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V2X message or configuration information for radio resources allocated by the first base station for the downlink V2X message to a
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Description
Title of Invention: METHOD AND APPARATUS FOR

TRANSMITTING V2X MESSAGE
Technical Field

The present disclosure relates to wireless communications technologies, more par-
ticularly to a method and an apparatus for transmitting a V2X message.
Background Art

To meet the demand for wireless data traffic having increased since deployment of
4G communication systems, efforts have been made to develop an improved 5G or
pre-5G communication system. Therefore, the 5G or pre-5G communication system is
also called a 'Beyond 4G Network' or a 'Post LTE System'. The 5G communication
system is considered to be implemented in higher frequency (mmWave) bands, e.g.,
60GHz bands, so as to accomplish higher data rates. To decrease propagation loss of
the radio waves and increase the transmission distance, the beamforming, massive
multiple-input multiple-output (MIMO), Full Dimensional MIMO (FD-MIMO), array
antenna, an analog beam forming, large scale antenna techniques are discussed in 5G
communication systems. In addition, in 5G communication systems, development for
system network improvement is under way based on advanced small cells, cloud Radio
Access Networks (RANs), ultra-dense networks, device-to-device (D2D) commu-
nication, wireless backhaul, moving network, cooperative communication, Co-
ordinated Multi-Points (CoMP), reception-end interference cancellation and the like. In
the 5G system, Hybrid FSK and QAM Modulation (FQAM) and sliding window su-
perposition coding (SWSC) as an advanced coding modulation (ACM), and filter bank
multi carrier (FBMC), non-orthogonal multiple access(tNOMA), and sparse code
multiple access (SCMA) as an advanced access technology have been developed.

The Internet, which is a human centered connectivity network where humans
generate and consume information, is now evolving to the Internet of Things (IoT)
where distributed entities, such as things, exchange and process information without
human intervention. The Internet of Everything (IoE), which is a combination of the
IoT technology and the Big Data processing technology through connection with a
cloud server, has emerged. As technology elements, such as “sensing technology”,
“wired/wireless communication and network infrastructure”, “service interface
technology”, and “Security technology” have been demanded for IoT implementation,
a sensor network, a Machine-to-Machine (M2M) communication, Machine Type Com-
munication (MTC), and so forth have been recently researched. Such an IoT en-

vironment may provide intelligent Internet technology services that create a new value
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to human life by collecting and analyzing data generated among connected things. IoT
may be applied to a variety of fields including smart home, smart building, smart city,
smart car or connected cars, smart grid, health care, smart appliances and advanced
medical services through convergence and combination between existing Information
Technology (IT) and various industrial applications.

In line with this, various attempts have been made to apply SG communication
systems to IoT networks. For example, technologies such as a sensor network,
Machine Type Communication (MTC), and Machine-to-Machine (M2M) commu-
nication may be implemented by beamforming, MIMO, and array antennas. Ap-
plication of a cloud Radio Access Network (RAN) as the above-described Big Data
processing technology may also be considered to be as an example of convergence
between the 5G technology and the IoT technology.

Modern mobile communications tend to provide multimedia services for users with
high transmission rates. FIG. 1 shows a system structure of System Architecture
Evolution (SAE) according to the prior art, in which:

User Equipment (UE) 101 is a terminal device used for receiving data. Evolved
Universal Terrestrial Radio Access Network (E-UTRAN) 102 is a radio access
network, including an eNodeB/NodeB which provides an interface for the UE to
access the radio network. Mobility Management Entity (MME) 103 is responsible for
managing mobility context, session context and security information of the UE.
Serving Gateway (SGW) 104 is mainly used for providing a user plane function. The
MME 103 and the SGW 104 may be in a same physical entity. Packet data network
Gateway (PGW) 105 is responsible for charging, legal listening and other functions.
The PGW 105 may also be in the same physical entity with the SGW 104. Policy and
Charging Rule Function (PCRF) 106 provides QoS policies and charging rules.
Serving GPRS Support Node (SGSN) 108 is a network device for providing route for
data transmission in a Universal Mobile Telecommunications System (UMTS). Home
Subscriber Server (HSS) 109 is a home sub-system of the UE, and is responsible for
protecting user information such as current location, serving node location, user
security information and packet data context of the user device.

With rapid development of vehicles, road safety issues have become increasingly
prominent. Faced with frequent traffic accidents, traditional methods used for reducing
road traffic accidents such as enhancing the transport infrastructure, enhancing traffic
safety education has become increasingly limited. Therefore, it is necessary to utilize
the information communication technique, to enhance people's awareness about the
surroundings of the vehicle via communications between vehicles or between vehicle
and road infrastructure. When road risk is detected, the driver and other vehicles may

be provided with warning in time to avoid traffic collision. This technique is referred
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to as V2X, i.e., vehicle to everything, which is an important technique for future in-
telligent transportation systems. Through the V2X technique, it is possible to ef-
fectively reduce the loss brought out by traffic accidents.

V2X includes Vehicle-to-Vehicle (V2V), Vehicle-to-Infrastructure (V2I) and
Vehicle-to-Pedestrian (V2P). The three V2X communication schemes provide in-
telligent services for drivers via sensing each other. The transmission facilities, such as
vehicles, road infrastructure or pedestrian, can collect environment information
utilizing information transmitted by another vehicle or a sensor. Through sharing the
information, intelligent services can be provided, e.g., collision warning or automatic
driving. These intelligent services may be divided into three classes.

The first class relates to road safety, including: 1, when a vehicle finds a danger, e.g.,
there is an obstacle ahead, the vehicle is able to remind other vehicles in time; 2, the
vehicle is able to inform others its driving way to help other vehicles to make more
accurate decision; 3, provide warning to others when getting close to an intersection; 4,
provide warning to others with leaving highway; 5, provide warning to others for
temporary/emergency stop; 6, provide warning for vehicle lane change; 7, accident
report; 8, warning provided by a car driver to roadside pedestrians/cyclists.

The second class relates to traffic efficiency, including improvement of traffic
fluidity and performing effective measures to solve congestions in real time. The
management department may apply traffic rules flexibly according to some detailed
conditions, e.g., adjustable speed limit, variable traffic light periodicity and light
sequence, intersection automatic vehicle control, way clearing for ambulance/fire
engine/police car.

The third class relates to other applications, e.g., intelligent traffic can provide
automatic parking, navigation status and road sign recognition, etc. For the law en-
forcement department such as the police, the V2X is helpful for the implementation of
monitoring, speed limit breaking warning, restricted area management, ordering to
stop, etc. Through the electronic payment, the V2X makes the charging for the road
toll and parking fees more convenient, which reduces vehicle congestion to some
extent and reduce the low-speed rear-end collisions frequently happen at the toll gate.

For the V2V service, the E-UTRAN enables the UE (in the present disclosure, for the
V2V service, the vehicle may act as the UE, the same applies in the following) to
exchange V2V relevant information with other adjacent UEs. The exchanging of the
V2V relevant information needs to meet the authentication and proximity principle of
the E-UTRAN. The proximity principle is configured by the operator. The UE is able
to exchange the V2V relevant information even if it is not in the E-UTRAN serving
area. The UE supporting the V2V application transmits application layer information,

e.g., position and attribute of the UE. The length of the V2V application layer message
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is variable, so as to be fit for different information contents. The operator may
configure that the V2V message is transmitted periodically. The V2V messages are
mainly broadcast messages. The V2V message may be directly transmitted to the

nearby UEs, or transmitted to other UEs via a Road Side Unit (RSU).
In the V2I service the UE (in the present disclosure, for the V2I service, the vehicle

may act as the UE, the same applies in the following) supporting the V2I application
transmits application layer information to the RSU. The RSU transmits the application
layer information to a set of UEs supporting the V2I application or to one UE
supporting the V2I application.

For the V2P service, the E-UTRAN enables the UE (in the present disclosure, for the
V2P service, the vehicle may act as the UE, the same applies in the following) to
exchange V2P relevant information with other adjacent UEs. The exchanging of the
V2P relevant information needs to meet the authentication and proximity principle of
the E-UTRAN. The proximity principle is configured by the operator. The UE is able
to exchange the V2P relevant information even if it is not in the E-UTRAN serving
area. The V2P message may be directly transmitted to the nearby UEs or transmitted to
other UEs via the RSU.

Disclosure of Invention

Technical Problem

The V2X communication may be implemented via the application layer protocol
PCS5 or through the Uu interface. The V2X message generally relates to public
security. Therefore, the V2X message needs to be transmitted to UEs of different

operators in the relevant region.

Solution to Problem

Embodiments of the present disclosure provide a method and an apparatus for
transmitting a V2X message. Through the present disclosure, V2X service data can be
transmitted to all relevant UEs, which reduce traffic accidents and improve traffic ef-
ficiency.

The technical solution of the present disclosure includes the following.

A method for transmitting a vehicle to everything message, including:

a first base station receiving an uplink V2X message transmitted by a user equipment
(UE), and transmitting a downlink V2X message which is generated based on the
uplink V2X message to UEs within coverage of the first base station;

the first base station transmitting the downlink V2X message or configuration in-
formation for radio resources allocated by the first base station for the downlink V2X
message to a second base station of an operator different from an operator that the first

base station belongs to, wherein the second base station transmits the downlink V2X
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message or the configuration information for the radio resources to UEs within
coverage of the second base station; wherein the configuration information for the
radio resources is used by the UEs within the coverage of the second base station to
receive the downlink V2X message on resources indicated by the configuration in-
formation.

In some embodiments, the first base station transmits the downlink V2X message to
the UEs within the coverage of the first base station via a broadcast manner; and/or

the second base station transmits the downlink V2X message to the UEs within the
coverage of the second base station via a broadcast manner or a unicast manner.

In some embodiments, the downlink V2X message is transmitted to the second base
station via an X2 interface or an S1 interface between base stations; and/or

the configuration information for the radio resources is transmitted to the second base
station via the X2 interface or the S1 interface between base stations.

In some embodiments, the transmitting the downlink V2X message or the con-
figuration information for the radio resources via the X2 interface between the base
stations includes: transmitting the downlink V2X message or the configuration in-
formation for the radio resources via a control plane or a user plane of the X2 interface.

In some embodiments, the transmitting the downlink V2X message or the con-
figuration information for the radio resources via the S1 interface between the base
stations includes: the first base station transmitting an eNB configuration transfer
message to a core network, wherein the eNB configuration transfer message includes
information of the second base station and the downlink V2X message or the con-
figuration information for the radio resources; the core network transmitting the
downlink V2X message or the configuration information for the radio resources to the
second base station via a Mobility Management Entity (MME) configuration transfer
message according to the received eNB configuration transfer message.

In some embodiments, after receiving the configuration information for the radio
resources, the second base station transmitting the downlink V2X message to the UEs
within the coverage of the second base station via a broadcast manner or a unicast
manner.

A method for transmitting a vehicle to everything (V2X) message, including:

a V2X application layer service module connected with a first base station receiving
via the first base station an uplink V2X message transmitted by a UE, and transmitting
via the first base station a downlink V2X message which is generated based on the
uplink V2X message to UEs within coverage of the first base station;

the V2X application layer service module connected with the first base station
transmitting the downlink V2X message to a second base station of an operator

different from an operator that the first base station belongs to, wherein the second
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base station transmits the downlink V2X message to UEs within coverage of the
second base station.

In some embodiments, the V2X application layer service module transmits the
downlink V2X message to the UEs within the coverage of the first base station via the
first base station through a broadcast manner or a unicast manner; and/or,

the second base station transmits the downlink V2X message to the UEs within the
coverage of the second base station through the broadcast manner or the unicast
manner.

In some embodiments, the downlink V2X message is transmitted to the second base
station via an interface between the V2X application layer service module connected
with the first base station and a V2X application layer service module connected with
the second base station; or, the downlink V2X message is transmitted to the second
base station via an interface between the V2X application layer service module
connected with the first base station and the second base station; or, the downlink V2X
message is transmitted to the second base station via an interface between an enhanced
multimedia broadcast/multicast service (eMBMS) node of the first base station and an
eMBMS node of the second base station; or, the downlink V2X message is transmitted
to the second base station via an interface between a Multi-cell/multicast Coordination
Entity (MCE) for the eMBMS of the first base station and the second base station.

In some embodiments, the V2X application layer service module transmitting the
generated downlink V2X message to the first base station includes: the V2X ap-
plication layer service module forwarding the downlink V2X message to the first base
station via a Broadcast Multicast Service Center (BMSC), a MBMS gateway
(MBMS-GW), a MME and a MCE of the operator that the first base station belongs to;

the transmitting the downlink V2X message via the interface between the eMBMS
node for the first base station and the eMBMS node for the second base station
includes:

the V2X application layer service module connected with the first base station
transmitting the downlink V2X message to the BMSC of the operator of the first base
station, the BMSC transmitting the downlink V2X message to the MCE of the operator
of the second base station via the MBMS-GW and the MME of the operator of the
second base station; or, the V2X application layer service module connected with the
first base station transmitting the downlink V2X message to the BMSC of the operator
of the first base station, the BMSC forwarding the downlink V2X message to the MCE
of the operator of the second base station via the MBMS-GW and the MME of the
operator of the first base station, and the MCE is used for forwarding the downlink
V2X message to the second base station.

In some embodiments, the V2X application layer service module transmitting the
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generated downlink V2X message to the first base station includes: the V2X ap-
plication layer service module forwarding the downlink V2X message to the first base
station via the BMSC, the MBMS-GW and the MME of the operator of the first base
station;

the transmitting the downlink V2X message via the interface between the MCE of
the first base station and the second base station includes: the V2X application layer
service module connected with the first base station transmitting the downlink V2X
message to the BMSC of the operator of the first base station, the BMSC transmitting
the downlink V2X message to the MCE of the operator of the first base station via the
MBMS-GW and the MME of the operator of the first base station, wherein the MCE
forwards the downlink V2X message to the second base station via the interface
between the MCE and the second base station established in advance.

A method for transmitting a vehicle to everything (V2X) message, including:

a first base station having a V2X capability exchanging configuration information
with a base station belongs to an operator different from an operator of the first base
station, the configuration information comprises whether a base station has the V2X
capability and frequency information for V2X message transmission of the base
station;

according to the exchanged configuration information, the first base station
transmitting V2X configuration information to UEs within coverage of the first base
station, wherein the V2X configuration information includes information about
frequency for V2X message transmission of a base station of another operator, the UEs
receives the downlink V2X message of the base station of the another operator on the
frequency.

In some embodiments, the V2X configuration information exchanged between
different base stations is transmitted via an X2 interface or an S1 interface between the
base stations.

In some embodiments, the V2X configuration information further includes in-
formation about frequency for the downlink V2X message transmission of the first
base station.

A method for receiving a vehicle to everything (V2X) message, including:

a User Equipment (UE) within coverage of a second base station receiving via the
second base station V2X configuration information transmitted by a first base station,
wherein the first base station broadcasts a downlink V2X message via an enhanced
multimedia broadcast multimedia service (eMBMS) bearer, the second base station
belongs to an operator different from the first base station;

the UE determining according to the received V2X configuration information and a

local mapping table that the first base station broadcasts the downlink V2X message on
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the eMBMS bearer identified by a Temporary Mobile Group Identity (TMGI), and
receiving the downlink V2X message transmitted via the eMBMS bearer, wherein the
mapping table comprises a mapping relationship between the V2X configuration in-
formation and the TMGI.

In some embodiments, the mapping table includes a mapping relationship between
TMGI-1 of the operator of the first base station and TMGI-2 of the operator of the
second base station, the mapping table is saved in the second base station; the V2X
configuration information includes the TMGI-1 used by the first base station for
identifying the eMBMS bearer, and the TMGI-1 is replaced by the second base station
during forwarding with the TMGI-2 used by the second base station according to the
mapping table.

In some embodiments, the mapping table includes a mapping relationship between
the TMGI-1 of the operator of the first base station and a V2X service identifier, the
V2X configuration information includes the V2X service identifier;

the UE determining that the first base station broadcasts the downlink V2X message
on the eMBMS bearer identified by the TMGI-1 according to the received V2X con-
figuration information and the mapping relationship between the V2X service
identifier and the TMGI-1.

A method for transmitting a vehicle to everything (V2X) message, including:

a preconfigured node of an operator of a first base station or a second base station
receiving a downlink V2X message transmitted from the first base station to the
second base station; wherein the first base station broadcasts the downlink V2X
message on an eMBMS bearer, the preconfigured node is an eMBMS forwarding node
of the operator of the first base station for transmitting the V2X message to the second
base station;

the preconfigured node replacing according to a local mapping table Temporary
Mobile Group Identity (TMGI)-1 used by the first base station for identifying the
eMBMS bearer with a TMGI-2 used by the second base station, such that UEs within
coverage of the second base station receive the downlink V2X message broadcasted by
the second base station; wherein the mapping table includes a mapping relationship
between the TMGI-1 of the operator of the first base station and the TMGI-2 of the
operator of the second base station;

the preconfigured node transmitting the downlink V2X message after the TMGI-1 is
replaced.

A method for transmitting a vehicle to everything (V2X) message, including:

a base station receiving an uplink V2X message reported by a user equipment (UE);

the base station broadcasting a downlink V2X message generated based on the uplink

V2X message;
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the downlink V2X message is broadcasted via an eMBMS bearer identified by a
dedicated Temporary Mobile Group Identity (TMGI), the dedicated TMGI is allocated
for a V2X service in advance and does not includes an operator identifier, for the same
V2X service, different operators use the same dedicated TMGI.

An apparatus for transmitting a vehicle to everything (V2X) message, including: an
uplink message receiver, a UE transmitter and a base station transmitter;

the uplink message receiver is configured to receive an uplink V2X message
transmitted by a UE;

the UE transmitter is configured to transmit a downlink V2X message generated
based on the uplink V2X message to UEs within coverage of a present base station;

the base station transmitter is configured to transmit the downlink V2X message or
configuration information for radio resources allocated by the present base station to
the downlink V2X message to a second base station belonging to an operator different
from the present base station, wherein the second base station transmits the downlink
V2X message or the configuration information for the radio resources to UEs within
coverage of the second base station; the configuration information for the radio
resources is used by the UEs within the coverage of the second base station for
receiving the downlink V2X message on resources indicated by the configuration in-
formation.

An apparatus for transmitting a vehicle to everything (V2X) message, including: an
uplink message receiver, a UE transmitter and a base station transmitter;

the uplink message receiver is configured to receive via a base station connected with
the apparatus an uplink V2X message transmitted by a UE within coverage of the base
station;

the UE transmitter is configured to transmit via the base station connected with the
apparatus a downlink V2X message generated based on the uplink V2X message to
UESs within the coverage of the base station; and

the base station transmitter is configured to transmit the downlink V2X message to a
second base station of another operator, wherein the second base station transmits the
downlink V2X message to UEs within coverage of the second base station.

An apparatus for transmitting a vehicle to everything (V2X) message, including: a
configuration information exchanging unit and a V2X configuration information
transmitter;

the configuration information exchanging unit is configured to exchange con-
figuration information with a base station of another operator different from a present
base station; wherein the configuration information includes whether a base station has
a V2X capability and information about frequency for V2X message transmission of

the base station;
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the V2X configuration information transmitter is configured to transmit V2X con-
figuration information to UEs within the coverage of the present base station according
to the exchanged configuration information, wherein the V2X configuration in-
formation includes information about frequency for V2X message transmission of the
base station of the another operator, the UEs receives the downlink V2X message of
the base station of the another operator on the frequency.

An apparatus for receiving a vehicle to everything (V2X) message, including: a con-
figuration information receiver and a V2X receiver;

the configuration information receiver is configured to receive via a second base
station V2X configuration information transmitted by a first base station; wherein the
first base station broadcasts V2X message via an eMBMS bearer, the second base
station belongs to an operator different from the first base station; and

the V2X receiver is configured to determine according to the received V2X con-
figuration information and a local mapping table that the first base station broadcasts
the V2X message on the eMBMS bearer identified by a Temporary Mobile Group
Identity (TMGI), and receive the downlink V2X message transmitted on the eMBMS
bearer, wherein the mapping table includes a mapping relationship between the V2X
configuration information and the TMGI.

An apparatus for transmitting a vehicle to everything (V2X) message, applicable for
an eMBMS forwarding node used for transmitting a V2X message from a first base
station to a second base station, the apparatus including: a V2X receiver, a Temporary
Mobile Group Identity (TMGI) replacing unit and a V2X transmitter;

the V2X receiver is configured to receive a downlink V2X message transmitted from
the first base station to the second base station; wherein the first base station broadcasts
the downlink V2X message via an eMBMS bearer;

the TMGI replacing unit is configured to replace TMGI-1 used by the first base
station for identifying the eMBMS bearer with TMGI-2 used by the second base
station according to a mapping table, such that user equipment (UEs) within coverage
of the second base station receive the downlink V2X message broadcasted by the
second base station; wherein the mapping table includes a mapping relationship
between the TMGI-1 of an operator of the first base station and the TMGI-2 of an
operator of the second base station; and

the V2X transmitter is configured to transmit the downlink V2X message after the
TMGI-1 is replaced.

An apparatus for transmitting a vehicle to everything (V2X) message, including: a
receiver and a broadcasting unit;

the receiver is configured to receive an uplink V2X message reported by a user

equipment (UE); and
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the broadcasting unit is configured to broadcast a downlink V2X message generated

based on the uplink V2X message;
the downlink V2X message is broadcasted via an Enhanced Multimedia Broadcast/

Multicast Service (eMBMS) bearer identified by a dedicated Temporary Mobile Group
Identity (TMGI), the dedicated TMGI is allocated in advance for a V2X service and
does not include an operator identifier, for the same V2X service, different operators
use the same dedicated TMGI.

Advantageous Effects of Invention

In view of the above technical solution, in the present disclosure, after obtaining the
downlink V2X message, the first base station or the V2X application layer service
module transmits the downlink V2X message or the configuration information for the
radio resources allocated for the downlink V2X message to a second base station
which belongs to a different operator and has an overlapped or adjacent coverage area
with the first base station, such that the second base station can transmit the downlink
V2X message or the configuration information for the radio resources to UEs within its
coverage. Therefore, all relevant UEs can receive the V2X message. As such, traffic
accident may be reduced and traffic efficiency may be improved. Alternatively, after
operators exchange configuration information, the first base station obtains the V2X
capability and frequency information for V2X transmission from a base station of
another operator, transmits V2X frequency information of the second base station of
another operator which has V2X capability and has an overlapped coverage or an
adjacent coverage with the first base station to the UEs within the coverage of the first
base station via the V2X configuration information. As such, the UEs within the
coverage of the first base station can not only receive the V2X message transmitted by
the first base station, but also receive the V2X message transmitted by the second base
station. Thus, traffic accident may be reduced and traffic efficiency may be improved.
Brief Description of Drawings

FIG. 1 is a schematic diagram illustrating a system architecture of SAE according to
the prior art.

FIG. 2 is a flowchart illustrating a first method for transmitting V2X message
according to various embodiments of the present disclosure.

FIG. 3 is a flowchart illustrating a second method for transmitting V2X message
according to various embodiments of the present disclosure.

FIG. 4 is a schematic diagram illustrating embodiment 1 of the present disclosure.

FIG. 5 is a schematic diagram illustrating embodiment 2 of the present disclosure.

FIG. 6 is a schematic diagram illustrating embodiment 3 of the present disclosure.
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FIG. 7 is a schematic diagram illustrating embodiment 4 of the present disclosure.
FIG. 8 is a schematic diagram illustrating embodiments 5 and 6 of the present

disclosure.

FIG. 9 is a schematic diagram illustrating embodiment 7 of the present disclosure.

FIG. 10 is a schematic diagram illustrating embodiment 8 of the present disclosure.
Mode for the Invention

The present disclosure will be described in detail hereinafter with reference to ac-
companying drawings and embodiments to make the technical solution and merits
therein clearer.

For a V2X service, vehicles communicating with each other may belong to different
operators. As described in the background of the present disclosure, the V2X message
needs to be sent to UEs of various operators in the relevant region. Therefore, it is
necessary to investigate how to provide the V2X service to users of different operators.
As to frequency, different operators may share the same frequency band. At this time,
vehicles of different operators may operate on the same frequency to communicate
with each other. Different operators may also operate on different frequency bands. At
this time, UEs transmit data on merely the frequency supported by their respective
operators. Since the V2X message is related to security, the V2X message should be
received by any relevant UE, no matter which operator the UE belong to. For example,
if vehicle collision happens on the road, a vehicle transmits a message (vehicle
collision) to the RSU. The application layer generates a new V2X message which is
used for warning other vehicles on the road about the collision. On the road, there may
be UEs of different operators and all of the UEs should be able to receive the V2X
message transmitted by the application layer.

In order to enable UEs of different operators to receive the V2X message, the present
disclosure provides two V2X message transmission methods. In a first method, the
base station or a V2X application layer service module coupled to the base station
transmits a generated downlink V2X message or V2X radio resource configuration in-
formation to a base station of another operator, such that UEs of different operators can
receive the V2X message. In the second method, frequency information of a base
station of another operator is provided to the UEs of a local base station, such that the
UEs are able to receive not only the V2X message transmitted by the local base station
but also the downlink V2X message transmitted by the base station of said another
operator.

FIG. 2 is a flowchart illustrating a first V2X message transmitting method according
to the present disclosure. FIG. 2 shows transmission of the V2X message or the V2X

radio configuration information between base stations of different operators. Through
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this method, UEs of different operators can receive the V2X message, which helps to
reduce traffic accident and improve traffic efficiency. The transmission of the in-
formation may be implemented via an X2 interface or via an S1 interface between base
stations, or via an interface between V2X application service modules, or via a newly-
defined interface between the V2X application layer service module and the base
station, i.e. a new interface is defined between the V2X application layer service
module of one operator and the base station of another operator. According to the V2X
transmission manner, there may be other interfaces, e.g., the V2X message is
transmitted by an eMBMS bearer of operator 1, there is an interface between a node
(e.g., Broadcast Multicast Service Center (BMSC), MBMS GW or MCE) of the
eMBMS and a node (e.g. MBMS GW, MCE or base station) of another operator, and
the V2X message or the V2X radio configuration information is transmitted via this
interface.

In step 201, operators exchange configuration information in advance.

Step 201 is optional. The exchanged configuration information may have various
kinds of contents, e.g., whether a base station has V2X capability and/or the frequency
allocated by the operator for each base station for transmitting V2X message, etc. The
information may be configured via Operation Administration and Maintenance
(OAM), and may be transmitted via the X2 interface or via the S1 interface between
the base stations.

If the transmission is implemented via the X2 interface, information such as the
frequency on which the base station 1 transmits V2X message and whether the base
station 1 has the V2X capability may be included in an X2 connection setup request
message transmitted by the base station 1 to the base station 2. Information such as the
frequency on which the base station 2 transmits V2X message and whether the base
station 2 has the V2X capability may be included in an X2 connection setup response
message returned by the base station 2 to the base station 1.

If the transmission is implemented via the S1 interface, information such as the
frequency on which the base station 1 transmits V2X message and whether the base
station 1 has the V2X capability may be included in an S1 message transmitted by the
base station 1 to the base station 2. The information such as the frequency on which the
base station 2 transmits V2X message and whether the base station 2 has the V2X ca-
pability may be included in an S1 message returned by the base station 2 to the base
station 1.

In step 202, a UE transmits an uplink V2X message to the base station 1.

Herein, the base station 1 belongs to the operator 1.

The UE has the V2X capability. The UE obtains its position and the traffic condition

on the road through a sensor. The UE transmits the above information to the base
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station 1 via the uplink V2X message. After receiving the uplink V2X message, the
base station 1 transmits the uplink V2X message to a V2X application layer service
module. The V2X application layer service module is connected with the base station
1. It may be implemented in the base station 1 or may be an independent entity. The
base station 1 forwards the uplink V2X message to the V2X application layer service
module. The V2X application layer service module processes the uplink V2X message
and generates a downlink V2X message. The downlink V2X message is used for
providing the traffic condition on the road to other users. Therefore, the downlink V2X
message is generally transmitted via a broadcast manner. The V2X application layer
service module transmits the downlink V2X message to the base station 1.

In step 203, the base station 1 configures downlink radio resources, and transmits the
downlink V2X message to UEs within the coverage of the base station 1.

The base station 1 transmits the downlink V2X message to the UEs within the
coverage of the base station 1 via a broadcast manner. The broadcast manner may be a
multimedia broadcast multicast service single frequency network (MBSFN) manner, or
a cell broadcast manner, or broadcasting via a broadcast channel.

In step 204, the base station 1 or the V2X application layer service module transmits
the downlink V2X message or configuration information for the radio resources
allocated by the base station 1 for the downlink V2X message to the base station 2.

Herein, the base station 1 belongs to operator 1, and the base station 2 belongs to an
operator different from the base station 1, e.g. operator 2.

After receiving the uplink V2X message of the UE, the base station 1 forwards the
message to the V2X application layer service module. The V2X application layer
service module generates the downlink V2X message and transmits the downlink V2X
message to the base station 1. According to the configuration information exchanged in
step 201, the base station 1 or the V2X application layer service module knows that the
base station 1 needs to provide the downlink V2X message to the UEs of the base
station 2. The present disclosure does not restrict that the UEs of which base stations
need to be informed, which may be designated in the downlink V2X message or other
interface messages according to a practical requirement or may be designated via other
manners. For example, in the coverage area of the base station 1, there is a base station
2 of operator 2, i.e., the base station 1 and the base station 2 have an overlapped
coverage or adjacent coverage. The base station 1 or the V2X application layer service
module transmits the downlink V2X message to the base station 2. The message may
be transmitted via the following manners:

via the X2 interface;

via the S1 interface;

via an interface between the V2X application layer service modules connected with
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the base stations;

via an interface between the V2X application layer service module connected with
the base station and the base station;

via an interface between an eMBMS node for the base station 1 and an eMBMS node
for the base station 2; and

via an interface between a Multi-Cell/Multicast Coordination Entity (MCE) for the
base station 1 and the base station 2.

The above manners are described in detail in the following embodiments.

Alternatively, the base station 1 or the V2X application layer service module may
also transmit to the base station 2 the configuration information for the radio resources
allocated for the downlink V2X message. The configuration information may be
transmitted via the X2 interface or S1 interface between the base stations, or the con-
figuration information may be transmitted to the base station 2 via an eMBMS node
(e.g. mobility management entity, MME) of the operator of the base station 1.

In step 205, the base station 2 transmits the downlink V2X message or the con-
figuration information for the radio resources allocated for the V2X message to UEs
within the coverage of the base station 2.

The base station 2 receives the downlink V2X message transmitted by the base
station 1 or the V2X application layer service module. The base station 2 broadcasts
the downlink V2X message to the UEs.

Alternatively, the base station 2 receives the configuration information for the radio
resources allocated by the base station 1 for the V2X message, and transmits the con-
figuration information for the V2X message to the UEs via a broadcast or unicast
manner. The configuration information for the radio resources indicates the radio
resources configured by the base station 1 of operator 1. The UEs within the coverage
of the base station 2 receive the configuration information and can receive the V2X
message broadcasted by the base station 1 on corresponding resources at corre-
sponding time. For example, if the base station 1 and the base station 2 operate on the
same frequency, the UEs may receive the V2X message broadcasted by the base
station 1 on the corresponding resources at the corresponding time. If the base station 1
and the base station 2 operate on different frequencies, in the case that the UE cannot
operate on two frequencies at the same time, the UE switches to the frequency of the
base station 1 on the time of the V2X broadcast to receive the V2X message; in the
case that the UE is able to operate on the two frequencies at the same time, the UE
enables the frequency of the base station 1 at the time of the V2X broadcast to receive
the V2X message.

FIG. 3 is a flowchart illustrating a second method for transmitting V2X message

according to various embodiments of the present disclosure. FIG. 3 shows an em-
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bodiment in which base stations of different operators exchange V2X information and
broadcast the nearby V2X information to the UEs. Through this method, UEs of
different operators can receive the V2X message, which helps to reduce traffic
accident and improve traffic efficiency. The information exchanging may be im-
plemented via an X2 interface or an S1 interface between base stations, or may be
configured via operation maintenance.

In step 301, operators exchange configuration information in advance.

The configuration information may include information such as frequency for
transmitting V2X message allocated by the operator for each base station, whether the
base station has a V2X capability, etc. The information exchanging may be configured
by OAM, and may be implemented via the X2 or S1 interface between base stations.

For example, the base station 1 transmits V2X information of the base station 1 to the
base station 2. If the V2X information of the base station 1 is transmitted via the X2
interface, the V2X information may be included in the X2 setup request message. If the
V2X information of the base station 1 is transmitted via the S1 interface, the base
station 1 may transmit an eNB configuration transfer message containing the V2X in-
formation of the base station 1 to the core network, the core network transmits an
MME configuration transfer message containing the V2X information of the base
station 1 to the base station 2. Or, the V2X information may be configured via OAM.

The base station 2 transmits the V2X information of the base station 2 to the base
station 1. If the V2X information of the base station 2 is transmitted via the X2
interface, the V2X information may be included in the X2 setup request message. If the
V2X information of the base station 2 is transmitted via the S1 interface, the base
station 2 may transmit an eNB configuration transfer message containing the V2X in-
formation of the base station 2 to the core network, the core network transmits an
MME configuration transfer message containing the V2X information of the base
station 2 to the base station 1. Or, the V2X information may be configured via OAM.

In step 302, the base station 1 having the V2X capability transmits V2X con-
figuration information to the UEs.

According to the configuration information in step 301, the base station 1 determines
that the base station 1 and the base station 2 have an overlapped coverage area or an
adjacent area. Therefore, the base station 1 generates V2X configuration information
according to the configuration information of the base station 2 and transmits the
generated V2X configuration information to the UEs within the coverage of the base
station 1. The V2X configuration information includes at least the frequency on which
the base station 2 transmits V2X message. For example, in this embodiment, the base
station 1 transmits V2X message on frequency 1, the base station 2 transmits V2X

message on frequency 2. Thus, the V2X configuration information includes at least the
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frequency 2. At the same time, the base station 1 may inform the UEs that the base
station 1 supports V2X. The UEs already obtained the frequency 1 of the base station 1
from the existing broadcast information. As such, the UEs know that the V2X message
is broadcasted on frequency 1 and frequency 2. The UEs having corresponding ca-
pability may receive the V2X messages transmitted on frequencies 1 and 2 at the same
time. Certainly, the V2X configuration information may further include the frequency
1.

In step 303, the base station 2 having the V2X capability transmits the V2X con-
figuration information to the UEs.

According to the configuration information in step 301, the base station 2 determines
that the base station 1 and the base station 2 have an overlapped coverage area.
Therefore, the base station 2 generates V2X configuration information according to the
configuration information of the base station 1 and transmits the generated V2X con-
figuration information to the UEs within the coverage of the base station 2. The V2X
configuration information includes at least the frequency on which the base station 1
transmits V2X message. For example, in this embodiment, the base station 1 transmits
V2X message on frequency 1, the base station 2 transmits V2X message on frequency
2. Thus, the V2X configuration information includes at least the frequency 1. At the
same time, the base station 2 may inform the UEs that the base station 2 supports V2X.
The UEs already obtained the frequency 2 of the base station 2 from the existing
broadcast information. As such, the UEs know that the V2X message is broadcasted on
frequency 1 and frequency 2. The UEs having corresponding capability may receive
the V2X messages transmitted on frequencies 1 and 2 at the same time. Certainly, the
V2X configuration information may further include the frequency 2.

Hereinafter, the implementation of the first method for transmitting V2X message is
described with reference to eight embodiments. The first method for transmitting the
V2X message may further include two kinds of implementations.

In particular, the first implementation manner includes: the base station 1 receives the
uplink V2X message transmitted by the UE, and transmits the downlink V2X message
which is generated based on the uplink V2X message to UEs within the coverage of
the base station 1; the base station 1 transmits the downlink V2X message or con-
figuration information for radio resources allocated by the base station 1 for the
downlink V2X message to the base station 2 which belongs to another operator (for
example, a base station having an overlapped coverage area with the base station 1 or
an adjacent base station), such that the base station 2 transmits the downlink V2X
message or the radio resource configuration information to UEs within the coverage of
the base station 2. The radio resource configuration information is used by the UEs

within the coverage of the base station 2 for receiving the downlink V2X message on
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the indicated resources.

The second implementation manner includes: the V2X application layer service
module connected with the base station 1 receives the uplink V2X message transmitted
by the UE, and transmits via the base station 1 a downlink V2X message which is
generated based on the uplink V2X message to the UEs within the coverage of the base
station 1; the V2X application layer service module connected with the base station 1
transmits the downlink V2X message to the base station 2 which belongs to another
operator (e.g., a base station having an overlapped coverage area with the base station
1 or a base station adjacent to the base station 1), such that the base station 2 transmits
the downlink V2X message to the UEs within the coverage of the base station 2.

Hereinafter, the information interaction in the first implementation manner is
described with reference to embodiments 1, 2, 7 and 8, and the information interaction
in the second implementation manner is described with reference to embodiments 3 to
6.

FIG. 4 shows embodiment 1 of the present disclosure. FIG. 4 shows the transmission
of the V2X message between base stations of different operators. Through this method,
UEs of different operators can receive the downlink V2X message, which reduces
traffic accident and improves traffic efficiency. The information transmission may be
implemented via the X2 interface between the base stations.

In step 401, a UE transmits an uplink V2X message to the base station 1. The base
station 1 belongs to operator 1.

Before step 401, step 201 as shown in FIG. 2 may be executed or not, which is not
restricted in the present disclosure.

In step 401, the UE has the V2X capability. The UE obtains its position and the
traffic condition on the road via a sensor. The UE transmits the above information to
the base station 1 via the uplink V2X message. The base station 1 receives the uplink
V2X message and transmits the message to the V2X application layer service module.
The V2X application layer service module is connected with the base station 1. It may
be implemented in the base station 1 or implemented as an independent entity. The
base station 1 forwards the uplink V2X message to the V2X application layer service
module. The V2X application layer service module processes the uplink V2X message
and generates a downlink V2X message, wherein the downlink V2X message is used
for informing other users of the traffic condition on the road. Therefore, the downlink
V2X message is generally transmitted via a broadcast manner.

In step 402, the V2X application layer service module transmits the downlink V2X
message to the base station 1.

In step 403, the base station 1 configures downlink radio resources for the downlink

V2X message, and transmits the downlink V2X message to the UEs within the
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coverage of the base station 1.

Generally, the base station 1 transmits the downlink V2X message to UEs within the
coverage of the base station 1 via a broadcast manner. The broadcast manner may
include a MBSFN manner, or a cell broadcast manner, or broadcasting via a broadcast
channel, or other broadcast manners. Or, the base station 1 may transmit the downlink
V2X message via a unicast manner. Detailed implementation of step 403 may vary
with different manners for transmitting the downlink V2X message. If the downlink
V2X message is transmitted via the MBSFN manner or the cell broadcast manner, step
403 includes: the base station 1 transmits radio resource configuration information for
the MBSFEN to the UEs and transmits the downlink V2X message on the resources. If
the downlink V2X message is broadcasted via the broadcast channel, step 403
includes: the base station 1 directly transmits the downlink V2X message to the UEs
via a newly-defined broadcast message. If the downlink V2X message is transmitted
via other broadcast manners or the unicast manner, step 403 may include configuring
the radio resources for the broadcast or the unicast and transmitting the downlink V2X
message on the configured resources.

In step 404, the base station 1 forwards the downlink V2X message to the base
station 2, wherein the base station 2 belongs to an operator different from the base
station 1, e.g., the base station 1 belongs to operator 1 and the base station 2 belongs to
operator 2.

The base station 1 and the base station 2 have an overlapped coverage area or have
adjacent coverage areas. The base station 1 belongs to operator 1 and the base station 2
belongs to operator 2. The base station 1 receives the uplink V2X message of the user
and forwards the message to the V2X application layer service module. The V2X ap-
plication layer service module generates the downlink V2X message and transmits the
downlink V2X message to the base station 1. According to the information configured
in step 201, the base station 1 knows that there is the base station 2 of operator 2 within
its coverage. Therefore, the base station 1 needs to inform the UEs within the coverage
of the base station 2 of the downlink V2X message. The base station 1 transmits the
downlink V2X message to the base station 2 via an X2 interface between the base
station 1 and the base station 2. The message may be transmitted in the control plane or
user plane of the X2 interface.

In step 405, the base station 2 configures downlink radio resources for the downlink
V2X message, and transmits the downlink V2X message to UEs within its coverage.

Similarly, step 405 may vary with respect to different transmission manners of the
downlink V2X message. Reference may be made to step 403 for the details.

Now, embodiment 1 is finished.
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FIG. 5 shows embodiment 2 of the present disclosure. FIG. 5 shows the transmission
of V2X message between base stations of different operators. Through this method,
UEs of different operators can receive the V2X message, which reduces traffic
accident and improves traffic efficiency. The information transmission may be im-
plemented via the S1 interface between the base stations.

In step 501, a UE transmits an uplink V2X message to the base station 1. The base
station 1 belongs to operator 1.

Before step 501, step 201 as shown in FIG. 2 may be executed or not, which is not
restricted in the present disclosure.

In step 501, the UE has the V2X capability. The UE obtains its position and the
traffic condition on the road via a sensor. The UE transmits the above information to
the base station 1 via the uplink V2X message. The base station 1 receives the uplink
V2X message and transmits the message to the V2X application layer service module.
The V2X application layer service module is connected with the base station 1. It may
be implemented in the base station 1 or implemented as an independent entity. The
base station 1 forwards the uplink V2X message to the V2X application layer service
module. The V2X application layer service module processes the uplink V2X message
and generates a downlink V2X message, wherein the downlink V2X message is used
for informing other users of the traffic condition on the road. Therefore, the downlink
V2X message is generally transmitted via a broadcast manner.

In step 502, the V2X application layer service module transmits the downlink V2X
message to the base station 1.

In step 503, the base station 1 configures downlink radio resources for the downlink
V2X message, and transmits the downlink V2X message to the UEs within the
coverage of the base station 1.

Generally, the base station 1 transmits the downlink V2X message to UEs within the
coverage of the base station 1 via a broadcast manner. The broadcast manner may
include a MBSFN manner, or a cell broadcast manner, or broadcasting via a broadcast
channel, or other broadcast manners. Or, the base station 1 may transmit the downlink
V2X message via a unicast manner. Detailed implementation of step 503 may vary
with different manners for transmitting the downlink V2X message. If the downlink
V2X message is transmitted via the MBSFN manner or the cell broadcast manner, step
503 includes: the base station 1 transmits radio resource configuration information for
the MBSFEN to the UEs and transmits the downlink V2X message on the resources. If
the downlink V2X message is broadcasted via the broadcast channel, step 503
includes: the base station 1 directly transmits the downlink V2X message to the UEs
via a newly-defined broadcast message. If the downlink V2X message is transmitted

via other broadcast manners or the unicast manner, step 503 may include configuring
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the radio resources for the broadcast or the unicast and transmitting the downlink V2X
message on the configured resources.

In step 504, the base station 1 forwards the downlink V2X message to the base
station 2, wherein the base station 2 belongs to an operator different from the base
station 1, e.g., the base station 1 belongs to operator 1 and the base station 2 belongs to
operator 2.

The base station 1 and the base station 2 have an overlapped coverage or have
adjacent coverage areas. The base station 1 belongs to operator 1 and the base station 2
belongs to operator 2. The base station 1 receives the uplink V2X message of the user
and forwards the message to the V2X application layer service module. The V2X ap-
plication layer service module generates the downlink V2X message and transmits the
downlink V2X message to the base station 1. According to the information configured
in step 201, the base station 1 knows that there is the base station 2 of operator 2 within
its coverage. Therefore, the base station 1 needs to inform the UEs within the coverage
of the base station 2 of the downlink V2X message. There is no X2 interface between
the base station 1 and the base station 2. The base station 1 transmits the downlink
V2X message to the base station 2 via an S1 interface. The base station 1 transmits an
eNB configuration transfer message containing information of a destination base
station the downlink V2X message to the core network. The core network transmits an
MME configuration transfer message containing the downlink V2X message to the
base station 2. The transmission within the core network may involve two MME
nodes. MMEI connected with the base station 1 finds MME?2 connected with the base
station 2 according to the destination address contained in the message and then
transmits the message to the base station 2 via MME2.

In step 505, the base station 2 configures downlink radio resources for the downlink
V2X message, and transmits the downlink V2X message to UEs within its coverage.

Similarly, step 505 may vary with respect to different transmission manners of the
downlink V2X message. Reference may be made to step 503 for the details.

Now, embodiment 2 is finished.

FIG. 6 shows embodiment 3 of the present disclosure. FIG. 6 shows the transmission
of V2X message between V2X application layer service modules of different
operators. Through this method, users of different operators can receive the downlink
V2X message, which reduces traffic accident and improves traffic efficiency. The in-
formation transmission may be implemented via an interface between the V2X ap-
plication layer service modules.

In step 601, a UE transmits an uplink V2X message to the base station 1, wherein the
base station 1 belongs to operator 1.

Before step 601, step 201 as shown in FIG. 2 may be executed or not, which is not
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restricted in the present disclosure.

In step 601, the UE has the V2X capability. The UE obtains its position and the
traffic condition on the road via a sensor. The UE transmits the above information to
the base station 1 via the uplink V2X message. The base station 1 receives the uplink
V2X message and transmits the message to the V2X application layer service module.
The V2X application layer service module is connected with the base station 1. It may
be implemented in the base station 1 or implemented as an independent entity. The
base station 1 forwards the uplink V2X message to the V2X application layer service
module. The V2X application layer service module processes the uplink V2X message
and generates a downlink V2X message, wherein the downlink V2X message is used
for informing other users of the traffic condition on the road. Therefore, the downlink
V2X message is generally transmitted via a broadcast manner.

In step 602, the V2X application layer service module transmits the downlink V2X
message to the base station 1.

In step 603, the base station 1 configures downlink radio resources and transmits the
downlink V2X message to UEs within its coverage.

Generally, the base station 1 transmits the downlink V2X message to UEs within the
coverage of the base station 1 via a broadcast manner. The broadcast manner may
include a MBSFN manner, or a cell broadcast manner, or broadcasting via a broadcast
channel, or other broadcast manners. Or, the base station 1 may transmit the downlink
V2X message via a unicast manner. Detailed implementation of step 603 may vary
with different manners for transmitting the downlink V2X message. If the downlink
V2X message is transmitted via the MBSFN manner or the cell broadcast manner, step
603 includes: the base station 1 transmits radio resource configuration information for
the MBSFEN to the UEs and transmits the downlink V2X message on the resources. If
the downlink V2X message is broadcasted via the broadcast channel, step 603
includes: the base station 1 directly transmits the downlink V2X message to the UEs
via a newly-defined broadcast message. If the downlink V2X message is transmitted
via other broadcast manners or the unicast manner, step 603 may include configuring
the radio resources for the broadcast or the unicast and transmitting the downlink V2X
message on the configured resources.

In step 604, the V2X application layer service module forwards the downlink V2X
message to the V2X application layer service module connected with the base station
2.

The base station 1 and the base station 2 have an overlapped coverage area or have
adjacent coverage areas. The base station 1 belongs to operator 1 and the base station 2
belongs to operator 2. The base station 1 receives the uplink V2X message of the user

and forwards the message to the V2X application layer service module. The V2X ap-
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plication layer service module generates the downlink V2X message. According to the
information configured in step 201, the V2X application layer service module
connected with the base station 1 knows that the message needs to be transmitted to the
UESs under base stations 1 and 2. The V2X application layer service module connected
with the base station 1 forwards the downlink V2X message to the V2X application
layer service module connected with the base station 2. Suppose that each base station
has a local V2X application function. Thus, it is possible to transmit the downlink V2X
message to the application layer of the base station 2 via the application layer of the
base station 1.

In the above procedure, as to how the V2X application layer service module knows
that it needs to transmit the downlink V2X message to the UEs under base stations 1
and 2 according to the information configured in step 201, the present disclosure does
not have any restriction. For example, the V2X application layer service module may
obtain the information configured in step 201 from the base station 1, so as to know the
corresponding information.

In step 605, the V2X application layer service module connected with the base
station 2 transmits the downlink V2X message to the base station 2.

In step 606, the base station 2 configures downlink radio resources for the downlink
V2X message and transmits the downlink V2X message to UEs within its coverage.

Similarly, step 606 may vary with respect to different transmission manners of the
downlink V2X message. Reference may be made to step 603 for details.

Now, embodiment 3 is finished.

FIG. 7 shows embodiment 4 of the present disclosure. FIG. 7 shows the transmission
of the V2X message between the V2X application layer service modules of different
operators. Through this method, users of different operators can receive the downlink
V2X message, which reduces traffic accident and improves traffic efficiency. The in-
formation may be transmitted to the MBMS-GW of operator 2 via the BMSC of
operator 1, or may be transmitted to the MCE of operator 2 via the MBMS-GW of
operator 1.

In step 701, a UE transmits an uplink V2X message to the base station 1, wherein the
base station 1 belongs to operator 1.

Before step 701, step 201 as shown in FIG. 2 may be executed or not, which is not
restricted in the present disclosure.

In step 701, the UE has the V2X capability. The UE obtains its position and the
traffic condition on the road via a sensor. The UE transmits the above information to
the base station 1 via the uplink V2X message. The base station 1 receives the uplink

V2X message and transmits the message to the V2X application layer service module.
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The V2X application layer service module is connected with the base station 1. It may
be implemented in the base station 1 or implemented as an independent entity. The
base station 1 forwards the uplink V2X message to the V2X application layer service
module. The V2X application layer service module processes the uplink V2X message
and generates a downlink V2X message, wherein the downlink V2X message is used
for informing other users of the traffic condition on the road. Therefore, the downlink
V2X message is generally transmitted via a broadcast manner.

In step 702, the V2X application layer service module transmits the downlink V2X
message to the BMSC of the operator of the base station 1.

In step 703, the BMSC transmits a session start message including the downlink V2X
message to the MBMS-GW, the MBMS-GW transmits the session start message to the
MCE via the MME. The transmission path of the message is similar to that of the
existing session start message.

In step 704, the MCE of the operator of the base station 1 transmits a service start
response message to the BMSC via the MME and the MBMS-GW.

Step 704 is transmission procedure of the MBMS session start response message, i.€.,
the MCE transmits the session start response message to the MME, the MME transmits
the session start response message to the MBMS-GW, and the MBMS-GW transmits
the session start response message to the BMSC. The path of the response message is
similar to that the existing session start response message.

In step 705, the MCE of the operator of the base station 1 transmits the session start
message including the downlink V2X message to the base station 1.

In step 706, the base station 1 transmits a session start response message to the MCE.

In step 707, the base station 1 transmits the downlink V2X message to the UEs.

Generally, the base station 1 transmits the downlink V2X message to UEs within its
coverage via a broadcast manner. The broadcast manner may include a MBSFN
manner, or a cell broadcast manner, or broadcasting via a broadcast channel, or other
broadcast manners. Or, the base station 1 may transmit the downlink V2X message via
a unicast manner. Detailed implementation of step 707 may vary with different
manners for transmitting the downlink V2X message. If the downlink V2X message is
transmitted via the MBSFN manner or the cell broadcast manner, step 707 includes:
the base station 1 transmits radio resource configuration information for the MBSFEN to
the UEs and transmits the downlink V2X message on the resources. If the downlink
V2X message is broadcasted via the broadcast channel, step 707 includes: the base
station 1 directly transmits the downlink V2X message to the UEs via a newly-defined
broadcast message. If the downlink V2X message is transmitted via other broadcast
manners or the unicast manner, step 707 may include configuring the radio resources

for the broadcast or the unicast and transmitting the downlink V2X message on the
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configured resources.

In step 708, the BMSC transmits the session start message including the downlink
V2X message to the MCE of operator 2 via the MBMS-GW and the MME of operator
2.

The base station 1 and the base station 2 have an overlapped coverage area or are
adjacent base stations. The base station 1 belongs to operator 1 and the base station 2
belongs to operator 2. The MBSC of operator 1 and the MBMS-GW of operator 2 have
a connection in advance. The BMSC of operator 1 transmits the session start message
including the downlink V2X message to the MBMS-GW of operator 2. The MBMS-
GW of operator 2 transmits the session start message to the corresponding MME. Then
the MME forwards the session start message to the MCE. The subsequent procedure is
similar to existing eMBMS procedure.

Alternatively, in step 708, the MME of operator 1 transmits the session start message
including the downlink V2X message to the MCE of operator 2.

The base station 1 and the base station 2 have an overlapped coverage area or are
adjacent base stations. The base station 1 belongs to operator 1 and the base station 2
belongs to operator 2. Operator 2 configures that the MCE needs to establish an M3
interface with a particular MME of operator 1. Before step 708, the MCE has es-
tablished the M3 interface with the MME of operator 1. After receiving the session
start request, the MME knows that the session is used for transmitting downlink V2X
message. The MME transmits the session start message to the MCE of operator 1 or to
the MCE of operator 2.

In step 709, the MCE of operator 2 transmits a session start response message to the
BMSC via the MME and MBMS-GW of operator 1.

Step 709 is a transmission procedure of the MBMS session start response message,
i.e., the MCE transmits the session start response message to the MME, the MME
transmits the session start response message to the MBMS-GW, and the MBMS-GW
transmits the session start response message to the BMSC. The path of the response
message is similar to that of the existing session start response message.

In step 710, the MCE of operator 2 transmits the session start message including the
downlink V2X message to the base station 2.

In step 711, the base station 2 transmits the session start response message to the
MCE of operator 2.

In step 712, the base station 2 transmits the downlink V2X message to the UEs.

Similarly, step 712 may vary with respect to different transmission manners of the
downlink V2X message. Reference may be made to step 707 for details.

Now, embodiment 4 is finished.
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FIG. 8 shows embodiment 5 of the present disclosure. FIG. 8 shows the transmission
of the V2X message between base stations of different operators. Through this method,
users of different operators can receive the downlink V2X message, which reduces
traffic accident and improves traffic efficiency. The information may be transmitted to
the MCE of operator 1 via the BMSC and MBMS-GW of operator 1, and then
transmitted to the base station of operator 2 from the MCE of operator 1.

In step 801, a UE transmits an uplink V2X message to the base station 1, wherein the
base station 1 belongs to operator 1.

Before step 801, step 201 as shown in FIG. 2 may be executed or not, which is not
restricted in the present disclosure.

In step 801, the UE has the V2X capability. The UE obtains its position and the
traffic condition on the road via a sensor. The UE transmits the above information to
the base station 1 via the uplink V2X message. The base station 1 receives the uplink
V2X message and transmits the message to the V2X application layer service module.
The V2X application layer service module is connected with the base station 1. It may
be implemented in the base station 1 or implemented as an independent entity. The
base station 1 forwards the uplink V2X message to the V2X application layer service
module. The V2X application layer service module processes the uplink V2X message
and generates a downlink V2X message, wherein the downlink V2X message is used
for informing other users of the traffic condition on the road. Therefore, the downlink
V2X message is generally transmitted via a broadcast manner.

In step 802, the V2X application layer service module transmits the downlink V2X
message to the BMSC of the operator of the base station 1.

In step 803, the BMSC of the operator of the base station 1 transmits a session start
message including the downlink V2X message to the MBMS-GW, the MBMS-GW
transmits the session start message to the MCE via the MME. The transmission path of
the message is similar to that of the existing session start message.

In step 804, the MCE of the operator of the base station 1 transmits a service start
response message to the BMSC via the MME and the MBMS-GW.

Step 804 is transmission procedure of the MBMS session start response message, i.€.,
the MCE transmits the session start response message to the MME, the MME transmits
the session start response message to the MBMS-GW, and the MBMS-GW transmits
the session start response message to the BMSC. The path of the response message is
similar to that the existing session start response message.

In step 805, the MCE of the operator of the base station 1 transmits the session start
message including the downlink V2X message to the base station 1.

In step 806, the base station 1 transmits a session start response message to the MCE.

In step 807, the base station 1 transmits the downlink V2X message to the UEs.
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Generally, the base station 1 transmits the downlink V2X message to users within its
coverage via a broadcast manner. The broadcast manner may include a MBSFN
manner, or a cell broadcast manner, or broadcasting via a broadcast channel, or other
broadcast manners. Or, the base station 1 may transmit the downlink V2X message via
a unicast manner. Detailed implementation of step 807 may vary with different
manners for transmitting the downlink V2X message. If the downlink V2X message is
transmitted via the MBSFN manner or the cell broadcast manner, step 807 includes:
the base station 1 transmits radio resource configuration information for the MBSFEN to
the UEs and transmits the downlink V2X message on the resources. If the downlink
V2X message is broadcasted via the broadcast channel, step 807 includes: the base
station 1 directly transmits the downlink V2X message to the UEs via a newly-defined
broadcast message. If the downlink V2X message is transmitted via other broadcast
manners or the unicast manner, step 807 may include configuring the radio resources
for the broadcast or the unicast and transmitting the downlink V2X message on the
configured resources.

In step 808, the MCE of the operator of the base station 1 transmits the session start
message including the downlink V2X message to the base station 2.

The base station 1 and the base station 2 have an overlapped coverage area or are
adjacent base stations. The base station 1 belongs to operator 1 and the base station 2
belongs to operator 2. The MCE of operator 1 and the base station of operator 2 have a
connection in advance. The base station 2 has established an M2 interface with the
MCE. The MCE has established an M2 interface with the base station operator 1. The
MCE receives the session start request, and knows that the session is used for
transmitting downlink V2X message. The MCE transmits the session start message to
the base station of operator 1 or the base station of operator 2.

In step 809, the base station 2 transmits the session start response message to the
MCE.

In step 810, the base station 2 transmits the downlink V2X message to the UEs.

Similarly, step 810 may vary with respect to different transmission manners of the
downlink V2X message. Reference may be made to step 807 for details.

Now, embodiment 5 is finished.

FIG. 8 may also be used for illustrating another implementation method, i.e. em-
bodiment 6. A broadcast system is especially deployed for the V2X service, e.g.
functions such as BMSC, MBMS-GW and MCE may be configured on one physical
entity or multiple physical entities, dedicated for transmitting the downlink V2X
message. All base stations within a certain area, whichever operator that the base
station belongs to, need to establish an M2 interface with the MCE. Embodiment 6 is
described with reference to FIG. 8. It includes the following steps.
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In step 801, a UE transmits an uplink V2X message to the base station 1, wherein the
base station 1 belongs to operator 1.

Before step 801, step 201 as shown in FIG. 2 may be executed or not, which is not
restricted in the present disclosure.

In step 801, the UE has the V2X capability. The UE obtains its position and the
traffic condition on the road via a sensor. The UE transmits the above information to
the base station 1 via the uplink V2X message. The base station 1 receives the uplink
V2X message and transmits the message to the V2X application layer service module.
The V2X application layer service module is connected with the base station 1. It may
be implemented in the base station 1 or implemented as an independent entity. The
base station 1 forwards the uplink V2X message to the V2X application layer service
module. The V2X application layer service module processes the uplink V2X message
and generates a downlink V2X message, wherein the downlink V2X message is used
for informing other users of the traffic condition on the road. Therefore, the downlink
V2X message is generally transmitted via a broadcast manner.

In step 802, the V2X application layer service module transmits the downlink V2X
message to the BMSC in the area where it is located. The BMSC may be an in-
dependent entity or may be combined with other physical entities.

In step 803, the BMSC of the operator of the base station 1 transmits a session start
message including the downlink V2X message to the MCE. If the existing
transmission path is adopted, the BMSC transmits the session start message to the
MBMS-GW. The MBMS-GW transmits the session start message to the MCE via the
MME. The transmission path of the message is similar to that of the existing session
start message. For simplicity, the MBMS-GW may directly transmit the session start
message to the MCE, or the BMSC transmits the session start message to the MCE.

In step 804, the MCE of the operator of the base station 1 transmits a session start
response message to the BMSC via the MME and the MBMS-GW.

Step 804 is a transmission procedure of the MBMS session start response message,
i.e., the MCE transmits the session start response message to the MME, the MME
transmits the session start response message to the MBMS-GW, and the MBMS-GW
transmits the session start response message to the BMSC. The transmission path of
the response message is similar to that of the existing session start response message.

In step 805, the MCE of the operator of the base station 1 transmits a session start
message including the V2X message to the base station 1. The MCE determines to
adopt the MBSFN manner. The MCE transmits the session start request message to all
base stations within the area, including the base station 1 and the base station 2. Or, the
MCE may determine to adopt the cell broadcast manner. The MCE determines in

which cells it broadcasts and transmits the session start request message to the corre-
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sponding base stations. The session start request message includes identifiers of a set
of cells. According to the identifiers, the MCE transmits the session start request
message to the base stations corresponding to the identifiers.

In step 806, the base station 1 transmits a session start response message to the MCE.

In step 807, the base station 1 transmits the downlink V2X message to the UEs.

Generally, the base station 1 transmits the downlink V2X message to users within its
coverage via a broadcast manner. The broadcast manner may include a MBSFN
manner, or a cell broadcast manner, or broadcasting via a broadcast channel, or other
broadcast manners. Or, the base station 1 may transmit the downlink V2X message via
a unicast manner. Detailed implementation of step 807 may vary with different
manners for transmitting the downlink V2X message. If the downlink V2X message is
transmitted via the MBSFN manner or the cell broadcast manner, step 807 includes:
the base station 1 transmits radio resource configuration information for the MBSFEN to
the UEs and transmits the downlink V2X message on the resources. If the downlink
V2X message is broadcasted via the broadcast channel, step 807 includes: the base
station 1 directly transmits the downlink V2X message to the UEs via a newly-defined
broadcast message. If the downlink V2X message is transmitted via other broadcast
manners or the unicast manner, step 807 may include configuring the radio resources
for the broadcast or the unicast and transmitting the downlink V2X message on the
configured resources.

In step 808, the MCE of the operator that the base station 1 belongs to transmits the
session start message including the downlink V2X message to the base station 2.

The base station 1 and the base station 2 have an overlapped coverage area or are
adjacent base stations. The base station 1 belongs to operator 1 and the base station 2
belongs to operator 2. The base station 2 has established an M2 interface with the
MCE. The MCE has established an M2 interface with the base station of operator 1.
The MCE receives the session start request and knows that the session is for
transmitting the downlink V2X message. The MCE transmits a session start message
to the base station of operator 1 or the base station of operator 2. Or, the session start
request message includes identifiers of a set of cells. According to the identifiers, the
MCE transmits the session start request to the base stations corresponding to the
identifiers.

In step 809, the base station 2 transmits a session start response message to the MCE.

In step 810, the base station 2 transmits the downlink V2X message to the UEs.

Similarly, step 810 may vary with respect to different transmission manners of the
downlink V2X message. Reference may be made to step 807 for details.

Now, embodiment 6 is finished.
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FIG. 9 shows embodiment 7 of the present disclosure.

FIG. 9 shows the transmission of V2X radio configuration information between base
stations of different operators. Through this method, users of different operators can
receive the downlink V2X message, which reduces traffic accident and improves
traffic efficiency. The information may be transmitted via the X2 interface between the
base stations.

In step 901, a UE transmits an uplink V2X message to the base station 1, wherein the
base station 1 belongs to operator 1.

Before step 901, step 201 as shown in FIG. 2 may be executed or not, which is not
restricted in the present disclosure.

In step 901, the UE has the V2X capability. The UE obtains its position and the
traffic condition on the road via a sensor. The UE transmits the above information to
the base station 1 via the uplink V2X message. The base station 1 receives the uplink
V2X message and transmits the message to the V2X application layer service module.
The V2X application layer service module is connected with the base station 1. It may
be implemented in the base station 1 or implemented as an independent entity. The
base station 1 forwards the uplink V2X message to the V2X application layer service
module. The V2X application layer service module processes the uplink V2X message
and generates a downlink V2X message, wherein the downlink V2X message is used
for informing other users of the traffic condition on the road. Therefore, the downlink
V2X message is generally transmitted via a broadcast manner.

In step 902, the V2X application layer service module transmits the downlink V2X
message to the base station 1.

In step 903, the base station 1 configures downlink radio resources and transmits the
downlink V2X message to all UEs within the coverage of the base station 1.

Generally, the base station 1 transmits the downlink V2X message to users within its
coverage via a broadcast manner. The broadcast manner may include a MBSFN
manner, or a cell broadcast manner, or broadcasting via a broadcast channel, or other
broadcast manners. Or, the base station 1 may transmit the downlink V2X message via
a unicast manner. Detailed implementation of step 903 may vary with different
manners for transmitting the downlink V2X message. If the downlink V2X message is
transmitted via the MBSFN manner or the cell broadcast manner, step 903 includes:
the base station 1 transmits radio resource configuration information for the MBSFEN to
the UEs and transmits the downlink V2X message on the resources. If the downlink
V2X message is broadcasted via the broadcast channel, step 903 includes: the base
station 1 directly transmits the downlink V2X message to the UEs via a newly-defined
broadcast message. If the downlink V2X message is transmitted via other broadcast

manners or the unicast manner, step 903 may include configuring the radio resources
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for the broadcast or the unicast and transmitting the downlink V2X message on the
configured resources.

In step 904, the base station 1 transmits V2X radio configuration information to the
base station 2. The base station 1 and the base station 2 belong to different operators,
e.g. base station belongs to operator 1 and the base station 2 belongs to operator 2.

The base station 1 and the base station 2 have an overlapped coverage area or are
adjacent base stations. The base station 1 belongs to operator 1 and the base station 2
belongs to operator 2. The base station 1 receives the uplink V2X message of the user
and forwards the uplink V2X message to the V2X application layer service module.
The V2X application layer service module generates a downlink V2X message and
transmits the downlink V2X message to the base station 1. According to the in-
formation configured in step 201, the base station 1 knows that there is a base station 2
of operator 2 within its coverage. The base station 1 needs to inform the UEs of the
base station 2 of the V2X radio configuration information. The information may be
transmitted via the control plane or the user plane of the X2 interface.

In step 905, the base station 2 transmits the V2X radio configuration information to
the UEs within the coverage of the base station 2.

The base station 2 receives from the base station 1 the configuration information of
the radio resources allocated by the base station 1 for the downlink V2X message. The
base station 2 transmits the V2X radio configuration information to the UEs via a
broadcast manner or a unicast manner. The radio resource configuration information
defines the radio resources configured by the base station 1 of operator 1. After
receiving the configuration information, respective UE of operator 2 may receive the
downlink V2X message on the corresponding resources at the corresponding time. For
example, if the base station 1 and the base station 2 use the same frequency, the UE
may receive the downlink V2X message broadcasted by the base station 1 on the corre-
sponding resources at the corresponding time via a TDD manner. If the base station 1
and the base station 2 use different frequencies, in the case that the UE does not have
the capability of operating on the two frequencies at the same time, the UE may switch
to the frequency of the base station 1 to receive the downlink V2X message at the time
of the V2X broadcast; in the case that the UE has the capability of operating on the two
frequencies at the same time, the UE may enable the frequency of the base station 1 to
receive the downlink V2X message at the time of the V2X broadcast.

Now, embodiment 7 is finished.

FIG. 10 shows embodiment 8 of the present disclosure. FIG. 10 shows the
transmission of V2X radio configuration information between base stations of different

operators. Through this method, users of different operators can receive the V2X



WO 2017/122976 PCT/KR2017/000275

[248]

[249]

[250]

[251]

[252]

[253]

[254]

32

message, which reduces traffic accident and improves traffic efficiency. The in-
formation may be transmitted via the S1 interface between the base stations.

In step 1001, a UE transmits an uplink V2X message to the base station 1, wherein
the base station 1 belongs to operator 1.

Before step 1001, step 201 as shown in FIG. 2 may be executed or not, which is not
restricted in the present disclosure.

In step 1001, the UE has the V2X capability. The UE obtains its position and the
traffic condition on the road via a sensor. The UE transmits the above information to
the base station 1 via the uplink V2X message. The base station 1 receives the uplink
V2X message and transmits the message to the V2X application layer service module.
The V2X application layer service module is connected with the base station 1. It may
be implemented in the base station 1 or implemented as an independent entity. The
base station 1 forwards the uplink V2X message to the V2X application layer service
module. The V2X application layer service module processes the uplink V2X message
and generates a downlink V2X message, wherein the downlink V2X message is used
for informing other users of the traffic condition on the road. Therefore, the downlink
V2X message is generally transmitted via a broadcast manner.

In step 1002, the V2X application layer service module transmits the downlink V2X
message to the base station 1.

In step 1003, the base station 1 configures downlink radio resources and transmits the
downlink V2X message to UEs within the coverage of the base station 1.

Generally, the base station 1 transmits the downlink V2X message to users within its
coverage via a broadcast manner. The broadcast manner may include a MBSFN
manner, or a cell broadcast manner, or broadcasting via a broadcast channel, or other
broadcast manners. Or, the base station 1 may transmit the downlink V2X message via
a unicast manner. Detailed implementation of step 1003 may vary with different
manners for transmitting the downlink V2X message. If the downlink V2X message is
transmitted via the MBSFN manner or the cell broadcast manner, step 1003 includes:
the base station 1 transmits radio resource configuration information for the MBSFEN to
the UEs and transmits the downlink V2X message on the resources. If the downlink
V2X message is broadcasted via the broadcast channel, step 1003 includes: the base
station 1 directly transmits the downlink V2X message to the UEs via a newly-defined
broadcast message. If the downlink V2X message is transmitted via other broadcast
manners or the unicast manner, step 1003 may include configuring the radio resources
for the broadcast or the unicast and transmitting the downlink V2X message on the
configured resources.

In step 1004, the base station 1 transmits V2X radio configuration information to the

base station 2.
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The base station 1 and the base station 2 have an overlapped coverage area or are
adjacent base stations. The base station 1 belongs to operator 1 and the base station 2
belongs to operator 2. The base station 1 receives the uplink V2X message of the user
and forwards the message to the V2X application layer service module. The V2X ap-
plication layer service module generates a downlink V2X message and transmits the
downlink V2X message to the base station 1. According to the configured information,
the base station 1 knows that there is a base station 2 of operator 2 within its coverage.
The base station 1 needs to transmit the V2X radio configuration information to UEs of
the base station 2. The base station 1 and the base station 2 does not have an X2
interface. The base station 1 transmits the V2X radio configuration information to the
base station 2 through the S1 interface. The base station 1 transmits an eNB con-
figuration transfer message including the information of the destination base station
and the V2X radio configuration information to the core network. The core network
transmits an MME configuration transfer message including the V2X radio con-
figuration information to the base station 2. The transmission within the core network
may involve two MME nodes. The MME]1 connected with the base station 1 finds the
MME?2 connected with the base station 2 according to the destination address in the
message. Then MMEI] transmits the message to the base station 2 via MME2.

In step 1005, the base station 2 transmits the V2X radio configuration information to
UESs within the coverage of the base station 2.

The base station 2 receives from the base station 1 the configuration information of
the radio resources allocated by the base station 1 for the downlink V2X message. The
base station 2 transmits the V2X radio configuration information to the UEs via a
broadcast manner or a unicast manner. The radio resource configuration information
defines the radio resources configured by the base station 1 of operator 1. After
receiving the configuration information, respective UE of operator 2 may receive the
downlink V2X message on the corresponding resources at the corresponding time. For
example, if the base station 1 and the base station 2 use the same frequency, the UE
may receive the downlink V2X message broadcasted by the base station 1 on the corre-
sponding resources at the corresponding time via a TDD manner. If the base station 1
and the base station 2 use different frequencies, in the case that the UE does not have
the capability of operating on the two frequencies at the same time, the UE may switch
to the frequency of the base station 1 to receive the downlink V2X message at the time
of the V2X broadcast; in the case that the UE has the capability of operating on the two
frequencies at the same time, the UE may enable the frequency of the base station 1 to
receive the downlink V2X message at the time of the V2X broadcast.

Now, embodiment 8 is finished.

The above provides implementations of the method for transmitting V2X message.
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Embodiments of the present disclosure also provide three apparatuses for transmitting
V2X message, respectively for implementing the two implementation manners of the
first method and the second method as described in the above embodiments.

In accordance with the implementation manner 1 in the first method, the apparatus
for transmitting V2X message includes: an uplink message receiver, a UE transmitter
and a base station transmitter;

the uplink message receiver is configured to receive an uplink V2X message
transmitted by the UE; the UE transmitter is configured to transmit a downlink V2X
message which is generated according to the uplink V2X message or configuration in-
formation for radio resources allocated by the present base station for the downlink
V2X message to a second base station of an operator different from the operator of the
present base station, wherein the second base station transmits the downlink V2X
message or the configuration information for the radio resources to UEs within its
coverage; wherein the configuration information for the radio resources is used by the
UESs within the coverage of the second base station to receive the downlink V2X
message on the resources indicated by the configuration information.

In accordance with the above implementation manner 2 in the first method, the
apparatus for transmitting V2X message includes: an uplink information receiver, a UE
transmitter and a base station transmitter;

the uplink message receiver is configured to receive from a base station connected
with the apparatus an uplink V2X message transmitted by a UE within the coverage of
the base station; the UE transmitter is configured to transmit via the base station
connected with the apparatus a downlink V2X message which is generated based on
the uplink V2X message to UEs within the coverage of the base station; the base
station transmitter is configured to transmit the downlink V2X message to a second
base station of another operator, wherein the second base station transmits the
downlink V2X message to UEs within its coverage.

In accordance with the second method, the apparatus for transmitting V2X message
includes: a configuration information exchanging unit and a V2X configuration in-
formation transmitter;

the configuration information exchanging unit is configured to exchange con-
figuration information with a base station of an operator different from the operator of
the present base station, the configuration information includes whether the base
station has V2X capability and information about frequency which the base station
transmits the V2X message; the V2X configuration information transmitter is
configured to transmit, according to the exchanged configuration information, the V2X
configuration information to UEs within its coverage, wherein the V2X configuration

information includes the information about frequency for V2X message transmission
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of a base station of another operator, such that the UEs receives the downlink V2X
message of the base station of said another operator on the frequency.

In order to support transmission of V2X service between base stations of different
operators, there is still a problem to be solved. The V2X relevant message can be
transmitted via the MBMS manner. However, in the existing MBMS message,
Temporary Mobile Group Identity (TMGI) is used for identifying the MBMS service,
whereas the TMGI consists of an operator identifier--PLMN (Public Land Mobile
Network) ID and a unique identifier within the operator. It can be seen that, if the same
downlink V2X message is broadcasted in different operators' networks, according to
the definition of existing TMGI, the TMGIs used by different operators are different,
which may lead to confusion for the UEs during the receiving. In order to solve this
problem, there is a need to find a solution to configure the TMGI for different
operators.

The present disclosure provides three methods.

Method 1:

In this method, the base station 1 and the base station 2 belong to different operators.
The downlink V2X message needs to be transmitted to the UEs within the coverage of
the base station 1 and the base station 2. The base station 2 does not directly transmit
the downlink V2X message to the UEs within its coverage. Instead, the UEs within the
coverage of the base station 2 receive the downlink V2X message on the resources
allocated by the base station 1 for the downlink V2X message. Based on this scenario,
the TMGI may be configured as follows to ensure that the UEs within the coverage of
the base station 2 can normally perform the downlink V2X message receiving.

Step 1, negotiation is performed between operators of the base station 1 and the base
station 2 to generate a TMGI mapping table.

The base station transmits the mapping table to the UEs and the UEs store the
mapping table. The mapping table may include {V2X service identifier, TMGI-1,
TMGI-2}, wherein the V2X service identifier is optional, TMGI-1 is a service
identifier of the operator 1 that the base station 1 belongs to, and TMGI-2 is a service
identifier of the operator 2 that the base station 2 belongs to. The downlink V2X
messages corresponding to the two identifiers are the same downlink V2X message.

Step 2, the base station 1 broadcasts the downlink V2X message via an eMBMS
bearer, and identifies the eMBMS bearer by TMGI-1.

Step 3, the base station 1 transmits the V2X configuration information to the base
station 2.

The V2X configuration information may include the TMGI-1 used for the base
station 1, the V2X radio resource configuration for the base station 1, and the V2X

service identifier. The TMGI-1, the V2X radio resource configuration for the base
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station 1 (e.g. the radio resource configuration information in the above embodiments 7
and 8) and the V2X service identifier are optional. The V2X configuration information
may be transmitted via various manners, which is not restricted in the present
disclosure. For example, the transmission manner for the radio resource configuration
information in the foregoing embodiments 7 and 8 may be utilized.

The base station 2 may adopt the following two manners to process the received V2X
configuration information. In a first manner, if the V2X configuration information does
not include the V2X service identifier, the V2X configuration information should
include the TMGI-1 and the base station 2 needs to save the mapping table, such that
the base station 2 can replace the TMGI-1 with TMGI-2 according to the mapping
table and transmit the TMGI-2 to the UEs. In the second manner, if the V2X con-
figuration information includes the V2X service identifier, the V2X configuration in-
formation may not include the TMGI-1, and the base station 2 may not save the
mapping table and can directly transmit the V2X configuration information to the UEs.

In accordance with the above first processing manner of the base station 2, the V2X
configuration information does not include the V2X service identifier, the UEs receive
the TMGI-2 and know that the TMGI-2 identifies a V2X service to be received by the
UESs. According to the saved mapping table, the UEs are able to know that the base
station 1 is broadcasting on the eMBMS bearer identified by TMGI-1. The UE may
receive the data in the eMBMS bearer identified by the TMGI-1 via a TDD manner, so
as to receive the downlink V2X message transmitted on the eMBMS bearer. If the
V2X configuration information includes the radio resource configuration information
for the base station 1, the UEs are able to directly receive on the resources indicated by
the configuration information, the processing is not complicated. If the V2X con-
figuration information does not include the radio resource configuration information
for the base station 1, the UEs obtain the downlink V2X message on the eMBMS
bearer identified by the TMGI-1 through receiving an eMBMS control message and
user data transmitted by the base station 1.

In accordance with the above second processing method for the base station 2, the
V2X configuration information includes the V2X service identifier. The UEs receive
the V2X service identifier and know according to the mapping relationship between
the V2X service identifier and the TMGI-1 in the mapping table that the base station 1
is broadcasting on the eMBMS bearer identified by TMGI-1. The UEs may receive the
data on the eMBMS bearer identified by TMGI-1 from the base station 1 in a TDD
manner, so as to receive the downlink V2X message transmitted on the eMBMS
bearer. If the V2X configuration information includes the radio resource configuration
information for the base station 1, the UEs may directly receive on the resources

indicated by the configuration information, the processing is not complicated. If the



WO 2017/122976 PCT/KR2017/000275

[278]

[279]

[280]

[281]

[282]

[283]

[284]
[285]

[286]

[287]

37

V2X configuration information does not include the radio resource configuration in-
formation for the base station 1, the UEs obtain the downlink V2X message on the
eMBMS bearer identified by the TMGI-1 through receiving an eMBMS control
message and user data transmitted by the base station 1.

The above solution is described from the view of the cooperation of multiple nodes.
For respective UE, the processing includes:

Step 1, a UE within the coverage of the base station 2 receives via the base station 2
the V2X configuration information transmitted by the base station 1.

The V2X configuration information may include the TMGI-1 identifying the
eMBMS bearer of the base station 1 and/or the V2X service identifier. If the V2X con-
figuration information does not include the V2X service identifier, the base station 2
needs to save the mapping table. During the forwarding of the base station 2, the
TMGI-1 is replaced by the TMGI-2 used by the base station 2 according to the
mapping table.

If the V2X configuration information includes the V2X service identifier, the base
station 2 may not save the mapping table and may directly transmit the V2X con-
figuration information to the UEs.

Step 2, the UE determines, according to the received V2X configuration information
and a local mapping table, that the base station 1 is broadcasting a downlink V2X
message on the eMBMS bearer identified by the TMGI-1, and receives the downlink
V2X message transmitted on the eMBMS bearer.

The mapping table includes the mapping relationship between the V2X configuration
information and the TMGI.

Method 2:

Similar as method 1, the base station 1 and the base station 2 belong to different
operators and the downlink V2X message needs to be transmitted to the UEs in the
coverage of the base station 1 and the base station 2. In this method, the base station 2
also needs to transmit the downlink V2X message. Based on this scenario, a TMGI
configuration may be performed according to the following method, so as to ensure
that the UEs within the coverage of the base station 2 can receive the downlink V2X
message normally.

Step 1, a negotiation is performed between operators of the base station 1 and the
base station 2 to generate a TMGI mapping table.

The mapping table is transmitted to a designated node of operator 1 that the base
station 1 belongs to and a designated node of operator 2 that the base station 2 belongs
to. The designated node may be a node of the access network or a node of the core
network. For example, the mapping table may be transmitted to the base station 1 and
the base station 2, or transmitted to BMSC, MBMS-GW and MCE in the eMBMS ar-
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chitecture. The mapping table may include { V2X service identifier, TMGI-1, TMGI-
2}, wherein the V2X service identifier is optional, TMGI-1 is a service identifier of the
operator 1 that the base station 1 belongs to, and TMGI-2 is a service identifier of the
operator 2 that the base station 2 belongs to. The downlink V2X messages corre-
sponding to the two identifiers are the same downlink V2X message.

Step 2, the base station 1 broadcasts a downlink V2X message via an eMBMS
bearer, and identifies the eMBMS bearer by TMGI-1.

Step 3, the base station 1 transmits the downlink V2X message to the base station 2.
The node which receives the mapping table replaces the TMGI-1 before forwarding the
downlink V2X message.

The base station 1 may transmit the downlink V2X message to the base station 2 via
various manners, €.g., the downlink V2X message transmission manners provided in
the above embodiments. During the transmission of the downlink V2X message,
before forwarding the downlink V2X message, the node receiving the mapping table
replaces the TMGI identifying the eMBMS bearer for the message. In particular, it
replaces the TMGI-1 by the TMGI-2 according to the saved mapping table. For
example, if step 708 in embodiment 7 is adopted, the MBMS-GW of operator 2
receives the session start message transmitted by the BMSC of operator 1, the MBMS-
GW replaces the TMGI-1 by the TMGI-2 and then transmits the message to a next
node. If the method as described in embodiment 8 is adopted, the base station 2 of
operator 2 receives the session start message transmitted by the MCE of operator 1.
The base station 2 replaces the TMGI-1 by the TMGI-2 and then transmits the message
to the next node.

Thus, the downlink V2X message can be transmitted to the base station 2, and the
eMBMS bearer identifier has been changed to the TMGI-2. The base station 2 can
allocate radio resources for the downlink V2X message and identifies the corre-
sponding eMBMS bearer by the TMGI-2. Since the TMGI has been changed to the
TMGI-2 supported by the base station 2, the UEs within the coverage of the base
station 2 can receive the downlink V2X message normally.

The solution of the above second method is described from the view of the co-
operation of multiple nodes. For the designated node performing the TMGI re-
placement, the processing includes the following.

Step 1, the designated node X of the operator that the base station 1 or the base
station 2 belongs to receives a downlink V2X message transmitted from the base
station 1 to the base station 2.

The designated node X is an eMBMS forwarding node of the operator of the base
station 1 for transmitting the V2X message to the base station 2. The base station 1

broadcasts the downlink V2X message via an eMBMS bearer.
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Step 2, the designated node X replaces the TMGI-1 with which the base station 1
identifies the eMBMS bearer by the TMGI-2 used by the base station 2 according to a
local mapping table, such that the UEs within the coverage of the base station 2 receive
the downlink V2X message broadcasted by the base station 2.

The mapping table includes a mapping relationship between the TMGI of operator 1
and that of operator 2. The designated node X may be an eMBMS forwarding node of
operator 1 or a forwarding node of operator 2. After receiving the downlink V2X
message to be forwarded, the eMBMS forwarding node X replaces the TMGI-1 of the
eMBMS bearer of operator 1 by the TMGI-2 used by the base station 2.

Step 3, the designated node X transmits the downlink V2X message to a next node
after the replacement.

Method 3:

A dedicated TMGI is allocated for the V2X. This TMGI does not include an operator
identifier. For the same V2X service, all operators use the same dedicated TMGI.
Thus, the UEs are able to recognize the corresponding downlink V2X message via the
identifier of the eMBMS bearer.

For the base station broadcasting the downlink V2X message, the processing
includes the following.

Step 1, the base station receives an uplink V2X message reported by the UE.

Step 2, the base station broadcasts a downlink V2X message generated based on the
uplink V2X message; wherein the downlink V2X message is broadcasted via an
eMBMS bearer identified by the dedicated TMGI. The dedicated TMGI does not
include the operator identifier and is allocated for the V2X in advance. For the same
V2X service, all operators use the same dedicated TMGI.

In accordance with the above three TMGI configuring methods, the present
disclosure provides corresponding apparatuses.

In accordance with the above method 1, an apparatus for receiving the V2X message
provided by embodiments of the present disclosure includes: a configuration in-
formation receiver and a V2X receiver;

the configuration information receiver is configured to receive, via a second base
station, V2X configuration information transmitted by a first base station; wherein the
first base station broadcasts a downlink V2X message via an eMBMS bearer, the
second base station belongs to an operator different from that of the first base station;

the V2X receiver is configured to determine, according to the received V2X con-
figuration information and a local mapping table, that the first base station is
broadcasting a downlink V2X message on the eMBMS bearer identified by a TMGI
used by the operator of the first base station, and receive the downlink V2X message

transmitted on the eMBMS bearer; wherein the mapping table includes a mapping rela-
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tionship between the V2X configuration information and the TMGI.

In accordance with the processing manner of the designated node in the second
method, embodiments of the present disclosure provide an apparatus for transmitting
V2X message, applied in the designated node. The apparatus includes: a V2X receiver,
a TMGI replacing unit and a V2X transmitter;

the V2X receiver is configured to receive a downlink V2X message transmitted by a
first base station to a second base station; wherein the first base station broadcasts the
downlink V2X message via an eMBMS bearer, the first base station and the second
base station belong to different operators;

the TMGI replacing unit is configured to replace a TMGI-1 identifying the eMBMS
bearer by the first base station with a TMGI-2 used by the second base station
according to a local mapping table, such that UEs within the coverage of the second
base station receive the downlink V2X message broadcasted by the second base
station; wherein the mapping table includes a mapping relationship between the
TMGI-1 of the operator of the first base station and the TMGI-2 of the operator of the
second base station; and

the V2X transmitter is configured to transmit the downlink V2X message after the re-
placement.

In accordance with the processing of the base station in the above method 3, em-
bodiments of the present disclosure provide an apparatus for transmitting V2X
message, including a receiver and a broadcasting unit;

the receiver is configured to receive an uplink V2X message reported by a UE; and

the broadcasting unit is configured to broadcast a downlink V2X message generated
according to the uplink V2X message; wherein the downlink V2X message is
broadcasted on an eMBMS bearer identified by a dedicated TMGI, the dedicated
TMGI is allocated for the V2X in advance and does not include an operator identifier,
for the same V2X service, all operators use the same dedicated TMGI.

The foregoing are only preferred embodiments of the present disclosure and are not
for use in limiting the protection scope of the present disclosure. Any modification,
equivalent replacement and improvement made within the scope of the present
disclosure should be covered under the protection scope of the present disclosure.

Furthermore, when defining a controller in the specification, it may be stated that
"the controller may be a circuit, an application-specific integrated circuit or at least one

processor."
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Claims

A method for transmitting a vehicle to everything (V2X) message,
comprising:

a first base station receiving an uplink V2X message transmitted by a
user equipment (UE), and transmitting a downlink V2X message which
is generated based on the uplink V2X message to UEs within coverage
of the first base station;

the first base station transmitting the downlink V2X message or con-
figuration information for radio resources allocated by the first base
station for the downlink V2X message to a second base station of an
operator different from an operator that the first base station belongs to,
wherein the second base station transmits the downlink V2X message
or the configuration information for the radio resources to UEs within
coverage of the second base station; wherein the configuration in-
formation for the radio resources is used by the UEs within the
coverage of the second base station to receive the downlink V2X
message on resources indicated by the configuration information.

The method of claim 1, wherein the first base station transmits the
downlink V2X message to the UEs within the coverage of the first base
station via a broadcast manner; and/or

the second base station transmits the downlink V2X message to the
UEs within the coverage of the second base station via a broadcast
manner or a unicast manner.

The method of claim 1, wherein the first base station transmits the
downlink V2X message to the UEs within the coverage of the first base
station via a broadcast manner; and/or

the second base station transmits the downlink V2X message to the
UEs within the coverage of the second base station via a broadcast
manner or a unicast manner.

The method of claim 3, wherein the transmitting the downlink V2X
message or the configuration information for the radio resources via the
X2 interface between the base stations comprises: transmitting the
downlink V2X message or the configuration information for the radio
resources via a control plane or a user plane of the X2 interface; and
wherein the transmitting the downlink V2X message or the con-
figuration information for the radio resources via the S1 interface

between the base stations comprises: the first base station transmitting
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an eNB configuration transfer message to a core network, wherein the
eNB configuration transfer message includes information of the second
base station and the downlink V2X message or the configuration in-
formation for the radio resources; the core network transmitting the
downlink V2X message or the configuration information for the radio
resources to the second base station via a Mobility Management Entity
(MME) configuration transfer message according to the received eNB
configuration transfer message.

The method of claim 1, wherein after receiving the configuration in-
formation for the radio resources, the second base station transmitting
the downlink V2X message to the UEs within the coverage of the
second base station via a broadcast manner or a unicast manner.

A method for transmitting a vehicle to everything (V2X) message,
comprising:

a V2X application layer service module connected with a first base
station receiving via the first base station an uplink V2X message
transmitted by a User Equipment (UE), and transmitting via the first
base station a downlink V2X message which is generated based on the
uplink V2X message to UEs within coverage of the first base station;
the V2X application layer service module connected with the first base
station transmitting the downlink V2X message to a second base station
of an operator different from an operator that the first base station
belongs to, wherein the second base station transmits the downlink
V2X message to UEs within coverage of the second base station.

The method of claim 6, wherein the V2X application layer service
module transmits the downlink V2X message to the UEs within the
coverage of the first base station via the first base station through a
broadcast manner or a unicast manner; and/or,

the second base station transmits the downlink V2X message to the
UEs within the coverage of the second base station through the
broadcast manner or the unicast manner.

The method of claim 6, wherein the downlink V2X message is
transmitted to the second base station via an interface between the V2X
application layer service module connected with the first base station
and a V2X application layer service module connected with the second
base station; or, the downlink V2X message is transmitted to the
second base station via an interface between the V2X application layer

service module connected with the first base station and the second
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base station; or, the downlink V2X message is transmitted to the
second base station via an interface between an enhanced Multimedia
Broadcast/Multicast Service (eMBMS) node of the first base station
and an eMBMS node of the second base station; or, the downlink V2X
message is transmitted to the second base station via an interface
between a Multi-cell/multicast Coordination Entity (MCE) for the
eMBMS of the first base station and the second base station.

The method of claim 8, wherein the V2X application layer service
module transmitting the generated downlink V2X message to the first
base station comprises: the V2X application layer service module
forwarding the downlink V2X message to the first base station via a
Broadcast Multicast Service Center (BMSC), an MBMS gateway
(MBMS-GW), an MME and an MCE of the operator that the first base
station belongs to;

the transmitting the downlink V2X message via the interface between
the eMBMS node for the first base station and the eMBMS node for the
second base station comprises:

the V2X application layer service module connected with the first base
station transmitting the downlink V2X message to the BMSC of the
operator of the first base station, the BMSC transmitting the downlink
V2X message to the MCE of the operator of the second base station via
the MBMS-GW and the MME of the operator of the second base
station; or, the V2X application layer service module connected with
the first base station transmitting the downlink V2X message to the
BMSC of the operator of the first base station, the BMSC forwarding
the downlink V2X message to the MCE of the operator of the second
base station via the MBMS-GW and the MME of the operator of the
first base station, and the MCE is used for forwarding the downlink
V2X message to the second base station.

The method of claim 8, wherein the V2X application layer service
module transmitting the generated downlink V2X message to the first
base station comprises: the V2X application layer service module
forwarding the downlink V2X message to the first base station via the
BMSC, the MBMS-GW and the MME of the operator of the first base
station;

the transmitting the downlink V2X message via the interface between
the MCE of the first base station and the second base station comprises:

the V2X application layer service module connected with the first base



WO 2017/122976

[Claim 11]

[Claim 12]

[Claim 13]

PCT/KR2017/000275
44

station transmitting the downlink V2X message to the BMSC of the
operator of the first base station, the BMSC transmitting the downlink
V2X message to the MCE of the operator of the first base station via
the MBMS-GW and the MME of the operator of the first base station,
wherein the MCE forwards the downlink V2X message to the second
base station via the interface between the MCE and the second base
station established in advance.

A method for transmitting a vehicle to everything (V2X) message,
comprising:

a first base station having a V2X capability exchanging configuration
information with a base station of another operator different from that
of the first base station, the configuration information comprises
whether the base station has the V2X capability and frequency in-
formation for V2X message transmission of the base station;
according to the exchanged configuration information, the first base
station transmitting V2X configuration information to UEs within
coverage of the first base station, wherein the V2X configuration in-
formation comprises information about frequency for V2X message
transmission of the base station of the another operator, the UEs receive
the downlink V2X message of the base station of the another operator
on the frequency.

The method of claim 11, wherein the V2X configuration information
exchanged between different base stations is transmitted via an X2
interface or an S1 interface between the base stations; and.

wherein the V2X configuration information further comprises in-
formation about frequency for the downlink V2X message transmission
of the first base station.

A method for receiving a vehicle to everything (V2X) message,
comprising:

a User Equipment (UE) within coverage of a second base station
receiving via the second base station V2X configuration information
transmitted by a first base station, wherein the first base station
broadcasts a downlink V2X message via an enhanced Multimedia
Broadcast Multimedia Service (eMBMS) bearer, the second base
station belongs to an operator different from the first base station;

the UE determining according to the received V2X configuration in-
formation and a local mapping table that the first base station
broadcasts the downlink V2X message on the eMBMS bearer identified
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by a Temporary Mobile Group Identity (TMGI), and receiving the
downlink V2X message transmitted via the eMBMS bearer, wherein
the mapping table comprises a mapping relationship between the V2X
configuration information and the TMGI.

The method of claim 13, wherein the mapping table comprises a
mapping relationship between TMGI-1 of the operator of the first base
station and TMGI-2 of the operator of the second base station, the
mapping table is saved in the second base station; the V2X con-
figuration information comprises the TMGI-1 used by the first base
station for identifying the eMBMS bearer, and during forwarding, the
TMGI-1 is replaced by the second base station with the TMGI-2 used
by the second base station according to the mapping table.

The method of claim 13, wherein the mapping table comprises a
mapping relationship between the TMGI-1 of the operator of the first
base station and a V2X service identifier, the V2X configuration in-
formation comprises the V2X service identifier;

the UE determining that the first base station broadcasts the downlink
V2X message on the eMBMS bearer identified by the TMGI-1
according to the received V2X configuration information and the
mapping relationship between the V2X service identifier and the
TMGI-1.
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