METHOD AND APPARATUS FOR SENDING REFERENCE SIGNAL, METHOD
AND APPARATUS FOR RECEIVING REFERENCE SIGNAL, VEHICLE-MOUNTED
DEVICE, AND TERMINAL

TECHNICAL FIELD
[001] The present disclosure relates to the field of communication technology, and in
particular, to methods, devices, vehicle UE, and terminals of transmitting and receiving a

reference signal.

BACKGROUND

[002] In the LTE Vehicle-to-Everything (V2X) technology, for example, in an application
scenario of Vehicle-to-Vehicle (V2V) communication, due to the possibility of two vehicles
meeting each other, the speed of one vehicle with respect to another vehicle is almost two
times of its own speed, which makes the Doppler shift larger. To counteract relatively large
Doppler shift, in a subframe of Ims, each of a Primary Sidelink Synchronization Signal
(PSSS) and a Secondary Sidelink Synchronization Signal (SSSS) of V2X occupies two
symbols, and a Physical Sidelink Broadcast Channel (PSBCH) occupies 5 symbols, and
among them, 3 symbols of Demodulation Reference Signal (DMRS) are transmitted in a
manner of time division to demodulate the PSBCH. In addition, a subframe of 1 ms contains
two slots, each of which contains 7 symbols. Among these 14 symbols, the first symbol is
used for Automatic Gain Control (AGC), that is, for adjusting power gain of a device to
receive PSSS/SSSS/PSBCH, and the last symbol is used to counteract transmission and
reception delay caused by devices at different positions. And a period for transmitting the
synchronization signal and the broadcast channel is 160 ms, that is, 1 ms of every 160 ms is
used to transmit a frame structure of synchronization signal and broadcast channel. In addition,
because the LTE sidelink has a feature similar to LTE uplink and Single-carrier
Frequency-Division Multiple Access (SC-FDMA) is used in the uplink, the DMRS and the
PSBCH are transmitted at different symbols.

[003] On the spectrum of the New Radio (NR) Access technology, each time slot (slot)
includes 14 symbols, and how many slots are contained in 1 millisecond (ms) is determined
by a subcarrier spacing. For example, in a case that the subcarrier spacing is 15 kilohertz
(KHz), there is 1 slot in 1 ms; in a case that the subcarrier spacing is 30 KHz, there are 2 slots
in 1ms; and in a case that the subcarrier spacing is 60KHz, there are 4 slots in 1ms, and so on.

[004] In the NR, in order to reduce the always-on reference signal and thereby reduce the
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overhead, a Synchronization Signal Block (SSB) is proposed. Each SSB occupies 4
consecutive symbols, which are, in sequence, a Primary Synchronization Signal (PSS), a
Physical Broadcast Channel (PBCH), a Secondary Synchronization Signal (SSS) and a PBCH,
respectively, wherein, 12 resource blocks (RB) in a symbol in which the SSB is located are
the SSS, and 4 RBs on respective sides are the PBCH, and some subcarriers in the PBCH are
Demodulation Reference Signals (DMRS). A subcarrier spacing of the synchronization signal
block may be 15 KHz, 30 KHz, 120 KHz and 240 KHz. All synchronization signal blocks are
transmitted within 5 ms. In order to support beam transmission, in a case that there are beams,
each beam needs to transmit SSBs, so the maximum number of synchronization signal blocks
that can be transmitted within 5 ms is 4 (in a case that the carrier frequency is below 3GHz) or
8 (in a case that the carrier frequency is 3 GHz~6 GHz) or 64 (in a case that the carrier
frequency is above 6GHz), and the plurality of SSBs within 5 ms are referred to as an SSB
burst set. A period for transmitting an SSB burst set may be 5 ms, 10 ms, 20 ms, 40 ms, and
etc.

[005] V2X technology has further been introduced into a 5G NR system, but transmission

of synchronization signals and broadcast channels has not been defined yet.

SUMMARY

[006] In order to overcome the problems in the related arts, embodiments of the present
disclosure provide methods, devices, vehicle user equipment (UE), and terminals of
transmitting and receiving a reference signal, wherein transmission characteristics of VSSBs
may be dynamically changed so as to effectively counteract Doppler shift effect occurring

between the vehicle UE and the receiving terminal.

[007]  According to a first aspect of the present disclosure, there is provided a method of

transmitting a reference signal, including:

[008]  determining transmission configuration information of a synchronization signal
block of a new radio-vehicle-to-everything (NR-V2X) system (VSSB), the transmission
configuration information including: a transmission period of the VSSB, and a time domain

position of a VSSB transmission time window within the transmission period;

[009] transmitting N VSSBs within the VSSB transmission time window that occurs
periodically according to the transmission configuration information, where N is an integer
greater than or equal to 1;

[010] wherein each of the VSSBs includes a primary sidelink synchronization signal
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(PSSS), a secondary sidelink synchronization signal (SSSS), a physical sidelink broadcast
channel (PSBCH) signal, and a demodulation reference signal (DMRS).

[011]  In some embodiments of the present disclosure, transmitting the N VSSBs within the
VSSB transmission time window that occurs periodically includes: for each of VSSB to be

transmitted,
[012]  determining target carrier frequency information for transmitting the VSSB;

[013]  determining, according to both the target carrier frequency information and current
speed information of vehicle user equipment (UE), a target reference signal time domain

density for the VSSB to be transmitted;

[014]  determining transmission information for the VSSB to be transmitted according to
the target reference signal time domain density, wherein the transmission information includes:
a target subcarrier spacing for transmitting the VSSB and a structure of the VSSB to be
transmitted, and the structure of the VSSB to be transmitted involves the number and a

position of symbols occupied by respective signals; and

[015]  transmitting, according to the transmission information for the VSSB to be

transmitted, the VSSB within the VSSB transmission time window.

[016] In some embodiments of the present disclosure, determining the target carrier

frequency information for transmitting the VSSB includes:

[017]  receiving resource configuration information from the base station, wherein the
resource configuration information is configured to instruct the vehicle UE to transmit the

VSSB with configured resource;

[018]  determining the target carrier frequency information according to the resource

configuration information; or,

[019] determining the target carrier frequency information according to preset resource

configuration information.

[020] In some embodiments of the present disclosure, the current speed information

includes: a relative speed between the vehicle UE and a preset receiving terminal;

[021] Determining, according to the target carrier frequency information and the current
speed information of the vehicle UE, the target reference signal time domain density for each

VSSB to be transmitted includes:



[022]  obtaining a comparison result by comparing the relative speed with a preset speed

threshold; and

[023] determining the target reference signal time domain density according to the target

carrier frequency information and the comparison result.

[024] In some embodiments of the present disclosure, determining the target reference
signal time domain density according to both the target carrier frequency information and the

comparison result includes:

[025] in response to that the comparison result indicates that the relative speed is greater
than or equal to the preset speed threshold, increasing a reference signal time domain density
at the target carrier frequency to a target reference signal time domain density corresponding

to the comparison result.

[026] In some embodiments of the present disclosure, increasing a reference signal time
domain density at the target carrier frequency to the target reference signal time domain

density corresponding to the comparison result is implemented through at least one of:

[027]  using a target VSSB structure, wherein a reference signal proportion in the target
VSSB structure is greater than a reference signal proportion in an original VSSB structure,
and the reference signal proportion is a ratio of a number of symbols occupied by the

reference signal with respect to a duration occupied by the VSSB; and/or
[028]  increasing a subcarrier spacing for transmitting VSSB at the target carrier frequency.

[029] In some embodiments of the present disclosure, transmitting the N VSSBs within the

VSSB transmission time window that occurs periodically includes:

[030] in response to that N is an integer greater than 1, determining a VSSB index

information for each VSSB;

[031]  generating a target VSSB carrying the index information by loading the VSSB index

information into a setting signal of the VSSB to be transmitted; and

[032]  transmitting the target VSSB  through a plurality of beams in the VSSB

transmission time window that occurs periodically.

[033] In some embodiments of the present disclosure, loading the VSSB index information

into the setting signal of the VSSB to be transmitted is implemented through any one of:

[034] indicating the VSSB index information by a corresponding DMRS target sequence;
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[035] loading the VSSB index information into a first bit of the PSBCH signal; and

[036] indicating a part of bit values of the VSSB index information by the corresponding
DMRS target sequence, and loading remaining of the bit values into a second bit of the

PSBCH signal.

[037] In some embodiments of the present disclosure, transmitting the N VSSBs within the

VSSB transmission time window that occurs periodically includes:

[038] transmitting the PSBCH signal and the DMRS signal of each of the VSSBs in at
least one of a frequency division multiplexing (FDM) manner and a time division

multiplexing (TDM) manner.

[039] According to a second aspect of the present disclosure, a method of receiving a

reference signal is provided, including:

[040]  detecting a synchronization signal block of a new radio-vehicle-to-everything

(NR-V2X) system (VSSB) transmitted from vehicle user equipment (UE);
[041]  obtaining VSSB index information from a target VSSB that is detected;

[042]  determining a time domain position of the target VSSB according to the VSSB index

information; and

[043] performing a time domain synchronization with the vehicle UE according to the

time domain position.

[044] In some embodiments of the present disclosure, detecting the VSSB transmitted

from the vehicle UE includes:

[045] receiving resource configuration information from a base station, wherein the
resource configuration information is configured to instruct the receiving terminal to receive

the VSSB through configured resource;

[046] determining, according to the resource configuration information, target carrier

frequency information for receiving the VSSB;

[047]  determining a detecting subcarrier spacing according to the target carrier frequency

information; and

[048]  detecting the VSSB at a target frequency band with each detecting subcarrier

spacing.

[049] In some embodiments of the present disclosure, obtaining the VSSB index
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information from the detected target VSSB includes:

[050] obtaining respective signals by analyzing the target VSSB, the respective signals
including: a primary sidelink synchronization signal (PSSS), a secondary sidelink
synchronization signal (SSSS), a physical sidelink broadcast channel (PSBCH) signal, and a
demodulation reference signal (DMRS); and

[051] obtaining the VSSB index information from a setting signal, wherein the setting

signal includes at least one of the PSBCH signal and the DMRS signal.

[052] In some embodiments of the present disclosure, obtaining the VSSB index

information from the setting signal includes any one of:

[053] obtaining the VSSB index information from information carried by the setting

DMRS sequence; and
[054] obtaining the VSSB index by analyzing a bit of the setting PSBCH signal.

[055] In some embodiments of the present disclosure, obtaining the VSSB index

information from the setting signal includes:

[056] obtaining a part of bit values of the VSSB index information from information

carried by the setting DMRS sequence;

[057]  obtaining remaining of the bit values of the VSSB index information from a bit of

the setting PSBCH signal; and

[058] determining the VSSB index information according to complete bit values

composed of the part of the bit values and the remaining of the bit values.

[059] In some embodiments of the present disclosure, determining the time domain

position of the VSSB according to the VSSB index information includes:

[060] determining the time domain position of the target VSSB according to the VSSB
index information, the target carrier frequency information, and the target subcarrier spacing;
wherein the target subcarrier spacing indicates a detecting subcarrier spacing used to detect

the target VSSB.

[061] According to a third aspect of the present disclosure, a device for transmitting a

reference signal is provided, including:

[062] a configuration information determining module, configured to determine

transmission configuration information of a synchronization signal block of a new
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radio-vehicle-to-everything (NR-V2X) system (VSSB), the transmission configuration
information including a transmission period of the VSSB, and a time domain position of a

VSSB transmission time window within the transmission period; and

[063] a transmitting module, configured to transmit N VSSBs within a VSSB transmission
time window that occurs periodically according to the transmission configuration information,

where N is an integer greater than or equal to 1;

[064]  wherein each of the N VSSBs includes a primary sidelink synchronization signal
(PSSS), a secondary sidelink synchronization signal (SSSS), a physical sidelink broadcast
channel (PSBCH) signal, and a demodulation reference signal (DMRS).

[065] In some embodiments of the present disclosure, the transmitting module includes:

[066] a carrier frequency determining sub-module, configured to determine target carrier

frequency information for transmitting the VSSBs;

[067] a time domain density determining sub-module, configured to determine a target
reference signal time domain density for each of the VSSBs to be transmitted according to
both the target carrier frequency information and a current speed information of vehicle user

equipment (UE);

[068] a transmission information determining sub-module, configured to determine
transmission information for the VSSBs to be transmitted according to the target reference
signal time domain density, the transmission information including a target subcarrier spacing
for transmitting the VSSBs and a structure of the VSSBs to be transmitted, wherein the
structure of the VSSBs to be transmitted involves the number of symbols occupied by each

signal and positions of the occupied symbols; and

[069] a transmitting sub-module, configured to transmit the VSSBs according to the
transmission information for the VSSBs to be transmitted within the VSSB transmission time

window.

[070] In some embodiments of the present disclosure, the carrier frequency determining

sub-module includes:

[071] a configuration information receiving unit, configured to receive resource
configuration information from a base station, where the resource configuration information is

configured to instruct the vehicle UE to transmit the VSSB with configured resource;

[072] a first carrier frequency determining unit, configured to determine target carrier
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frequency information according to the resource configuration information; or,

[073] a second carrier frequency determining unit, configured to determine the target

carrier frequency information according to preset resource configuration information.

[074] In some embodiments of the present disclosure, the current speed information

includes: a relative speed between the vehicle UE and a preset receiving terminal;
[075]  the time domain density determining sub-module includes:

[076] a comparing unit, configured to obtain a comparison result by comparing the relative

speed with a preset speed threshold; and

[077]  a time domain density determining unit, configured to determine the target reference
signal time domain density according to both the target carrier frequency information and the

comparison result.

[078] In some embodiments of the present disclosure, the time domain density
determining unit is configured to increase a target reference signal time domain density at a
target carrier frequency to a target reference signal time domain density corresponding to the
comparison result in response to that the comparison result indicates the relative speed is

greater than or equal to the preset speed threshold.

[079] In some embodiments of the present disclosure, the time domain density
determining unit is configured to increase a target reference signal time domain density at the
target carrier frequency to a target reference signal time domain density corresponding to the

comparison result through at least one of:

[080] using a target VSSB structure, wherein the reference signal proportion of the target
VSSB structure is greater than a reference signal proportion of an original VSSB structure,
and the reference signal proportion is a ratio between the number of symbols occupied by the

reference signal and a duration occupied by the VSSB; and

[081] increasing the subcarrier spacing for transmitting VSSB at the target carrier

frequency.
[082] In some embodiments of the present disclosure, the transmitting module includes:

[083] an index information determining sub-module, configured to determine a VSSB

index information for each VSSB in response to that N is an integer greater than 1;

[084] a target VSSB generating sub-module, configured to generate a target VSSB



carrying index information by loading the VSSB index information into a setting signal of the

VSSB to be transmitted; and

[085] a target VSSB transmitting sub-module, configured to transmit the target VSSB
through a plurality of beams within the VSSB transmission time window that occurs

periodically.

[086] In some embodiments of the present disclosure, the target VSSB generating
sub-module is configured to load the VSSB index information into the setting signal of the

VSSB to be transmitted through any one of:
[087]  indicating the VSSB index information by a corresponding DMRS target sequence;
[088] loading the VSSB index information into a first bit of the PSBCH signal; and

[089] indicating a part of bit values of the VSSB index information by the corresponding
DMRS target sequence, and loading remaining of the bit values into a second bit of the

PSBCH signal.

[090] In some embodiments of the present disclosure, the transmitting module is
configured to transmit the PSBCH signal and the DMRS signal of each of the VSSBs through
at least one of a frequency division multiplexing (FDM) manner and a time division

multiplexing (TDM) manner.

[091] According to a fourth aspect of the present disclosure, a device for receiving a

reference signal is provided, including:

[092] a detecting module, configured to detect a synchronization signal block of a new
radio-vehicle-to everything (NR-V2X) system (VSSB) transmitted by vehicle user equipment
(UE);

[093] an index information obtaining module, configured to obtain VSSB index

information from a target VSSB that is detected;

[094] a position determining module, configured to determine a time domain position of

the target VSSB according to the VSSB index information;

[095]  a synchronizing module, configured to perform a time domain synchronization with

the vehicle UE according to the time domain position.
[096] In some embodiments of the present disclosure, the detecting module includes:

[097] a configuration information receiving sub-module, configured to receive resource
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configuration information from a base station, where the resource configuration information is

configured to instruct the receiving terminal to receive the VSSB with configured resource;

[098] a carrier frequency determining sub-module, configured to determine target carrier
frequency information for receiving the VSSB according to the resource configuration

information;

[099]  a sub-carrier spacing determining sub-module, configured to determine a detection

sub-carrier spacing according to the target carrier frequency information; and

[0100] a detecting sub-module, configured to detect the VSSB on a target resource with

each detecting subcarrier spacing.

[0101] In some embodiments of the present disclosure, the index information obtaining

module includes:

[0102] an analyzing sub-module, configured to obtain respective signals by analyzing the
target VSSB, the respective signals including: a primary sidelink synchronization signal
(PSSS), a secondary sidelink synchronization signal (SSSS), a physical sidelink broadcast
channel (PSBCH) signal and a demodulation reference signal (DMRS); and

[0103] an index information obtaining sub-module, configured to obtain the VSSB index
information from a setting signal, where the setting signal includes at least one of the PSBCH

signal and the DMRS signal.

[0104] In some embodiments of the present disclosure, the index information obtaining

sub-module includes:

[0105] a first index obtaining unit, configured to obtain the VSSB index information

according to the information carried in the setting DMRS sequence; or,

[0106] a second index obtaining unit, configured to obtain the VSSB index information by
analyzing a first bit of the setting PSBCH signal.

[0107] In some embodiments of the present disclosure, the index information obtaining

sub-module includes:

[0108] a first bit value determining unit, configured to obtain a part of bit values of the

VSSB index information from information carried in the setting DMRS sequence;

[0109] a second bit value determining unit, configured to obtain remaining of the bit values

of the VSSB index information from a second bit of the setting PSBCH signal;
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[0110] a third index obtaining unit, configured to determine the VSSB index information
according to complete bit values composed of the part of the bit values and the remaining of

the bit values.

[0111] In some embodiments of the present disclosure, the position determining module is
configured to determine a time domain position of the target VSSB according to the VSSB
index information, the target carrier frequency information and the target subcarrier spacing,
the target subcarrier spacing indicating a detecting subcarrier spacing used to detect the target

VSSB.

[0112] According to a fifth aspect of the present disclosure, a non-transitory
computer-readable storage medium having stored therein computer instructions that, when
executed by a processor, cause the processor to implement operations of any method

according to the first aspect of the present disclosure.

[0113] According to a sixth aspect of the present disclosure, a non-transitory
computer-readable storage medium having stored therein computer instructions that, when
executed by a processor, cause the processor to implement operations of any method

according to the second aspect of the present disclosure.

[0114] According to a seventh aspect of the present disclosure, vehicle user equipment (UE)

is provided, including:

[0115] a processor;

[0116] memory, configured to store instructions executable by the processor;
[0117] wherein, the processor is configured to:

[0118] determine transmission configuration information of a synchronization signal block
of a new radio-vehicle-to-everything (NR-V2X) system (VSSB), the transmission
configuration information including: a transmission period of the VSSB, and a time domain

position of a VSSB transmission time window within the transmission period;

[0119] transmit N VSSBs within the VSSB transmission time window that occurs
periodically according to the transmission configuration information, where N is an integer

greater than or equal to 1;

[0120] wherein, each VSSB includes: a primary sidelink synchronization signal (PSSS), a
secondary sidelink synchronization signal (SSSS), a physical sidelink broadcast channel
(PSBCH) signal, and a demodulation reference signal (DMRS).
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[0121] According to an eighth aspect of the present disclosure, a terminal is provided,

including:

[0122] a processor;

[0123] memory, configured to store instructions executable by the processor;
[0124] wherein, the processor is configured to:

[0125] detect a synchronization signal block of a new radio-vehicle-to-everything

(NR-V2X) system (VSSB) transmitted by vehicle user equipment (UE);
[0126] obtain VSSB index information from a target VSSB that is detected;

[0127] determine a time domain position of the target VSSB according to the VSSB index

information; and

[0128] perform a time domain synchronization with the vehicle UE according to the time

domain position.

[0129] The present disclosure designs methods of transmitting a reference signal for 5G
NR-V2X systems. The vehicle UE can transmit reference signals in a structure of
synchronization signal block VSSBs to receiving terminals in different directions through a
plurality of beams, such that the receiving terminal can perform, after receiving VSSBs
transmitted by the vehicle UE, a time domain synchronization quickly with the vehicle UE
according to a reference signal of the VSSB and index information carried by the VSSB,
which increases efficiency of time domain synchronization between the receiving terminal
and the vehicle UE and decreases time for signal synchronization, thereby guaranteeing the

immediacy of communication between the vehicle UE and the receiving terminal.

[0130] It should be understood that the above general description and the following detailed
description are only exemplary and explanatory, and cannot be construed as a limit to the

present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0131] The figures herein are incorporated into the specification and constitute a part of the
specification, illustrate embodiments in accordance with the present disclosure, and are used

together with the specification to explain the principle of the present disclosure.

[0132] FIG. 1 is a schematic view illustrating an application scenario of an NR-V2X system
according to an exemplary embodiment of the present disclosure.
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[0133] FIG 2 is a flowchart illustrating a method of transmitting a reference signal

according to an exemplary embodiment of the present disclosure.

[0134] FIG 3 is a flowchart illustrating a method of transmitting a reference signal

according to another exemplary embodiment of the present disclosure.

[0135] FIG 4 is a flowchart illustrating a method of transmitting a reference signal

according to another exemplary embodiment of the present disclosure.

[0136] FIG 5 is a flowchart illustrating a method of transmitting a reference signal

according to another exemplary embodiment of the present disclosure.

[0137] FIG. 6-1 is a schematic diagram illustrating an application scenario of transmitting a

reference signal according to an exemplary embodiment of the present disclosure.

[0138] FIG. 6-2 is a schematic diagram illustrating an application scenario of transmitting a

reference signal according to another exemplary embodiment of the present disclosure.

[0139] FIG. 6-3 is a schematic diagram illustrating an application scenario of transmitting a

reference signal according to another exemplary embodiment of the present disclosure.

[0140] FIG. 6-4 is a schematic diagram illustrating an application scenario of transmitting a

reference signal according to another exemplary embodiment of the present disclosure.

[0141] FIG 7 is a flowchart illustrating a method of transmitting a reference signal

according to another exemplary embodiment of the present disclosure.

[0142] FIG. 8 is a flowchart illustrating a method of receiving a reference signal according

to an exemplary embodiment of the present disclosure.

[0143] FIG. 9 is a flowchart illustrating a method of receiving a reference signal according

to another exemplary embodiment of the present disclosure.

[0144] FIG. 10 is a flowchart illustrating a method of receiving a reference signal according

to another exemplary embodiment of the present disclosure.

[0145] FIG. 11 is a flowchart illustrating a method of receiving a reference signal according

to another exemplary embodiment of the present disclosure.

[0146] FIG. 12 is a block diagram illustrating a device for transmitting a reference signal

according to an exemplary embodiment of the present disclosure.

[0147] FIG. 13 is a block diagram illustrating a device for transmitting a reference signal

according to another exemplary embodiment of the present disclosure.
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[0148] FIG. 14 is a block diagram illustrating a device for transmitting a reference signal

according to another exemplary embodiment of the present disclosure.

[0149] FIG. 15 is a block diagram illustrating a device for transmitting a reference signal

according to another exemplary embodiment of the present disclosure.

[0150] FIG. 16 is a block diagram illustrating a device for transmitting a reference signal

according to another exemplary embodiment of the present disclosure.

[0151] FIG 17 is a block diagram illustrating a device for receiving a reference signal

according to an exemplary embodiment of the present disclosure.

[0152] FIG. 18 is a block diagram illustrating a device for receiving a reference signal

according to another exemplary embodiment of the present disclosure.

[0153] FIG 19 is a block diagram illustrating a device for receiving a reference signal

according to another exemplary embodiment of the present disclosure.

[0154] FIG 20 is a block diagram illustrating a device for receiving a reference signal

according to another exemplary embodiment of the present disclosure.

[0155] FIG 21 is a block diagram illustrating a device for receiving a reference signal

according to another exemplary embodiment of the present disclosure.

[0156] FIG. 22 is a schematic structural diagram illustrating a vehicle-borne device

according to an exemplary embodiment of the present disclosure.

[0157] FIG. 23 is a schematic structural diagram illustrating a terminal according to an

exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0158] Exemplary embodiments will be described in detail here, and examples thereof are
illustrated in the accompanying figures. When the following description refers to the
accompanying figures, unless indicated otherwise, the same reference sings in different
figures designates the same or similar elements. Implementation manners described in the
following exemplary embodiments do not represent all implementation manners consistent
with the present invention. Rather, they are merely examples of devices and methods
consistent with some aspects of the present invention as set forth in the appended claims.

[0159] The terms used in the present disclosure are only for the purpose of describing
specific embodiments, and are not intended to limit the present disclosure. The singular forms

"

a", "said" and "the" used in the present disclosure and appended claims are also intended to
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include plural forms, unless the context clearly indicates other meanings. It should also be
understood that the term "and/or" used herein refers to and includes any or all possible
combinations of one or more associated listed items.

[0160] It should be understood that although the terms “first”, “second”, “third”, etc. may
be used in this disclosure to describe various information, the information should not be
limited to these terms. These terms are only used to distinguish information of same type from
each other. For example, without departing from the scope of the present disclosure, the first
information may also be referred to as second information, and similarly, the second
information may also be referred to as first information. Depending on the context, the word
"if"" as used herein can be interpreted as "when" or "when" or "in response to determination".
[0161] The executing body involved in the present disclosure includes: vehicle user
equipment (UE) and receiving terminals of a new radio-vehicle-to-everything (NR-V2X)
system, wherein V2X includes: vehicle-to-vehicle (V2V) communication, Vehicle to
Infrastructure (V2I) communication, Vehicle to Nomadic Device (V2N, which represent
communication between a vehicle and a mobile terminals of a driver) communication, and
Vehicle to Pedestrain (V2P, which means communication between a vehicle to a mobile
terminal of a pedestrain) communication. FIG. 1 illustrates an application scenario according
to an exemplary embodiment of the present disclosure, wherein a receiving terminal may be a
terminal such as a vehicle, a roadside infrastructure device, and a mobile terminal of a
pedestrian. In the specific implementation process, the vehicle UE and the receiving terminal
are independent of each other, and at the same time, they are connected to each other to
jointly implement the technical solutions according to the present disclosure.

[0162] Based on the above application scenarios, the present disclosure provides a method
of transmitting a reference signal, which dynamically changes transmission characteristics of
VSSB to counteract the Doppler shift effect that occurs between a vehicle-borne device and a
receiving terminal.

[0163] Doppler shift effect, means that when there is relative movement between a
transmitting source and a receiving end, a frequency at which the transmitting source
transmits information is different from a frequency at which the receiving end receives the
information transmitted by the transmitting source. This phenomenon is called Doppler shift
effect. The difference between the transmitting frequency and the receiving frequency is
called the Doppler frequency shift. In real life, in a case of wireless communication on a fast
moving objects (such as high-speed rail), phenomenons such as signal quality degradation

occurs, which is an example of Doppler shift in electromagnetic waves.
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[0164] FIG 2 is a flowchart illustrating a method of transmitting a reference signal
according to an exemplary embodiment of the present disclosure. The method is applicable to
vehicle user equipment (UE), and includes following steps:

[0165] In step 11, transmission configuration information of a synchronization signal block
of a new radio-vehicle-to-everything (NR-V2X) system (VSSB) is determined. The
transmission configuration information includes: a transmission period of the VSSB and a
time domain position of a VSSB transmission time window within the transmission period.
[0166] In the present disclosure, an SSB used in the NR-V2X system is abbreviated as
VSSB. wherein, each VSSB includes: a primary sidelink synchronization signal (PSSS), a
secondary sidelink synchronization signal (SSSS), a physical sidelink broadcast channel
(PSBCH) signal, and a demodulation reference signal (DMRS).

[0167] In step 12, according to the transmission configuration information, N VSSBs are
transmitted within a VSSB transmission time window which occurs periodically, where N is
an integer greater than or equal to 1.

[0168] Assuming that the transmission period of the aforementioned VSSB is 160 ms, a
VSSB transmission time window is set at a fixed position of each transmission period in the
present disclosure. For example, a transmission window with a duration of 5 ms is set at the
50 ms position of 160 ms, and a position of the VSSB transmission time window within the
SVVB transmission window may be expressed as 50 ms~54 ms.

[0169] In the present disclosure, in response to that a VSSB transmission time window
arrives, the vehicle-borne device transmits N VSSBs though a beam.

[0170] In this disclosure, before transmitting the VSSBs, vehicle UE may predict a possible
Doppler frequency shift based on speed information of the vehicle UE, and then changes a
reference signal time domain density for the VSSBs to counteract the Doppler shift effect,
thereby guaranteeing that the VSSB transmitted by the vehicle-borne device can be detected
by a receiving terminal.

[0171] Referring to FIG. 3, which is a flowchart illustrating a method of transmitting a
reference signal according to another exemplary embodiment, the step 12 may include:

[0172] In step 121, target carrier frequency information for transmitting the VSSB is
determined;

[0173] wherein the target carrier frequency information includes: a frequency band and a
bandwidth of a carrier frequency for transmitting the VSSBs.

[0174] In the present disclosure, the vehicle UE may determine the target carrier frequency

information for transmitting the VSSBs in any one of:
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[0175] Manner 1: determining the target carrier frequency information according to preset
resource configuration information.

[0176] For example, carrier frequency information for transmitting VSSB is pre-stored in a
chip of the vehicle UE, and the vehicle UE may directly read target carrier frequency
information from the chip.

[0177] Manner 2: Determining the target carrier frequency information according to
resource configuration information issued by the base station

[0178] Referring to FIG. 4, which is a flowchart illustrating a method of transmitting a
reference signal according to another exemplary embodiment, the foregoing step 121 may
include:

[0179] In step 1211, resource configuration information is received from a base station,
where the resource configuration information is configured to instruct the vehicle-borne
device to transmit the VSSB with configured resource.

[0180] As mentioned above, in the present disclosure, VSSB is transmitted with preset
resources configured by the base station. In an embodiment of the present disclosure, resource
blocks that the base station configures for the vehicle UE is located at a same carrier
frequency as resources used by the base station, then, the resource configuration information
does not need to indicate any carrier frequency band information, but only indicates position
information of a resource block (RB).

[0181] In response to that resource block that the base station configures for the
vehicle-borne device and resource used by the base station are positioned at different carrier
frequencies, the resource configuration information is required to indicate both carrier
frequency band information and resource block position information.

[0182] In step 1212, the target carrier frequency information is determined according to the
resource configuration information.

[0183] Correspondingly, in response to that the vehicle UE only obtains resource block
position information from the above resource configuration information, according to the
protocol, the current working carrier frequency for communicating with the base station is
determined as the above target carrier frequency for transmitting VSSB.

[0184] In another embodiment, the vehicle UE determines the target carrier frequency
according to the carrier frequency band information notified by the base station.

[0185] In the present disclosure, the frequency band of the carrier frequency configured by
the system for transmitting VSSB may include: frequency bands below 3 GHz, 3 GHz-6 GHz,

and above 6 GHz.
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[0186] In step 122, a target reference signal time domain density for each VSSB to be
transmitted is determined according to both the target carrier frequency information and the
current speed information of the vehicle UE.

[0187] In the present disclosure, the reference signal time domain density may be expressed
as a ratio of the total number of symbols occupied by the reference signal to a duration
occupied a VSSB, wherein the reference signal includes: a primary sidelink synchronization
signal (PSSS), a secondary sidelink synchronization signal (SSSS) and a demodulation
reference signal (DMRS). The higher the reference signal time domain density is, the greater
the Doppler shift can be counteracted.

[0188] In the present disclosure, the current speed information of the vehicle UE may
include: a current speed of the vehicle where the vehicle UE is located; or, a relative speed
between the vehicle UE and a target receiving terminal.

[0189] The Doppler frequency shift may be estimated according to the current speed
information, and then the reference signal time domain density for the VSSB is adjusted so as
to counteract the Doppler frequency effect.

[0190] Referring to FIG. 5, which is a flowchart illustrating a method of transmitting a
reference signal according to another exemplary embodiment, the foregoing step 122 may
include:

[0191] In step 1221, a comparison result is acquired by comparing the relative speed with a
preset speed threshold;

[0192] In step 1222, the target reference signal time domain density is determined
according to the target carrier frequency information and the comparison result.

[0193] In the embodiments of the present disclosure, time domain density levels may be
used to indicate reference signal time domain densities with different magnitudes, and the
higher the level, the greater corresponding reference signal time domain density.

[0194] In the NR-V2X system, for each carrier frequency band, such as 3GHz, a preset
number of reference signal time domain density levels may be agreed in the protocol, and
each time domain density level corresponds to a preset speed matching condition.

[0195] In response to the target carrier frequency, a correspondence between the time
domain density level and the preset speed matching condition may be determined according
to the protocol.

[0196] Taking the target frequency band of 3GHz frequency band as an example, it is
assumed that, for the 3GHz frequency band, two speed thresholds, namely V10 and V20, are

set in the system, wherein V10 is less than V20; and the two speed thresholds correspond to
18



different reference signal time domain density levels, respectively. Exemplarily, as illustrated

in Table [:

Speed matching | Time domain density
condition level
V<VI10 First level
V10 <V <V20 second level
Vv >V20 Third level
Table 1

The vehicle UE may compare the currently determined relative speed with the respective
speed thresholds as illustrated in Table I to determine which speed matching condition the
current relative speed falls into, and thus determine a required reference signal time domain
density level.

[0197] In step 123, transmission information for the VSSB to be transmitted is determined
according to the target reference signal time domain density. The transmission information
includes: a target subcarrier spacing for transmitting the VSSB and a structure of the VSSBs
to be transmitted. The structure of VSSBs to be transmitted involves: the number of symbols
occupied by each signal and positions of the symbols occupied;

[0198] In the present disclosure, a reference signal time domain density level for a VSSB is
related to both the subcarrier spacing for transmitting the VSSB and the total number of time
domain units such as symbols occupied by the reference signal in a signal structure of the
VSSB.

[0199] In the NR-V2X system, there may be a plurality of available subcarrier spacings for
a carrier frequency. For example, in the frequency band below 6 GHz, the subcarrier spacings
that the system may use to transmit VSSBs include: 15 KHz, 30 KHz, and 60 KHz. For
frequency bands above 6 GHz, the sub-carrier spacings that the system may use to transmit
VSSBs include: 120 KHz, 240 KHz, and 480 KHz. The higher the frequency band to which
the target carrier frequency of the vehicle UE belongs, the greater the sub-carrier spacing for
transmitting VSSBs. For example, a subcarrier spacing that may be used in a case that the
target carrier frequency is 6 GHz should be greater than or equal to a subcarrier spacing that
may be used in a case that the target carrier frequency is 3 GHz. For example, 15 KHz or 30
KHz may be used at 3 GHz, and 30 KHz or 60 KHz may be used at 6 GHz.

[0200] Still taking the target carrier frequency determined in step 121 above being 3 GHz
frequency band as an example, supposing that it is agreed in the system that an available
subcarrier spacing for the 3 GHz frequency band includes: 15 KHz and 30 KHz; and

meanwhile, it is also agreed in the system that two VSSB structures, which are expressed as a
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first VSSB structure and a second VSSB, may be used in this frequency band, wherein a
symbol ratio of a reference signal in the second VSSB structure is greater than a symbol ratio

of a reference signal in the first VSSB structure.

Subcarrier Spacing VSSB Structure Time domain density level
15 Kiz First VSSB structure First level
Second VSSB structure
First VSSB structure
Second VSSB structure Third level
Table 11

second level

30 KHz

[0201] Exemplarily, it is supposed that the vehicle UE determines that it is necessary to
increase the reference signal time domain density level for the VSSB to be transmitted from
the first level to the second level according to a current relative speed.

[0202] In the present disclosure, a VSSB structure used by the vehicle UE before adjusting
the reference signal time domain density may be referred to as an original VSSB structure. In
a case that the vehicle UE transmits VSSBs with the first-level reference signal time domain
density, the adopted subcarrier spacing is 15 KHz. In a case that it is agreed that 3 GHz
frequency band is used in the system, at 15 KHz, a VSSB is provided in a time slot, and is
supposed that an original VSSB structure used by the vehicle-borne device is the first VSSB
structure.

[0203] Exemplarily, the first VSSB structure used by the vehicle UE may be as illustrated in
Figure 6-1, where the number of symbols occupied by PSSS is 2, the number of symbols
occupied by SSSS is 2, the number of symbols occupied by PSBCH is 5, and the number of
symbols occupied by DMRS The number of symbols is 3.

[0204] Then the vehicle UE may increase the reference signal time domain density for the
VSSB to be transmitted to the second level through at least one of:

[0205] Manner 1: the second VSSB structure with a larger reference signal is adopted
without changing the used subcarrier spacing.

[0206] Exemplarily, with respect to the first VSSB structure as illustrated in FIG. 6-1, the
second VSSB structure in the present disclosure may be designed in any one of:

[0207] In a first design, compared with the first VSSB structure, the number of symbols
occupied by at least one reference signal is increased and the number of symbols occupied by
PSBCH is reduced in a case that a duration of the VSSB remains unchanged. As the structure
diagram of VSSB illustrated in Figure 6-2, the number of symbols occupied by PSSS is 3, the
number of symbols occupied by SSSS is 3, the number of symbols occupied by PSBCH is 2,
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and the number of symbols occupied by DMRS is 4.

[0208] In a second design, compared with the first VSSB structure, the number of symbols
occupied by DMRS is increased in a FDM manner in a case that a duration of the VSSB
remains unchanged. For example, in a case of designing a structure of the second VSSB in the
embodiments of the present disclosure, a portion of resource blocks corresponding to the
symbols occupied by each or part of the PSBCHs, such as #3, #5, #7, #8, #10, are allocated to
carry DMRS signals, as illustrated in Figure 6-3, thereby increasing the number of symbols
occupied by DMRS. Compared with the first VSSB structure, the proportion of reference
signals is increased, that is, a ratio of the number of the symbols occupied by reference signals
to the duration of the VSSB, thereby increasing the reference signal time domain density.
[0209] Manner 2: Without changing the VSSB structure, increasing the subcarrier spacing
for transmitting VSSB at the target carrier frequency

[0210] In the present disclosure, in a case that it is agreed in the protocol that there are a
plurality of subcarrier spacings for the target carrier frequency, without changing the structure
of the VSSB, the reference signal time domain density for the VSSB may be increased by
increasing the subcarrier spacing.

[0211] As in the above example, 15 KHz is adopted, 1ms corresponds to one time slot, and
a VSSB transmission time window of 5 ms includes 5 time slots. Assuming that the vehicle
UE is to transmit four VSSBs, in a case that it is agreed in the system a VSSB is set in one
slot at 15 KHz in the 3GHz frequency band, the VSSBs to be transmitted as illustrated in FIG.
6-1, where VSSBO0, VSSB1, VSSB2, and VSSB3 respectively represent index information of
each VSSB to be transmitted.

[0212] In a case that the target subcarrier spacing is increased to 30 KHz, 1 ms corresponds
to 2 time slots, that is, a duration of 1 time slot is shortened to 0.5 ms. Since position and the
number of symbols occupied by VSSB in a time slot remain unchanged, a duration of a single
VSSB is reduced to half of the time illustrated in Figure 6-1, as illustrated in Figure 6-4,
where VO, V1, V2, and V3 represent index information of each VSSB, which is same to
VSSBO0, VSSB1, VSSB2, and VSSB3 as illustrated in FIG. 6-1.

[0213] Since the number of symbols occupied by the reference signal of the VSSB remains
unchanged, and the duration of one VSSB is reduced, the ratio of the number of symbols
occupied by the reference signal in VSSB to a duration occupied by the VSSB becomes larger,
so as to increase the reference signal time domain density by increasing the target subcarrier
spacing, thereby counteracting greater Doppler frequency shift.

[0214] So far, both the target subcarrier spacing and the target VSSB structure required by
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the target reference signal time domain density are determined, that is, transmission
information for a single VSSB to be transmitted is determined.

[0215] The above embodiments are described by taking that the reference signal time
domain density is required to be increased as an example. On the contrary, in a case where the
reference signal time domain density needs to be reduced, opposite operations may be
performed, which will not be elaborated herein.

[0216] In the present disclosure, when the vehicle speed changes significantly, the vehicle
UE may adjust in time the reference signal time domain density for the VSSB to be
transmitted through at least one of the above methods, thereby effectively counteracting
Doppler shift and ensuring instant communication between the vehicle-mounted equipment
and a receiving terminal.

[0217] In step 124, the VSSB is transmitted within the VSSB transmission time window
according to the transmission information for the VSSB to be transmitted.

[0218] In the present disclosure, in a case that the vehicle UE transmits an VSSB to a
receiving terminal within the VSSB transmission time window, it also needs to carry index
information of occupied effective unit time domain resources, so that the receiving terminal
may perform a time domain synchronization with the vehicle UE according to the index
information.

[0219] Referring to FIG. 7 which is a flowchart illustrating a method of transmitting a
reference signal according to another exemplary embodiment, the step 12 may include:

[0220] In step 1200, in a case that N is an integer greater than 1, the VSSB index
information of each VSSB is determined;

[0221] In a case that the target carrier frequency and the subcarrier spacing, with which the
vehicle UE transmits a VSSB, are determined, the position and index information of each unit
time domain resource within a VSSB transmission time window are agreed by the system, as
illustrated in Figure 6-1. VSSBO, VSSBI1, VSSB2, and VSSB3 are determined in accordance
with the system protocol.

[0222] In step 1201, a target VSSB carrying the index information is generated by loading
the VSSB index information into a setting signal of the VSSB to be transmitted;

[0223] In the embodiment illustrated in Figure 6-1, for a VSSB to be transmitted at the
position of VSSB3, the vehicle UE may carry index information VSSB3 in a setting signal of
the VSSB, such as a DMRS signal and/or a PSBCH signal, and transmit it to the receiving
terminal.

[0224] In the present disclosure, the index information of the VSSB to be transmitted may
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be loaded into the setting signal of the VSSB to be transmitted through any of:

[0225] Manner 1: the index information of the VSSB to be transmitted may be indicated by
a corresponding DMRS target sequence;

[0226] Taking four pieces of index information included in a VSSB transmission time
window illustrated in Figure 6-1 as an example, in the present disclosure, a correspondence
between index information and a DMRS sequence may be agreed in the system, for example,

as illustrated in Table III:

Index information DMRS sequence
VSSB 0 *
VSSB 1 *E
VSSB 2 otk
VSSB 3 otk
Table III

[0227] Referring to Table III, the vehicle UE may load the sequence "****" corresponding
to VSSB3 into the DMRS signal of the VSSB. The above index information VSSB 3 is
indicated by the DMRS sequence "*#**"

[0228] Manner 2: index information of the VSSB to be transmitted is loaded into a first bit
of a PSBCH signal.

[0229] In another embodiment of the disclosure, the index information can be loaded into a
reserved information bit or a new information bit of the PSBCH signal, which is referred to as
the first bit in the present disclosure. For example, the bit value 11 of the VSSB 3 is set in the
2 reserved bits or new bits of the PSBCH signal to indicate the index information.

[0230] Manner 3: Indicating a part of bit values of the index information of the VSSB to be
transmitted by a corresponding DMRS target sequence, and loading remaining of the bit
values into a second bit of the PSBCH signal.

[0231] In another embodiment of the disclosure, the index information may further be
indicated by a combination of a DMRS target sequence and bit information set in the PSBCH
signal.

[0232] As still in the above example, corresponding bit values of the index information
VSSB 3 are 11. In the embodiment of the present disclosure, the bit value of the lower bit "1"
may be indicated by the preset DMRS target sequence such as "*", and the bit value of the
higher bit "1" is placed in a reserved bit or a new bit of the PSBCH signal. In the present
disclosure, the reserved bit or the new bit of the PSBCH signal which is used to carry partial

index information is referred to as the second bit. In another embodiment of the present
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disclosure, it may be further agreed in the system that a bit value of a higher bit of the index
information is indicated by a DMRS target sequence, and correspondingly, a remaining bit
value is indicated by the second bit of the PSBCH signal, which is not limited in the present
disclosure.

[0233] In the present disclosure, a VSSB which carries VSSB index information is referred
to as a target VSSB.

[0234] In step 1202, the target VSSB is transmitted through a plurality of beams within the
VSSB transmission time window that occurs periodically.

[0235] In the present disclosure, a beam is used to transmit the target VSSB in different
directions at different times. For example, in the example as illustrated in FIG. 6-1, at a time
domain position corresponding to a first time slot VSSBO of 5 ms, a beam is used to transmit
the target VSSB carrying index information VSSB 0 in one direction. And at a time domain
position corresponding to a third time slot VSSB 2, a beam is used to transmit the target
VSSB carrying the index information VSSB 2 in another direction; and so on.

[0236] In addition, in the present disclosure, regarding how the vehicle UE transmits a
PSBCH signal and a DMRS signal of a VSSB within the VSSB transmission time window,
the present disclosure may propose the following three transmission modes:

[0237] In a first transmission mode, a PSBCH signal and a DMRS signal of a VSSB are
transmitted in Time Division Multiplexing (TDM) mode, that is, the PSBCH signal and the
DMRS signal are transmitted in time-frequency resources corresponding to different symbols.
In this mode, frequency domains of the PSBCH signal and the DMRS signal may be the same,
but the time domains of the PSBCH signal and the DMRS signal are different.

[0238] In a second transmission mode, a PSBCH signal and a DMRS signal of a VSSB are
transmitted in Frequency Division Multiplexing (FDM) mode, that is, the PSBCH signal and
the DMRS signal may be transmitted in different frequency domain resources corresponding
to a same symbol. In this mode, the time domain of the PSBCH signal and the DMRS signal
may be the same, but the frequency domains of the PSBCH signal and the DMRS signal are
different.

[0239] In a third transmission mode, the PSBCH signal and the DMRS signal are
transmitted in a combined manner of TDM and FDM. As illustrated in Figure 6-3, in
time-frequency resources corresponding to a symbol occupied by the PSBCH signal such as
symbol #5, some resources, such as RE#3, RE#7 , RE#11 of twelve Resource Elements (RE)
included in an RB, are used to transmit the DMRS signal, and remaining of the REs are used

to transmit the PSBCH signal. In addition, the DMRS signal is also transmitted in
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time-frequency resource corresponding to symbol #6. In the symbols with both PSBCH and
DMRS, a proportion of REs occupied by DMRS may be 1/3 or 1/4, and the like.

[0240] In the present disclosure, the base station may transmit the above-mentioned
resource configuration information to the vehicle UE and the receiving terminal through a
broadcast signaling, a high-level signaling, and a physical layer signaling. The high-level
signaling may be a Radio Resource Control (RRC) signaling, a Medium Access Control
(MAC) Control Element (CE) signaling, and the like.

[0241] In summary, a method of transmitting a reference signal for a 5G NR-V2X system is
designed in the present disclosure. Vehicle user equipment (UE) may transmit a reference
signal via a synchronization signal block VSSB structure to receiving terminals in different
directions through beams within a VSSB transmission time window that occurs periodically,
so that a receiving terminal may perform, after receiving the VSSB from the vehicle UE, a
time domain synchronization with the vehicle UE quickly by using a reference signal for the
VSSB and index information carried by the VSSB, thereby improving efficiency of time
domain synchronization between the receiving terminal and the vehicle UE, reducing time for
signal synchronization, and ensuring immediacy of communication between the vehicle
equipment and the receiving terminal.

[0242] Correspondingly, embodiments of the present disclosure further provides a method
of receiving a reference signal, which is applicable to a receiving terminal of an NR-V2X
system.

[0243] Referring to FIG. 8 which is a flowchart illustrating a method of receiving a
reference signal according to an exemplary embodiment, the method may include:

[0244] In step 21, detect a synchronization signal block of a new radio
vehicle-to-everything (NR-V2X) system (VSSB) transmitted by vehicle user equipment (UE);
[0245] In an embodiment of the present disclosure, the receiving terminal may further
determine a target carrier frequency information via system agreed carrier information
embedded in a chip or by receiving resource configuration information from a base station,
wherein the target carrier frequency indicates a carrier frequency at which receiving terminal
receives the VSSB from the vehicle UE.

[0246] In an embodiment of the present disclosure, referring to FIG. 9, which is a flowchart
illustrating a method of receiving a reference signal according to another exemplary
embodiment, the step 21 may include:

[0247] In step 211, resource configuration information is received from a base station,

wherein the resource configuration information is configured to instruct the receiving terminal
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to receive the VSSB with configured resource.

[0248] In step 212, target carrier frequency information for receiving the VSSB is
determined according to the resource configuration information.

[0249] In the embodiment of the present disclosure, the base station may further transmit
resource configuration information to the receiving terminal to inform the receiving terminal
which carrier frequency the VSSB transmitted from the vehicle UE is received.

[0250] In step 213, detecting subcarrier spacing is determined according to the target carrier
frequency information.

[0251] It is assumed that the receiving terminal, such as vehicle B, determines that the
carrier frequency for receiving VSSB is the carrier frequency of the 3 GHz band. It is
provided in the protocol of the system that the carrier frequency of a frequency band can be
used with one or more subcarrier spacings, and the receiving terminal may determine each of
the available subcarrier spacings as a detecting subcarrier spacing. For example, the detecting
subcarrier spacing corresponding to the 3GHz frequency band may include: 15 KHz, and 30
KHz.

[0252] In step 214, the VSSB is detected at the target resource with each of the detecting
subcarrier spacings.

[0253] As in the above example, the receiving terminal may use 15 KHz and 30 KHz to
detect a VSSB, and a detecting subcarrier spacing used in a case that VSSB is detected is
determined as a target subcarrier spacing, such as 15 KHz.

[0254] In step 22, VSSB index information is obtained from a target VSSB that is detected.
[0255] Referring to FIG. 10, which is a flowchart illustrating a method of receiving a
reference signal according to another exemplary embodiment, the step 22 may include:

[0256] In step 221, respective signals are obtained by analyzing the target VSSB, wherein
the respective signals include: a primary sidelink synchronization signal (PSSS), a secondary
sidelink synchronization signal (SSSS), a physical sidelink broadcast channel (PSBCH) signal,
and a demodulation reference signal (DMRS); and

[0257] In step 222, the VSSB index information is obtained from a setting signal.

[0258] The setting signal may comprise a preset PSBCH signal of the target VSSB, a preset
DMRS signal of the target VSSB, or a combination thereof.

[0259] Corresponding to the above step 1201, in the present disclosure, the receiving
terminal may obtain the VSSB index information from the setting signal of the target VSSB in
any one of:

[0260] Manner 1: The VSSB index information is obtained from information carried by the
26



preset DMRS sequence;

[0261] Exemplarily, assuming that DMRS sequence carried by the preset DMRS signal is
*#%% and a correspondence between index information and a DMRS sequence under the
condition of the 3GHz frequency band and the subcarrier spacing of 15 KHz agreed by the
system is queried, as illustrated in the Table III, it can be determined that the index
information of the target VSSB is VSSB 3.

[0262] Manner 2: The VSSB index information is obtained by analyzing a first bit of the
preset PSBCH signal.

[0263] Corresponding to the second manner of step 1201, exemplarily, in a case that it is
detected that information bit value of a preset bit of the preset PSBCH signal of the target
VSSB, that is, a first bit, is 11, it is determined that VSSB index information carried by the
target VSSB is VSSB 3.

[0264] Manner 3: The VSSB index information is obtained from both the preset PSBCH
signal and the preset DMRS signal

[0265] Referring to FIG. 11, which is a flowchart illustrating a method of receiving a
reference signal according to another exemplary embodiment, the step 222 may include:
[0266] In step 2221, a part of bit values of the VSSB index information is obtained from
information carried by the preset DMRS sequence;

[0267] In step 2222, remaining of the bit values of the VSSB index information is obtained
from a second bit of the PSBCH signal; and

[0268] In step 2223, the VSSB index information is determined according to complete bit
values composed of the part of the bit values and the remaining of the bit values.

[0269] Corresponding to the third manner of step 1201, in a case that a bit value of the
DMRS sequence carried by the preset DMRS signal of the target VSSB is 1, the bit value
obtained from the second bit of the preset PSBCH signal of the target VSSB is 1. In a case
that it is agreed in the system that the DMRS sequence carried by the preset DMRS signal
indicates a high bit value of the bit values of the VSSB index information and a value of the
second bit of the preset PSBCH signal indicates a lower bit value of the bit values of the
VSSB index information, Then, according to the information carried by the preset DMRS
sequence and the second bit value of the preset PSBCH signal, it is determined that the
complete bit value of the VSSB index information of the target VSSB is 11, thereby
determining that the VSSB index information of the target VSSB is VSSB 3.

[0270] In step 23, a time domain position of the target VSSB is determined according to the

VSSB index information;
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[0271] Specifically, the receiving terminal determines the time domain position of the target
VSSB according to the VSSB index information, the target carrier frequency information, and
the target subcarrier spacing. Still taking the target carrier frequency of 3G Hz, target
subcarrier spacing of 15 KHz, and VSSB index information of VSSB 3 as an example,
according to Figure 5-1, the exact time domain position of the target VSSB within the
transmitting time window may be determined, that is, the #1~#12 symbols in a fourth time
slot in the VSSB transmission time window, i.e., a slot numbered 3.

[0272] In step 24, a time domain synchronization is performed with the vehicle UE
according to the time domain position.

[0273] For the method embodiments as described above, for concise description, they are
all expressed as a series of operation combinations, but it should be noted by one of ordinary
skill in the art that the present disclosure is not limited to the described sequence of actions, as
some steps can be performed in other order or simultaneously according to the present
disclosure.

[0274] Secondly, it should be also understood by one of ordinary skill in the art that all the
embodiments described in the specification are optional embodiments, and the operations and
modules involved are not necessarily required by the present disclosure.

[0275] Corresponding to the method embodiments, the present disclosure further provides
device embodiments and apparatus embodiments for achieving corresponding application
functions.

[0276] Correspondingly, the present disclosure provides a device for transmitting a
reference signal, which can be provided on vehicle user equipment (UE). Referring to FIG. 12,
which is a block diagram illustrating a device for transmitting a reference signal according to
an exemplary embodiment, the device may include:

[0277] a configuration information determining module 31, configured to determine
transmission configuration information of a synchronization signal block of a new
radio-vehicle-to-everything (NR-V2X) system (VSSB), wherein the transmission
configuration information includes: a transmission period of the VSSB, and a time domain
position of a VSSB transmission time window with the transmission period;

[0278] a transmitting module 32, configured to transmit N VSSBs within the VSSB
transmission time window which occurs periodically according to the transmission
configuration information, where N is an integer greater than or equal to 1;

[0279] wherein each VSSB includes: a primary sidelink synchronization signal (PSSS), a

secondary sidelink synchronization signal (SSSS), a physical sidelink broadcast channel
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(PSBCH) signal, and a demodulation reference signal (DMRS).

[0280] Referring to FIG. 13 which is a block diagram illustrating another apparatus for
transmitting a reference signal according to another exemplary embodiment, based on the
apparatus embodiment illustrated in FIG. 12, the transmitting module 32 may include:

[0281] a carrier frequency determining sub-module 321, configured to determine target
carrier frequency information for transmitting the VSSB;

[0282] a time domain density determining sub-module 322, configured to determine a target
reference signal time domain density for each VSSB to be transmitted according to both the
target carrier frequency information and a current speed information of the vehicle UE;

[0283] a transmission information determining sub-module 323, configured to determine
transmission information for the VSSB to be transmitted according to the target reference
signal time domain density, wherein the transmission information includes: a target subcarrier
spacing for transmitting the VSSB and a structure of the VSSB to be transmitted, and the
structure of the VSSB to be transmitted involves the number of symbols occupied by each
signal and positions of the symbols occupied;

[0284] a transmitting sub-module 324, configured to transmit the VSSB within the VSSB
transmission time window according to the transmission information for the VSSB to be
transmitted.

[0285] Referring to FIG. 14, which is a block diagram illustrating an device for transmitting
a reference signal according to another exemplary embodiment, on the basis of the apparatus
embodiment illustrated in FIG. 13, the carrier frequency determining sub-module 321 may
include:

[0286] a configuration information receiving unit 3211, configured to receive resource
configuration information from a base station, wherein the resource configuration information
is configured to instruct the vehicle UE to transmit the VSSB with the configured resource;
[0287] a first carrier frequency determining unit 3212, configured to determine the target
carrier frequency information according to the resource configuration information; or,

[0288] a second carrier frequency determining unit 3212, configured to determine the target
carrier frequency information according to preset resource configuration information.

[0289] In a device embodiment of the present disclosure, in a case that the current speed
information includes a relative speed between the vehicle UE and the preset receiving
terminal;

[0290] referring to FIG. 15 which is a block diagram illustrating a device for transmitting a

reference signal according to another exemplary embodiment, based on the device
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embodiment illustrated in FIG. 13, the time domain density determining sub-module 322 may
include:

[0291] a comparing unit 3221, configured to obtain a comparison result by comparing the
relative speed with a preset speed threshold; and

[0292] a time domain density determining unit 3222, configured to determine the target
reference signal time domain density according to both the target carrier frequency
information and the comparison result.

[0293] In an device embodiment of the present disclosure, the time domain density
determining unit 3222 may be configured to increase the reference signal time domain density
at the target carrier frequency to a target reference signal time domain density corresponding
to the comparison result in response to that the comparison result indicates that the relative
speed is greater than or equal to the preset speed threshold.

[0294] Correspondingly, the time domain density determining unit 3222 may be configured
to increase the reference signal time domain density at the target carrier frequency to the
target reference signal time domain density corresponding to the comparison result through at
least one of:

[0295] wusing a structure of the target VSSB, wherein a reference signal proportion of the
target VSSB structure is greater than a reference signal proportion of an original VSSB
structure, and the reference signal proportion is a ratio of the number of symbols occupied by
the reference signal to a duration of the VSSB; and

[0296] increasing the subcarrier spacing for transmitting VSSB at the target carrier
frequency.

[0297] Referring to FIG. 16 which is a block diagram illustrating a device for transmitting a
reference signal according to another exemplary embodiment, on the basis of the device
embodiment as illustrated in FIG. 13, the transmitting module 32 may include:

[0298] an index information determining sub-module 3201, configured to determine VSSB
index information of each of the VSSBs in response to that N is an integer greater than 1.
[0299] an target VSSB generating sub-module 3202, configured to generate a target VSSB
carrying the VSSB index information by loading the VSSB index information into a setting
signal of the VSSB to be transmitted;

[0300] In a device embodiment of the present disclosure, the target VSSB generating
sub-module 3202 may be configured to load the VSSB index information into a preset signal
of the VSSB to be transmitted in any one:

[0301] indicating the VSSB index information by a corresponding DMRS target sequence;
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[0302] loading the VSSB index information into a first bit of the preset PSBCH signal; and
[0303] indicating a part of bit values of the VSSB index information by the corresponding
DMRS target sequence, and loading remaining of the bit values into a second bit of the preset
PSBCH signal.

[0304] A target VSSB transmitting sub-module 3203 is configured to transmit the target
VSSB through a plurality of beams within the VSSB transmission time window that occurs
periodically.

[0305] In a device embodiment of the present disclosure, the transmitting module 32 may
be configured to transmit the PSBCH signal and the DMRS signal of each of the VSSBs
through at least one of a frequency division multiplexing (FDM) manner and a time division
multiplexing (TDM) manner.

[0306] Correspondingly, the present disclosure further provides a device for receiving a
reference signal, which is provided in a receiving terminal. Referring to FIG. 17, which is a
block diagram illustrating a device for receiving a reference signal according to an exemplary
embodiment, the device may include:

[0307] a detecting module 41, configured to detect a synchronization signal block of a new
radio-vehicle-to-everything (NR-V2X) system (VSSB) transmitted by vehicle user equipment
(UE);

[0308] an index information obtaining module 42, configured to obtain VSSB index
information from a target VSSB that is detected;

[0309] a position determining module, configured to determine a time domain position of
the target VSSB according to the VSSB index information; and

[0310] a synchronization module 43, configured to perform a time domain synchronization
with the vehicle UE according to the time domain position.

[0311] Referring to FIG. 18, which is a block diagram illustrating a device for receiving a
reference signal according to another exemplary embodiment, based on the apparatus
embodiment illustrated in FIG. 17, the detecting module 41 may include:

[0312] a configuration information receiving sub-module 411, configured to receive
resource configuration information from a base station, where the resource configuration
information is configured to instruct the receiving terminal to receive the VSSB with the
configured resource;

[0313] a carrier frequency determining sub-module 412, configured to determine target
carrier frequency information for receiving the VSSB according to the resource configuration

information;
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[0314] a subcarrier spacing determining sub-module 413, configured to determine a
detecting subcarrier spacing according to the target carrier frequency information; and

[0315] a detecting sub-module 414, configured to detect the VSSB on a target resource with
each detecting subcarrier spacing.

[0316] Referring to FIG. 19, which is a block diagram illustrating a device for receiving a
reference signal according to an exemplary embodiment, based on the apparatus embodiment
as illustrated in FIG. 17, the index information obtaining module 42 may include:

[0317] an analyzing sub-module 421, configured to obtain respective signals by analyzing
the target VSSB, wherein the respective signals includes a primary sidelink synchronization
signal (PSSS), a secondary sidelink synchronization signal (SSSS), a physical sidelink
broadcast channel (PSBCH) signal and a demodulation reference signal (DMRS); and

[0318] an index information obtaining sub-module 422, configured to obtain the VSSB
index information from a setting signal which includes at least one of the PSBCH signal and
the DMRS signal.

[0319] Referring to FIG. 20, which is a block diagram illustrating a device for receiving a
reference signal according to another exemplary embodiment, based on the apparatus
embodiment illustrated in FIG. 19, the index information obtaining sub-module 422 may
include:

[0320] a first index obtaining unit 4221, configured to obtain the VSSB index information
from information carried in the preset DMRS sequence; and

[0321] a second index obtaining unit 4222, configured to obtain the VSSB index
information by analyzing a first bit of the preset PSBCH signal.

[0322] Referring to FIG. 21, which is a block diagram illustrating a device for receiving a
reference signal according to an exemplary embodiment, based on the device embodiment
illustrated in FIG. 19, the index information acquiring sub-module includes:

[0323] a first bit value determining unit 4223, configured to obtain a part of bit values of
the VSSB index information according to the information carried by the preset DMRS
sequence;

[0324] a second bit value determining unit 4224, configured to obtain remaining of the bit
values of the VSSB index information from a second bit of the preset PSBCH signal; and
[0325] a third index obtaining unit 4225, configured to determine the VSSB index
information according to complete bit values composed of the part of bit values and the
remaining of the bit values.

[0326] In another device embodiment of the present disclosure, the position determining
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module may be configured to determine a time domain position of the target VSSB according
to the VSSB index information, the target carrier frequency information, and the target
subcarrier spacing; wherein the target subcarrier spacing indicates a detecting subcarrier
spacing used to detect the target VSSB.

[0327] As for the device embodiment, since it substantially corresponds to the method
embodiment, relevant parts may be referred to the part of the description of the method
embodiment. The device embodiments described above are merely illustrative. The units
described above as separate components may or may not be physically separated, and the
components displayed as units may or may not be physical units, that is, they may be located
at a position, or they may be distributed over multiple network units. Some or all of the
modules may be selected according to actual requirement to achieve the objectives of the
solutions of the present disclosure. One of ordinary skill in the art can understand and
implement it without any creative works.

[0328] Correspondingly, on the one hand, vehicle user equipment (UE) is provided,
including:

[0329] a processor;

[0330] memory, configured to store instructions executable by the processor;

[0331] wherein, the processor is configured to:

[0332] determine transmission configuration information of a synchronization signal block
of a new radio-vehicle-to-everything (NR-V2X) system (VSSB), the transmission
configuration information including: a transmission period of the VSSB, and a time domain
position of a VSSB transmission time window within the transmission period; and

[0333] according to the transmission configuration information, transmit N VSSBs within
the VSSB transmission time window that occurs periodically, where N is an integer greater
than or equal to 1;

[0334] wherein each VSSB includes: a primary sidelink synchronization signal (PSSS), a
secondary sidelink synchronization signal (SSSS), a physical sidelink broadcast channel
(PSBCH) signal, and a demodulation reference signal (DMRS).

[0335] On the other hand, a terminal is provided, including:

[0336] a processor;

[0337] memory, configured to store instructions executable by the processor;

[0338] wherein, the processor is configured to:

[0339] detect, a synchronization signal block of a new radio-vehicle-to-everything

(NR-V2X) system (VSSB) transmitted by vehicle user equipment (UE);
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[0340] obtain VSSB index information from a target VSSB that is detected;

[0341] determine a time domain position of the target VSSB according to the VSSB index
information; and

[0342] perform a time domain synchronization with the vehicle UE according to the time
domain position.

[0343] Referring to FIG. 22, which is a schematic structural diagram illustrating vehicle
user equipment (UE) 2200 according to an exemplary embodiment. As illustrated in FIG. 22, a
base station 2200 includes a processing component 2222, a wireless transmitting/receiving
component 2224, an antenna component 2226, and a signal processing part specific to a
wireless interface. The processing component 2222 may further include one or more
processors.

[0344] One processor of the processing component 2222 may be configured to:

[0345] determine transmission configuration information of a synchronization signal block
of a new radio-vehicle-to-everything (NR-V2X) system (VSSB), the transmission
configuration information includes: a transmission period of the VSSB, and a time domain
position of a VSSB transmission time window within the transmission period,

[0346] transmit N VSSBs within a VSSB transmission time window that occurs
periodically according to the transmission configuration information, where N is an integer
greater than or equal to 1;

[0347] wherein each of the VSSBs includes: a primary sidelink synchronization signal
(PSSS), a secondary sidelink synchronization signal (SSSS), a physical sidelink broadcast
channel (PSBCH) signal, and a demodulation reference signal (DMRS).

[0348] In an exemplary embodiment, there is further provided a non-transitory
computer-readable storage medium on which computer instructions are stored. The computer
instructions can be executed by a processing component 2222 of vehicle user equipment (UE)
2200 to implement operations of any method of transmitting a reference signal as illustrated
in FIGS. 2-7. For example, the non-transitory computer-readable storage medium may be
ROM, random access memory (RAM), CD-ROM, magnetic tape, floppy disk, optical data
storage device, etc.

[0349] FIG. 23 is a schematic structural diagram illustrating a terminal 2300 according to an
exemplary embodiment. For example, the terminal 2300 may be user equipment, which may
specifically be a mobile phone, a computer, a digital broadcasting terminal, a messaging
device, a game console, a tablet device, a medical device, a fitness device, a personal digital

assistant, and wearable devices such as smart watches and smart glasses, smart bracelets,
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smart running shoes, etc.

[0350] Referring to FIG. 23, the terminal 2300 may include one or more of the following
components: a processing component 2302, a memory 2304, a power supply component 2306,
a multimedia component 2308, an audio component 2310, an input/output (I/O) interface
2312, a sensor component 2314, and a communication component 2316.

[0351] The processing component 2302 generally controls overall operations of the
terminal 2300, such as operations associated with display, telephone calls, data
communication, camera operations, and recording operations. The processing component
2302 may include one or more processors 2320 to execute instructions to perform all or part
of the steps of any one of the methods as described above. In addition, the processing
component 2302 may include one or more modules to facilitate interaction between the
processing component 2302 and other components. For example, the processing component
2302 may include a multimedia module to facilitate interaction between the multimedia
component 2308 and the processing component 2302.

[0352] The memory 230 is configured to store various types of data to support operations
on the terminal 2300. Examples of these data include instructions for any application or
method operated on the terminal 2300, contact data, phone book data, messages, pictures,
videos, etc. The memory 2304 can be implemented by any type of volatile or non-volatile
storage device or their combination, such as static random access memory (SRAM),
electrically erasable programmable read-only memory (EEPROM), erasable programmable
read-only memory (EPROM), programmable read-only memory (PROM), read-only memory
(ROM), magnetic memory, flash memory, magnetic disk or optical disk.

[0353] The power supply component 2306 provides power for respective components of the
terminal 2300. The power supply component 2306 may include a power management system,
one or more power supplies, and other components associated with the generation,
management, and distribution of power for the terminal 2300.

[0354] The multimedia component 2308 includes a screen providing an output interface
between the terminal 2300 and a user. In some embodiments of the present disclosure, the
screen may include a liquid crystal display (LCD) and a touch panel (TP). In a case that the
screen includes a touch panel, the screen may be implemented as a touch screen to receive
input signals from the user. The touch panel includes one or more touch sensors to sense touch,
sliding, and gestures on the touch panel. The touch sensor can not only sense the boundary of
the touch or sliding operation, but also detect a duration and a pressure related to the touch or

sliding operation. In some embodiments of the present disclosure, the multimedia component
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2308 includes a front camera and/or a rear camera. In a case that the device 2300 is in an
operation mode, such as a shooting mode or a video recording mode, the front camera and/or
the rear camera can receive external multimedia data. Each of the front camera and the rear
camera may be a fixed optical lens system or have a focal length with optical zooming
capabilities.

[0355] The audio component 2310 is configured to output and/or input audio signals. For
example, the audio component 2310 includes a microphone (MIC). In a case that the terminal
2300 is in an operation mode, such as a call mode, a recording mode, and a voice recognition
mode, the microphone is configured to receive external audio signals. The received audio
signal may be further stored in the memory 2304 or transmitted via the communication
component 2316. In some embodiments of the present disclosure, the audio component 2310
further includes a speaker for outputting audio signals.

[0356] The I/O interface 2312 provides an interface between the processing component
2302 and the peripheral interface module. The peripheral interface module may be a keyboard,
a click wheel, buttons, and the like. The buttons may include but are not limited to: a home
button, a volume button, a start button, and a locking button.

[0357] The sensor component 2314 includes one or more sensors for providing the terminal
2300 with status evaluation of various aspects. For example, the sensor component 2314 can
detect the ON/OFF status of the device 2300 and relative positioning of the components. For
example, the components are a display and a keypad of the terminal 2300. The sensor
component 2314 can also detect the position change of the terminal 2300 or a component of
the terminal 2300. The presence or absence of contact between the user and the terminal 2300,
the orientation or acceleration/deceleration of the terminal 2300, and the temperature change
of the terminal 2300. The sensor assembly 2314 may include a proximity sensor configured to
detect presence of nearby objects in a case that there is no physical contact. The sensor
component 2314 may further include a light sensor, such as a CMOS or CCD image sensor,
for imaging applications. In some embodiments of the present disclosure, the sensor
component 2314 may further include an acceleration sensor, a gyroscope sensor, a magnetic
SeNnsor, a pressure Sensor or a temperature sensor.

[0358] The communication component 2316 is configured to facilitate wired or wireless
communication between the terminal 2300 and other devices. The terminal 2300 may access a
wireless network based on a communication standard, such as WiFi, 2G, 3G, 4G LTE, 5G NR,
or a combination thereof. In an exemplary embodiment of the present disclosure, the

communication component 2316 receives a broadcast signal or broadcast related information
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from an external broadcast management system via a broadcast channel. In an exemplary
embodiment of the present disclosure, the communication component 2316 further includes a
near field communication (NFC) module to facilitate short-range communication. For
example, the NFC module may be implemented based on radio frequency identification
(RFID) technology, infrared data association (IrDA) technology, ultra-wideband (UWB)
technology, Bluetooth (BT) technology and other technologies.

[0359] In an exemplary embodiment of the present disclosure, the terminal 2300 may be
implemented by one or more application specific integrated circuits (ASIC), digital signal
processors (DSP), digital signal processing devices (DSPD), programmable logic devices
(PLD), field programmable gate arrays (FPGA), controllers, microcontrollers,
microprocessors, or other electronic components, and is configured to perform any one of the
methods as described above.

[0360] In an exemplary embodiment of the present disclosure, there is further provided a
non-transitory computer-readable storage medium including instructions, such as a memory
2304 including instructions, which may be executed by the processor 2320 of the terminal
2300 to implement operations of any of the methods of receiving a reference signal as
illustrated in FIGS. 8-11. For example, the non-transitory computer-readable storage medium
may be ROM, random access memory (RAM), CD-ROM, magnetic tape, floppy disk, optical
data storage device, etc.

[0361] After considering the specification and practicing the disclosure disclosed herein,
one of ordinary skill in the art will easily conceive of other embodiments of the present
disclosure. This application is intended to cover any variations, applications, or adaptive
changes of the present disclosure. These variations, applications, or adaptive changes follow
the general principles of the present disclosure and include common knowledge or
conventional technical means in the technical field not disclosed in the present disclosure..
The description and the embodiments are only regarded as exemplary, and the true scope and
spirit of the present disclosure are pointed out by the following claims.

[0362] It should be understood that the present disclosure is not limited to the exact
structure that has been described above and illustrated in the drawings, and various
modifications and changes may be made without departing from its scope. The scope of the

present disclosure is only defined by the appended claims.
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CLAIMS
1. A method of transmitting a reference signal, comprising:

determining transmission configuration information of a synchronization signal
block of a new radio-vehicle-to-everything (NR-V2X) system (VSSB), the
transmission configuration information comprising a transmission period of the
VSSB, and a time domain position of a VSSB transmission time window within the

transmission period;

transmitting, according to the transmission configuration information, N VSSBs
within the VSSB transmission time window that occurs periodically, where N is an

integer greater than or equal to 1;

wherein each of the VSSBs comprises a primary sidelink synchronization signal
(PSSS), a secondary sidelink synchronization signal (SSSS), a physical sidelink
broadcast channel (PSBCH) signal, and a demodulation reference signal (DMRS).

2. The method according to claim 1, wherein transmitting the N VSSBs within

the VSSB transmission time window that occurs periodically comprises:
determining target carrier frequency information for transmitting the VSSBs;
for each VSSB to be transmitted,

determining, according to the target carrier frequency information and
current speed information of the vehicle UE, a target reference signal time domain

density for the VSSB to be transmitted,

determining transmission information for the VSSB to be transmitted
according to the target reference signal time domain density, wherein the
transmission information comprises a target subcarrier spacing for transmitting the
VSSB and a structure of the VSSB to be transmitted, and the structure of the VSSB
to be transmitted involves the number of symbols occupied by each signal and a

position of the occupied symbols; and

transmitting, according to the transmission information for the VSSB to be

transmitted, the VSSB within the VSSB transmission time window.
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3. The method according to claim 2, wherein determining the target carrier

frequency information for transmitting the VSSB comprises:

receiving resource configuration information from a base station, wherein the
resource configuration information is configured to instruct the vehicle UE to

transmit the VSSB with configured resource;

determining the target carrier frequency information according to the resource

configuration information; or,

determining the target carrier frequency information according to preset

resource configuration information.

4. The method according to claim 2, wherein

the current speed information comprises a relative speed between the vehicle

UE and a preset receiving terminal;

determining, according to the target carrier frequency information and the
current speed information of the vehicle UE, the target reference signal time domain

density for each VSSB to be transmitted, comprises:

obtaining a comparison result by comparing the relative speed with a preset

speed threshold; and

determining the target reference signal time domain density according to

the target carrier frequency information and the comparison result.

5. The method according to claim 4, wherein determining the target reference
signal time domain density according to the target carrier frequency information and

the comparison result comprises:

in response to that the comparison result indicates that the relative speed is
greater than or equal to the preset speed threshold, increasing a reference signal time
domain density at the target carrier frequency to a target reference signal time

domain density corresponding to the comparison result.

6. The method according to claim 5, wherein increasing the reference signal
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time domain density at the target carrier frequency to the target reference signal time
domain density corresponding to the comparison result is implemented through at

least one of®

using a target VSSB structure, wherein a reference signal proportion in the
target VSSB structure is greater than a reference signal proportion in an original
VSSB structure, and the reference signal proportion is a ratio of a number of symbols

occupied by the reference signal to a duration occupied by the VSSB; and

increasing a subcarrier spacing for transmitting VSSB at the target carrier

frequency.

7. The method according to claim 1, wherein transmitting N VSSBs within the

VSSB transmission time window that occurs periodically comprises:

in response to that N is an integer greater than 1, determining a VSSB index

information for each of the N VSSBs;

generating a target VSSB carrying the index information by loading the VSSB

index information into a setting signal of each of the VSSBs to be transmitted; and

transmitting the target VSSBs through a plurality of beams within the VSSB

transmission time window that occurs periodically.

8. The method according to claim 7, wherein loading the VSSB index
information into the setting signal of the corresponding to VSSB to be transmitted is

implemented through any one of:

indicating the VSSB index information by a corresponding DMRS target

sequence;
loading the VSSB index information into a first bit of the PSBCH signal; and

indicating a part of bit values of the VSSB index information by the
corresponding DMRS target sequence, and loading remaining of the bit values into a

second bit of the preset PSBCH signal.

9. The method according to claim 1, wherein transmitting the N VSSBs within
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the VSSB transmission time window that occurs periodically comprises:

transmitting the PSBCH signal and the DMRS signal of each of the VSSBs in at
least one of a frequency division multiplexing (FDM) manner and a time division

multiplexing (TDM) manner.

10. A method of receiving a reference signal, comprising:

detecting a synchronization signal block of a new radio-vehicle-to-everything

(NR-V2X) system (VSSB) transmitted from vehicle user equipment (UE);
obtaining VSSB index information from a target VSSB that is detected;

determining a time domain position of the target VSSB according to the VSSB

index information; and

performing a time domain synchronization with the vehicle UE according to the

time domain position.

11. The method according to claim 10, wherein detecting the VSSB transmitted

from the vehicle UE comprises:

receiving resource configuration information from a base station, wherein the
resource configuration information is configured to instruct the receiving terminal to

receive the VSSB through configured resource;

determining, according to the resource configuration information, target carrier

frequency information for receiving the VSSB;

determining a detecting subcarrier spacing according to the target carrier

frequency information; and

detecting the VSSB at a target frequency band with each detecting subcarrier

spacing.

12. The method according to claim 10, wherein obtaining the VSSB index

information from the detected target VSSB comprises:

obtaining respective signals by analyzing the target VSSB, wherein the
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respective signals comprise a primary sidelink synchronization signal (PSSS), a
secondary sidelink synchronization signal (SSSS), a physical sidelink broadcast
channel (PSBCH) signal, and a demodulation reference signal (DMRS); and

obtaining the VSSB index information from a setting signal, wherein the setting

signal comprises at least one of the PSBCH signal and the DMRS signal.

13. The method according to claim 12, wherein obtaining the VSSB index

information from the setting signal comprises any one of:

obtaining the VSSB index information from information carried by a setting

DMRS sequence; and

obtaining the VSSB index information by analyzing bits of a setting PSBCH

signal.

14. The method according to claim 12, wherein obtaining the VSSB index

information from the setting signal comprises:

obtaining a part of bit values of the VSSB index information from information

carried by a setting DMRS sequence;

obtaining remaining of the bit values of the VSSB index information from bits

of a setting PSBCH signal; and

determining the VSSB index information according to complete bit values

composed of the part of the bit values and the remaining of the bit values.

15. The method according to claim 10, wherein determining the time domain

position of the VSSB according to the VSSB index information comprises:

determining the time domain position of the target VSSB according to the
VSSB index information, the target carrier frequency information, and target
subcarrier spacing; wherein the target subcarrier spacing indicates a detecting

subcarrier spacing used to detect the target VSSB.
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16. A device for transmitting a reference signal, comprising:

a configuration information determining module, configured to determine
transmission configuration information of a synchronization signal block of a new
radio-vehicle-to-everything  (NR-V2X) system (VSSB), the transmission
configuration information comprising a transmission period of the VSSB, and a time
domain position of a VSSB transmission time window within the transmission period;

and

a transmitting module, configured to transmit N VSSBs within a VSSB
transmission time window that occurs periodically according to the transmission

configuration information, where N is an integer greater than or equal to 1;

wherein each of the N VSSBs comprises a primary sidelink synchronization
signal (PSSS), a secondary sidelink synchronization signal (SSSS), a physical
sidelink broadcast channel (PSBCH) signal, and a demodulation reference signal

(DMRS).

17. The device according to claim 16, wherein the transmitting module

comprises:

a carrier frequency determining sub-module, configured to determine target

carrier frequency information for transmitting the VSSBs;

a time domain density determining sub-module, configured to determine a target
reference signal time domain density for each of the VSSBs to be transmitted
according to both the target carrier frequency information and a current speed

information of vehicle user equipment (UE);

a transmission information determining sub-module, configured to determine
transmission information of the VSSBs to be transmitted according to the target
reference signal time domain density, the transmission information comprising a
target subcarrier spacing for transmitting the VSSBs and a structure of the VSSBs to
be transmitted, wherein the structure of the VSSBs to be transmitted involves the
number of symbols occupied by each signal and positions of the occupied symbols;

and
a transmitting sub-module, configured to transmit the VSSBs according to the
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transmission information of the VSSBs to be transmitted within the VSSB

transmission time window.

18. The device according to claim 17, wherein the carrier frequency determining

sub-module comprises:

a configuration information receiving unit, configured to receive resource
configuration information from a base station, where the resource configuration
information is configured to instruct the vehicle UE to transmit the VSSB with

configured resource;

a first carrier frequency determining unit, configured to determine target carrier

frequency information according to the resource configuration information; or,

a second carrier frequency determining unit, configured to determine the target

carrier frequency information according to preset resource configuration information.

19. The apparatus according to claim 17, wherein the current speed information

comprises: a relative speed between the vehicle UE and a preset receiving terminal;
the time domain density determination sub-module comprises:

a comparing unit, configured to obtain a comparison result by comparing the

relative speed with a preset speed threshold; and

a time domain density determining unit, configured to determine the target
reference signal time domain density according to both the target carrier frequency

information and the comparison result.

20. The device according to claim 19, wherein the time domain density
determining unit is configured to increase the target reference signal time domain
density at a target carrier frequency to a target reference signal time domain density
corresponding to the comparison result in response to that the comparison result

indicates the relative speed is greater than or equal to the preset speed threshold.

21. The device according to claim 20, wherein the time domain density
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determining unit is configured to increase the target reference signal time domain
density at the target carrier frequency to the target reference signal time domain

density corresponding to the comparison result through at least one of:

using a target VSSB structure, wherein the reference signal proportion of the
target VSSB structure is greater than a reference signal proportion of an original
VSSB structure, and the reference signal proportion is a ratio between the number of
symbols occupied by the reference signal and a duration occupied by the VSSB;

and/or

increasing the subcarrier spacing for transmitting VSSB at the target carrier

frequency.

22. The device according to claim 16, wherein the transmitting module

comprises:

an index information determining sub-module, configured to determine a VSSB

index information for each VSSB in response to that N is an integer greater than 1;

a target VSSB generating sub-module, configured to generate a target VSSB
carrying index information by loading the VSSB index information into a setting

signal of the VSSB to be transmitted; and

a target VSSB transmitting sub-module, configured to transmit the target VSSB
through a plurality of beams within the VSSB transmission time window that occurs

periodically.

23. The device according to claim 22, wherein the target VSSB generating
sub-module is configured to load the VSSB index information into the setting signal

of the VSSB to be transmitted through any one of:

indicating the VSSB index information by a corresponding DMRS target

sequence;

loading the VSSB index information into a first bit of a preset PSBCH signal;

and

indicating a part of bit values of the VSSB index information by the
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corresponding DMRS target sequence, and loading remaining of the bit values into a

second bit of the preset PSBCH signal.

24. The device according to claim 16, wherein the transmitting module is
configured to transmit the PSBCH signal and the DMRS signal of each of the VSSBs
through at least one of a frequency division multiplexing (FDM) manner and a time

division multiplexing (TDM) manner.

25. A device for receiving a reference signal, comprising:

a detecting module, configured to detect a synchronization signal block of a new
radio-vehicle-to everything (NR-V2X) system (VSSB) transmitted by vehicle user
equipment (UE);

an index information obtaining module, configured to obtain VSSB index

information from a detected target VSSB;

a position determining module, configured to determine a time domain position

of the target VSSB according to the VSSB index information;

a synchronizing module, configured to perform a time domain synchronization

with the vehicle UE according to the time domain position.

26. The device according to claim 25, wherein the detecting module comprises:

a configuration information receiving sub-module, configured to receive
resource configuration information from a the base station, where the resource
configuration information is configured to instruct the receiving terminal to receive

the VSSB with configured resource;

a carrier frequency determining sub-module, configured to determine target
carrier frequency information for receiving the VSSB according to the resource

configuration information;

a subcarrier spacing determining sub-module, configured to determine a
detecting subcarrier spacing according to the target carrier frequency information;

and
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a detecting sub-module, configured to detect the VSSB on a target resource with

each detecting subcarrier spacing.

27. The device according to claim 25, wherein the index information obtaining

module comprises:

an analyzing sub-module, configured to obtain respective signals by analyzing
the target VSSB, the respective signals comprising: a primary sidelink
synchronization signal (PSSS), a secondary sidelink synchronization signal (SSSS), a
physical sidelink broadcast channel (PSBCH) signal and a demodulation reference

signal (DMRS); and

an index information obtaining sub-module, configured to obtain the VSSB
index information from a setting signal, where the setting signal comprises at least

one of the PSBCH signal and the DMRS signal.

28. The device according to claim 27, wherein the index information obtaining

sub-module comprises:

a first index obtaining unit, configured to obtain the VSSB index information

according to the information carried in the setting DMRS sequence; or,

a second index obtaining unit, configured to obtain the VSSB index information

by analyzing a first bit of the setting PSBCH signal.

29. The device according to claim 27, wherein the index information obtaining

sub-module comprises:

a first bit value determining unit, configured to obtain a part of bit values of the

VSSB index information from information carried by the setting DMRS sequence;

a second bit value determining unit, configured to obtain remaining of the bit
values of the VSSB index information from a second bit of the setting PSBCH

signal;

a third index obtaining unit, configured to determine the VSSB index

information according to complete bit values composed of the part of the bit values
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and the remaining of the bit values.

30. The device according to claim 25, wherein the position determining module
is configured to determine a time domain position of the target VSSB according to
the VSSB index information, the target carrier frequency information and the target
subcarrier spacing, the target subcarrier spacing indicating a detecting subcarrier

spacing used to detect the target VSSB.

31. A non-transitory computer-readable storage medium having stored therein
computer instructions that, when executed by a processor, cause the processor to

implement operations of the method according to any one of claims 1 to 9.

32. A non-transitory computer-readable storage medium having stored therein
computer instructions that, when executed by a processor, cause the processor to

implement operations of the method according to any one of claims 10 to 15.

33. Vehicle user equipment (UE), comprising:

a processor;

memory, configured to store instructions executable by the processor;
wherein, the processor is configured to:

determine transmission configuration information of a synchronization signal
block VSSB of a new radio-vehicle-to-everything (NR-V2X) system (VSSB), the
transmission configuration information comprising: a transmission period of the
VSSB, and a time domain position of a SSB transmission time window within the

transmission period;

transmit N VSSBs within VSSB transmission time window that occurs
periodically according to the transmission configuration information, where N is an

integer greater than or equal to 1;

wherein each VSSB comprises: a primary sidelink synchronization signal

(PSSS), a secondary sidelink synchronization signal (SSSS), a physical sidelink
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broadcast channel (PSBCH) signal, and a demodulation reference signal (DMRS).

34. A terminal, comprising:
a processor;

5 memory, configured to store instructions executable by the processor;
wherein, the processor is configured to:

detect a synchronization signal block of a new radio-vehicle-to-everything

(NR-V2X) system (VSSB) transmitted by vehicle user equipment (UE);
obtain VSSB index information from a detected target VSSB;

10 determine a time domain position of the target VSSB according to the VSSB

index information; and

perform a time domain synchronization with the vehicle UE according to the

time domain position.
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