit sequence is a phase average of two elements adjacent to the
current element in the odd bit sequence.

17. The method of claim 16, wherein the generating the first sequence according to the odd bit sequence and the even
bit sequence comprises:
sequentially interpolating one element, that is sequentially arranged in the even bit sequence, between two adjacent
elements in the odd bit sequence.

18. The method of claim 1, wherein the random sequence comprises a Pseudo Noise (PN) sequence, a Gold sequence
or an m sequence.

19. The method of claim 1, wherein the reference signal sequence comprises a Demodulation Reference Signal (DMRS)
sequence, a Phase-Tracking Reference Signal (PTRS) sequence or a Sounding Reference Signal (SRS) sequence.

20. The method of claim 1, further comprising:
using the first sequence as a Guard Interval (GI) sequence.

21. The method of claim 19, wherein, in response to the reference signal sequence being a DMRS sequence, the
method further comprises:
performing discrete Fourier transform on the first sequence to obtain a DMRS frequency-domain sequence.

22. The method of claim 19, wherein, in response to the reference signal sequence being an SRS sequence, the method
further comprises:
performing discrete Fourier transform on the first sequence to obtain an SRS frequency-domain sequence.

23. The method of claim 20, wherein the using the first sequence as a GI sequence comprises:
placing the first sequence at a front end of an OFDM symbol before one DFT of Discrete Fourier Transform spread
Orthogonal Frequency Division Multiplexing (DFT-s-OFDM) to serve as the GI sequence.

24. A sequence generation apparatus, comprising:

a generation module, configured to generate a first sequence according to a pre-generated random sequence;
and
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a determination module, configured to use the first sequence as a reference signal sequence;
wherein the first sequence has a plurality of elements which are all in a form of complex numbers and have a
same modulus value, a phase difference between two adjacent elements is less than π/2, and the modulus
value is an amplitude value indicating signal strength.

25. A storage medium having computer programs stored thereon which, when executed by a processor, cause the
processor to carry out the sequence generation method of any one of claims 1 to 23.
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