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Description

Title of Invention: SELECTION OF RADIO ACCESS TECH-

[0001]

[0002]

[0003]

[0004]

[0005]

NOLOGIES FOR V2X MESSAGES
Technical Field

The technology relates to wireless communications, and particularly to selecting
radio resources for a vehicle (V2X) communications messages.
Background Art

When two user equipment terminals (e.g., mobile communication devices) of a
cellular network or other telecommunication system communicate with each other,
their data path typically goes through the operator network. The data path through the
network may include base stations and/or gateways. If the devices are in close
proximity with each other, their data path may be routed locally through a local base
station. In general, communications between a network node such as a base station and
a wireless terminal is known as “WAN” or “Cellular communication”.

It is also possible for two user equipment terminals in close proximity to each other
to establish a direct link without the need to go through a base station. Telecommu-
nications systems may use or enable device-to-device (“D2D””) communication, in
which two or more user equipment terminals directly communicate with one another.
In D2D communication, voice and data traffic (referred to herein as “communication
signals” or “‘communications”) from one user equipment terminal to one or more other
user equipment terminals may not be communicated through a base station or other
network control device of a telecommunications system. “Device-to-device (“D2D”)
communication may also be known as “sidelink direct” communication (e.g., sidelink
communication), or even as “sidelink’, “SL”, or “SLD” communication.

D2D or sidelink direct communication can be used in networks implemented
according to any suitable telecommunications standard. A non-limiting example of
such as standard is the 3rd Generation Partnership Project (“3GPP”) Long Term
Evolution (“LTE”). The 3GPP standard is a collaboration agreement that aims to
define globally applicable technical specifications and technical reports for third and
fourth generation wireless communication systems. The 3GPP may define speci-

fications for next generation mobile networks, systems, and devices.
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3GPP Rel-14 specified a feature that covers use cases and potential requirements for
LTE support for vehicular communications services (represented by the term,
Vehicle-to-Everything (V2X) Services). The feature is documented in the TR 22.885 on
LTE Study on LTE Support for V2X Services. V2X services may include one or more

of the following:
e V2V: covering LTE-based communication between vehicles.

e V2P: covering LTE-based communication between a vehicle and a device
carried by an individual (e.g. handheld terminal carried by a pedestrian, cyclist,

driver or passenger).

e V2I: covering LTE-based communication between a vehicle and a roadside unit.
A roadside unit (RSU) is a transportation infrastructure entity (e.g. an entity

transmitting speed notifications).

Thus far 3GPP deliberations concerning synchronization for vehicle-to-vehicle
(V2V) communications have essentially assumed reuse of LTE sidelink for V2V, e.g.,
assumed that the V2V communications will essentially be indistinct from sidelink
direct communications in the access stratum (AS), e.g., may use the same radio access
interface between user equipments, UEs, such as the PCS interface. As such, it has
generally been assumed that the LTE 3GPP resource selection design for SLD would
be reused for V2X communication as much as possible. On the other hand, there are
still numerous differences between V2X and D2D, such as higher V2X user equipment
(UE) density and much higher V2X UE velocity.

What is needed are methods, apparatus, and/or techniques for selecting radio
resources for a V2X messages involved in vehicle (V2X) communications.
Summary of Invention

In one example, a user equipment which participates in vehicle-to-anything (V2X)
communications, comprising: processor circuitry configured to autonomously make a
selection of a selected radio resource(s) for transmission and/or reception of a V2X
message of the V2X communication in dependence upon a characteristic of the V2X
message; a transmitter and/or receiver configured to use the selected radio resource(s)
for the transmission and/or reception of the V2X message.

In one example, a method in a user equipment which participates in vehicle-

to-anything (V2X) communications, the method comprising: using processor circuitry
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configured to autonomously make a selection of a selected radio resource(s) for
transmission and/or reception of a V2X message of the V2X communication in de-
pendence upon a characteristic of the V2X message; using the selected radio

resource(s) for the transmission and/or reception of the V2X message.
In one example, a node of a radio network comprising: processor circuitry configured

to include, in a message, an index table which associates a characteristic of a V2X
message with an index, the index being configured for use by a wireless terminal to
access an appropriate set of thresholds of a table of thresholds, the table of thresholds
being configured for use by the wireless terminal in an attempt to make a selection of a
radio resource(s) for transmission and/or reception of the V2X message; transmitter
circuitry configured to transmit the message comprising the index table over a radio
interface to the user equipment.

In one example, a method in a node of a radio network comprising: using processor
circuitry to include, in a message, an index table which associates a characteristic of a
V2X message with an index, the index being configured for use by a wireless terminal
to access an appropriate set of thresholds of a table of thresholds, the table of
thresholds being configured for use by the wireless terminal in an attempt to make a
selection of a radio resource(s) for transmission and/or reception of the V2X message;
transmitting the message comprising the index table over a radio interface to the user
equipment.

Brief Description of Drawings

The foregoing and other objects, features, and advantages of the technology
disclosed herein will be apparent from the following more particular description of
preferred embodiments as illustrated in the accompanying drawings in which reference
characters refer to the same parts throughout the various views. The drawings are not
necessarily to scale, emphasis instead being placed upon illustrating the principles of
the technology disclosed herein.

[fig.1]Fig. 1 is a diagrammatic view showing generally three scenarios which may
occur in vehicle (V2X) communication, i.e., an in coverage vehicle (V2X) commu-
nication scenario; a partial coverage vehicle (V2X) communication scenario; and an
out-of-coverage vehicle (V2X) communication scenario.

[fig.2]Fig. 2 is a diagrammatic view showing that, in differing implementations, V2X
communication may be implemented either in conjunction with sidelink direct (SLD)
communication, in conjunction with enhanced SLD, or apart from SLD as a separate
V2X communication protocol.

[fig.3]Fig. 3 is a schematic view of a network wherein at least one user equipment is in

communication with plural radio access technologies and must select radio resources
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for a V2X message.

[fig.4]Fig. 4 is a schematic view of an example embodiment of a generic user
equipment configured to make a selection of a radio resources for a V2X message in
accordance with a characteristic of the V2X message.

[fig.5A]Fig. SA is a flowchart showing basic, representative acts or steps performed by
the user equipment of Fig. 4 in selecting radio resources for a V2X message according
to a first example embodiment and mode wherein the selection is made from radio
resources of plural radio access technologies.

[fig.5B]Fig. 5B is a flowchart showing basic, representative acts or steps performed by
the user equipment of Fig. 4 in selecting radio resources for a V2X message according
to a second example embodiment and mode wherein radio access technology is not
selection factor.

[fig.6A]Fig. 6A is a diagrammatic view of an example set of thresholds which may be
used by the user equipment of Fig. 4 in making a selection of radio resources for a
V2X message.

[fig.6B]Fig. 6B is a diagrammatic view of an example Message Quality of Service
Table comprising plural sets of thresholds which may be used by the user equipment of
Fig. 4 in making a selection of radio resources for a V2X message, as well as a
Message Index Table which is used to obtain an table index for accessing a specified
set of the Message Quality of Service Table according to message characteristic, and
wherein the message characteristic comprises both message protocol and message
type.

[fig.6C]Fig. 6C is a diagrammatic view of an example Message Quality of Service
Table comprising plural sets of thresholds which may be used by the user equipment of
Fig. 4 in making a selection of radio resources for a V2X message, as well as a
Message Index Table which is used to obtain an table index for accessing a specified
set of the Message Quality of Service Table according to message characteristic, and
wherein the message characteristic comprises only message protocol.

[fig.6D]Fig. 6D is a diagrammatic view of an example Message Quality of Service
Table comprising plural sets of thresholds which may be used by the user equipment of
Fig. 4 in making a selection of radio resources for a V2X message, as well as a
Message Index Table which is used to obtain an table index for accessing a specified
set of the Message Quality of Service Table according to message characteristic, and
wherein the message characteristic comprises only message type.

[fig.6E]Fig. 6E is a diagrammatic view of an example Message Quality of Service
Table and example Message Index Table which illustrates example elements of the
tables in an example scenario for a BSM.Position.Latitude message.

[fig. 7A]FIG. 7A is a flowchart depicting example, representative, basic acts or steps
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implemented in an example embodiment and mode of a V2X message resource
selection procedure.
[fig.7B]FIG. 7B is a flowchart depicting example, representative, basic acts or steps
implemented in an example embodiment and mode of a V2X message resource
selection procedure.
[fig. 7CJFIG. 7C is a flowchart depicting example, representative, basic acts or steps
implemented in an example embodiment and mode of a V2X message resource
selection procedure.
[fig.7D]FIG. 7D is a flowchart depicting example, representative, basic acts or steps
implemented in an example embodiment and mode of a V2X message resource
selection procedure.
[fig.8]Fig. 8 is a diagrammatic view showing basic acts or steps involved in an
example resource selection strategy.
[fig.9]Fig. 9 is a schematic view of a network comprising a network node, an access
node, and a user equipment wherein the user equipment implements a V2X message
resource selection procedure based on a characteristic of a V2X message.
[fig.10]Fig. 10 is a flowchart showing example, representative, acts or steps performed
by a network node of Fig. 9.
[fig.11]Fig. 11 is a diagrammatic view of an example, non-limiting illustration of a SIB
“SIBx-NR-V2X”, e.g., a SystemInformationBlockTypeX-NR-V2X that comprises
V2X sidelink communication configuration.
[fig.12]Fig. 12 is a diagrammatic view of an example, non-limiting illustration of a
“SL-CommConfig” information element.
[fig.13]Fig. 13 is a diagrammatic view showing example elements comprising
electronic machinery which may comprise a wireless terminal, a radio access node, and
a core network node according to an example embodiment and mode.
Description of Embodiments

In one of its example aspects the technology disclosed herein concerns a user
equipment which participates in vehicle-to-anything (V2X) communications and a
method in the user equipment. In a generic example embodiment and mode the user
equipment comprises processor circuitry and a transmitter and/or receiver. The
processor circuitry configured is to autonomously make a selection of a selected radio
resource(s) for transmission and/or reception of a V2X message of the V2X commu-
nication in dependence upon a characteristic of the V2X message. The characteristic of
the V2X message comprises at least one of message protocol and message type. The
selection may be made from radio resources of at least two radio access technologies,

or from radio resources of a same radio access technology. The transmitter and/or



WO 2020/054812 PCT/JP2019/035942

[0014]

[0015]

[0016]

receiver is configured to use the selected radio resource(s) for the transmission and/or
reception of the V2X message. In another of its example aspects the threshold concerns
a method of operating such user equipment.

In one of its example aspects the technology disclosed herein concerns a node of a
core network and a method in the node. In a generic example embodiment and mode
the core network node comprises processor circuitry and interface circuitry. The
processor circuitry is configured to include, in a message, an index table which
associates a characteristic of a V2X message with an index. The index is configured
for use by a wireless terminal to access an appropriate set of thresholds of a table of
thresholds. The table of thresholds is configured for use by the wireless terminal in an
attempt to make a selection of a radio resource(s) for transmission and/or reception of
the V2X message. Transmitter circuitry is configured to transmit the message
comprising the index table over a radio interface to the user equipment. The processor
circuitry may optionally be further configured to include in the message a Network
Preference parameter. The Network Preference parameter is configured for use by the
wireless terminal to select the radio resource(s) for transmission and/or reception of a
V2X message when the attempt to make the selection using the table of thresholds is
unsuccessful. In another of its example aspects the threshold concerns a method of
operating such node.

In the following description, for purposes of explanation and not limitation, specific
details are set forth such as particular architectures, interfaces, techniques, etc. in order
to provide a thorough understanding of the technology disclosed herein.However, it
will be apparent to those skilled in the art that the technology disclosed herein may be
practiced in other embodiments that depart from these specific details. That is, those
skilled in the art will be able to devise various arrangements which, although not ex-
plicitly described or shown herein, embody the principles of the technology disclosed
herein and are included within its spirit and scope. In some instances, detailed de-
scriptions of well-known devices, circuits, and methods are omitted so as not to
obscure the description of the technology disclosed herein with unnecessary detail. All
statements herein reciting principles, aspects, and embodiments of the technology
disclosed herein, as well as specific examples thereof, are intended to encompass both
structural and functional equivalents thereof. Additionally, it is intended that such
equivalents include both currently known equivalents as well as equivalents developed
in the future, i.e., any elements developed that perform the same function, regardless of
structure.

Thus, for example, it will be appreciated by those skilled in the art that block
diagrams herein can represent conceptual views of illustrative circuitry or other

functional units embodying the principles of the technology. Similarly, it will be ap-
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preciated that any flow charts, state transition diagrams, pseudo code, and the like
represent various processes which may be substantially represented in computer
readable medium and so executed by a computer or processor, whether or not such
computer or processor is explicitly shown.

As used herein, the term “device-to-device (“D2D”) communication” may refer to a
mode of communication between or among wireless terminals that operate on a
cellular network or other telecommunications system in which the communication data
traffic from one wireless terminal to another wireless terminal does not pass through a
centralized base station or other device in the cellular network or other telecommu-
nications system. The “device-to-device (D2D) communication” encompasses one or
both of D2D signaling (e.g., D2D control information) and D2D data.
“Device-to-device (“D2D”) communication may also be known as “sidelink direct”
communication (e.g., sidelink communication). The term “sidelink direct” may also be
shortened to “sidelink™, abbreviated as “SL”, and as such “sidelink” may be used
herein to refer to sidelink direct. Yet further, the term “ProSe” (Proximity Services)
direct communication may be used in lieu of sidelink direct communication or device-
to-device (D2D) communication. Therefore, it is to be understood that herein the terms
“sidelink direct”, ‘sidelink” (SL), “ProSe” and “device-to-device (D2D)” may be inter-
changeable and synonymous.

Thus, as mentioned above, device-to-device (D2D) or sidelink direct communication
differs from “WAN” or “Cellular communication” which is or involves commu-
nication between the base station and the wireless terminal. In device-to-device (D2D)
communication, communication data is sent using communication signals and can
include voice communications or data communications intended for consumption by a
user of a wireless terminal. Communication signals may be transmitted directly from a
first wireless terminal to a second wireless terminal via D2D communication. In
various aspects, all, some or none of the control signaling related to the D2D packet
transmission may be managed or generated by the underlying core network or base
station. In additional or alternative aspects, a receiver user equipment terminal may
relay communication data traffic between a transmitter user equipment terminal and
one or more additional receiver user equipment terminals.

As used herein, the term “core network™ can refer to a device, group of devices, or
sub-system in a telecommunication network that provides services to users of the
telecommunications network. Examples of services provided by a core network
include aggregation, authentication, call switching, service invocation, gateways to
other networks, etc.

As used herein, the term “wireless terminal” can refer to any electronic device used

to communicate voice and/or data via a telecommunications system, such as (but not
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limited to) a cellular network. Other terminology used to refer to wireless terminals
and non-limiting examples of such devices can include user equipment terminal, UE,
mobile station, mobile device, access terminal, subscriber station, mobile terminal,
remote station, user terminal, terminal, subscriber unit, cellular phones, smart phones,
personal digital assistants (“PDAs”), laptop computers, tablets, netbooks, e-readers,
wireless modems, etc.

As used herein, the term “access node”, “node”, or “base station” can refer to any
device or group of devices that facilitates wireless communication or otherwise
provides an interface between a wireless terminal and a telecommunications system. A
non-limiting example of a base station can include, in the 3GPP specification, a Node
B (“NB”), an enhanced Node B (“eNB”), a home eNB (“HeNB”), a gNB (for a New
Radio [“NR”] technology system), or some other similar terminology. Another non-
limiting example of a base station is an access point. An access point may be an
electronic device that provides access for wireless terminal to a data network, such as
(but not limited to) a Local Area Network (“LAN”), Wide Area Network (“WAN”),
the Internet, etc. Although some examples of the systems and methods disclosed herein
may be described in relation to given standards (e.g., 3GPP Releases 8, 9, 10, 11, 12,
13, and thereafter), the scope of the present disclosure should not be limited in this
regard. At least some aspects of the systems and methods disclosed herein may be
utilized in other types of wireless communication systems.

As used herein, the term “telecommunication system’ or “communications system”
can refer to any network of devices used to transmit information. A non-limiting
example of a telecommunication system is a cellular network or other wireless commu-
nication system.

As used herein, the term “cellular network” or “cellular radio access network’ can
refer to a network distributed over cells, each cell served by at least one fixed-location
transceiver, such as a base station. A “cell” may be any communication channel that is
specified by standardization or regulatory bodies to be used for International Mobile
Telecommunications-Advanced (“IMTAdvanced”). All or a subset of the cell may be
adopted by 3GPP as licensed bands (e.g., frequency band) to be used for commu-
nication between a base station, such as a Node B, and a UE terminal. A cellular
network using licensed frequency bands can include configured cells. Configured cells
can include cells of which a UE terminal is aware and in which it is allowed by a base
station to transmit or receive information. Examples of cellular radio access networks
include E-UTRAN, and any successors thereof (e.g., NUTRAN).
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Vehicle (V2X) communication is described in one or more of the following (all of

which are incorporated herein by reference in their entirety):

3GPP TS 36.331 V13.0.0 “Evolved Universal Terrestrial Radio Access (E-UTRA);
Radio Resource Control (RRC); Protocol specification”, including but not limited to
§5.10.3 (Sidelink communication monitoring), §5.10.4 (Sidelink communication

transmission), and §9.3.2 (pre-configurable parameters).

RP-151109, Feasibility Study on LTE-based V2X Services 3GPP TSG RAN Meeting

#68, Malmd, Sweden, June 15 - 18, 2015.

RP-152293, Support for V2V services based on LTE sidelink, 3GPP TSG RAN

Meeting #70, Sitges, Spain, December 7 — 10, 2015

3GPP TSG RAN WG1 Meeting #84bis, Busan, Korea 11th - 15th April 2016, Chairman

notes.

3GPP TR 22.885 V14.0.0 3rd Generation Partnership Project; Technical Specification
Group Services and System Aspects; Study on LTE Support for V2X Services (Release

14).
Chairman’s Notes, RAN1 #85, Nanjing, China, May 23 - May 27, 2016.
RP-161298, “LTE based V2X Services”, Busan, South Korea, June 13 - 16, 2016.

Chairman’s Notes, RAN1 #86, Gothenburg, Sweden, August 22 — 26, 2016

Vehicle (V2X) communication is a communication that involves a radio connection
established between a transmit device and a receive device (e.g., a wireless terminal or
UE), which radio communication may or may not transit via a base station node of the
network, with at least of one the transmit device and the receive device being mobile,
e.g., capable of being moved. Generic V2X encompasses one or more of vehicle to in-
frastructure (V2I) communication; vehicle to person/pedestrian (V2P) communication;
and vehicle to vehicle (V2V) communication. It is understood in the art, and intended
herein, that V2X refers to both V2X and X2V; that V2I refers to both V2I and I2V;
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that V2P refers to both V2P and P2V; and so forth.

Generally, there are three general scenarios which may occur in vehicle (V2X) com-
munication. Those three general vehicle (V2X) communications scenarios are il-
lustrated in Fig. 1. A first vehicle (V2X) communication scenario is an “in coverage”
vehicle (V2X) communication scenario, illustrated between WT1 and WT2 of Fig. 1,
in which both WT1 and WT2 are within coverage of the cellular radio access network.
A second vehicle (V2X) communication scenario is a “partial coverage” scenario, il-
lustrated between WT2 and WT3 of Fig. 1. In the “partial coverage” vehicle (V2X)
communication scenario the wireless terminal WT2 is within coverage of the cellular
radio access network, but the wireless terminal WT3 is out-of-coverage of the cellular
radio access network. A third vehicle (V2X) communication scenario is an
“out-of-coverage” scenario, illustrated between wireless terminal WT3 and wireless
terminal WT4 of Fig. 1. In the out-of-coverage vehicle (V2X) communication scenario
both the wireless terminal WT3 and the wireless terminal WT4 are out-of-coverage of
the cellular radio access network.

The three vehicle (V2X) communication scenarios are described with reference to
whether or not a participating wireless terminals (e.g., WTs) are “in coverage” or
“out-of-coverage” of one or more cellular radio access networks (which may col-
lectively be referred to as a “cellular radio access network™). For sake of simplicity
Fig. 1 depicts “coverage” as being with respect to an access node BS such as eNodeB
which comprises a cellular radio access network. It should be understood, however,
that a wireless terminal may also be in coverage of the cellular radio access network
when served by any cell of the cellular radio access network(s). For example, if
wireless terminal WT1 and wireless terminal WT2 were served by different cells,
when participating in vehicle (V2X) communication the wireless terminal WT1 and
wireless terminal WT2 would still be in an in coverage vehicle (V2X) communication
scenario.

As used herein and as illustrated in Fig. 2, V2X communication may be implemented
in several ways. For illustrative context, Fig. 2 illustrates a base station node BS of a
cellular radio access network which serves a cell C. The base station BS may com-
municate with a wireless terminal WT,¢ which is in coverage of the cellular radio
access network over a radio interface UU. Fig. 2 further shows that wireless terminal
WT,c may engage in vehicle (V2X) communication with one or more other wireless
terminals which are outside of coverage of the cellular radio access network, par-
ticularly wireless terminal WToc,, wireless terminal WToe,, and wireless terminal WT
ocs. It is assumed that either wireless terminal WT,¢, or all of wireless terminal WToc;,
wireless terminal WToe, and wireless terminal WToc; are mobile terminals for the

communication to be vehicle (V2X) communication. Being “mobile” means that the
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wireless terminal is provided or situated in/with a mobile entity, such as a vehicle or a
person.

As a first example implementation, V2X communication may be implemented using
applications and resources of the type that were utilized for sidelink direct (SLD) com-
munication (also known as device-to-device (“D2D”’) communication) before in-
troduction of vehicle (V2X) communication. For example, when implemented as part
of SLD communication the V2X communication may use resources and channels of
the SLD communication scheme. In such first implementation the V2X commu-
nication may be said to be implemented using pre-V2X sidelink direct (SLD) protocol
and over a pre-V2X sidelink direct (SLD) radio interface 15SLD.

As a second example implementation, V2X communication may be implemented
using enhanced applications and enhanced resources utilized for sidelink direct (SLD)
communication, e.g., sidelink direct communications augmented or enhanced with ad-
ditional capabilities to accommodate vehicle (V2X) communication. In such second
implementation the V2X communication may be said to be implemented using
enhanced sidelink direct (SLD) protocol and over an enhanced sidelink direct (SLD)
radio interface 15SLD*.

As a third example implementation, V2X communication may operate separately
from sidelink direct (SLD) communication by, e.g., having separate and dedicated
V2X communication resources and channels, and by being performed using ap-
plication software which is specific to V2X communication. In such third imple-
mentation the V2X communication may be said to be implemented using separate
vehicle (V2X) communications protocol and over a separate vehicle (V2X) commu-
nication radio interface 15V2X.

The fact that three example implementations are illustrated in Fig. 2 does not mean
that a particular wireless terminal has to participate in all three or even two of the
example implementations. Fig. 2 simply indicates the expansive meaning of the term
vehicle (V2X) communication and that the technology disclosed herein encompasses
vehicle (V2X) communication in all of its various existing and potential imple-
mentations.

In sidelink direct communications, a scheduling assignment (SA) is used to indicate
the data radio resources that may be used to carry data in a sidelink direct transmission,
e.g., to a receiving wireless terminal. As such, there may be one or more pools of
scheduling assignment (SA) radio resources that are used to carry the scheduling as-
signment (SA) information, with the scheduling assignment (SA) resources being
different than the data radio resources that are described by the scheduling assignment
(SA). The data radio resources typically belong to a data pool (of data radio resources).

Any reference to a “resource” herein means “radio resource” unless otherwise clear
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from the context that another meaning is intended. In general, as used herein a radio
resource (“‘resource”) is a time-frequency unit that can carry information across a radio
interface, e.g., either signal information or data information. An example of a radio
resource occurs in the context of a “frame” of information that is typically formatted
and prepared, e.g., by a node. In Long Term Evolution (LTE) a frame, which may have
both downlink portion(s) and uplink portion(s), is communicated between the base
station and the wireless terminal. Each LTE frame may comprise plural subframes. For
example, in the time domain, a 10 ms frame consists of ten one millisecond subframes.
An LTE subframe is divided into two slots (so that there are thus 20 slots in a frame).
The transmitted signal in each slot is described by a resource grid comprised of
resource elements (RE). Each column of the two dimensional grid represents a symbol
(e.g., an OFDM symbol on downlink (DL) from node to wireless terminal; an SC-
FDMA symbol in an uplink (UL) frame from wireless terminal to node). Each row of
the grid represents a subcarrier. A resource element (RE) is the smallest time-
frequency unit for downlink transmission in the subframe. That is, one symbol on one
sub-carrier in the sub-frame comprises a resource element (RE) which is uniquely
defined by an index pair (k,l) in a slot (where k and 1 are the indices in the frequency
and time domain, respectively). In other words, one symbol on one sub-carrier is a
resource element (RE). Each symbol comprises a number of sub-carriers in the
frequency domain, depending on the channel bandwidth and configuration. The
smallest time-frequency resource supported by the standard today is a set of plural sub-
carriers and plural symbols (e.g., plural resource elements (RE)) and is called a
resource block (RB). A resource block may comprise, for example, 84 resource
elements, i.e., 12 subcarriers and 7 symbols, in case of normal cyclic prefix.

One aspect of the technology disclosed herein is a wireless terminal which au-
tonomously makes a selection, from radio resources which may be of at least two radio
access technologies, of a radio resource(s) for transmission and/or reception of a V2X
message of the V2X communication in dependence upon a characteristic of the V2X
message. Fig. 3 shows network architecture wherein V2X services are available
through V2X application server 20 and V2X control function 22 to plural user
equipment units (UEs) 26A, 26B, 26C, and 26D. The V2X application server 20 is
connected to V2X control function 22 over interface V2, the V2X control function 22
is connected to the UEs 26 over interface V3. Of the shown user equipment units, UE
26A and UE 26B are vehicle user equipment units, UE 26C is a pedestrian user
equipment, and UE 26D is a stationary user equipment. The plural user equipment
units (UEs) 26A, 26B, 26C, and 26D may communicate with each other over an ap-
propriate interface, such as the LTE interface known as PCS5 interface or in any

comparable interfaces between user equipments however such interfaces may be de-
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nominated in other radio access technologies or generations.

Each UE 26 capable of V2X service has an associated V2X application 28 which
executes, €.g., on processor circuitry of the UE 26. The V2X applications 28 of the
various user equipment units 26 may communicate with one another over a V5
interface, and with the V2X application server 20 over a V1 interface.

The user equipment units 26 shown in Fig. 3 communicate with at least one core
network of a first radio access technology type, and may also communicate with a
network of a second radio access technology type. For example, UE 26A and UE 26D
are shown in Fig. 3 as communicating over a radio interface LTE-Uu with E-UTRAN
network 30 which represents a first type radio access technology (Long Term
Evolution). Although not shown as such, other user equipment units of Fig. 3 may also
communicate with E-UTRAN network 30. The E-UTRAN network 30 is shown as
being connected over interface S1 to, e.g., a mobility management unit (MME), and
the MME in turn being connected over interface S6a to Home Subscriber Server
(HSS). The Home Subscriber Server (HSS) is connected by interface V4 to V2X
control function 22.

In addition, UE 26A and UE 26B are shown as communicating over a radio interface
NR-Uu with New Radio 5G network 32. The interface NR-Uu corresponds to the Uu
interface for LTE but with protocol for NR rather than LTE. Although not shown as
such in Fig. 3, the NR core network may comprise nodes comparable in functionality
to the MME and HSS as shown for the LTE network.

The V2X application server 20, V2X control function 22, V2X applications 28, V1 -
V5 interfaces, and various reference points illustrated in Fig. 3 are described in 3GPP
TS 23.285, v15.1.0 2018-06-19, which is incorporated herein by reference in its

entirety. Among the reference points are those listed in Table 1 below.
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TABLE 1

V2. The reference point between the V2X Application Server
and the V2X Control Function in the operator's network. The
V2X Application Server may connect to V2X Control
Functions belonging to multiple PLMNS.

V3: The reference point between the UE and the V2X Control
Function in UE's home PLMN. It is based on the service
authorization and provisioning part of the PC3 reference
point defined in clause 5.2 of TS 23.303. It is applicable to
both PC5 and LTE-Uu based V2X communication and
optionally MBMS and LTE-Uu based V2X communication.

V4. The reference point between the HSS and the V2X Control

Function in the operator's network.

V6: The reference point between the V2X Control Function in
the HPLMN and the V2X Control Function in the VPLMN.

PC5: The reference point between the UEs used for user plane for
ProSe Direct Communication for V2X Service.

Soa: In addition to the relevant functions defined in T'S 23.401 for
S6a, in case of V2X Service S6a is used to download V2X
Service related subscription information to MME during
E-UTRAN attach procedure or to inform MME subscription
information in the HSS has changed.

S1-MME: In addition to the relevant functions defined in TS 23.401 for
S1-MME, in case of V2X Service it is also used to convey
the V2X Service authorization from MME to eNodeB.

xMB: The reference point between the V2X Application Server
(e.g. Content Provider) and the BM-SC, and defined in
TS 26.346. '

MB2: The reference point between the V2X Application Server

and the BM-SC, and defined in TS 23.468 [7].

SGmb/SGi-mb/M1/M3: | The SGmb/SGi-mb/M1/M3 reference points are internal to
the MBMS system and are defined in TS 23.246.

LTE-Uu: The reference point between the UE and the E-UTRAN.

[0041]  Fig. 4 shows various example, representative, non-limiting components and func-
tionalities herein pertinent of a generic wireless terminal or vehicle UE 26, such as UE

26A or UE 26B of Fig. 3. The wireless terminal 26 comprises transceiver circuitry 40,



15

WO 2020/054812 PCT/JP2019/035942

[0042]

[0043]

[0044]

[0045]

which in turn comprises transmitter circuitry 44 and receiver circuitry 46. The
transceiver circuitry 40 includes antenna(e) for the wireless terminal 26. Transmitter
circuitry 44 includes, e.g., amplifier(s), modulation circuitry and other conventional
transmission equipment. Receiver circuitry 46 comprises, €.g., amplifiers, de-
modulation circuitry, and other conventional receiver equipment. The transceiver
circuitry 40 is configured to use resources for communication with a radio access
network, such as E-UTRAN network 30 and/or New Radio 5G network 32, as well as
resources allocated for V2X communication, whether those resources be shared with
sidelink direct (SLD) communications or separate and distinct for V2X communication
as previously described.

The user equipment 26 further comprises processor circuitry, also herein known
more simply as UE processor 50, or simply as processor 50. While processor 50 may
have responsibility for operation of many aspects of wireless terminal 26 not
specifically described herein, in one of its aspects processor 50 serves as UE V2X
controller 52 for controlling aspects of vehicle (V2X) communication. As further il-
lustrated in Fig. 4, the UE V2X may comprise V2X resource selection controller 54.
The UE V2X controller 52 may also comprise, or work in conjunction with frame
handler 56 and frame generator 58. In the particular example implementation shown in
Fig. 4, the frame handler 56 and frame generator 58 are shown as comprising the UE
processor 50 for handling frame operations with respect to transmissions with the radio
access network in addition to the V2X transmissions.

In addition to UE processor circuitry 50, wireless terminal 26 also comprises UE
memory 60, e.g., memory circuitry, which may store an operating system and various
application programs, such as vehicle V2X communication application 28. The
memory 60 may be any suitable type of memory, e.g., random access memory (RAM),
read only memory (ROM), cache memory, processor register memory, or any com-
bination of one or more memory types. The applications such as V2X application 28
comprises instructions executable by processor circuitry 50 and are stored in non-
transient portions of memory 60. At least some aspects of UE memory 64 may also be
considered as part of UE V2X controller 52.

The user equipment 26 further comprises UE user interface(s) 64. The user interfaces
64 may comprise one or more suitable input/output devices which are operable by a
user. Some of all of the user interfaces 64 may be realized by a touch sensitive screen.
The user interface(s) 64 may also comprise a keyboard, audio input and output, and
other user I/0 devices. Only a portion of the user interfaces 64 is depicted in Fig. 4, it
being understood that the user interfaces 64 may be provided on a cover or case of UE
26 and thus may visibly obscure the underlying other components shown in Fig. 4.

The user equipment 26 participates in vehicle-to-anything (V2X) communications,
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meaning that the user equipment 26 may participate in one or more of vehicle to infras-
tructure (V2I) communication; vehicle to person/pedestrian (V2P) communication; and
vehicle to vehicle (V2V) communication. Fig. 4 represents the fact that user equipment
26 participates in vehicle-to-anything (V2X) communications by showing the
interface, such as the PCS5 interface, for example, through which the user equipment 26
may engage in V2X communication with another user equipment 26. As also shown in
Fig. 4, user equipment 26 also engages in communication across a Uu-type radio
interface with a radio access network, such as E-UTRAN network 30 or New Radio
5G network 32. The UE transceiver circuitry 40 may be involved in both the radio
access network communications over interface Uu and the V2X communications over
the PCS interface. But for the different types of communications, e.g., communications
with a radio access network and V2X communications, different radio resources are
utilized. For example, a sub-set of the radio resources of the radio access network, e.g.,
one or more “pools” of the radio access network radio resources, may be allocated to
the V2X communications, e.g., for 3GPP V2X services.

3GPP V2X services may transport certain application layer messages, and those ap-
plication layer messages may be defined by standards organizations. For example,
3GPP V2X services may transport application layer messages defined by the Society
of Automotive Engineers (SAE) and the European Telecommunications Standards
Institute (ETSI) EN.

Thus, 3GPP V2X messages may be defined by protocol(s). For example, 3GPP V2X
services may be used to transport SAE J2735 messages, e.g., messages formatted
according to the SAE J2735 protocol. J2735 defines the format and structure of
message, data frames, and data elements for exchanging data between vehicles (V2V)
and between vehicles and infrastructure (V2I). A “data elements” (DE) comprises
primitive objects, such as speed, heading, latitude, longitude, elevation, etc. A “data
frame” (DF) comprise a collection of Data Elements. For example, a Position3D Data
Frame is comprised of latitude, longitude, and elevation Data Elements. A “message”

comprises a collection of Data Frames and Data Elements.
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The set of SAE J2735 Messages include at least the following messages:

e Basic Safety Message (BSM),

¢ MapData message (Map)

e Signal Phase and Timing (SPaT),

* Personal Safety Message (PSM)

o Traveler Information Message (TIM) SignalStatusMessage (SSM)

¢ SignalRequestMessage (SRM),

SAE J2735 uses a hierarchical methodology of data frames and data elements to
organize its content into related grouping, as can be seen in the description of the Basic
Safety Message (BSM) message shown in Table 2. The BSM includes at least the
elements shown in Table 1. Other messages, such as the Map message, the Spat
message, and the PSM message may be organized in a similar fashion. A hierarchical
structure such as that shown in and exemplified by Table 2 lends itself to an ASN.1
compliant description as can be seen in the CAM and DENM message descriptions

also below.
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TABLE 2

The BSM contains at least the following elements:
Part 1 (mandatory)
« Position (local 3D) (DF)
» Latitude (DE)
» Longitude (DE)
» Elevation (DE)
» Positional accuracy (DE)
« Motion (DF)
+ Transmission and speed (DF)
¢ Transmission state (DE)
¢ Speed (DE)
* Heading (DE)
« Steering wheel angle (DE)
« Acceleration set (DF)
¢ Longitudinal acceleration (DE)
e Lateral acceleration (DE)
e  Vertical acceleration (DE)
¢  Yaw rate (DE)
* Brake system status (DF)
* Brake applied status (DE)
« Brake status not available (DE)
» Traction control state (DE) »
+ Antilock brake status (DE)
» Stability control status (DE)
* Brake boost applied (DE)
» Auxiliary brake status (DE)
* Vehicle size (DF)
« Vehicle width (DE)
* Vehicle length (DE)

[0051]  Thus, the SAE J2735 BSM (Basic Safety Message) is one type of message that may
be transported by 3GPP V2X services. The BSM has two parts: Part 1 of the BSM
(Basic Safety Message) includes the core data elements, e.g., vehicle size, position,
speed, heading acceleration, brake system status, and is transmitted approximately 10x
per second. BSM (Basic Safety Message) Part 2 includes a variable set of data
elements drawn from many optional data elements, and is transmitted less frequently
then part 1. The BSM is expected to have a transmission range of ~1,000 meters, and is
tailored for localized broadcast required by V2V safety applications.

[0052]  Having described the BSM (Basic Safety Message), contents of the other SAE J2735
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messages (e.g., the SPaT message, the PSM message, etc.) are not described herein in
as much detail, for the sake of brevity. However, in terms of the technology disclosed
herein these other messages may be structured and handled in a similar way as the
BSM message.

In addition to SAE J2735 messages, the 3GPP V2X services may be used to transport
ETSI EN 302 637-2 Cooperative Awareness Messages, CAM. Cooperative Awareness
Messages (CAMs) are messages exchanged in the Intelligent Transport System (ITS)
network between Intelligent Transport System (ITS) network stations, ITS-Ss, to create
and maintain awareness of each other and to support cooperative performance of
vehicles using the road network. The ASN.1 specification of a CAM message is
described, e.g., in Annex A of ETSI EN 302 637-2 V1.3.1 (2014-09), which is in-
corporated herein by reference. A CAM comprises status and attribute information of
the originating ITS-S. The content varies depending on the type of the ITS-S. For
vehicle ITS-Ss the status information includes time, position, motion state, activated
systems, etc. and the attribute information includes data about the dimensions, vehicle
type and role in the road traffic, etc. On reception of a CAM the receiving ITS-S
becomes aware of the presence, type, and status of the originating ITS-S. The received
information may be used by the receiving ITS-S to support several ITS applications.
For example, by comparing the status of the originating ITS-S with its own status, a
receiving ITS-S is able to estimate the collision risk with the originating ITS-S and if
necessary may inform the driver of the vehicle via the human machine interface, HMI.
Multiple ITS applications may rely on a CA basic service known as CA basic service.
The CA basic service is a facilities layer entity that operates the CAM protocol. The
CA basic service provides two essentially services: sending and receiving of CAMs.
The CA basic service uses the services provided by the protocol entities of the ITS
networking & transport layer to disseminate the CAM, as described in ETSI EN 302
637-2. . The CA basic service is assigned to domain application support facilities
described in ETSI TS 102 894-1 [i.6], which is incorporated herein by reference.
Besides the support of applications the awareness of other ITS-S gained by the CA
basic service may be used in the networking & transport layer for the position
dependent dissemination of messages, e.g. Decentralized Environmental Notification
Message, DENM, by GeoBroadcasting as specified in ETSI EN 302 636-4-1 [i.5],
which is incorporated herein by reference. The generation and transmission of CAM is
managed by the CA basic service by implementing the CAM protocol. CAM payload
shall include the containers basicContainer and highFrequency Container. CAM
payload may include the additional containers lowFrequencyContainer and specialVe-
hicleContainer.

3GPP V2X services may be used to transport ETSI EN 302 637-3 Decentralized En-
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vironmental Notification Message (DENM). The ASN.1 specification of a Decen-
tralized Environmental Notification Message is described, e.g., in Annex A of ETSI
EN 302 637-3 V1.2.1 (2014-09), which is incorporated herein by reference. The DEN
basic service is an application support facility provided by the facilities layer. It
constructs, manages and processes the Decentralized Environmental Notification
Message (DENM). The construction of a DENM is triggered by an ITS-S application.
A DENM contains information related to a road hazard or an abnormal traffic
conditions, such as its type and its position. The DEN basic service delivers the DENM
as payload to the ITS networking & transport layer for the message dissemination.
Typically for an ITS application, a DENM is disseminated to ITS-Ss that are located in
a geographic area through direct vehicle-to-vehicle or vehicle-to-infrastructure com-
munications. At the receiving side, the DEN basic service of a receiving ITS-S
processes the received DENM and provides the DENM content to an ITS-S ap-
plication. This ITS-S application may present the information to the driver if in-
formation of the road hazard or traffic condition is assessed to be relevant to the driver.
The above messages (BSM message, (and other messages in SAE J2735), various
types of CAM messages, and various types of DENM messages) all have various data
size, latency requirements, throughput requirements in accordance with their ap-
plication and particular message type needs. In view of the fact that different messages
will have different QoS Levels and the different QoS Levels will require different
levels of transport resources assigned to the message, in accordance with one example
aspect of the technology disclosed herein, the wireless terminal 26 autonomously
makes a selection of a selected radio resource(s) for transmission and/or reception of a
V2X message of the V2X communication in dependence upon a characteristic of the
V2X message. The selection of the selected radio resource(s) may be made by terminal
processor 50, and V2X resource selection controller 54 in particular. For this reason,
the V2X resource selection controller 54 is shown in Fig. 4 as being a message charac-
teristic-dependent V2X resource selection controller 54. In an example, non-limiting
embodiment and mode the phrase “characteristic of the V2X message” may also mean
“classification of the V2X message” or “categorization of the V2X message”. The
“characteristic”, “categorization”, and/or “classification” may encompass at least one
of message protocol and message type. In another example, non-limiting embodiment
and mode the phrase “characteristic of the V2X message” may mean both message
protocol and message type. Examples of message protocol have been mentioned
above, such as SAE J2735 protocol, a Cooperative Awareness Messages (CAM)
protocol, and a Decentralized Environmental Notification Message (DENM) protocol.
The V2X message may be characterized, e.g., classified or categorized, by yet other

than the three above-mentioned protocols, e.g., by other protocols. Further, it should be
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understood that, within these and other message protocols, there may be various
messages types. For example, in the SAE J2735 protocol the messages types for the
V2X message may include at least the following messages: Basic Safety Message
(BSM), MapData message (Map), Signal Phase and Timing (SPaT), Personal Safety
Message (PSM), Traveler Information Message (TIM) SignalStatusMessage (SSM),
SignalRequestMessage (SRM). So also other message protocols, such as the Co-
operative Awareness Messages (CAM) protocol and the Decentralized Environmental
Notification Message (DENM) protocol, comprise messages belonging to differing
message types. Thus, any message may be characterized, or categorized, or classified,
by one or both of message protocol and message type.

In at least some example embodiments and modes, the V2X resource selection
controller 54 autonomously makes a selection, from radio resources of at least two
radio access technologies, of the selected radio resource(s) in dependence upon the
characteristic of the V2X message. For example, the V2X resource selection controller
54 may make the selection of the radio resource(s) for transmission and/or reception of
the V2X message of the V2X communication from either: an LTE radio resource(s); a
New Radio (NR) 5G radio resource(s); both the LTE radio resource(s) and the NR 5G
radio resources.

In an example embodiment and mode, the terminal processor 50, and V2X resource
selection controller 54 in particular, makes the selection so that probability of message
reception of V2X message is commensurate with a level of importance that is as-
sociated with the V2X message. In other words, the V2X resource selection controller
54 makes the selection whereby resources allocated to the V2X message are com-
mensurate with a level of importance that is associated with the V2X message. In an
example implementation, the resources allocated to the V2X message comprises a
number of protocol Resource Blocks (RBs) and a Modulation Schemes and Coding
Scheme (MCS) used to transport the RBs of the V2X message. So that the resources
allocated to the V2X message may be commensurate with the level of importance and
so to provide the probability of message reception, the wireless terminal must know a
property or characteristic of the channel utilized by the V2X message, e.g., the
V2X-utilized message. The V2X-utilized message channel is preferably an interface
such as the LTE PCS5 interface, which may bear a different name in other radio access
technologies and/or generation. As explained below, the property or quality that may
be used to represent the V2X-utilized message channel may vary depending upon radio
access technology. For example, the property or quality that may be used to represent
the V2X-utilized message channel may be signal strength on the channel or quality of
service of the channel.

As used herein, the term Quality of Service (QoS) Level may indicate a scaler value,
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such that a low value would be assigned to a message of low importance, and a high
value would be assigned to a message of high importance. For example, the message
CAM.cam.basicVehicleContainerLowFrequency.Basic VehicleContainerLowFrequenc
y.exteriorLights may be given a low QoS Level such as 3 out of 10, while a message
with a high QoS Level such as

CAM.cam.Special VehicleContainer.EmergencyContainer.lightBarSirenInUse may be
given a higher QoS Level such as 9 out of 10. Thus we can see that different messages
will have different QoS Levels and the different QoS Levels will require different
levels of transport resources assigned to the message

In Rel-14 LTE V2X (aka LTE V2X), a basic set of requirements for V2X service in
TR 22.885 is supported, which are considered sufficient for basic road safety service.
An LTE V2X enabled vehicle, e.g., a vehicle configured with a UE the supports V2X
applications, may directly exchange status information via an interface such as the PC5
interface. An interface such as the PCS5 interface, or any comparable interface in other
radio access technologies and/or generations, may also be known as sidelink at the
physical layer. The status information exchanged, e.g., via the PC5 or similar interface,
may include position, speed and heading, and may be exchanged with other nearby
vehicles, infrastructure nodes and/or pedestrians that are also enabled with LTE V2X.
However, the LTE V2X transport service is broadcast only, thus no HARQ feedback is
transmitted by the receiving UE. There is HARQ packet combining process at the
receiving LTE V2X UE. Thus, in order to increase probability of correct de-
modulation, the LTE V2X retransmits its user data, e.g. a PSSCH, three times in con-
secutive subframes, and its control data, e.g. a PSCCH, twice in different subframes,
using always QPSK modulation.

In 3GPP Release 16, e.g., Rel-16, the 3GPP Fifth Generation 5G New Radio, NR, is
expected to provide for enhanced V2X service, also known as NR V2X, which
includes a data transport services with much lower latency and much higher
throughput. See, for example, the SA1 Study on Improvement of V2X Service
Handling for Rel-16, also known as FS_V2XIMP or Release 16 (Open)Specification:
22.886 - Study on enhancement of 3GPP support for 5G V2X services Version: 15.1.0:
Specification. Therefore, a HARQ feedback process is expected to be enabled between
the transmitting NR V2X UE and the receiving NR V2X UE, which are using NR V2X

resources.
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Both the LTE V2X service and NR V2X service will be capable of transporting the
SAE J2735 protocol messages, the Cooperative Awareness Messages (CAM) protocol
messages, and the Decentralized Environmental Notification Message (DENM)
protocol messages over the legacy PC5 based LTE V2X communication channel. In
this regard, TSG RAN has agreed in TR 38.913 that NR V2X not replace the services
offered by LTE V2X. Instead, the NR V2X shall complement LTE V2X for advanced
V2X services and support interworking with LTE V2X. Thus, given the enhancements
expected for NR V2X service, and the agreement that NR V2X service will provide a
super set of the services provided by LTE V2X service, there will be deployments of the

following:

e NR V2X and LTE V2X where an NR V2X UE can to send a message to a LTE
V2X UE using LTE type resources, e.g. LTE numerology, LTE SCS, e.g.,
15kHz, LTE frequency, e.g., LTE frequency band).

o NR V2X and NR V2X where an NR V2X UE caﬁ to send a message to a NR
V2X UE using LTE type resources, e.g. LTE numerology, LTE SCS, e.g.,
15kHz, LTE frequency, e.g., LTE frequency band.

e NR V2X and NR V2X where an NR V2X UE can to send a message to a NR
V2X UE using both NR and LTE type resources, e.g. LTE/NR numerology,
LTE/NR SCS, e.g., 15kHz, 30kHz, 60kHz, 120kHz, and/or 240kHz, LTE/NR

frequency, e.g., LTE/NR frequency band.

In sending a V2X message, the UE processor 50 may execute V2X message charac-
teristic-dependent resource selection procedure 70 to determine if the V2X message is
to be transported between 3GPP V2X services using radio resources of a first radio
access technology or radio resources of a second radio access technology. The V2X
message characteristic-dependent resource selection procedure 70 may also be known
as the V2X message categorization-dependent resource selection procedure 70, or the
V2X message classification-dependent resource selection procedure 70. A portion of
the UE processor 50 known as the UE V2X controller 52, and particularly V2X
resource selection controller 54, may perform the V2X message characteristic-
dependent resource selection procedure 70. For example, in an example scenario in

which the two radio access technologies include LTE and NR, the V2X resource
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selection controller 54 executes a V2X message characteristic-dependent resource
selection procedure 70 to determine if a particular V2X message is to be transported
between 3GPP V2X services using NR type resources or LTE type resources or both
NR and LTE type resources. The user equipment 26 of Fig. 4 further comprises the
transmitter 44 and/or receiver 46 which is configured to use the selected radio
resource(s) for the transmission and/or reception of the V2X message.

The LTE specification TS23.285 specified a “V2X Control Function” as the logical
function used for network related actions required for V2X, and that the V2X Control
Function is used to provision the UE with necessary parameters that enable the UE to
use V2X communication. The UE V2X controller 52 performs similar functions as
specified in TS23.285 for UE 26, but the UE V2X controller 52 further serves as a NR
V2X Control Function with the V2X resource selection controller 54 making a deter-
mination, based on a message characteristic of the V2X message, if the V2X message
is to be transported using NR resources, or LTE resources, or both NR and LTE type
services and resources.

The UE V2X controller 52, serving as a NR V2X Control Function, may enable or
provide the NR V2X UE 26 with parameters for using NR or LTE or both NR and
LTE transmission resources, and may provide an additional set of parameters related to
QoS, or radio propagation conditions. The V2X resource selection controller 54 is
thereby enabled to make an autonomous determination of which resources, enabled by
the UE V2X controller 52, to use for the transport of the V2X message in dependence
upon a characteristic of the V2X message. In other words, the UE is enabled to make
an autonomous determination of which resources to use for the particular V2X
message, based on its characteristic(s), and based on its current local radio frequency,
RF, and traffic conditions.

In one of its example aspects, the technology disclosed herein includes the UE 26
making a determination of which resource to use (NR or LTE or both NR and LTE) to
transport the V2X message over the V2X communication channel, per the parameters
provided by UE V2X controller 52, and a Hybrid Automatic Repeat Request, HARQ,
function between the NR UE transmitting V2X data on PC5 and the NR UE receiving
the V2X data on PCS5, and S-Measurement taken on the E-UTRA carrier frequency
used for the communication channel. As previously explained, the communication
channel may be an LTE-based PCS interface, or a comparable interface between user
equipments in other radio access technologies and/or generations. Usage of the term
“PC5” and or “V2X communications channel” herein is thus not intended to be
limited, but may refer to differently named interfaces of other radio access tech-
nologies and/or generations between wireless terminal having comparable or similar
functions. The UE 26 of Fig. 4 is thus shown as further comprising both HARQ func-
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tionality 74 and signal measurement functionality 76. In an example implementation
shown in Fig. 4, HARQ functionality 74 and signal measurement functionality 76
comprise UE processor 50, since these units may be involved in operations concerning
transmissions with the radio access network as well as V2X HARQ and signal mea-
surement functions.

Fig. 5A shows basic, representative acts or steps performed by the user equipment 26
of Fig. 4 in one example embodiment and mode. Act 5A-1 comprises UE processor 50
autonomously making a selection, from radio resources of at least two radio access
technologies, of a selected radio resource(s) for transmission and/or reception of a
V2X message of the V2X communication in dependence upon a characteristic of the
V2X message. Act 5A-2 comprises using the selected radio resource(s) for the
transmission and/or reception of the V2X message. For example, either the transmitter
circuitry 44 may transmit, or the receiver circuitry 46 may receive, the V2X message
using the selected radio resource(s).

Fig. 5B shows basic, representative acts or steps performed by the user equipment 26
of Fig. 4 in another example embodiment and mode in which the resource selection is
not necessarily from two different radio access technologies. Act SB-1 comprises UE
processor 50 autonomously making a selection of a selected radio resource(s) for
transmission and/or reception of a V2X message of the V2X communication in de-
pendence upon a characteristic of the V2X message. In the Fig. 5B example em-
bodiment and mode, the characteristic of the V2X message comprises at least one of
message protocol and message type. Act SB-2 comprises using the selected radio
resource(s) for the transmission and/or reception of the V2X message. Again, either the
transmitter circuitry 44 may transmit, or the receiver circuitry 46 may receive, the V2X
message using the selected radio resource(s).

In one of its example aspects, the technology disclosed herein concerns how the UE
determines which resource to use (e.g., NR or LTE or both NR and LTE) to transport
the message over the V2X communication channel, in accordance with (1) parameters
provided by the NR V2X Control Function, (2) quality of service information obtained
a HARQ function between the NR UE transmitting V2X data on the V2X commu-
nications channel and the NR UE receiving the V2X data on the V2X communications
channel, and (3) quality of service information in the form of a S-Measurement taken
on the E-UTRA carrier frequency used for the V2X communications channel. In
particular, in an example embodiment and mode the V2X resource selection controller
54 compares the quality of service information against certain parameters provided by
the NR V2X Control Function. The certain parameters provided by the NR V2X
Control Function involved in the comparison(s) may comprise a table of thresholds,

and in addition a table of indices or pointers which operate on, e.g., specify a certain
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subset, of the table of thresholds. In an example implementation, the a table of
thresholds may be referred to as Message Quality of Service Table 80, e.g.,
Msg_QoS_Table 80, and the table of indices or pointers may be referred to as Message
Index Table 84, e.g., Msg_Index_Table 84. The Message Quality of Service Table 80
may also be referred to as the “configured threshold table”. The parameters provided
by the NR V2X Control Function may also comprise a Network Preference parameter
86, e.g., NW Preference 86.

As stated previously and as shown in Fig. 4, the quality of service, e.g., QoS, in-
formation for a V2X-utilized channel may be obtained from the HARQ functionality
74 for New Radio (NR) and the signal measurement functionality 76 for LTE. Thus, as
used heren, it is to be understood that QoS information may encompass radio
frequency (RF) link quality, such as when referring to LTE. Fig. 4 shows the V2X
resource selection controller 54 as having access to the parameters provided by the NR
V2X Control Function, including Message Quality of Service Table 80, Message Index
Table 84, and Network Preference parameter 86.

In an example embodiment and mode, the Message Quality of Service Table 80 may
comprise sets of thresholds. In an example implementation of Message Quality of
Service Table 80 comprising sets of thresholds, a first radio access technology may be
New Radio (NR) 5G, wherein for the comparison with the thresholds the error rate and
delay rate for the first radio access technology are reported by HARQ functionality 74,
and a second radio access technology may be Long Term Evolution (LTE) wherein the
signal measurement is reported by signal measurement functionality 76, and the
V2X-utilized channel is a Sidelink PC5 or comparable channel. For this example im-
plementation, Fig. 6A shows an example threshold set 88, i.e., a set of thresholds. In an
example implementation, the set of thresholds 88 may comprise at least a triology of
threshold values: a threshold for error rate for the V2X-utilized channel, e.g., T-
error_rate; a threshold for delay rate for the V2X-utilized channel, e.g., T-delay_rate;
and, a threshold for the received signal measurement for the V2X-utilized channel,
e.g., T-RSRP. The first and second of the thresholds of threshold set 88 are used for
comparison with QoS values obtained from the NR 5G radio access technology, the
third threshold of the threshold set 88 is used for comparison as a QoS value obtained
from an LTE radio access technology. Although the received signal measurement is
represented as reference signal received power, RSRP, any other measure of signal
strength or quality may be utilized, such as, for example, reference signal received
quality, RSRQ. The V2X-utilized channel may be a Sidelink PC5 or comparable
channel.

In an example embodiment and mode, illustrated in Fig. 6B, the Message Quality of

Service Table 80 may comprise plural sets of thresholds. In the Fig. 6B example imple-
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mentation, the Message Quality of Service Table 80 may be a two-dimensional matrix
with each column of the matrix corresponding to a set of thresholds, e.g., set 88, set 88
», and so forth to set 88,. In the Fig. 6B implementation, the V2X resource selection
controller 54 utilizes at least one particular set of thresholds to be used for the
comparison with the QoS information. The particular set of thresholds that the V2X
resource selection controller 54 is to obtain from the Message Quality of Service Table
80 is indicated to the V2X resource selection controller 54 by an “index” value, also
known as a “table index”. For example, in an example non-limiting scenario, Fig. 6B
shows by index arrow 84, that a table index specifies that the second column of
Message Quality of Service Table 80, e.g., a second set of thresholds, is to be utilized
for the comparison.

The particular table index that is to be used to retrieve the correct set of thresholds
from the Message Quality of Service Table 80 is determined from the Message Index
Table 84. Fig. 6B shows that, in an example embodiment and mode, Message Index
Table 84 may also be conceptualized as a matrix. In the particular example imple-
mentation shown in Fig. 6B, the V2X message characteristic considers or comprises
both message protocol and message type. Accordingly, a first column of Message
Index Table 84 comprises elements that comprise or pertain to differing message
protocols, such as the SAE J2735 protocol, the Cooperative Awareness Messages
(CAM) protocol, and the Decentralized Environmental Notification Message (DENM).
It should be understood that the first column of Message Index Table 84 may other
protocols than, or protocols in addition to, the example protocols shown in Fig. 6B.

The second column of Message Index Table 84 comprises, in horizontal relation to
the corresponding protocol of the first column, one or more message types that may
belong to the protocol of the first column. For example, some of the elements the
second column of Message Index Table 84 show SAE J2735 message-type_1 through
SAE J2735 message-type_i being message types belonging to the SAE J2735 protocol
of column 1. For example, SAE J2735 message-type 1 may be a Basic Service
Message (BSM), SAE J2735 message-type_2 may be a MapData message (Map), SAE
J2735 message-type_2 may be a Signal Phase and Timing (SPaT) message, and so
forth to include one or more of the other SAE J2735 protocol messages including those
mentioned herein. The SAE J2735 message types are essentially horizontally aligned
with and grouped within the corresponding SAE J2735 protocol element of column 1
of Message Index Table 84. Others of the elements the second column of Message
Index Table 84 show CAM message-type 1 through CAM message-type_j being
message types belonging to the Cooperative Awareness Messages (CAM) protocol of
column 1. Yet others of the elements the second column of Message Index Table 84

show DENM message-type_1 through DENM message-type_k being message types
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belonging to the Decentralized Environmental Notification Message (DENM) protocol
of column 1. In the same manner as the SAE J2735 protocol message types, the Co-
operative Awareness Messages (CAM) protocol message types are essentially hori-
zontally aligned with and grouped within the corresponding CAM protocol element of
column 1 of Message Index Table 84, and the Decentralized Environmental Noti-
fication Message (DENM) protocol message types are essentially horizontally aligned
with and grouped within the corresponding DENM protocol element of column 1 of
Message Index Table 84.

The third column of Message Index Table 84 comprises, in horizontal relation to the
corresponding message type of the second column, elements that comprise the table
indexes or pointers for the respective message types of the second column. For
example, the first element of the third column of Message Index Table 84 comprises an
index= 84,. The first element of the third column of Message Index Table 84 thus
indicates that, for SAE J2735 message type_1, the table index that is used to retrieve a
set of thresholds from Message Quality of Service Table 80 is index=84,. For an
example scenario, when the V2X message to be transmitted is a BSM (Basic Safety
Message), the V2X resource selection controller 54 consults the Message Index Table
84 and determines that the index 84, corresponds to the BSM (Basic Safety Message),
and using Message Index Table 84 the V2X resource selection controller 54 obtains
the set of thresholds indicated by index arrow 84A, the trilogy of thresholds
comprising threshold set 88,. The V2X resource selection controller 54 then uses the
thresholds comprising threshold set 88, for making the selection of radio resource(s) to
use for the V2X message, €.g., for the BSM (Basic Safety Message). How the V2X
resource selection controller 54 uses the pointed-to threshold set for making the
selection of radio resources is described further herein, e.g., with reference to Fig. 7A-
Fig. 7D, for example.

The Message Index Table 84 may be used to obtain an appropriate table index for
any message included in Message Index Table 84. As a an alternative scenario to what
is described above, for example, if the V2X resource selection controller 54 were
making resource selection for message which is classified as a CMA message-type_1,
the V2X resource selection controller 54 would obtain table index=84. from Message
Index Table 84. The V2X resource selection controller 54 therefore would use table
index=84 to obtain the thresholds of threshold set 88; from the Message Quality of
Service Table 80, as shown by broken arrow 84 in Fig. 6B.

Fig. 6B further shows that different message types of the same message protocol may
have the same table index, and that even different message types of different message
protocols may have the same table index. This is understood from the fact that, e.g.,

differing messages may have similar quality of service requirements.



29

WO 2020/054812 PCT/JP2019/035942

[0076]

[0077]

[0078]

As indicated above, the Message Index Table 84 of Fig. 6B shows an example imple-
mentation in which the message characteristic comprises both message protocol and
message type within the protocol. In other example implementations, the message
characteristic may include either one, but not both, of message protocol and message
type. For example, Fig. 6C shows an example implementation in which resource
selection depends on message characteristic, and the message characteristic is only
message protocol. Fig. 6C therefore assumes that all message types of the same
message protocol have essentially the same quality of service requirements. Fig. 6C
shows that any message belonging to the SAE J2735 protocol is associated with table
index 84,, that any message belonging to the CAM protocol is associated with table
index 84 and that any message belonging to the DENM protocol is associated with
table index 84.

As another example implementation in which the message characteristic may include
either one, but not both, of message protocol and message type, Fig. 6D shows an
example implementation in which resource selection depends on message charac-
teristic, and the message characteristic is only message type.

Fig. 6E shows another example, non-limiting implementation including a portion of a
Message Quality of Service Table 80 and portion of a Message Index Table 84, and
showing in more detail example contents of elements of the Message Quality of
Service Table 80 and the Message Index Table 84. In showing a partial Message
Quality of Service Table 80, Fig. 6E illustrates only a portion of the Message Quality
of Service Table 80 which may pertain to a BSM (Basic Safety Message). Fig. 6E
shows that the BSM (Basic Safety Message) may comprise plural containers, such as
BSMContainer, PositionContainer, MotionContainer, and VehicleSizeContainer. The
BSM container includes pointers within Message Quality of Service Table 80 to the
other containers. Each of the other containers, e.g., PositionContainer, Motion-
Container, and VehicleSizeContainer, include constituent elements, and many of those
elements include an associated index, e.g., Index or Index_Value). In the particularly
example shown in Fig. 6E, the V2X message has a message type of
BSM.Position.Latitude. Upon entering the Message Index Table 84, as shown by the
arrows in Fig. 6E the V2X resource selection controller 54 proceeds through Message
Index Table 84 to find the PositionContainer, and in the PositionContainer locates the
element corresponding to Latitude, e.g., Latitudeindex, QoS_index_value) from which
the V2X resource selection controller 54 obtains the Index “Qos_Index_Value”. For
this particular scenario, the Qos_Index_Value has the value Index_1_, which directs
the V2X resource selection controller 54 to the Index_1 column of Message Quality of
Service Table 80. From the Index_1 column of Message Quality of Service Table 80

the V2X resource selection controller 54 is able to obtain the threshold, e.g., a set or
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triology of thresholds, which are appropriate for use in selecting a resource for the
BSM.Position.Latitude message. Fig. 6E further shows example numerical values for
the threshold(s) for the BSM.Position.Latitude message as may be obtained from the
Index_1 column of Message Quality of Service Table 80. In view of the fact that each
set of thresholds, each column of Message Quality of Service Table 80, comprises
plural thresholds, e.g., a threshold for error rate, a threshold for delay rate, and a
threshold for RSRP, for example, each set may be viewed as representing or providing
a composite threshold which is essentially the union or superposition of all thresholds
of the set. If Fig. 6E were viewed as an implementation of Fig. 6B but including
example numerical values, in pointing to the second column of Fig. 6E the index arrow
pointing to Index_1 essentially designates a threshold, which is the union of the three
separate thresholds T-ERROR_RATE,, T-DELAY_RATE,, and T-RSRP; of Fig. 6B.
Such composite threshold is herein also referred to more simply as “threshold”.

Since the Message Quality of Service Table 80 shown in Fig. 6E is merely partial, it
should be understood that other types of messages, e.g., other types of SAE J2735
messages, Cooperative Awareness Messages (CAM) protocol messages, and Decen-
tralized Environmental Notification Message (DENM) messages may also be listed in
Message Quality of Service Table 80, although not shown as such in Fig. 6E.

How the V2X resource selection controller 54 uses the index pointed-to threshold set
for making a selection of radio resources is described, for an example implementation,
with reference to Fig. 7A - Fig. 7D.

Fig. 7A describes an example, non-limiting, embodiment and mode of an instance of
a V2X message characteristic-dependent resource selection procedure 70. For sake of
discussion, in each of Fig. 7A, Fig. 7B, and Fig. 7C, it is presumed that, by way of
non-limiting example, an instance of the V2X message characteristic-dependent
resource selection procedure 70 is executed for the purpose of selecting resources for a
V2X basic safety message (BSM). Certain aspects of a V2X basic safety message
(BSM) have been described above. It should be understood that the example of a BSM
(Basic Safety Message) is illustrated in Fig. 7A, Fig. 7B, and Fig. 7C just to represent
or typify the selection of resources of any appropriate V2X message, e.g., any type of
V2X message. Thus the technology disclosed herein, although encompassing the BSM
(Basic Safety Message), is not limited thereto. Moreover, the instance of the V2X
message characteristic-dependent resource selection procedure 70 is described herein
by way of example as using New Radio as a first radio technology type and LTE as a
second radio technology type. It should be understood that these radio technology
types are merely illustrative and representative, and that in other embodiments and
modes one or more other radio technologies may be utilized instead.

The beginning of the V2X message characteristic-dependent resource selection
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procedure 70 is indicated by act 7A-1. The V2X message characteristic-dependent
resource selection procedure 70 is executed when the wireless terminal 26 realizes that
a V2X message is to be transported. When a V2X message is to be sent, V2X message
characteristic-dependent resource selection procedure 70 checks at act 7A-2 whether
both LTE and NR resource pools are available to be utilized, if justified by the
conditions imposed on V2X message characteristic-dependent resource selection
procedure 70. If both LTE and NR resource pools are not available, V2X message
characteristic-dependent resource selection procedure 70 continues its execution at act
7A-3. In other words, if only one of LTE resource pools and NR resource pools are
available, but not both, execution continues it at act 7A-3.

As act 7A-3 the V2X message characteristic-dependent resource selection procedure
70 determines whether LTE resource pools are available. If it is determined at act 7A-3
that LTE resource pools are available, as act 7A-4 the V2X message characteristic-
dependent resource selection procedure 70 specifies that LTE resources are to be used
for transmitting the V2X message. Thereafter, as indicated by act SA-2 of Fig. 5A, the
V2X message is transmitted by transmitter circuitry 44, after which the instance of the
V2X message characteristic-dependent resource selection procedure 70 terminates at
act 7A-5.

If it is determined at act 7A-3 that LTE resource pools are not available, then as act
7A-6 the V2X message characteristic-dependent resource selection procedure 70
confirms that NR resource pools are available. If act 7A-6 confirms that NR resource
pools are available, as act 7A-7 the V2X message characteristic-dependent resource
selection procedure 70 specifies that NR resources are to be used for transmitting the
V2X message. Thereafter, as indicated by act 5A-2 of Fig. SA, the V2X message is
transmitted by transmitter circuitry 44, after which the instance of the V2X message
characteristic-dependent resource selection procedure 70 terminates at act 7A-5.

Should be determined at act 7A-2 that both LTE resource pools and NR resource
pools are available, as act 7A-8 the V2X message characteristic-dependent resource
selection procedure 70 checks if the network, e.g., a gNB node, has provided a
configured threshold table 80. As explained above, the configured threshold table 80
may also be referred to as “Msg_QoS_Table” or Message Quality of Service Table 80.
If the Message Quality of Service Table 80 has been provided by the network, as act
7A-9 the V2X message characteristic-dependent resource selection procedure 70 uses
the network-provided configured Message Quality of Service Table 80, e.g., the
network-provided “Msg_QoS_Table” and thereafter continues execution at act 7A-12.
On the other hand, if a Message Quality of Service Table 80 has not been provided by
the network, as act 7A-10 the V2X message characteristic-dependent resource

selection procedure 70 checks to determine if a default configured threshold table 80,
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e.g.,a “Msg_QoS_Table” exists, e.g., has been preconfigured at user equipment 26. If
there is no default Message Quality of Service Table 80, execution ends at act 7A-5.
But if the default Message Quality of Service Table 80 does exist, as act 7A-11 the
V2X message characteristic-dependent resource selection procedure 70 uses a default
Message Quality of Service Table 80, and thereafter continues execution at act 7A-12.

As act 7A-12 the V2X message characteristic-dependent resource selection
procedure 70 determines whether the network has provided a Message Index Table 84,
such as that shown in Fig. 6B. If no Message Index Table 84 has been provided by the
network, this instance of V2X message characteristic-dependent resource selection
procedure 70 terminates at act 7A-5. If a Message Index Table 84 has been provided
by the network, as act 7A-13 the V2X message characteristic-dependent resource
selection uses the network-provided Message Index Table 84 to obtain a table index. If
the network has not provided a Message Index Table 84, as act 7A-14 the V2X
resource selection controller 54 checks to see if there is a default Message Index Table
84, e.g., a Message Index Table 84 that has been pre-stored at the wireless terminal. If
there is no default Message Index Table 84, execution ends at act 7A-5. But if the
default Message Index Table 84 does exist, as act 7A-15 the V2X message charac-
teristic-dependent resource selection procedure 70 uses the default Message Index
Table 84.

If a Message Index Table 84 does exist, either a network-provided Message Index
Table 84 or a default Message Index Table 84, execution continues using a table index
retrieval routine. A purpose of the routine of Fig. 7B is to obtain a table index from the
Message Index Table 84. The person skilled in the art understands from Fig. 6B and/or
Fig. 6C and/or Fig. 6D how the V2X resource selection controller 54 may use the
Message Index Table 84 to obtain a table index. By way of example, acts of Fig. 7B, as
indicated by act 7A-16 of Fig. 7A, may comprise an example table index retrieval
routine for an implementation such as that of Fig. 6B and/or Fig. 6C, e.g., in which the
message characteristic upon which resource choice is dependent includes at least
message protocol. If it is determined at act 7A-17, following termination of the table
index retrieval routine, that the table index retrieval routine (of Fig. 7B or any
comparable routine) has failed to provide a table index, then the V2X message charac-
teristic-dependent resource selection procedure 70 is terminated as shown by act 7A-5.
On the other hand, if the table index retrieval routine does provide a table index, then
the V2X message characteristic-dependent resource selection procedure 70 continues
with act 7A-18, which comprises the acts of Fig. 7C.

As mentioned above, Fig. 7B shows an example, non-limiting implementation of a
table index retrieval routine that may be executed as or branched to by act 7A-16 of

Fig. 7A. Act 7B-1 represented the start of the table index retrieval routine of Fig. 7B.
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As act 7B-2, the V2X resource selection controller 54 checks if the message charac-
teristic of the V2X message to be sent indicates that the message belongs to the SAE
J2735 message protocol. If the determination of act 7B-2 is affirmative, act 7B-3, e.g.,
a map J2735 indexes routine, is executed to obtain a usable table index, “Index”, and
then the table index retrieval routine terminates as indicated by act 7B-9. If the deter-
mination of act 7B-2 is negative, as act 7B-4 V2X resource selection controller 54
checks if the message characteristic of the V2X message to be sent indicates that the
message belongs to the Cooperative Awareness Messages (CAM) protocol. If the de-
termination of act 7B-4 is affirmative, act 7B-5, e.g., a map CAM indexes ruoitine, is
executed to obtain a usable table index, “Index”, and then the table index retrieval
routine terminates as indicated by act 7B-9. If the determination of act 7B-4 is
negative, as act 7B-6 V2X resource selection controller 54 checks if the message char-
acteristic of the V2X message to be sent indicates that the message belongs to the De-
centralized Environmental Notification Message (DENM) protocol. If the deter-
mination of act 7B-6 is affirmative, act 7B-7, e.g., a map DENM indexes routine, is
executed to obtain a usable table index, “Index”, and then the table index retrieval
routine terminates as indicated by act 7B-9. If the determination of act 7B-6 is
negative, as act 7B-8 V2X resource selection controller 54 sets the table index to a
default value, after which the table index retrieval routine terminates as shown by act
7B-9. The default value may, in at least some instances, be received from the network.
Fig. 7B illustrates, by way of simplifying example, the three protocols SAE J2735,
CAM, and DENM. If other protocols are encompassed, further checks would be made
(such as acts 7B-2, 7B-4, and 7B-6) and further mapping acts (such as acts 7B-3, 7B-5,
and 7B-7) for such further protocols, before assuming that all protocols had been
checked and before setting the table index to the default value.

Fig. 7B shows that act 7B-3 is executed to obtain a usable table index, “Index”, when
the message characteristic of the V2X message indicates that the V2X message
belongs to the SAE J2735 protocol; that act 7B-5 is executed to obtain a usable table
index, “Index”, when the message characteristic of the V2X message indicates that the
V2X message belongs to the Cooperative Awareness Messages (CAM) protocol; and
that act 7B-3 is executed to obtain a usable table index, “Index”, when the message
characteristic of the V2X message indicates that the V2X message belongs to the De-
centralized Environmental Notification Message (DENM) protocol. How the V2X
resource selection controller 54 determines the table index, “Index”, in a simple case in
which all components of the V2X message require the same quality of service is un-
derstood from one or more of Fig. 6B, Fig. 6C, and/or Fig. 6D, in accordance with re-
spective embodiments of how the message characteristic is specified. For example, in

the implementation of Fig. 6C in which all SAE J2735 message types require the same
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quality of service, the V2X resource selection controller 54 determines the table index
from the element of the third column of Message Index Table 84 that corresponds to
the SAE J2735 protocol. If the message characteristic comprises or depends on both
message protocol and message type as in Fig. 6B, the V2X resource selection
controller 54 also checks the second column of Message Index Table 84 to find the
message type of the V2X message, and the selects the table index that corresponds to
the message type of the V2X message. For example, in the example scenario of Fig.
6B in which the V2X message is a BSM (Basic Safety Message), as act 7B-3 the V2X
resource selection controller 54 obtains the table index=84A to be the “Index”. The
retrieval of a table index for the Cooperative Awareness Messages (CAM) protocol at
act 7B-5 and the retrieval of a table index for the Decentralized Environmental Noti-
fication Message (DENM) protocol at act 7B-7 are similar.

In some situations the implementation of the table index retrieval routine may not be
as simple as described above. That is, in more complex situations it is possible that
some V2X messages transported over the the V2X communications channel may en-
capsulate multiple sub-messages, and that each sub-message may be assigned a
specific QoS Level. However, either the V2X communications channel transport layer
or the application layer may not choose to, or be capable of, decomposing the encap-
sulating message into individual sub-messages for individual transport using the
resources to meet the QoS assigned to each sub-message. Thus the process (aka
NR_V2X_QoS) that determines the level of service provided by the NR Sidelink V2X
communications channel channel, as executed e.g., by V2X resource selection
controller 54, may select a single QoS Level from the plurality of sub-messages.
Preferably that selected QoS Level may be the highest QoS Level of all sub-messages
in the encapsulating message, and that highest QoS Level is applied to the encap-
sulating message and, by extension, to all the sub-messages, and thus used to select the
QoS Thresholds.

Thus, in the more complex situation described above in which the V2X message en-
capsulates multiple sub-messages of differing quality of service levels, the act 7B-3,
which obtains a usable table index, “Index”, when the message characteristic of the
V2X message indicates that the V2X message belongs to the SAE J2735 protocol, the
act 7B-5, which obtains a usable table index, “Index”, when the message characteristic
of the V2X message indicates that the V2X message belongs to the Cooperative
Awareness Messages (CAM) protocol; and the act 7B-7, which obtains a usable table
index, “Index”, when the message characteristic of the V2X message indicates that the
V2X message belongs to the Decentralized Environmental Notification Message
(DENM) protocol, may be more complicated. In essence, in the multiple sub-messages

of differing quality of service scenario, the table index retrieval routine must check
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each sub-message of the V2X message in order to obtain the table index. As used
herein and the code shown above, the retrieved table index is also known simply as
“Index”.

Thus, in an example embodiment and mode wherein the V2X message comprises
sub-messages of differing quality of service requirements, the V2X resource selection
controller 54 is configured to determine the level of importance that is associated with
the V2X message on the basis of a sub-message having a highest quality of service re-
quirement.

Table 3 below shows example logic that may be implemented by the table index
retrieval routine for handling a V2X message that is a BSM (Basic Safety Message),
when the BSM (Basic Safety Message) comprises multiple sub-messages of differing
quality of service. In essence, in such complex multiple sub-messages of differing
quality of service scenario, the table index retrieval routine may examine each sub-
message and chose an appropriate table index, “Index”, based on the sub-message that
requires the greatest quality of service.

In particular, the pseudo example of Table 3 describes how the NR V2X UE identify
the highest QoS Level assigned to a V2X Message of type BSM. This example
represents the process “Map J2735 Index” of act 7B-3 of Fig. 7B when the message
type is BSM (Basic Safety Message). Again it is mentioned that acts or logic for
identifying the Index for other protocols may be understood from Table 3. In Table 3,
there is a parsing of information included in quality of service information obtained for
the channel that carries the V2X message. In Table 3, such quality of service in-
formation is understood to be obtained from a table known as sl-Msg_Index_table-r16,

which is described in more detail herein.
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Index = Defaultindex
If (sl-Msg_Index Table == NULL)
Exit.
If (sl-Msg_Index Table. BSM == NULL)
Index = BSMDecfaultIndex
Exit.
Elsc
BSM = sl-Msg_Index_Table.BSM

If (BSM.bsm == TRUE) and (V2XMsg.bsm == TRUE)
If IndexBSM < BSM.bsm.DefaultIndex
Then IndexBSM = BSM.bsm.DefaultIndex

If (BSM.bsm.position == TRUE) and (V2XMsg.bsm.position == TRUE)

If IndexBSM < BSM.bsm.position.DefaultIndex
Then IndexBSM = BSM.bsm.position.Defaultindex

If (BSM.bsm.position. LatitudeIndex == TRUE) and
(V2XMsg.bsm.position. Latitude == TRUE)
If IndexBSM < BSM.bsm.position. LatitudeIndex
Then IndexBSM = BSM.bsm.position. LatitudeIndex

If (BSM.bsm.position.LongitudeIndex == TRUE) and
(VZXMsg.bsm.position.Longitude ==TRUE)
If IndexBSM < BSM.bsm.position. Longitudelndex
Then IndexBSM = BSM.bsm.position. Longitudelndex

Etc....for bsm.position container

If (BSM.bsm.motion == TRUE) and (V2XMsg.bsm.motion == TRUE)

If IndexBSM < BSM.bsm.motion.DefaultIndex
Then IndexBSM = BSM.bsm.motion. DefaultIndex
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If (BSM.bsm.motion.transmissionAndSpeed == TRUE) and
(V2XMsg.bsm.motion.transmissionAndSpeed == TRUE)
If IndexBSM < BSM.bsm.motion.transmissionAndSpeed. Defaultindex
Then IndexBSM = SM.bsm.motion.transmissionAndSpeed.DefaultIndex

If (BSM.bsm.motion.transmissionAndSpeed.TransmissionStateﬁldex == TRUE)
and (V2XMsg.bsm.motion.transmissionAndSpeed. TransmissionState = TRUE)
If IndexBSM <
BSM.bsm.motion.transmissionAndSpeed. TransmissionStateIndex
Then IndexBSM =

SM.bsm.motion.transmissionAndSpeed. TransmissionStateIndex
Etc....for bsm.motion.TransmissionState

If (BSM.bsm.motion. HeadingIndex == TRUE) and
(V2XMsg.bsm.motion. Heading == TRUE)
If IndexBSM < BSM.bsm.motion.HeadingIndex
Then IndexBSM = BSM.bsm.motion. HeadingIndex

Etc....for bsm.motion container

Etc...for bsm container

Index = IndexBSM
Exit

[0095]
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Assuming that the Index value returned from the table index retrieval routine of Fig. 7B
is not null, the Index returned by the table index retrieval routine is utilized in the
execution of the resource selection routine of Fig. 7C, as reflected by act 7A-18 of Fig.
7A.  The resource selection routine of Fig. 7C aims to implement a resource selection
strategy such as that shown in Fig. 8.  Fig. 8 shows, by a vertical line at its left margin,
arange of QoS values, ranging from “Bad QoS” to “Good QoS”. Essentially midway
between the “Bad QoS” level and the “Good QoS level is a “threshold”, which
represents the set of thresholds indicated by the table index, e.g., the Index value
obtained from the table index retrieval routine. As previously explained, the set of
thresholds selected by the Index comprises a triology of QoS values, including (1) the
threshold for error rate for the V2X-utilized channel, e.g., T-error_rate; (2) the
threshold for delay rate for the V2X-utilized channel, e.g., T-delay rate; and, (3) the
threshold for the received signal measurement for the V2X-utilized channel, e.g.,

T-RSRP. According to the resource selection routine of Fig. 8:

¢ as shown by act 8-1 the V2X resource selection controller 54 selects both NR and
LTE resources when the thresholds(s) of the Index-pointed-to threshold set 88 is not

satisfied for both NR and LTE.

e as shown by act 8-2 the V2X resource selection controller 54 selects only NR
resources when the thresholds(s) of the Index-pointed-to threshold set 88 are

satisfied for only NR.

e as shown by act 8-3 the V2X resource selection controller 54 selects only LTE
resources when the thresholds(s) of the Index-pointed-to threshold set 88 are

satisfied only for LTE.
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» as shown by act 8-4 the V2X resource selection controller 54 uses another parameter,
the Network Preference parameter 86 , NW_Preference, to select between NR and
LTE resources when the thresholds(s) of the Index-pointed-to threshold set 88 are
satisfied for both NR and LTE. In an example implementation, the Network
Preference parameter 86 may have the value of NR, LTE, both NR and L.TE, or null,

and as also illustrated in Fig. 7D be utilized in the following manner:;

o as shown by act 8-4A the V2X resource selection controller 54 uses
NR resources when the thresholds(s) of the Index-pointed-to threshold set 88 are

satisfied for both NR and LTE and the Network Preference parameter 86 is null.

o as shown by act 8-4B the V2X resource selection controller 54 uses
NR resources when the thresholds(s) of the Index-pointed-to threshold set 88 are
satisfied for both NR and LTE and the Network Preference parameter 86 is

neither NR or LTE.

o as shown by act 8-4C the V2X resource selection controller 54 uses
NR resources when the thresholds(s) of the Index-pointed-to threshold set 88 are

satisfied for both NR and LTE and the Network Preference parameter 86 is NR.

o as shown by act 8-4D the V2X resource selection controller 54 uses
LTE resources when the thresholds(s) of the Index-pointed-to threshold set 88
are satisfied for both NR and LTE and the Network Preference parameter 86 is

LTE.

o as shown by act 8-4E the V2X resource selection controller 54 uses
both NR and LTE resources when the thresholds(s) of the Index-pointed-to
threshold set 88 are satisfied for both NR and LTE and the Network Preference
parameter 86 is both NR and LTE.

The resource selection routine of Fig. 7C begins at act 7C-1. As act 7C-2 the V2X
message characteristic-dependent resource selection procedure 70 obtains the packet

delay and packet error date from the NR V2X communications channel channel HARQ
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process, e.g., from HARQ functionality 74. Then, as act 7C-3, the V2X message char-
acteristic-dependent resource selection procedure 70 obtains the signal measurement,
e.g., S_measure, for the LTE PC5 channel, e.g., from signal measurement functionality
76. As indicated above, the S_measure may be, for example, referenced signal received
power (RSRP). As act 7C-4 the V2X message characteristic-dependent resource
selection procedure 70 obtains Network Preference parameter 86.

Fig. 7C shows the V2X message characteristic-dependent resource selection
procedure 70 as act 7C-5 checking to determine if the signal measurement is less than
the respective indexed-indicated threshold RSRP pointed to by the Index A. The
indexed-indicated threshold RSRP pointed to by the Index A is represented by
Msg_QoS_Table[Index].S_Measure. In the symbol of act 7C-5, “Msg_QoS_Table” is
understood to be the Message Quality of Service Table 80, “Index” is understood to
point to a particular threshold set 88 of Message Quality of Service Table 80, and
“S_Measure” is understood to be the one member of the threshold of the pointed-to
threshold set 88 that pertains to RSRP. If the determination of act 7C-5 is affirmative,
as act 7C-6 the V2X message characteristic-dependent resource selection procedure 70
checks to determine if the HARQ-reported delay rate, Packet_Delay, exceeds the re-
spective indexed-indicated threshold T-DELAY_RATE pointed to by the Index. In the
symbol of act 7C-6, “Msg_QoS_Table” is again understood to be the Message Quality
of Service Table 80, “Index” is again understood to point to a particular threshold set
88 of Message Quality of Service Table 80, and “Packet_delay” is understood to be the
one member of the threshold of the pointed-to threshold set 88 that pertains to the T-
DELAY RATE of the threshold set 88. If the determination of act 7C-6 is affirmative,
as act 7C-7 the V2X message characteristic-dependent resource selection procedure 70
checks to determine if the HARQ-reported error rate, Packet_Error, exceeds the re-
spective indexed-indicated threshold T-ERROR_RATE pointed to by the Index. In the
symbol of act 7C-7, “Msg_QoS_Table” is again understood to be the Message Quality
of Service Table 80, “Index” is again understood to point to a particular threshold set
88 of Message Quality of Service Table 80, and “Packet_Error” is understood to be the
one member of the threshold of the pointed-to threshold set 88 that pertains to the T-
ERROR_RATE of the threshold set 88. If the determinations of act 7C-5, 7C-6, and
7C-7 are all affirmative, then the composite threshold of the threshold set 88 pointed to
by the Index is not satisfied for both LTE and NR. Accordingly, as shown by act 7C-8
of Fig. 7C, the V2X communications channel Interface is set to use both LTE and NR
resources for transmitting the V2X message. Such is consistent with Fig. 8A which
shows, with quality of service not exceeding the threshold, both NR and LTE resources
are utilized for transmitting the V2X message over the V2X communications channel.

On the other hand, if the determinations of any of act 7C-5, 7C-6, and 7C-7 are
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negative then act 7C-9 is next executed. Fig. 7C shows the V2X message charac-
teristic-dependent resource selection procedure 70 in act 7C-9 checking to determine if
the signal measurement equals or exceeds the respective indexed-indicated threshold
RSRP pointed to by the Index. If the determination of act 7C-9 is affirmative, as act
7C-10 the V2X message characteristic-dependent resource selection procedure 70
checks to determine if the HARQ-reported delay rate, Packet_Delay, exceeds the re-
spective indexed-indicated threshold T-DELAY_RATE pointed to by the Index. If the
determination of act 7C-10 is affirmative, as act 7C-11 the V2X message charac-
teristic-dependent resource selection procedure 70 checks to determine if the HARQ-
reported error rate, Packet_Error, exceeds the respective indexed-indicated threshold
T-ERROR_RATE pointed to by the Index A. For the symbols of each of act 7C-9,
7C-10, ad 7C-11, “Msg_QoS_Table” is again understood to be the Message Quality of
Service Table 80, “Index” is again understood to point to a particular threshold set 88
of Message Quality of Service Table 80, and S-Measure, Packet_Delay, and
Packet_Error are understood from the preceding discussion. If the determinations of
act 7C-9, 7C-10, and 7C-11 are all affirmative, then as act 7C-12 LTE resources are
used for transmitting the V2X message over the V2X communications channel.

On the other hand, if any of the determinations of act 7C-9, 7C-10, and 7C-11 are
negative, then act 7C-13 is next performed. Fig. 7C shows the V2X message charac-
teristic-dependent resource selection procedure 70 as act 7C-13 checking to determine
if the signal measurement is less than the respective indexed-indicated threshold RSRP
pointed to by the Index. If the determination of act 7C-13 is affirmative, as act 7C-14
the V2X message characteristic-dependent resource selection procedure 70 checks to
determine if the HARQ-reported delay rate, Packet_Delay, equals or is less than the re-
spective indexed-indicated threshold T-DELAY_RATE pointed to by the Index. If the
determination of act 7C-14 is affirmative, as act 7C-15 the V2X message charac-
teristic-dependent resource selection procedure 70 checks to determine if the HARQ-
reported error rate, Packet_Error, equals or is less than the respective indexed-
indicated threshold T-ERROR_RATE pointed to the Index A. If the determinations of
act 7C-13, 7C-14, and 7C-15 are all affirmative, then as act 7C-16 NR resources are
used for transmitting the V2X message over the V2X communications channel.

If any of the determinations of act 7C-13, 7C-14, and 7C-15 are negative, then act
7C-17 is next performed. Act 7C-17 essentially comprises the Network Preference
routine of Fig. 7D. The Network Preference routine of Fig. 7Dprovides a method by
which a NW Preference indicator is used to make a final determination on the ap-
propriate resources to use (either NR or LTE or both NR and LTE) if the determination
by thresholds, e.g., the determinations of Fig. 7C, does not produce a clear result. The

Network Preference routine of Fig. 7D uses the Network Preference parameter 86, e.g.,
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“NW_Prefers”. The Network Preference routine of Fig. 7D begins with act 7D-1. Act
7D-2 comprises the V2X message characteristic-dependent resource selection
procedure 70 making a determination that the Network Preference parameter 86 is not
set. Act 7D-3 comprises the V2X message characteristic-dependent resource selection
procedure 70 making a determination that the Network Preference parameter 86 is
unknown. Act 7D-4 comprises the V2X message characteristic-dependent resource
selection procedure 70 making a determination, based on the value of Network
Preference parameter 86, that the network prefers to use New Radio (NR) 5G
resources. If any of the determinations of act 7D-2, act 7D-3, and 7D-4 are affirmative,
as act 7D-5 the V2X message characteristic-dependent resource selection procedure 70
selects New Radio (NR) 5G resources for transmission of the V2X message over the
V2X communications channel.

Act 7D-6 comprises the V2X message characteristic-dependent resource selection
procedure 70 making a determination, based on the value of Network Preference
parameter 86, that the network prefers to use LTE resources. If the determination of act
7D-6 is affirmative, as act 7D-7 the V2X message characteristic-dependent resource
selection procedure 70 selects LTE resources for transmission of the V2X message
over the V2X communications channel.

Act 7D-8 comprises the V2X message characteristic-dependent resource selection
procedure 70 making a determination, based on the value of Network Preference
parameter 86, that the network prefers to use both NR and LTE resources. If the deter-
mination of act 7D-8 is affirmative, as act 7D-9 the V2X message characteristic-
dependent resource selection procedure 70 selects both NR resources and LTE
resources for transmission of the V2X message over the V2X communications
channel. The end of Network Preference routine of Fig. 7D, which follows any of act
7D-5, 7D-7, and 7D-9 is indicated by act 7D-10.

The acts of Fig. 7D thus reflect the fact that the V2X resource selection controller 54
may make an attempt to make the selection using a set of thresholds associated with
the characteristic of the V2X message, but in a case in which the attempt is not
successful, to select radio resources in accordance with a Network Preference
parameter supplied by a network. Fig. 7C shows act included in the attempt to make
the selection using a set of thresholds associated with the characteristic of the V2X
message. The acts of Fig. 7D illustrated that, in the case in which the attempt of Fig.
7C is not successful, the V2X resource selection controller 54 may select radio
resources in accordance with the Network Preference parameter supplied by a network,
e.g., Network Preference parameter 86.

After exit or end of the Network Preference routine of Fig. 7D, execution of V2X

message characteristic-dependent resource selection procedure 70 returns to act 7C-18,
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which represents termination or end of the routine of Fig. 7C. After exit or end of the
routine of Fig. 7C, execution of V2X message characteristic-dependent resource
selection procedure 70 returns to act 7A-5 of Fig. 7A, which represents termination or
end of the overall instance of execution of the V2X message characteristic-dependent
resource selection procedure 70.

It was mentioned above that the configured threshold table 80, also known as Message
Quality of Service Table 80, may be “configured by a network”, e.g., transmitted to the
user equipment 26 by a network. As described herein, the Message Quality of Service
Table 80 may be transmitted to the user equipment 26 by a network using a unicast
message or a broadcast message. A non-limiting example of a unicast message which
transmits the Message Quality of Service Table 80 may be an RRC_Reconfiguration
message, for example. A non-limiting example of a broadcast message which transmits
the Message Quality of Service Table 80 may be system information block, SIB. These
and other example messages and techniques for transmitting and receiving the
Message Quality of Service Table 80 are described herein.

Fig. 9 illustrates an example, representative, generic network node 90 which
generates and/or transmits information to enable user equipment 26 to select resources
for a V2X message in dependence on a characteristic of the V2X message. The
network node 90 comprises both node processor circuitry 92 and node interface
circuitry 94. The node interface circuitry 94 may comprise node transmitter circuitry
96 and node receiver circuitry 98 for communication with other nodes and/or ul-
timately or immediately with user equipment 26.

Fig. 9 further shows node processor circuitry 92 as comprising parameter generator
120. The parameter generator 120 may generate one or more different types of pa-
rameters or information for transmission to the user equipment 26 in conjunction with
the user equipment 26 selecting resources, depending on a characteristic of the V2X
message, for use in transmitting or receiving a V2X message. Examples of the pa-
rameters that may be generated by the parameter generator 120 and which may
transmitted to the user equipment 26 include the Message Quality of Service Table 80,
the Message Index Table 84, and the Network Preference parameter 86. Optionally, the
parameters generated by parameter generator 120 may include an indication of pools of
radio resources from which the radio resource(s) for transmission and/or reception of
the V2X message of the V2X communication may be selected. As explained below,
the parameter(s) generated by parameter generator 120 may be transmitted to the user
equipment 26 in one or more different types of messages, such as a unicast message or
a broadcast message.

It should be understood that in some example embodiments and modes the

parameter(s) generated by parameter generator 120 of network node 90 may actually
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be transmitted to user equipment 26 through the intermediary of a radio access network
node, such as access node 130 shown in Fig. 9. The access node 130 may be a base
station node, such as an eNodeB (e.g., eNB) or gNB, for example, or another wireless
terminal. The node 130 comprises an interface 131 for communicating with the
network node 90, access node processor circuitry 132, and access node transceiver
circuitry 134. The access node transceiver circuitry 134 in turn comprises access node
transmitter circuitry 136 and access node receiver circuitry 138. The access node
processor circuitry 132 comprises access node frame/message generator 140. The
access node 130 receives the parameters generated by parameter generator 120 through
interface 131, and conveys same to the access node frame/message generator 140. The
access node frame/message generator 140 generates the message, illustrated as
message 150, which is transmitted by access node transmitter circuitry 136, for
conveying to user equipment 26 the parameters that are utilized by the V2X message
characteristic-dependent resource selection procedure 70.

Thus, concerning the Message Quality of Service Table 80, the network node 90
comprises parameter generator 120 which may generate, e.g., a set of thresholds. As
understood from the preceding discussion, the set of thresholds may be configured for
comparison by a user equipment with quality of service information obtained in con-
junction with the user equipment making a selection, in dependence upon a charac-
teristic of the V2X message, of a radio resource(s) for transmission and/or reception of
a V2X message of the V2X communication.

Further, the network node 90 comprises parameter generator 120 which includes, in a
message, an index table which associates a characteristic of a V2X message with an
index. An example index table has been illustrated as Message Index Table 84. The
index which is associated with the characteristic of the V2X message is configured for
use by the wireless terminal 26 to access an appropriate set of thresholds of a table of
thresholds. The table of thresholds, exemplified by Message Quality of Service Table
80, is configured for use by the wireless terminal 26 in an attempt to make a selection
of aradio resource(s) for transmission and/or reception of the V2X message.

The node interface circuitry 94 of network node 90 transmits the set of thresholds,
and the index table, ultimately to a node of a radio access network, such as access node
130, which is radio communication with the user equipment.

Fig. 10 illustrates example, representative, basic acts or steps performed by the
network node 90 of Fig. 9. Act 10-1 comprises using processor circuitry to include, in
a message, an index table which associates a characteristic of a V2X message with an
index, the index being configured for use by a wireless terminal to access an ap-
propriate set of thresholds of a table of thresholds, the table of thresholds being

configured for use by the wireless terminal in an attempt to make a selection of a radio
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resource(s) for transmission and/or reception of the V2X message. Act 10-2 comprises
transmitting the message comprising the index table over a radio interface to the user
equipment.

Act 10-1-1 shows an optional act of including, in a message generated by the
network node 90, a Network Preference parameter. As understood from Fig. 7D and
elsewhere above, the Network Preference parameter is configured for use by the
wireless terminal to select the radio resource(s) for transmission and/or reception of a
V2X message when the attempt to make the selection using the table of thresholds is
unsuccessful. The Network Preference parameter may be included in the same message
as the index table, or another message.

One example, non-limiting role of access node 130 is thus to include parameters
from network node 90 in a message, such as message 150 shown in Fig. 9, to user
equipment 26. As mentioned above, the set of thresholds included in the message 150
by access node 130 is configured for comparison by user equipment 26 with quality of
service information obtained in conjunction with the user equipment making a
selection, dependent on a characteristic of the V2X message, of a radio resource(s) for
transmission and/or reception of the V2X message of the V2X communication. The
access node transmitter circuitry 136 of access node 130 serves, e.g., to transmit the
message comprising the parameters obtained from the network node 90 over a radio
interface, e.g., interface Uu, to the user equipment 26.

As understood from the foregoing and employed in the examples below, the QoS
threshold elements may be captured in Message Quality of Service Table 80, and the
thresholds are indicated by the table index(ices), e.g., an index obtained from Message
Index Table 84. Each entry in Message Quality of Service Table 80 may comprise data
objects. The examples of Fig. 6B - Fig. 6D show each entry, e.g., each set of thresholds
88, as comprising three data objects. More data objects may be included, such as
(unillustrated in Fig. 6B and Fig. 6C, but shown in Fig. 6E) a first data object which
specifies the Resource Type, which can take a value of [GRB, non-GBR]. A second
data object also unillustrated in Fig. 6B and Fig. 6C but shown in Fig. 6E, is
Scheduling priority, which can take a value in the range of [0.0 to 99.5]. A third data
object may be Packet Delay Budget, which can take a value in the range of [0 to
1000ms]. A fourth data object may be the Packet Error Rate, which can take a value in
the range of [10! to 10-°]. The Index obtained from Message Index Table 84 points into
the Message Quality of Service Table 80, and indicates which entry of Message
Quality of Service Table 80 is to be used by the NR_V2X_QoS process.

As mentioned above, the Message Quality of Service Table 80 and/or the Message
Index Table 84 may either be pre-configured at the user equipment 26 or configured by

a network. Being “pre-configured” means that the table may be loaded into the UE
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memory 60 at time of manufacture, initial startup, or refurbishment of user equipment
26. Being “configured by a network” means that the table is transmitted to the user
equipment 26 by a network using, e.g., techniques and/or messages and/or system in-
formation blocks, SIBs, as herein described.

In terms of the Message Quality of Service Table 80 and/or Message Index Table 84
being “configured by a network”, in one of its example aspects the technology
disclosed herein may provide configuration data into the NR_V2X_QoS process, €.g.,
the V2X message characteristic-dependent resource selection procedure 70 performed
by UE V2X controller 52, by reuse and enhancement to the autonomous resource
selection content of a particular information element. The particular information
element that is reused and enhanced is known herein as e.g., IE SL-
CommTxPoolSensingConfig-14. In yet another aspect, the technology disclosed herein
also reuses a system information block (SIB), e.g., the Rel-14 SIB21, to transport the
SL-CommTxPoolSensingConfig-14 information element.

In an example implementation, an information element is used to carry information
regarding UE autonomous resource selection from the network to the wireless
terminal. For present purpose, such information element is called “IE SL. CommTx-
PoolSensingConfig-16". One enhancement to CommTxPoolSensingConfig-16 is the
inclusion of one or more new configuration elements, e.g., Message Quality of Service
Table 80, Message Index Table 84, and Network Preference parameter 86. In another
of its example aspects, the technology disclosed herein carries the new IE SL
CommTxPoolSensingConfig-16 in a system information block (SIB) known as, e.g.,
“SIBx-NR-V2X”.

When the wireless terminal is pre-configured with the Message Quality of Service
Table 80, a signaled Message Quality of Service Table 80 may take precedence over
the pre-configuration. Moreover, the configured Message Quality of Service Table 80
and Message Index Table 84 may be sent to the wireless terminal as part of an
RRC_Reconfiguration message, in which case the wireless terminal may use that data
instead of the data sent in the SIBx-NR-V2X message until UE receives a new SIBx-
NR-V2X from a different gNB.

Table 4 shows an example, non-limiting illustration of an information element SL-
CommTxPoolSensingConfig-r16, with the addition of BSM_QoS_Table and
BSM_QoS_Index_A and BSM_QoS_Index_B.
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- ASN1START

SL-CommTxPoolSensingConfig-r16 ;= SEQUENCE {
pssch-TxConfigList-r14 SL-PSSCH-TxConfigList-r14,
thresPSSCH-RSRP-List-r14 SL-ThresPSSCH-RSRP-List-r14,
restrictResourceReservationPeriod-r14

SlL-strictResourceReservationPeriodList-ri4 OPTIONAL, -- Need
OR

probResourceKeep-ri4  ENUMERATED {v0, v0dot2, vOdot4, vOdotb,

vOdot8,spare3,spare2, sparei},

p2x-SensingConfig-r14 SEQUENCE {

minNumCandidateSF-r14 INTEGER (1..13),

gapCandidateSensing-r14 BIT STRING (SIZE (10))

} OPTIONAL, -- Need OR
sl-ReselectAfter-r14 ENUMERATED {n1, n2, n3, n4, n5, n6, n7, n8,
ng,

' spare7, spare6, spareb, spared, spare3,
spare2,
sparet} OPTIONAL

-- Need OR

sl-Msg_QoS_Table-r16 SEQUENCE {

sl-GBRTable-r16  SEQUENCE (SIZE (1..maxQoSTable)) OF
sl-GBRType-r16
sl-GBRType-r16 ENUMBERATED {GBR, non-GBR }

sl-PriorityTable-r16 SEQUENCE (SIZE (1..maxQoSTable)) OF
sl-Priority Type-r16

sl-PriorityType-r16 ENUMBERATED {p000,
p001,.....p999 } ,

Note that the values are interpreted in the range [0,1000): p000 = 0, p001
=00.1, ..., p999 = 99.9

sl-PkiDelayBdgtTable-r16 SEQUENCE (SIZE (1..maxQoSTable)) OF
sl-PktDelayBdgtType-r16
sl-PkiDelayBdgtType-r16 ENUMBERATED {p000, p001,.....p999 }
Note that the values are interpreted in the range [0,1000): p000 = 0, p001 =1ms,
p010 = 10ms,..., p999 = 999ms
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sl-PktErrorRateTable-r16 SEQUENCE (SIZE (1..maxQoSTable)) OF
sl-PktErrorRateType-r16

sl-PktErrorRateType-r16 ENUMBERATED {p0, p1......p9}
Note that the values are interpreted in the range [0,10); p0 = 10-0 ,p1 =10-1, ...,
p9=10-9

sl-RSRPTable-r16 SEQUENCE (SIZE (1..maxQoSTable)) of
sl-RSRPValue-r16
sl-RSRPValue-r16 ~ CSI-RSRP-Range-r12

}

sl-Msg_Index_table-r16 SEQUENCE {
CAM ::= SEQUENCE {
header ltsPduHeader,
cam CoopAwareness

CoopAwareness ::= SEQUENCE {
generationDeltaTime GenerationDeltaTime,
camParameters CamParameters
1
CamParameters ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
basicContainer BasicContainer,
highFrequencyContainer HighFrequencyContainer,
lowFrequencyContainer = LowFrequencyContainer OPTIONAL,
specialVehicleContainer SpecialVehicleContainer OPTIONAL,

}

HighFrequencyContainer ::= CHOICE {
Defaultindex INTEGER (1..maxQoSTable)

basicVehicleContainerHighFrequency
BasicVehicleContainerHighFrequency,

rsuContainerHighFrequency RSUContainerHighFrequency,
}

LowFrequencyContainer ::= CHOICE { _
Defaultindex INTEGER (1..maxQoSTable)

basicVehicleContainerLowFrequency
BasicVehicleContainerLowFrequency,



49
WO 2020/054812 PCT/JP2019/035942

SpecialVehicleContainer ::= CHOICE {
Defaultindex INTEGER (1..maxQoSTable)
publicTransportContainer PublicTransportContainer,
specialTransportContainer SpecialTransportContainer,

dangerousGoodsContainer DangerousGoodsContainer,
roadWorksContainerBasic RoadWorksContainerBasic,
rescueContainer RescueContainer,
emergencyContainer EmergencyContainer,
safetyCarContainer SafetyCarContainer,
}

BasicContainer ::= SEQUENCE {
Defaultindex - INTEGER (1..maxQoSTable)
stationTypelndex INTEGER (1..maxQoSTable),

referencePositionindex INTEGER (1..maxQoSTable),

}

BasicVehicleContainerHighFrequency ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
headingindex INTEGER (1..maxQoSTable),
speedindex INTEGER (1..maxQoSTable),
driveDirectionindex _ INTEGER (1..maxQoSTable),
vehicleLengthindex INTEGER (1..maxQoSTable),
vehicleWidthindex INTEGER (1..maxQoSTable),
longitudinalAccelerationindex INTEGER (1..maxQoSTable),
curvaturelndex : INTEGER (1..maxQoSTable),
curvatureCalculationModelndex INTEGER (1..maxQoSTable),
yawRatelndex INTEGER (1..maxQoSTable),
accelerationControlindex INTEGER (1..maxQoSTable)OPTIONAL,
lanePositionindex INTEGER

(1..maxQoSTable)OPTIONAL,
steeringWheelAngleindex INTEGER (1..maxQoSTable)OPTIONAL,

lateralAccelerationindex INTEGER (1..maxQoSTable)OPTIONAL,
verticalAccelerationindex INTEGER (1. maxQoSTable)OPTIONAL,
performanceClassindex INTEGER

(1..maxQoSTable)OPTIONAL,
cenDsrcTollingZonelndex INTEGER (1..maxQoSTable)OPTIONAL
}
BasicVehicleContainerLowFrequency ::= SEQUENCE {
Defaultindex  INTEGER (1..maxQoSTable)
vehicleRoleindex INTEGER (1..maxQoSTable),
exteriorLightsindex INTEGER (1..maxQoSTable),
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pathHistorylndex INTEGER (1..maxQoSTable)
}

PublicTransportContainer ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
embarkationStatus INTEGER (1..maxQoSTable),
ptActivationindex INTEGER (1..maxQoSTable)OPTIONAL
}

SpecialTransportContainer ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
specialTransportType INTEGER (1..maxQoSTable),
lightBarSireninUselndex INTEGER (1..maxQoSTable)

}

DangerousGoodsContainer ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
dangerousGoodsBasicindex INTEGER (1..maxQoSTable)
}

RoadWorksContainerBasic ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
roadworksSubCauseCodelndex INTEGER

..maxQoSTable)OPTIONAL,

lightBarSirenlinUselndex INTEGER (1..maxQoSTable),
closedLaneslndex INTEGER (1..maxQoSTable)OPTIONAL
}

RescueContainer ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)

lightBarSireninUselndex INTEGER (1..maxQaoSTable)
'

EmergencyContainer ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
lightBarSirenInUselndex INTEGER (1..maxQoSTable),
incidentindicationindex INTEGER (1..maxQoSTable)OPTIONAL,
emergencyPrioritylndex  INTEGER (1..maxQoSTable)OPTIONAL
}

SafetyCarContainer ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
lightBarSireninUselndex INTEGER (1..maxQoSTable),
incidentlndicationIndex INTEGER (1..maxQoSTable)OPTIONAL,
trafficRulelndex  INTEGER (1..maxQoSTable)OPTIONAL,
speedLimitindex INTEGER (1..maxQoSTable)OPTIONAL
}

RSUContainerHighFrequency ::= SEQUENCE {
Defauliindex INTEGER (1..maxQoSTable)
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protectedCommunicationZonesRSUIndex INTEGER
(1..maxQoSTable)OPTIONAL,

DENM ::= SEQUENCE {
header ItsPduHeader,
denm DecentralizedEnvironmentalNotificationMessage
}
DecentralizedEnvironmentalNotificationMessage ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
management ManagementContainer,
situation SituationContainer OPTIONAL,
location LocationContainer OPTIONAL,
alacarte AlacarteContainer OPTIONAL

}

ManagementContainer ::= SEQUENCE {
DefaultindexIndex INTEGER (1..maxQoSTable)
actionIDIndex INTEGER (1..maxQoSTable),
detectionTimelndex INTEGER (1..maxQoSTable),
referenceTimelndex INTEGER (1..maxQoSTable),
terminationindex INTEGER

(1..maxQoSTable)OPTIONAL,

eventPositionIndex INTEGER (1..maxQoSTable),
relevanceDistancelndex INTEGER

(1..maxQoSTable)OPTIONAL,
relevanceTrafficDirectionindex INTEGER
(1..maxQoSTable)OPTIONAL,

validityDuration Index INTEGER (1..maxQoSTable)DE
transmissionintervallndex INTEGER (1..maxQoSTable)OPTIONAL,
stationTypelndex INTEGER (1..maxQoSTable),

}

SituationContainer ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
informationQualityindex  INTEGER (1..maxQoSTable),
eventTypelndex INTEGER (1..maxQoSTable),
linkedCauselndex INTEGER (1..maxQoSTable)OPTIONAL,
eventHistorylndex INTEGER (1..maxQoSTable)OPTIONAL,
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LocationContainer ::= SEQUENCE {

Defaultindex INTEGER (1..maxQoSTable)
eventSpeedindex INTEGER (1..maxQoSTable)OPTIONAL,
eventPositionHeadinglndex INTEGER (1..maxQoSTable)OPTIONAL,
tracesindex INTEGER (1..maxQoSTable),
roadTypelndex INTEGER (1..maxQoSTable)OPTIONAL,

}
ImpactReductionContainer ;= SEQUENCE {

Defaultindex INTEGER (1..maxQoSTable)
heightLonCarrLeftindex INTEGER (1..maxQoSTable)},
heightLonCarrRightindex INTEGER (1..maxQoSTable),
posLonCarrLeftindex INTEGER (1..maxQoSTable),
posLonCarrRightindex INTEGER (1..maxQoSTable),
positionOfPillarsindex INTEGER (1..maxQoSTable)},
posCentMassindex INTEGER (1..maxQoSTable),
wheelBaseVehiclelndex INTEGER (1..maxQoSTable),
turningRadiusIndex INTEGER (1..maxQoSTable),
posFrontAxindex INTEGER (1..maxQoSTabie),
positionOfOccupantsindex INTEGER (1..maxQoSTable),
vehicleMassindex INTEGER (1..maxQoSTable),
requestResponselndicationindex INTEGER (1..maxQoSTable)
}
RoadWorksContainerExtended ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
lightBarSirenIinUselndex INTEGER (1..maxQoSTable)OPTIONAL,
closedLanesIndex INTEGER
(1..maxQoSTable)OPTIONAL,
restrictionindex INTEGER (1..maxQoSTable)OPTIONAL,
speedLimitindex INTEGER
(1..maxQoSTable)OPTIONAL,
incidentindicationIindex INTEGER (1..maxQoSTable)OPTIONAL,
recommendedPathindex INTEGER '

(1..maxQoSTable)OPTIONAL,
startingPointSpeedLimitindex INTEGER (1..maxQoSTable)OPTIONAL,

trafficFlowRulelndex INTEGER
(1..maxQoSTable)OPTIONAL,
referenceDenmslindex INTEGER

(1..maxQoSTable)OPTIONAL
}
StationaryVehicleContainer ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
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stationarySincelndex INTEGER (1..maxQoSTable)OPTIONAL,
stationaryCauselndex INTEGER (1..maxQoSTable)OPTIONAL,
carryingDangerousGoodsindex INTEGER (1..maxQoSTable)OPTIONAL,
numberOfOccupantsindex INTEGER

(1..maxQoSTable)OPTIONAL,
vehicleldentificationlndex INTEGER (1..maxQoSTable)OPTIONAL,
energyStorageTypelndex INTEGER (1..maxQoSTable)OPTIONAL

}

AlacarteContainer ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
lanePositionIndex INTEGER (1..maxQoSTable)OPTIONAL,
impactReductionlindex impactReductionContainer OPTIONAL,
externalTemperaturelndex INTEGER (1..maxQoSTable)OPTIONAL,
roadWorks RoadWorksContainerExtended

OPTIONAL,

positioningSolutionindex INTEGER (1..maxQoSTable)OPTIONAL,
stationaryVehicle StationaryVehicleContainer OPTIONAL,

}

BSM ::= SEQUENCE {

bsm BSMContainer

}

BSMContainer ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
position PositionCaontainer
motion MotionContainer
breakSystemStatus BreakeSystemStatusContainer
vehicleSize VehicleSizeContainer

}

PositionContainer ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
Latitudelndex INTEGER (1..maxQoSTable)
Longitudelndex INTEGER (1..maxQoSTable)
ElevationIndex INTEGER (1..maxQoSTable)

PositionalAccuracylndex INTEGER (1..maxQoSTable)
}
MotionContainer :== SEQUENCE {

Defaultindex INTEGER (1..maxQoSTable)
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transmissionAndSpeed  TransmissionAndSpeedContainer
accelerationSet  AccelerationSetContainer
Headinglindex INTEGER (1..maxQoSTable)
SteeringWheelAnglelndex INTEGER (1..maxQoSTable)

BrakeSystemStatusContainer ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
BrakeAppliedStatusindex INTEGER (1..maxQoSTable)
BrakeStatusNotAvailablelndex  INTEGER (1..maxQoSTable)
TractionControlStatelndex INTEGER (1..maxQoSTable)
AntilockBrakeStatusindex INTEGER (1..maxQoSTable)

StabilityControlStatusindex INTEGER (1..maxQoSTable)
BrakeBoostAppliedindex INTEGER (1..maxQoSTable)
AuxiliaryBrakeStatusindex  INTEGER (1..maxQoSTable)

VehicleSizeContainer ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
VehicleWidthindex INTEGER (1..maxQoSTable)
VehicleLengthindex INTEGER (1..maxQoSTable)

TransmissionAndSpeedContainer ::= SEQUENCE {

Defaultindex INTEGER (1..maxQoSTable)
TransmissionStatelndex INTEGER (1..maxQoSTable)
SpeedIndex INTEGER (1..maxQoSTable)

AccelerationSetContainer ::= SEQUENCE {
Defaultindex INTEGER (1..maxQoSTable)
LongitudinalAccelrationindex INTEGER (1..maxQoSTable)
LateralAccelerationIndex INTEGER (1..maxQoSTable)
VerticalAccelerationlndex INTEGER (1..maxQoSTable)
YawRatelndex INTEGER (1..maxQoSTable)
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sl-NW_Preference  ENUMERATED {NR, LTE, BOTH_LTE NR, spare5,
spare4,spare3,spare2, spare1} OPTIONAL

-- ASN1STOP

As described above, in an example embodiment and mode the UE 26 may perform
the sidelink communication by using LTE type resources (LTE resources), NR type
resources (NR resources), or LTE and NR type resources (LTE and NR resources). For
example, the UE may switch the resources used for the sidelink communication, based

on the conditions (e.g., the conditions configured by the gNB.
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It was mentioned above that the parameter generator 120 may generate an indication of
resource pools from which the resource(s) to be used for the V2X message may be

selected. Accordingly:

e In case that LTE resources (e.g., LTE resource pools) are used, the UE may receive,
based on a parameter (e.g., v2x-RxPool-LTE), the sidelink communication (e.g., the
sidelink communication monitoring). In case that LTE resources (e.g., LTE resource
pools) are used, the UE may transmit, based on a parameter (e.g., v2x-TxPool-LTE),
the sidelink communications. For example, if the UE is configured to receive the
sidelink communication, the UE may use the LTE resources based on the parameter
(e.g., v2x-RxPool-LTE). Also, if the UE is configured to transmit the sidelink
communication, the UE may use the LTE resources based on the parameter (e.g.,

v2x-TxPool-L'TE).

¢ In case that NR resources (e.g., NR resource pools) are used, the UE may receive,
based on a parameter (e.g., v2x-RxPool-NR), the sidelink communication (e.g., the
sidelink communication moniton'ng). Also, in case that NR resources (e.g., NR
resource pools) are used, the UE may transmit, based on a parameter (e.g.,
v2x-TxPool-NR), the sidelink communications. For example, if the UE is
configured to receive the sidelink communication, the UE may use the NR resources
based on the parameter (e.g., v2x-RxPool-NR). Also, if the UE is configured to
transmit the sidelink communication, the UE may use the NR resources based on the

parameter (e.g., v2x-TxPool-NR).

¢ In case that LTE and/or NR resources (e.g., LTE resource pools and/or NR resource
pools) are used, the UE may receive, based on a parameter (e.g., v2x-RxPool-LTE
and/or v2x-RxPool-NR), the sidelink communication (e.g., the sidelink

communication monitoring), as described above. Also, in case that LTE and/or NR
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resources (e.g., LTE resource pools and/or NR resource pools) are used, the UE may
transmit, based on a parameter (e.g., v2x-TxPool-LTE, and/or v2x-TxPool-NR), the
sidelink communications, as described above. For example, if the UE is configured
to receive the sidelink communication, the UE may use LTE and/or NR resources
based on the parameter (e.g., v2x-RxPool-LTE, and/or v2x-RxPool-NR). Also, if
the UE is configured to transmit the sidelink communication, the UE may use LTE
and/or NR resources based on the parameter (e.g., v2x-TxPool-LTE, and/or
v2x-TxPool-NR).

Thus, the parameters “v2x-TxPool-LTE”, and/or “v2x-TxPool-NR” may be used for
indicating the resources by which the UE is allowed to transmit the sidelink commu-
nication. Also, the parameters “v2x-RxPool-LTE”, and/or “v2x-RxPool-NR” may be
used for indicating the resources by which the UE is allowed to receive the sidelink
communication. The maximum number of resource pools for “v2x-TxPool-LTE”,
“v2x-TxPool-NR”, “v2x-RxPool-LTE”, and/or “v2x-RxPool-NR” may be inde-
pendently defined (e.g., configured). Namely, the different maximum number of pools
for LTE resources (e.g., transmission pools and/or reception pools) and/or NR
resources (e.g., transmission pools and/or reception pools) may be defined. Also, LTE
resources (e.g., transmission pools and/or reception pools) indicated by the parameters
and NR resources (e.g., transmission pools and/or reception pools) indicated by the pa-
rameters may be overlapped.

As an example of the foregoing, SIB “SIBx-NR-V2X” may include the parameters
for LTE resources (e.g., LTE resources (e.g., v2x-RxPool-LTE, v2x-TxPool-LTE))
used for the sidelink communication. Also, SIB “SIBx-NR-V2X” may include the pa-
rameters for NR resources (e.g., NR resources (e.g., v2x-RxPool-NR,
v2x-TxPool-NR)) used for the sidelink communication.

In a case that the parameter(s) for NR resources (e.g., v2x-RxPool-NR,
v2x-TxPool-NR) is configured, the gNB may further configure a parameter(s) used for
the sidelink communication.

Other parameter(s) configured by the gNB may comprise: configuration for a block
comprising, at least, Primary Sidelink Synchronization Signal (PSSS), Secondary
Sidelink Synchronization Signal (SSSS), Physical Broadcast Channel (PBCH), and/or
Demodulation reference signal (DM-RS) associated with the PBCH.
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Fig. 11 shows an example, non-limiting illustration of a SIB “SIBx-NR-V2X”, e.g., a
SystemInformationBlockTypeX-NR-V2X that comprises V2X sidelink communication
configuration. The parameters “SL-CommRxPoolListV2X-LTE”,
“SL-CommTxPoolListV2X-LTE”, “SL—CommePoolListVZX-NR”,

“SL-CommTxPoolListV2X-NR”, utilized in Fig. 12 may each include, , e.g.:

- aparameter(s) used for identifying an identification for the resources (e.g., the
resource pool(s)) for the sidelink transmission

- aparameter(s) used for indicating a periodicity for the side link transmission

- aparameter(s) used for indicating an offset value for the sidelink transmission

- aparameter(s) used for indicating a position of the resources (e.g., the resource
pool(s)) for the sidelink transmission

- aparameter(s) used for indicating TDD configuration associated with the

sidelink transmission
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Fig. 12 shows as example, representative illustration of a “SL-CommConfig”

information element. With reference to the listing of Fig. 12,

¢ 2 parameter(s) “ssb-PositionsInBurst” may be used for indicating the time domain

position(s) of the SSSB.

e aparameter “shortBitmap” may be used for the sidelink transmission on sub 3 GHz

(i.e., a frequency band(s) of sub 3 GHz).

* aparameter “mediumBitmap” may be used for the sidelink transmission on 3-6 GHz

(i.e., a frequency band(s) of 3-6 GHz).

¢ aparameter “longBitmap” may be used for the sidelink transmission on above 6

GHz (i.e., a frequency band(s) of above 6 GHz).

¢ a parameter(s) “ssb-periodicityServingCell” may be used for indicating periodicity

of the SSSB.

¢ aparameter(s) “subcarrierSpacing” may be used for indicating the SCS(s)

(subcarrier spacing(s)) (e.g., the numerology) of the SSSB.

s g parameter(s) “ss-PBCH-BlockPower” may be used for determining Tx power used
for the SSSB transmission.

Table 5 provides a detailed description of a non-limiting, example algorithm or logic
that may be implemented by V2X message characteristic-dependent resource selection
procedure 70 upon reception of a SIBx-NR-V2X in accordance with an example em-

bodiment and mode.
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TABLE 5

Upon receiving SystemInformationBlockTypeX-NR-V2X, the UE shall:

1> if SystemInformationBlockTypex-NR-V2X message includes only
sl-V2X-Config-LTE:

2> not perform HARQ feedback (e.g., ACK and/or NACK ransmission)
2> if configured to receive V2X sidelink communication:

3> use the resource pool indicated by v2x-RxPool-LTE in SL-V2X-Config-L.TE

for V2X sidelink communication monitoring;
2> if configured to transmit V2X sidelink communication:

3> use the resource pool indicated by v2x-TxPool-LTE in SL-V2X-Config-LTE

for V2X sidelink communication transmission;

1> if SysteminformationBlockTypex-NR-V2X message includes only
s1-V2X-Config-NR:

2> perform HARQ feedback (e.g., ACK and/or NACK transmission)
2> if configured to receive V2X sidelink communication:

3> use the resource pool indicated by v2x-RxPool-NR in SL-V2X-Config-NR

for V2X sidelink communication monitoring;
2> if configured to transmit V2X sidelink communication:

3> use the resource pool indicated by v2x-TxPool-NR in SL-V2X-Config-NR for

V2X sidelink communication transmission;

1> if SystemInformationBlockTypex-NR-V2X message includes both
sl-V2X-Config-NR AND sl-V2X-Config-LTE:

2> perform HARQ feedback (e.g., ACK and/or NACK transmission)
2> if configured to transmit or receive V2X sidelink communication:
3> if sI-V2X-Config-NR message includes SL-CommTxPoolSensingConfig-r16

4> if SL-CommTxPoolSensingConfig-r16 message includes
sl-Msg QoS Table-r16

5> use sl-Msg QoS Table-rl16 from
SL-CommTxPoolSensingConfig-r16;

4> else
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5> if the UEs default configuration includes sl-Msg QoS _Table-r16
6> use sl-Msg QoS Table-r16 from the UEs default configuration;
5> else
6> exit

4> if SL-CommTxPoolSensingConfig-r1 6 message includes
sl-Msg_Index Table-rl6

5> use sl-Msg_Index_Table-r16 from SL-CommTxPoolSensingConfig-r16;
4> else
5> if the UEs default configuration includes sl-Msg Index Table-r16
6> use sl-Msg Index Table-r16 from the UEs default configuration;
5> clse

6> exit

Certain units and functionalities of wireless terminal 20 may be implemented by
electronic machinery. For example, terminal electronic machinery 188 is shown for
wireless terminal 26 in Fig. 4. The network node 90 and access node 130 similarly may
employ electronic machinery. Fig. 13 shows an example of such electronic machinery
as comprising one or more processors 190, program instruction memory 192; other
memory 194 (e.g., RAM, cache, etc.); input/output interfaces 196 and 197, peripheral
interfaces 198; support circuits 199; and busses 200 for communication between the
aforementioned units. The processor(s) 190 may comprise the processor circuitries
described herein, for example, the UE processor 50 of user equipment 26, the node
processor circuitry 92 of network node 90, and/or the access node processor circuitry
132 of access node 130.

The memory 194, or computer-readable medium, may be one or more of readily
available memory such as random access memory (RAM), read only memory (ROM),
floppy disk, hard disk, flash memory or any other form of digital storage, local or
remote, and is preferably of non-volatile nature, as and such may comprise memory 60
shown in Fig. 4. The support circuits 199 are coupled to the processors 190 for
supporting the processor in a conventional manner. These circuits include cache,
power supplies, clock circuits, input/output circuitry and subsystems, and the like.

Although the processes and methods of the disclosed embodiments may be discussed
as being implemented as a software routine, some of the method steps that are

disclosed therein may be performed in hardware as well as by a processor running
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software. As such, the embodiments may be implemented in software as executed upon
a computer system, in hardware as an application specific integrated circuit or other
type of hardware implementation, or a combination of software and hardware. The
software routines of the disclosed embodiments are capable of being executed on any
computer operating system, and is capable of being performed using any CPU ar-
chitecture.

The functions of the various elements including functional blocks, including but not
limited to those labeled or described as “‘computer”, “processor” or “controller”, may
be provided through the use of hardware such as circuit hardware and/or hardware
capable of executing software in the form of coded instructions stored on computer
readable medium. Thus, such functions and illustrated functional blocks are to be un-
derstood as being either hardware-implemented and/or computer-implemented, and
thus machine-implemented.

In terms of hardware implementation, the functional blocks may include or
encompass, without limitation, digital signal processor (DSP) hardware, reduced in-
struction set processor, hardware (e.g., digital or analog) circuitry including but not
limited to application specific integrated circuit(s) [ASIC], and/or field programmable
gate array(s) (FPGAC(s)), and (where appropriate) state machines capable of performing
such functions.

In terms of computer implementation, a computer is generally understood to
comprise one or more processors or one or more controllers, and the terms computer
and processor and controller may be employed interchangeably herein. When provided
by a computer or processor or controller, the functions may be provided by a single
dedicated computer or processor or controller, by a single shared computer or
processor or controller, or by a plurality of individual computers or processors or con-
trollers, some of which may be shared or distributed. Moreover, use of the term
“processor” or “controller” may also be construed to refer to other hardware capable of
performing such functions and/or executing software, such as the example hardware
recited above.

Nodes that communicate using the air interface also have suitable radio commu-
nications circuitry. Moreover, the technology disclosed herein may additionally be
considered to be embodied entirely within any form of computer-readable memory,
such as solid-state memory, magnetic disk, or optical disk containing an appropriate set
of computer instructions that would cause a processor to carry out the techniques
described herein.

Moreover, each functional block or various features of the user equipment 26 used in
each of the aforementioned embodiments may be implemented or executed by

circuitry, which is typically an integrated circuit or a plurality of integrated circuits.
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The circuitry designed to execute the functions described in the present specification
may comprise a general-purpose processor, a digital signal processor (DSP), an ap-
plication specific or general application integrated circuit (ASIC), a field pro-
grammable gate array (FPGA), or other programmable logic devices, discrete gates or
transistor logic, or a discrete hardware component, or a combination thereof. The
general-purpose processor may be a microprocessor, or alternatively, the processor
may be a conventional processor, a controller, a microcontroller or a state machine.
The general-purpose processor or each circuit described above may be configured by a
digital circuit or may be configured by an analogue circuit. Further, when a technology
of making into an integrated circuit superseding integrated circuits at the present time
appears due to advancement of a semiconductor technology, the integrated circuit by

this technology is also able to be used.
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Among its various embodiments and modes, the technology disclosed herein includes

one or more of the following features and/or benefits:

» A Rel-16 NR UE process that uses data from a table of indices, where each index is

associated with a specific V2X message type,

» A Rel-16 NR UE process that uses the index from the table of indices to assess a set

of thresholds from the table of QoS Thresholds.

» A Rel-16 NR UE process that uses Error Rate and Delay Rate (provided by the NR
Sidelink HARQ process) and RSRP (provided by the S-measure on the sidelink

channel), and compares them to a set of QoS Thresholds

» A Rel-16 NR UE process that determines if NR or LTE or both NR and LTE
resources are used to transport a V2X Message, based on the QoS Level, that points
to the QoS Threshold, that is compared to the UE’s PC5 Error Rate and Delay Rate

and RSRP

» The QoS Configuration data is dynamically determined by a 5G Core network for

transport to the UE.
» The QoS Configuration data is pre-provisioned in the UE at time of manufacture.

» The QoS Configuration data is transported to the UE by the 5G RAN via a broadcast

message (i.e. a SIB)

» The QoS Configuration data is transported to the UE by the 5G RAN via a unicast a

reconfiguration message.

» The broadcast QoS Configuration data has priory over pre-provisioned data.
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> The unicast QoS Configuration data has priory over broadcast data, until a new

broadcast QoS Configuration is received from a new macro cell

» The QoS Configuration data is carried in a revised IE that is either broadcasted by
the 5G network via a SIB, or is unicasted via a RRC reconfiguration message.
[0140]  One or more features of the example embodiments and modes described herein may

be used in conjunction with one or more other features, in any combination.
[0141]
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The following definitions and/or explanations apply to the corresponding terms as

utilized herein:

o]

s-Measure: E-UTRAN provides this measurement configuration information
element carried in the measConfig. The measConfig is transported to the UE via
RRCConnectionReconfiguration or RRCConnectionResume message. The
s-Measure defines when the UE is required to perform measurements. The UE is
however allowed to perform measurements also when the RSRP exceeds
s-Measure. When the received measConfig includes the s-Measure, the UE will
set the parameter s-Measure within VarMeasConfig to the lowest value of the

RSRP ranges indicated by the received value of s-Measure.

Quality of Service (QoS): The description or measurement of the overall
performance of a service, such as a telephony or computer network or a cloud
computing service, particularly the performance seen by the users of the network.
To quantitatively measure quality of service, several related aspects of the
network service are often considered, such as packet loss, bit rate, throughput,
transmission delay, availability, jitter, etc. In the field of computer networking
and other packet-switched telecommunication networks, quality of service refers
to traffic prioritization and resource reservation control mechanisms rather than
the achieved service quality. Quality of service is the ability to provide different
priority to different applications, users, or data flows, or to guarantee a certain

level of performance to a data flow.

Guaranteed Bit Rate (GBR): This parameter is used to describe a LTE bearer
(PCS5 in this case), and indicates the bandwidth (bit rate) to be guaranteed by the

channel. Tt is not applied to a non-GBR bearer with no guaranteed bandwidth.
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o Scheduling priority: This is a value that provides the scheduler to differentiate
between different bearers. Higher-priority packets are transferred before

lower-priority packets.

o Packet Delay Budget: The packet delay budget defines an upper boundary for

the packet delay between the UE’s (using PC5 in this case).

o Packet Error Rate: Is the percentage of packets that are lost during periods when

the transport channel (PC35 in this case) is not congested.

[0142]  The technology disclosed herein thus comprises and compasses the following non-

exhaustive example embodiments and modes:

Example Embodiment 1: A user equipment which participates in Ve}ﬂcle-tb-anything
(V2X) communications, comprising:

processor circuitry configured to autonomously make a selection of a selected
radio resource(s) for transmission and/or reception of a V2X message of the V2X
communication in dependence upon a characteristic of the V2X message;

a transmitter and/or receiver configured to use the selected radio resource(s) for
the transmission and/or reception of the V2X message.

[0143]  Example Embodiment 2: The user equipment of Example Embodiment 1: wherein
the characteristic of the V2X message comprises at least one of message protocol and
message type.

[0144]  Example Embodiment 3: The user equipment of Example Embodiment 1: wherein
the characteristic of the V2X message comprises both message protocol and message
type.

[0145]  Example Embodiment 4: The user equipment of Example Embodiment 2, wherein
the message protocol of the V2X message is one of SAE J2735 message, a Co-
operative Awareness Messages (CAM), and a Decentralized Environmental Noti-
fication Message (DENM).

[0146]  Example Embodiment 5: The user equipment of Example Embodiment 2, wherein
the processor circuitry is configured to make the selection dependent upon type of
message within the message protocol.

[0147]  Example Embodiment 6: The user equipment of Example Embodiment 1, wherein

the processor circuitry is configured to make the selection so that probability of
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[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

message reception of V2X message is commensurate with a level of importance that is
associated with the V2X message.

Example Embodiment 7: The user equipment of Example Embodiment 1, wherein
the processor circuitry is configured to make the selection whereby resources allocated
to the V2X message are commensurate with a level of importance that is associated
with the V2X message.

Example Embodiment 8: The user equipment of Example Embodiment 7, wherein
the V2X message comprises sub-messages of differing quality of service requirements,
and wherein the processor circuitry is configured to determine the level of importance
that is associated with the V2X message on the basis of a sub-message having a
highest quality of service requirement.

Example Embodiment 9: The user equipment of Example Embodiment 7, wherein
the processor circuitry is configured to make the selection whereby the of resources
allocated to the V2X message comprises a number of protocol Resource Blocks (RBs)
and a Modulation Schemes and Coding Scheme (MCS) used to transport the RBs of
the V2X message.

Example Embodiment 10:  The apparatus of Example Embodiment 1, wherein the
processor circuitry is configured to make the selection of the radic resource(s) for
transmission and/or reception of the V2X message of the V2X communication from
either:

an LTE radio resource(s);

a New Radio (NR) 5G radio resource(s);

both the LTE radio resource(s) and the NR 5G radio resources.

Example Embodiment 11: The apparatus of Example Embodiment 1, wherein the
processor circuitry is configured to make the selection, from radio resources of at least
two radio access technologies, by making a comparison of:

quality of service information for a V2X-utilized channel obtained from each of
the two radio access technologies; and

a set of thresholds comprising a respective threshold for the quality of service

information obtained from each of the two radio access technologies.

Example Embodiment 12: The apparatus of Example Embodiment 11, further
comprising memory circuitry, the memory circuitry comprising a configured table of

plural sets of thresholds.
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[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

Example Embodiment 13: The apparatus of Example Embodiment 12, wherein at
least one particular set(s) of thresholds to be used for the comparison is preconfigured
at the user equipment.

Example Embodiment 14: The apparatus of Example Embodiment 12, wherein the at
least one particular set(s) of thresholds to be used for the comparison by the processor
circuitry is configured by a network.

Example Embodiment 15: The apparatus of Example Embodiment 14, wherein the
processor circuitry is configured to determine the at least one particular set(s) of
thresholds of the configured table to be used for the comparison based on a corre-
sponding table index(ices) received by the user equipment from the network.

Example Embodiment 16: The apparatus of Example Embodiment 15, wherein the
processor circuitry is configured to determine the configured table and the corre-
sponding table index(ices) from a unicast message.

Example Embodiment 17: The apparatus of Example Embodiment 15, wherein the
processor circuitry is configured to determine the configured table and the corre-
sponding table index(ices) from a RRC_Reconfiguration message.

Example Embodiment 18: The apparatus of Example Embodiment 15, wherein the
processor circuitry is configured to determine the configured table and the corre-
sponding table index(ices) from a broadcast message.

Example Embodiment 19: The apparatus of Example Embodiment 15, wherein the
processor circuitry is configured to determine the configured table and the corre-
sponding table index(ices) from a system information block (SIB).

Example Embodiment 20: The apparatus of Example Embodiment 11, wherein the
processor circuitry is configured to make an attempt to make the selection using a set
of thresholds associated with the characteristic of the V2X message, but in a case in
which the attempt is not successful, to select radio resources in accordance with a
Network Preference parameter supplied by a network.

Example Embodiment 21: The apparatus of Example Embodiment 11, wherein the
processor circuitry is configured to autonomously make the selection from radio
resources of at least two radio access technologies, and wherein for a first radio access
technology the quality of service information comprises error rate and delay rate for a
V2X-utilized channel and for a second radio access technology the quality of service
information comprises a received signal measurement for the V2X-utilized channel.

Example Embodiment 22: The apparatus of Example Embodiment 21, wherein the
first radio access technology is New Radio (NR) 5G, wherein the error rate and delay
rate for the first radio access technology are reported by a HARQ process, wherein the
second radio access technology is Long Term Evolution (LTE), and wherein the

V2X-utilized channel is a Sidelink V2X communications channel.
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[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

Example Embodiment 23: A method in a user equipment which participates in
vehicle-to-anything (V2X) communications, the method comprising:

using processor circuitry configured to autonomously make a selection, from
radio resources of at least two radio access technologies, of a selected radio resource(s)
for transmission and/or reception of a V2X message of the V2X communication in
dependence upon a characteristic of the V2X message;

using the selected radio resource(s) for the transmission and/or reception of the
V2X messsage.

Example Embodiment 24: The method of Example Embodiment 23, wherein the
characteristic of the V2X message comprises at least one of message protocol and
message type.

Example Embodiment 25: The method of Example Embodiment 23, wherein the
characteristic of the V2X message comprises both message protocol and message type.

Example Embodiment 26: The method of Example Embodiment 24, wherein the
message protocol of the V2X message is one of SAE J2735 message, a Cooperative
Awareness Messages (CAM), and a Decentralized Environmental Notification
Message (DENM).

Example Embodiment 27: The method of Example Embodiment 24, further
comprising making the selection dependent upon type of message within the message
protocol.

Example Embodiment 27: The method of Example Embodiment 23, further
comprising making the selection so that probability of message reception of V2X
message is commensurate with a level of importance that is associated with the V2X
message.

Example Embodiment 29: The method of Example Embodiment 23, further
comprising making the selection whereby resources allocated to the V2X message are
commensurate with a level of importance that is associated with the V2X message.

Example Embodiment 30: The method of Example Embodiment 29, wherein the
V2X message comprises sub-messages of differing quality of service requirements,
and wherein the method further comprises determining the level of importance that is
associated with the V2X message on the basis of a sub-message having a highest
quality of service requirement.

Example Embodiment 31: The method of Example Embodiment 29, further
comprising making the selection whereby the resources allocated to the V2X message

comprises a number of protocol Resource Blocks (RBs) and a Modulation Schemes
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[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]

and Coding Scheme (MCS) used to transport the RBs of the V2X message.
Example Embodiment 32: The method of Example Embodiment 23, further
comprising making the selection of the radio resource(s) for transmission and/or
reception of the V2X message of the V2X communication from either:
an LTE radio resource(s);
a New Radio (NR) 5G radio resource(s);

both the LTE radio resource(s) and the NR 5G radio resources.

Example Embodiment 33: The method of Example Embodiment 23, further
comprising making the selection by making a comparison of:

quality of service information for a V2X-utilized channel obtained from each of
the two radio accéss technologies; and

a set of thresholds comprising a respective threshold for the quality of service

information obtained from each of the two radio access technologies.

Example Embodiment 34: The method of Example Embodiment 33, further
comprising providing in memory circuitry a configured table of plural sets of
thresholds.

Example Embodiment 35: The method of Example Embodiment 34, further
comprising preconfiguring at the user equipment at least one particular set(s) of
thresholds to be used for the comparison.

Example Embodiment 36: The method of Example Embodiment 34, further
comprising configuring by a network at least one particular set(s) of thresholds to be
used for the comparison.

Example Embodiment 37: The method of Example Embodiment 36, further
comprising determining the at least one particular set(s) of thresholds of the configured
table to be used for the comparison based on a corresponding table index(ices)
received by the user equipment from the network.

Example Embodiment 38: The method of Example Embodiment 37, further
comprising determining the configured table and the corresponding table index(ices)
from a unicast message.

Example Embodiment 39: The method of Example Embodiment 37, further
comprising determining the configured table and the corresponding table index(ices)
from a RRC_Reconfiguration message.

Example Embodiment 40: The method of Example Embodiment 37, further

comprising determining the configured table and the corresponding table index(ices)
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from a broadcast message.
[0182]  Example Embodiment 41: The method of Example Embodiment 37, further
comprising determining the configured table and the corresponding table index(ices)

from a system information block (SIB).
[0183] Example Embodiment 42: The method of Example Embodiment 33, further
comprising:
making an attempt to make the selection using a set of thresholds associated
with the characteristic of the V2X message; and,
in a case in which the attempt is not successful, selecting the radio resources in
accordance with a Network Preference parameter supplied by a network.

[0184]  Example Embodiment 43: The method of Example Embodiment 33, wherein for a
first radio access technology the quality of service information comprises error rate and
delay rate for a V2X-utilized channel and for a second radio access technology the
quality of service information comprises a received signal measurement for the
V2X-utilized channel.

[0185]  Example Embodiment 44: The method of Example Embodiment 43, wherein the first
radio access technology is New Radio (NR) 5G, wherein the error rate and delay rate
for the first radio access technology are reported by a HARQ process, wherein the
second radio access technology is Long Term Evolution (LTE), and wherein the

V2X-utilized channel is a Sidelink V2X communications channel.
[0186] Example Embodiment 45: A node of a radio network comprising:

processor circuitry configured to include, in a message, an index table which
associates a characteristic of a V2X message with an index, the index being configured
for use by a wireless terminal to access an appropriate set of thresholds of a table of
thresholds, the table of thresholds being configured for use by the wireless terminal in
an attempt to make a selection of a radio resource(s) for transmission and/or reception
of the V2X message;

transmitter circuitry configured to transmit the message comprising the index

table over a radio interface to the user equipment.

[0187]  Example Embodiment 46: Example Embodiment 45: The node of Example Em-
bodiment 45, wherein the processor circuitry is further configured to include in the
message a Network Preference parameter, the Network Preference parameter being

configured for use by the wireless terminal to select the radio resource(s) for
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[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

transmission and/or reception of a V2X message when the attempt to make the

selection using the table of thresholds is unsuccessful.

Example Embodiment 47:  The node of Example Embodiment 46, wherein a value of
the Network Preference parameter is set to indicate:

the network does not ha\./e a preference between radio resources of a first radio
access technology or a second radio access technology for the V2X message;

the network prefers to use radio resources of the first radio access technology
rather than the second radio access technology for the V2X message;

the network prefers to use radio resources of the second radio access technology
rather than the first radio access technology for the V2X message;

the network prefers to use radio resources of both the first radio access

technology and the second radio access technology for the V2X message.

Example Embodiment 48: The node of Example Embodiment 45, wherein the
processor circuitry is further configured to include the configured table and the corre-
sponding table index(ices) in a unicast message.

Example Embodiment 49: The node of Example Embodiment 45, wherein the
processor circuitry is further configured to include the configured table and the corre-
sponding table index(ices) in a RRC_Reconfiguration message.

Example Embodiment 50: The node of Example Embodiment 45, wherein the
processor circuitry is further configured to include the configured table and the corre-
sponding table index(ices) in a broadcast message.

Example Embodiment 51: The node of Example Embodiment 45, wherein the
processor circuitry is further configured to include the configured table and the corre-

sponding table index(ices) in a system information block (SIB).
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[0194]

[0195]

[0196]

[0197]

[0198]

Example Embodiment 52: A method in a node of a radio network comprising:

using processor circuitry to include, in a message, an index table which
associates a characteristic of a V2X message with an index, the index being configured
for use by a wireless terminal to access an appropriate set of thresholds of a table of |
thresholds, the table of thresholds being configured for use by the wireless terminal in
an attempt to make a selection of a radid resource(s) for transmission and/or reception
of the V2X message;

transmitting the message comprising the index table over a radio interface to the
user equipment.

Example Embodiment 53: The method of Example Embodiment 52, further
comprising including in the message a Network Preference parameter, the Network
Preference parameter being configured for use by the wireless terminal to select the
radio resource(s) for transmission and/or reception of a V2X message when the attempt

to make the selection using the table of thresholds is unsuccessful.

Example Embodiment 54: The method of Example Embodiment 53, further
comprising setting a value of the Network Preference parameter is set to indicate:

the network does not have a preference between radio resources of a first radio
access technology or a second radio access technology for the VZX messdge;

the network prefers to use radio resources of the first radio access technology
rather than the second radio access technology for the V2X message;

the network prefers to use radio resources of the second radio access technology
rather than the first radio access technology for the V2X message;

the network prefers to use radio resources of both the first radio access

technology and the second radio access technology for the V2X message.

Example Embodiment 55: The method of Example Embodiment 52, further
comprising including the configured table and the corresponding table index(ices) in a
unicast message.

Example Embodiment 56: The method of Example Embodiment 52, further
comprising including the configured table and the corresponding table index(ices) in a
RRC_Reconfiguration message.

Example Embodiment 57: The method of Example Embodiment 52, further

comprising including the configured table and the corresponding table index(ices) in a
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[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

[0205]

broadcast message.
Example Embodiment 58: The method of Example Embodiment 52, further
comprising including the configured table and the corresponding table index(ices) in a

system information block (SIB).

Example Embodiment 59: A user equipment which participates in vehicle-to-anything
(V2X) communications, comprising:

processor circuitry configured to autonomously make a selection of a selected
radio resource(s) for transmission and/or reception of a V2X message of the V2X
communication in dependence upon a characteristic of the V2X message, wherein the
characteristic of the V2X message comprises at least one of message protocol and
message type;

a transmitter and/or receiver configured to use the selected radio resource(s) for

the transmission and/or reception of the V2X message.

Example Embodiment 60: The user equipment of Example Embodiment 59, wherein
the characteristic of the V2X message comprises both message protocol and message
type.

Example Embodiment 61: The user equipment of Example Embodiment 59, wherein
the message protocol of the V2X message is one of SAE J2735 message, a Co-
operative Awareness Messages (CAM), and a Decentralized Environmental Noti-
fication Message (DENM).

Example Embodiment 62: The user equipment of Example Embodiment 59, wherein
the processor circuitry is configured to make the selection dependent upon type of
message within the message protocol.

Example Embodiment 63: The user equipment of Example Embodiment 59, wherein
the processor circuitry is configured to make the selection so that probability of
message reception of V2X message is commensurate with a level of importance that is

associated with the V2X message.
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[0206]

[0207]

[0208]

[0209]

[0210]

[0211]

[0212]

Example Embodiment 64: A method in user equipment which participates in
vehicle-to-anything (V2X) communications, the method comprising:

using processor circuitry to autonomously make a selection of a selected radio
resource(s) for transmission and/or reception of a V2X message of the V2X
communication in dependence upon a characteristic of the V2X message, wherein the
characteristic of the V2X message comprises at least one of message protocol and
message type;

using the selected radio resource(s) for the transmission and/or reception of the
V2X message.

Example Embodiment 65: The method of Example Embodiment 64, wherein the
characteristic of the V2X message comprises both message protocol and message type.

Example Embodiment 66: The method of Example Embodiment 64, wherein the
message protocol of the V2X message is one of SAE J2735 message, a Cooperative
Awareness Messages (CAM), and a Decentralized Environmental Notification
Message (DENM).

Example Embodiment 67: The method of Example Embodiment 64, further
comprising making the selection dependent upon type of message within the message
protocol.

Example Embodiment 68: The method of Example Embodiment 64, further
comprising making the selection so that probability of message reception of V2X
message is commensurate with a level of importance that is associated with the V2X
message.

Example Embodiment 69: The method of Example Embodiment 64, further
comprising making the selection whereby resources allocated to the V2X message are
commensurate with a level of importance that is associated with the V2X message.

Example Embodiment 70: The method of Example Embodiment 69, further
comprising making the selection whereby the resources allocated to the V2X message
comprises a number of protocol Resource Blocks (RBs) and a Modulation Schemes
and Coding Scheme (MCS) used to transport the RBs of the V2X message.



77

WO 2020/054812 PCT/JP2019/035942

[0213]

[0214]

[0215]

Example Embodiment 71: The method of Example Embodiment 64, further
comprising making the selection of the radio resource(s) for transmission and/or
reception of the V2X message of the V2X communication from either:

an LTE radio resource(s);

a New Radio (NR) 5G radio resource(s);

both the LTE radio resource(s) and the NR 5G radio resources.

It will be appreciated that the technology disclosed herein is directed to solving radio
communications-centric issues and is necessarily rooted in computer technology and
overcomes problems specifically arising in radio communications. Moreover, the
technology disclosed herein improves basic function of a wireless terminal, e.g., a user
equipment, a network node, and a base station, so that, for example, operation of these
entities may occur more effectively by prudent use of radio resources. For example, the
technology disclosed herein enables the user equipment 26 to make a judicious use of
radio resources for a V2X message, particularly in view of quality of service and other
concerns/issues.

Although the description above contains many specificities, these should not be
construed as limiting the scope of the technology disclosed herein but as merely
providing illustrations of some of the presently preferred embodiments of the
technology disclosed herein. Thus the scope of the technology disclosed herein should
be determined by the appended claims and their legal equivalents. Therefore, it will be
appreciated that the scope of the technology disclosed herein fully encompasses other
embodiments which may become obvious to those skilled in the art, and that the scope
of the technology disclosed herein is accordingly to be limited by nothing other than
the appended claims, in which reference to an element in the singular is not intended to
mean "one and only one" unless explicitly so stated, but rather "one or more." The
above-described embodiments could be combined with one another. All structural,
chemical, and functional equivalents to the elements of the above-described preferred
embodiment that are known to those of ordinary skill in the art are expressly in-
corporated herein by reference and are intended to be encompassed by the present
claims. Moreover, it is not necessary for a device or method to address each and every
problem sought to be solved by the technology disclosed herein, for it to be en-
compassed by the present claims. Furthermore, no element, component, or method step
in the present disclosure is intended to be dedicated to the public regardless of whether
the element, component, or method step is explicitly recited in the claims.

<Summery>

In one example, a user equipment which participates in vehicle-to-anything (V2X)
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communications, comprising: processor circuitry configured to autonomously make a
selection of a selected radio resource(s) for transmission and/or reception of a V2X
message of the V2X communication in dependence upon a characteristic of the V2X
message; a transmitter and/or receiver configured to use the selected radio resource(s)
for the transmission and/or reception of the V2X message.

[0216]  In one example, the user equipment, wherein the characteristic of the V2X message
comprises at least one of message protocol and message type.

[0217]  In one example, the user equipment, wherein the characteristic of the V2X message
comprises both message protocol and message type.

[0218]  In one example, the user equipment, wherein the message protocol of the V2X
message is one of SAE J2735 message, a Cooperative Awareness Messages (CAM),
and a Decentralized Environmental Notification Message (DENM).

[0219]  In one example, the user equipment, wherein the processor circuitry is configured to
make the selection dependent upon type of message within the message protocol.

[0220]  In one example, the user equipment, wherein the processor circuitry is configured to
make the selection so that probability of message reception of V2X message is com-
mensurate with a level of importance that is associated with the V2X message.

[0221]  In one example, the user equipment, wherein the processor circuitry is configured to
make the selection whereby resources allocated to the V2X message are commensurate
with a level of importance that is associated with the V2X message.

[0222]  In one example, the user equipment, wherein the V2X message comprises sub-
messages of differing quality of service requirements, and wherein the processor
circuitry is configured to determine the level of importance that is associated with the
V2X message on the basis of a sub-message having a highest quality of service re-
quirement.

[0223]  In one example, the user equipment, wherein the processor circuitry is configured to
make the selection whereby the of resources allocated to the V2X message comprises a
number of protocol Resource Blocks (RBs) and a Modulation Schemes and Coding
Scheme (MCS) used to transport the RBs of the V2X message.

[0224]  In one example, the apparatus, wherein the processor circuitry is configured to make
the selection of the radio resource(s) for transmission and/or reception of the V2X
message of the V2X communication from either: an LTE radio resource(s); a New
Radio (NR) 5G radio resource(s); both the LTE radio resource(s) and the NR 5G radio
resources.

[0225]  In one example, the apparatus, processor circuitry configured to autonomously make
the selection, from radio resources of at least two radio access technologies, by making
a comparison of: quality of service information for a V2X-utilized channel obtained

from each of the two radio access technologies; and a set of thresholds comprising a
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[0226]

[0227]

[0228]

[0229]

[0230]

[0231]

[0232]

[0233]

[0234]

[0235]

[0236]

respective threshold for the quality of service information obtained from each of the
two radio access technologies.

In one example, the apparatus, further comprising memory circuitry, the memory
circuitry comprising a configured table of plural sets of thresholds.

In one example, the apparatus, wherein at least one particular set(s) of thresholds to
be used for the comparison is preconfigured at the user equipment.

In one example, the apparatus, wherein the at least one particular set(s) of thresholds
to be used for the comparison by the processor circuitry is configured by a network.

In one example, the apparatus, wherein the processor circuitry is configured to
determine the at least one particular set(s) of thresholds of the configured table to be
used for the comparison based on a corresponding table index(ices) received by the
user equipment from the network.

In one example, the apparatus, wherein the processor circuitry is configured to
determine the configured table and the corresponding table index(ices) from a unicast
message.

In one example, the apparatus, wherein the processor circuitry is configured to
determine the configured table and the corresponding table index(ices) from a
RRC_Reconfiguration message.

In one example, the apparatus, wherein the processor circuitry is configured to
determine the configured table and the corresponding table index(ices) from a
broadcast message.

In one example, the apparatus, wherein the processor circuitry is configured to
determine the configured table and the corresponding table index(ices) from a system
information block (SIB).

In one example, the apparatus, wherein the processor circuitry is configured to make
an attempt to make the selection using a set of thresholds associated with the charac-
teristic of the V2X message, but in a case in which the attempt is not successful, to
select radio resources in accordance with a Network Preference parameter supplied by
a network.

In one example, the apparatus, wherein the processor circuitry is configured to au-
tonomously make the selection from radio resources of at least two radio access tech-
nologies, and wherein for a first radio access technology the quality of service in-
formation comprises error rate and delay rate for a V2X-utilized channel and for a
second radio access technology the quality of service information comprises a received
signal measurement for the V2X-utilized channel.

In one example, the apparatus, wherein the first radio access technology is New
Radio (NR) 5G, wherein the error rate and delay rate for the first radio access

technology are reported by a HARQ process, wherein the second radio access
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technology is Long Term Evolution (LTE), and wherein the V2X-utilized channel is a
Sidelink V2X communications channel.

In one example, a method in a user equipment which participates in vehicle-
to-anything (V2X) communications, the method comprising: using processor circuitry
configured to autonomously make a selection of a selected radio resource(s) for
transmission and/or reception of a V2X message of the V2X communication in de-
pendence upon a characteristic of the V2X message; using the selected radio
resource(s) for the transmission and/or reception of the V2X message.

In one example, the method, wherein the characteristic of the V2X message
comprises at least one of message protocol and message type.

In one example, the method, wherein the characteristic of the V2X message
comprises both message protocol and message type.

In one example, the method, wherein the message protocol of the V2X message is
one of SAE J2735 message, a Cooperative Awareness Messages (CAM), and a Decen-
tralized Environmental Notification Message (DENM).

In one example, the method, further comprising making the selection dependent upon
type of message within the message protocol.

In one example, the method, further comprising making the selection so that
probability of message reception of V2X message is commensurate with a level of im-
portance that is associated with the V2X message.

In one example, the method, further comprising making the selection whereby
resources allocated to the V2X message are commensurate with a level of importance
that is associated with the V2X message.

In one example, the method, wherein the V2X message comprises sub-messages of
differing quality of service requirements, and wherein the method further comprises
determining the level of importance that is associated with the V2X message on the
basis of a sub-message having a highest quality of service requirement.

In one example, the method, further comprising making the selection whereby the
resources allocated to the V2X message comprises a number of protocol Resource
Blocks (RBs) and a Modulation Schemes and Coding Scheme (MCS) used to transport
the RBs of the V2X message.

In one example, the method, further comprising making the selection of the radio
resource(s) for transmission and/or reception of the V2X message of the V2X commu-
nication from either: an LTE radio resource(s); a New Radio (NR) 5G radio
resource(s); both the LTE radio resource(s) and the NR 5G radio resources.

In one example, the method, further comprising making the selection by making a
comparison of: quality of service information for a V2X-utilized channel obtained

from each of two radio access technologies; and a set of thresholds comprising a re-
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spective threshold for the quality of service information obtained from each of the two
radio access technologies.

In one example, the method, further comprising providing in memory circuitry a
configured table of plural sets of thresholds.

In one example, the method, further comprising preconfiguring at the user equipment
at least one particular set(s) of thresholds to be used for the comparison.

In one example, the method, further comprising configuring by a network at least one
particular set(s) of thresholds to be used for the comparison.

In one example, the method, further comprising determining the at least one
particular set(s) of thresholds of the configured table to be used for the comparison
based on a corresponding table index(ices) received by the user equipment from the
network.

In one example, the method, further comprising determining the configured table and
the corresponding table index(ices) from a unicast message.

In one example, the method, further comprising determining the configured table and
the corresponding table index(ices) from a RRC_Reconfiguration message.

In one example, the method, further comprising determining the configured table and
the corresponding table index(ices) from a broadcast message.

In one example, the method, further comprising determining the configured table and
the corresponding table index(ices) from a system information block (SIB).

In one example, the method, further comprising: making an attempt to make the
selection using a set of thresholds associated with the characteristic of the V2X
message; and, in a case in which the attempt is not successful, selecting the radio
resources in accordance with a Network Preference parameter supplied by a network.

In one example, the method, wherein for a first radio access technology the quality of
service information comprises error rate and delay rate for a V2X-utilized channel and
for a second radio access technology the quality of service information comprises a
received signal measurement for the V2X-utilized channel.

In one example, the method, wherein the first radio access technology is New Radio
(NR) 5G, wherein the error rate and delay rate for the first radio access technology are
reported by a HARQ process, wherein the second radio access technology is Long
Term Evolution (LTE), and wherein the V2X-utilized channel is a Sidelink V2X com-
munications channel.

In one example, a node of a radio network comprising: processor circuitry configured
to include, in a message, an index table which associates a characteristic of a V2X
message with an index, the index being configured for use by a wireless terminal to
access an appropriate set of thresholds of a table of thresholds, the table of thresholds

being configured for use by the wireless terminal in an attempt to make a selection of a



82

WO 2020/054812 PCT/JP2019/035942

[0260]

[0261]

[0262]

[0263]

[0264]

[0265]

[0266]

[0267]

radio resource(s) for transmission and/or reception of the V2X message; transmitter
circuitry configured to transmit the message comprising the index table over a radio
interface to the user equipment.

In one example, the node, wherein the processor circuitry is further configured to
include in the message a Network Preference parameter, the Network Preference
parameter being configured for use by the wireless terminal to select the radio
resource(s) for transmission and/or reception of a V2X message when the attempt to
make the selection using the table of thresholds is unsuccessful.

In one example, the node, wherein a value of the Network Preference parameter is set
to indicate: the network does not have a preference between radio resources of a first
radio access technology or a second radio access technology for the V2X message; the
network prefers to use radio resources of the first radio access technology rather than
the second radio access technology for the V2X message; the network prefers to use
radio resources of the second radio access technology rather than the first radio access
technology for the V2X message; the network prefers to use radio resources of both the
first radio access technology and the second radio access technology for the V2X
message.

In one example, the node, wherein the processor circuitry is further configured to
include the configured table and the corresponding table index(ices) in a unicast
message.

In one example, the node, wherein the processor circuitry is further configured to
include the configured table and the corresponding table index(ices) in a
RRC_Reconfiguration message.

In one example, the node, wherein the processor circuitry is further configured to
include the configured table and the corresponding table index(ices) in a broadcast
message.

In one example, the node, wherein the processor circuitry is further configured to
include the configured table and the corresponding table index(ices) in a system in-
formation block (SIB).

In one example, a method in a node of a radio network comprising: using processor
circuitry to include, in a message, an index table which associates a characteristic of a
V2X message with an index, the index being configured for use by a wireless terminal
to access an appropriate set of thresholds of a table of thresholds, the table of
thresholds being configured for use by the wireless terminal in an attempt to make a
selection of a radio resource(s) for transmission and/or reception of the V2X message;
transmitting the message comprising the index table over a radio interface to the user
equipment.

In one example, the method, further comprising including in the message a Network
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Preference parameter, the Network Preference parameter being configured for use by
the wireless terminal to select the radio resource(s) for transmission and/or reception of
a V2X message when the attempt to make the selection using the table of thresholds is
unsuccessful.

In one example, the method, further comprising setting a value of the Network
Preference parameter is set to indicate: the network does not have a preference
between radio resources of a first radio access technology or a second radio access
technology for the V2X message; the network prefers to use radio resources of the first
radio access technology rather than the second radio access technology for the V2X
message; the network prefers to use radio resources of the second radio access
technology rather than the first radio access technology for the V2X message; the
network prefers to use radio resources of both the first radio access technology and the
second radio access technology for the V2X message.

In one example, the method, further comprising including the configured table and
the corresponding table index(ices) in a unicast message.

In one example, the method, further comprising including the configured table and
the corresponding table index(ices) in a RRC_Reconfiguration message.

In one example, the method, further comprising including the configured table and
the corresponding table index(ices) in a broadcast message.

In one example, the method, further comprising including the configured table and
the corresponding table index(ices) in a system information block (SIB).

In one example, a user equipment which participates in vehicle-to-anything (V2X)
communications, comprising: processor circuitry configured to autonomously make a
selection of a selected radio resource(s) for transmission and/or reception of a V2X
message of the V2X communication in dependence upon a characteristic of the V2X
message, wherein the characteristic of the V2X message comprises at least one of
message protocol and message type; a transmitter and/or receiver configured to use the
selected radio resource(s) for the transmission and/or reception of the V2X message.

In one example, the user equipment, wherein the characteristic of the V2X message
comprises both message protocol and message type.

In one example, the user equipment, wherein the message protocol of the V2X
message is one of SAE J2735 message, a Cooperative Awareness Messages (CAM),
and a Decentralized Environmental Notification Message (DENM).

In one example, the user equipment, wherein the processor circuitry is configured to
make the selection dependent upon type of message within the message protocol.

In one example, the user equipment, wherein the processor circuitry is configured to
make the selection so that probability of message reception of V2X message is com-

mensurate with a level of importance that is associated with the V2X message.
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In one example, a method in user equipment which participates in vehicle-
to-anything (V2X) communications, the method comprising: using processor circuitry
to autonomously make a selection of a selected radio resource(s) for transmission and/
or reception of a V2X message of the V2X communication in dependence upon a char-
acteristic of the V2X message, wherein the characteristic of the V2X message
comprises at least one of message protocol and message type; using the selected radio
resource(s) for the transmission and/or reception of the V2X message.

In one example, the method, wherein the characteristic of the V2X message
comprises both message protocol and message type.

In one example, the method, wherein the message protocol of the V2X message is
one of SAE J2735 message, a Cooperative Awareness Messages (CAM), and a Decen-
tralized Environmental Notification Message (DENM).

In one example, the method, further comprising making the selection dependent upon
type of message within the message protocol.

In one example, the method, further comprising making the selection so that
probability of message reception of V2X message is commensurate with a level of im-
portance that is associated with the V2X message.

In one example, the method, further comprising making the selection whereby
resources allocated to the V2X message are commensurate with a level of importance
that is associated with the V2X message.

In one example, the method, further comprising making the selection whereby the
resources allocated to the V2X message comprises a number of protocol Resource
Blocks (RBs) and a Modulation Schemes and Coding Scheme (MCS) used to transport
the RBs of the V2X message.

In one example, the method, further comprising making the selection of the radio
resource(s) for transmission and/or reception of the V2X message of the V2X commu-
nication from either: an LTE radio resource(s); a New Radio (NR) 5G radio
resource(s); both the LTE radio resource(s) and the NR 5G radio resources.

In one example, a user equipment which participates in vehicle-to-anything (V2X)
communications, comprising: processor circuitry configured to autonomously make a
selection of a selected radio resource(s) for transmission and/or reception of a V2X
message of the V2X communication in dependence upon a characteristic of the V2X
message; a transmitter and/or receiver configured to use the selected radio resource(s)
for the transmission and/or reception of the V2X message.

In one example, the user equipment, wherein the characteristic of the V2X message
comprises at least one of message protocol and message type.

In one example, the user equipment, wherein the processor circuitry is configured to

make the selection so that probability of message reception of V2X message is com-
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mensurate with a level of importance that is associated with the V2X message.

In one example, the user equipment, wherein the processor circuitry is configured to
make the selection whereby resources allocated to the V2X message are commensurate
with a level of importance that is associated with the V2X message.

In one example, the apparatus, wherein the processor circuitry is configured to make
the selection of the radio resource(s) for transmission and/or reception of the V2X
message of the V2X communication from either: an LTE radio resource(s); a New
Radio (NR) 5G radio resource(s); both the LTE radio resource(s) and the NR 5G radio
resources.

In one example, the apparatus, processor circuitry configured to autonomously make
the selection, from radio resources of at least two radio access technologies, by making
a comparison of: quality of service information for a V2X-utilized channel obtained
from each of the two radio access technologies; and a set of thresholds comprising a
respective threshold for the quality of service information obtained from each of the
two radio access technologies.

In one example, a method in a user equipment which participates in vehicle-
to-anything (V2X) communications, the method comprising: using processor circuitry
configured to autonomously make a selection of a selected radio resource(s) for
transmission and/or reception of a V2X message of the V2X communication in de-
pendence upon a characteristic of the V2X message; using the selected radio
resource(s) for the transmission and/or reception of the V2X message.

In one example, the method, wherein the characteristic of the V2X message
comprises at least one of message protocol and message type.

In one example, the method, further comprising making the selection so that
probability of message reception of V2X message is commensurate with a level of im-
portance that is associated with the V2X message.

In one example, the method, further comprising making the selection whereby
resources allocated to the V2X message are commensurate with a level of importance
that is associated with the V2X message.

In one example, the method, further comprising making the selection of the radio
resource(s) for transmission and/or reception of the V2X message of the V2X commu-
nication from either: an LTE radio resource(s); a New Radio (NR) 5G radio
resource(s); both the LTE radio resource(s) and the NR 5G radio resources.

In one example, the method, further comprising making the selection by making a
comparison of: quality of service information for a V2X-utilized channel obtained
from each of two radio access technologies; and a set of thresholds comprising a re-
spective threshold for the quality of service information obtained from each of the two

radio access technologies.
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In one example, a node of a radio network comprising: processor circuitry configured
to include, in a message, an index table which associates a characteristic of a V2X
message with an index, the index being configured for use by a wireless terminal to
access an appropriate set of thresholds of a table of thresholds, the table of thresholds
being configured for use by the wireless terminal in an attempt to make a selection of a
radio resource(s) for transmission and/or reception of the V2X message; transmitter
circuitry configured to transmit the message comprising the index table over a radio
interface to the user equipment.

In one example, the node, wherein the processor circuitry is further configured to
include in the message a Network Preference parameter, the Network Preference
parameter being configured for use by the wireless terminal to select the radio
resource(s) for transmission and/or reception of a V2X message when the attempt to
make the selection using the table of thresholds is unsuccessful.

In one example, the node, wherein the processor circuitry is further configured to
include the configured table and the corresponding table index(ices) in a unicast
message.

In one example, the node, wherein the processor circuitry is further configured to
include the configured table and the corresponding table index(ices) in a broadcast
message.

In one example, a method in a node of a radio network comprising: using processor
circuitry to include, in a message, an index table which associates a characteristic of a
V2X message with an index, the index being configured for use by a wireless terminal
to access an appropriate set of thresholds of a table of thresholds, the table of
thresholds being configured for use by the wireless terminal in an attempt to make a
selection of a radio resource(s) for transmission and/or reception of the V2X message;
transmitting the message comprising the index table over a radio interface to the user
equipment.

In one example, the method, further comprising including in the message a Network
Preference parameter, the Network Preference parameter being configured for use by
the wireless terminal to select the radio resource(s) for transmission and/or reception of
a V2X message when the attempt to make the selection using the table of thresholds is
unsuccessful.

In one example, the method, further comprising including the configured table and
the corresponding table index(ices) in a unicast message.

In one example, the method, further comprising including the configured table and
the corresponding table index(ices) in a broadcast message.

<Cross Reference>

This Nonprovisional application claims priority under 35 U.S.C. § 119 on provisional
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Claims
A user equipment which participates in vehicle-to-anything (V2X)

communications, comprising:

processor circuitry configured to autonomously make a selection of a
selected radio resource(s) for transmission and/or reception of a V2X
message of the V2X communication in dependence upon a charac-
teristic of the V2X message;

a transmitter and/or receiver configured to use the selected radio
resource(s) for the transmission and/or reception of the V2X message.
The user equipment of claim 1, wherein the characteristic of the V2X
message comprises at least one of message protocol and message type.
The user equipment of claim 1, wherein the processor circuitry is
configured to make the selection so that probability of message
reception of V2X message is commensurate with a level of importance
that is associated with the V2X message.

The user equipment of claim 1, wherein the processor circuitry is
configured to make the selection whereby resources allocated to the
V2X message are commensurate with a level of importance that is as-
sociated with the V2X message.

The apparatus of claim 1, wherein the processor circuitry is configured
to make the selection of the radio resource(s) for transmission and/or
reception of the V2X message of the V2X communication from either:
an LTE radio resource(s);

a New Radio (NR) 5G radio resource(s);

both the LTE radio resource(s) and the NR 5G radio resources.

The apparatus of claim 1, processor circuitry configured to au-
tonomously make the selection, from radio resources of at least two
radio access technologies, by making a comparison of:

quality of service information for a V2X-utilized channel obtained from
each of the two radio access technologies; and

a set of thresholds comprising a respective threshold for the quality of
service information obtained from each of the two radio access tech-
nologies.

A method in a user equipment which participates in vehicle-to-anything
(V2X) communications, the method comprising:

using processor circuitry configured to autonomously make a selection

of a selected radio resource(s) for transmission and/or reception of a
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V2X message of the V2X communication in dependence upon a char-
acteristic of the V2X message;

using the selected radio resource(s) for the transmission and/or
reception of the V2X message.

The method of claim 7, wherein the characteristic of the V2X message
comprises at least one of message protocol and message type.

The method of claim 7, further comprising making the selection so that
probability of message reception of V2X message is commensurate
with a level of importance that is associated with the V2X message.
The method of claim 7, further comprising making the selection
whereby resources allocated to the V2X message are commensurate
with a level of importance that is associated with the V2X message.
The method of claim 7, further comprising making the selection of the
radio resource(s) for transmission and/or reception of the V2X message
of the V2X communication from either:

an LTE radio resource(s);

a New Radio (NR) 5G radio resource(s);

both the LTE radio resource(s) and the NR 5G radio resources.

The method of claim 7, further comprising making the selection by
making a comparison of:

quality of service information for a V2X-utilized channel obtained from
each of two radio access technologies; and

a set of thresholds comprising a respective threshold for the quality of
service information obtained from each of the two radio access tech-
nologies.

A node of a radio network comprising:

processor circuitry configured to include, in a message, an index table
which associates a characteristic of a V2X message with an index, the
index being configured for use by a wireless terminal to access an ap-
propriate set of thresholds of a table of thresholds, the table of
thresholds being configured for use by the wireless terminal in an
attempt to make a selection of a radio resource(s) for transmission and/
or reception of the V2X message;

transmitter circuitry configured to transmit the message comprising the
index table over a radio interface to the user equipment.

The node of claim 13, wherein the processor circuitry is further
configured to include in the message a Network Preference parameter,

the Network Preference parameter being configured for use by the
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wireless terminal to select the radio resource(s) for transmission and/or
reception of a V2X message when the attempt to make the selection
using the table of thresholds is unsuccessful.

The node of claim 13, wherein the processor circuitry is further
configured to include the configured table and the corresponding table
index(ices) in a unicast message.

The node of claim 13, wherein the processor circuitry is further
configured to include the configured table and the corresponding table
index(ices) in a broadcast message.

A method in a node of a radio network comprising:

using processor circuitry to include, in a message, an index table which
associates a characteristic of a V2X message with an index, the index
being configured for use by a wireless terminal to access an appropriate
set of thresholds of a table of thresholds, the table of thresholds being
configured for use by the wireless terminal in an attempt to make a
selection of a radio resource(s) for transmission and/or reception of the
V2X message;

transmitting the message comprising the index table over a radio
interface to the user equipment.

The method of claim 17, further comprising including in the message a
Network Preference parameter, the Network Preference parameter
being configured for use by the wireless terminal to select the radio
resource(s) for transmission and/or reception of a V2X message when
the attempt to make the selection using the table of thresholds is un-
successful.

The method of claim 17, further comprising including the configured
table and the corresponding table index(ices) in a unicast message.
The method of claim 17, further comprising including the configured

table and the corresponding table index(ices) in a broadcast message.
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[Fig. 7C]
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[Fig. 9]
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