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[DESCRIPTION]

[Title of Invention] _
METHOD IMPLEMENTED BY FIRST DEVICE, FIRST DEVICE,

COMPUTER PROGRAM, METHOD IMPLEMENTED BY SECOND

DEVICE

[Technical Field]

[0001]

The present invention relates to the field of wireless communications and
partiéularly to the selection of resources for vehicle-to-everything (V2X)
communications. |
[Background Art]

[0002]

Fifth-Generation New Radio based Vehicle-to Everything (5G NR V2X)
communications refer to a Radio Access Technology (RAT) enabling Vehicle-
to Everything (V2X) communications and aiming at providing ultra-reliable
and low latency wireless communications for applications such as autonomous
driving. Moreover, the development of direct communication modes (or
sidelink transmissions) introduced in the Release 14 of the 3" Generation
Partnership Project (3GPP) system standard enables device (V-UEs, or
vehicular devices) to communicate with other devices (V2V) and pedestrians
(V2P) without relying on cellular networks. As NR V2X technology continues
to evolve, direct communication modes are specified in the context of NR V2X
in order to continuously improve the autonomous driving use cases towards
advanced V2X applications through higher reliability, lower latency and higher
data rate.

[0003]
In pérticular, NR V2X makes use of direct communication (or D2D) of

device (V-UEs) to improve Radio Resource Management (RRM) for data and
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control sidelink transmissions over the wireless communication network. In NR
V2X sidelink mode 2 for instance, radio resources are autonomously selected
within a resource pool by the device (V-UESs) using distributed sensing-based
schemes, without the intervention of cellular network entities such as base
statibns. The development of the autonomous radio resource management using
D2D communications ensures the reliability of devices even in remote and out-
of-bound areas where the cellular coverage is low to none.

[0004]

However, latency budget' and frequency bandwidth constraints of the
resource pool, vehicle density within the network as well as V-UEs respective
needs for resources regularly lead to a congested resource pool and spectrum
scarcity. The inability to reserve sufficient radio resources for transmission for
some device (V-UESs) leads to higher latency and less reliability of the V2X
application.

[0005]

Existing congestion control methods consist either in having some device
wait for another available selection window in the resource pool or proceed to
selective transmissions through data packet dropping or pre-emption
mechanisms. Yet, such methods still present latency and reliability issues for
the concerned vehicular devices, leading to an overall performance degradation
of the V2X application.

[Summary of Invention]
[0006]

The present invention addresses such problems.
[0007]

A first aspect of the invention proposes a method implemented by a first
device to share at least one resource element within a wireless communication

network, the resource element belonging to a first set of radio resources
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allocated to the first device within a resource pool, the first device using a
device-to-device communication within the wireless communication network,
and wherein the first device emits, through the device-to-device
communication, an indication that the resource element is available for sharing.

[0008]

Therefore, the invention proposes a method to enhance resource allocation
of devices and addresses spectrum scarcity, latency and reliability issues in a
wireless communication network. The method notably enables to optimize the
reliability of Vehicular-To-Everything (or V2X) applications by proposing an
alternative to existing radio resource managefnent (RRM) methods concerning
vehicular user equipment.

[0009]

Indeed, the invention proposes a sharing of resource elements between
devices using direct communication (or device-to-device communication, or
D2D). Such sharing is initiated and indicated by a first device and makes
available at least one resource element which is part of a first set of radio
resources allocated to the first device. As a consequence, another device may
obtain and utilize resource elements for its own transmissions without
necessarily obtaining allocated radio resources from a resource pool after
triggering a successful resource selection procedure or may even obtain
resource elements for its own transmissions without performing a complete
existing radio resource selection procedure at all.

[0010]

Existing resource selection procedures for obtaining allocated radio
resources may consist in a device launching a distributed resource selection
procedure by resource sensing methods enabling the device to identify
available radio resources in a resource pool and proceed to select its radio

resources for its own transmissions. The allocated radio resources may also
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result from a network scheduling, the network allocating radio resources to the
device after a resource request procedure launched by the device to the network.
[0011]

Therefore, the method provides to other devices an alternative process to
obtain allocated resources, when such other devices may either not perform an
existing resource selection procedure or may not be able to successfully obtain
allocated resources for their transmissions through the existing resource
selection procedures.

[0012]

In particular, the method enables to address the spectrum scarcity
encountered by other devices, for example when the resource pool is congested,
and existing resource selection procedures fail to allocate radio resources to
such devices. Such unsuccessful resource selection procedures may lead to
such devices being unable to perform their own transmissions by respecting
their service and latency requirements or to proceed to existing congestion
control methods which decrease the overall reliability of the V2X application.
[0013]

By indicating that a resource element initially allocated to the first device
is available for sharing, the method introduces a flexibility to the existing
resource allocation scheme and enables devices of the network to assure their
own transmissions using a more flexible and circumstantial way to obtain
allocated resources compared to the existing procedure.

[0014]

The method also enables the first device to propose a reallocation of a
potentially unused or unnecessary resource element of the first set of radio
resources allocated to the first device, thus enabling to optimize the allocation
of resource elements among the devices of the wireless communication

network and avoid resource waste. Indeed, the first set of radio resources



WO 2022/230239 PCT/JP2021/048451

allocated to the first device may result from a resource selection procedure
performed by the first device in the resource pool. A resource structure of the
resource pool may consist in radio resources being defined as a unitary time-
frequency block composed by one slot of time and one or several subchannels
of frequenéy. As a result, the first device may obtain an amount of radio
resources allocated to the first device which the first device may not fully utilize
for its own transmissions, depending for example on the quantity of service
data packets the first device has to transmit, on its link budget and/or on its
Quality of Service (QoS) requirements.

[0015] |

By wireless communication network, it is referred to a geographical
region on the Earth surface covered by one or several base stations, each base
station serving a specific area, called a cell. The wireless communication
network also includes several types of units or users, such as smart
infrastructures, stationary devices or mobile devices. Considered units (or
users) of the wireless communication network have electronics, software,
sensors, or the like embedded so as to present a connectivity. This enables such
units to collect and exchange data and control across an infrastructure of the
wireless communication network.

[0016]

By first device, it is referred to a specific type of units within the wireless
communication network, corresponding to a ground-based vehicular user
equipment. The terms vehicular user equipment, device, vehicle, vehicular
device will be used interchangeably in the context of the invention. Such first
device may be either a mobile device (in the case of a moving vehicle) or a
stationary device (in the case of a stopped vehicle for instance). The first device
is considered to be equipped with New Radio (NR) Vehicle-to-everything
(V2X) technology.
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[0017]

The first device may also be equipped with specific hardware such as
specific antennas and/or antenna array panels enabling the first device to
transmit and receive signals in one or several specific dimensions of
transmission such as space or polarization. The first device may be able to
perform polarization multiplexing, for example in the vertical and horizontal
polarization planes and/or beamforming in specific directions in space.

[0018]

By a first set of radio resources, it is referred to a set of time and frequency-
related blocks supporting transmissions of the first device over the wireless
communication network, such transmissions enabling the first device to
transmit data and control signaling to another unit of the network, for example
another device receiving the transmissions of the first device. The first set of
radio resources may have a delimited size of one slot in time and a fixed number
of subchannels in frequency. The first set of radio resources may be utilized for
transmissions performed in a specific period of time and within a specific
geographical zone.

[0019]

By a first set of radio resources allocated to the first device, it is
uhdérstood a first set of radio resources initially obtained by the first device to
support the transmissions of the first device within the specific period of time
(initially being understood as before the first device decides to reallocate part
of this first set of radio resources by indicating that the resource element is
available for sharing). The first set of radio resources allocated to the first
device may for example result from a resource selection procedure either
launched by the first device or managed by the network. For example, the first
set of allocated radio resources may result from a distributed resource selection

procedure launched by the first device, the first device sensing available radio
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resources within a resource pool and selecting its first set of radio resources to
support its transmissions. The first set of allocated radio resources may also
result from a network-scheduled procedure where the network selects the first
set or radio resources from a centralized resource pool and assigns the first set
of radio resources to the first device, for example after a resource request
procedure launched to the network by the first device. |
[0020]

In the context of the present description, radio resources or set of radio
resources “allocated toa device”, “reserved for a device” and “selected for a
device” may be used interchangeably and commonly understood as radio
resources obtained by a device after a resource selection procedure performed
in the resource pool (either by the device in a distributed resource allocation
scheme or by the network in a centralized resource allocation scheme).

[0021]

By a resource pool, it is referred to a physical resource grid to which
various physical channels and physical signals are mapped. Such a resource
pool may be defined as a large set of time and frequency-related blocks
containing several sets of radio resources. The resource pool may be considered
in the context of New Radio (NR), where the physical channels of the resource
pool are multiplexed both in the time and frequency domains. The resource
pool contains radio resources used for transmissions in the wireless
communication network. Such transmissions may concern specific types of
transmissions, for example the transmissions between devices in the context of
sidelink communication. Such resource pool may be a centralized resource pool
managed by the network and wherein radio resources are scheduled and
selected by the network to be allocated to different devices (for their sidelink
transmissions for example). The resource pool may also be a resource pool pre-

configured by the network so that devices in a predefined geographical region
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(for example an out-of-coverage region) may select their respective sets of
allocated radio resources to support their own transmissions without the
network interfering in the.resource selection.

[0022]

By a resource element, it is referred to a unitary time and frequency-
related block, composed by strictly one OFDM (Orthogonal frequency-division
multiplexing) symbol in the time domain and one resource block (or RB) in the
frequency domain. The size of a resource element is inferior to the size of a
radio resource and as matter of fact, a radio resource is composed by several
resource elements. For example, one slot composing the radio resource in the
time domain is composed by 14 OFDM symbols. Several resource elements are
thus composed by several OFDM symbols in the time domain and several
resource blocks in the frequency domain.

[0023]

By sharing at least one resource element from the first set of radio
resources allocated to the first device, it is thus understood that a delimited
number of resource elements composing the first set of radio resources
allocated to the first device may be reallocated by the first device and such
resource element reallocation is proposed by the first device.

[0024]

By device-to-device communication (also referred to direct
communication or sidelink communication or D2D), it is referred to a direct
communication mode enabling several devices to communicate with each other
through exchanges of data and control signals over a specific interface (referred
to as the PCS5 interface in the context of New Radio) and without requiring a
signal relay through a base station of the network. The first device using a
device-to-device communication refers to the first device transmitting data and

control signals to other devices using direct communication. Such direct
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~ communication enables devices to communicate even in remote and out-of-
coverage areas.
[0025]

By an indication that the resource element is available for sharing, it is
understood a message related to the fact that a resource element allocated to the
first device in the resource pool is made available by the first device and that
such resource element may be re-allocated to another device to support the
transmissions of such another device. The first device emitting, through the
device-to-device communication, the indication that the resource element is
available for sharing is understood as the first device directly communicating
to at least one other device of the network a message about the fact that the first
device proposes a resource element reallocated to such other device. The
indication may correspond to an actual resource element allocation related to a
control information for example. The indication may refer to a control signaling
emitted by the first device in a dedicated or non-dedicated way to other devices
which use device-to-device communication and may receive control signaling
via direct communication. Such indication that the resource element is
available for sharing may be initiated by the first device and results from a
decision of the first device to reallocate a part of its first set of radio resources,
such first set of radio resources being initially obtained to specifically support
the transmissions of the first device.

[0026]

According to an aspect of the invention, the first device emits a sharing
signaling message through the device-to-device communication, said sharing
signaling message containing at least said indication that the resource element
1s available for sharing.

[0027]
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Therefore, the first device signals the availability of the resource element
via a specific and explicit control signaling message potentially received by
several other devices. Such message proposes a reallocation of the resource
element without actually imposing the reallocation to any specific other device.
Thus, the indication that the resource element is available for sharing may be
communicated to devices by a general broadcast/groupcast signaling, and data
transmissions of any potential other device may be re-scheduled on the resource
element available for sharing if such other device decides to utilize the resource
element available for sharing.

[0028]

By a sharing signaling message, it is understood a control signaling
emitted by the first device in order to indicate that the resource element is
available for sharing. Such sharing signaling message may for example be a
broadcasted or groupcasted signal through D2D.

[0029]

According to an aspect of the invention, the indication that the resource
element is available for sharing is emitted based on a primary criterion, said
primary criterion being related to one or a combination of the following:

- a pre-configuration message enabling or disabling the sharing of the
resource element,

- a value related to an availability of the resource element,

- a value related to a congestion level within the resource pool,

- a value related to a channel condition of the wireless communication
network, and

- hardware capabilities of the first device.

[0030]
Therefore, the sharing of the resource element by the first device may be

conditioned by an actual capability of the first device to share the resource
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element to other devices or the presence of favorable channel conditions in the
network for utilizing the resource element. The sharing of the resource element
may also be conditioned by the fact that a resource element reallocation from
the first device to another device is actually useful and benefits the overall
functioning of the network, for example in order to reduce a spectrum scarcity
and/or a congestion situation in the network.

[0031]

As a consequence, the first device may not consume energy and
potentially resources in order to indicate that a resource element is available for
sharing if the first device determines that such sharing may not be necessary,
useful and/or actually usable for supporting the transmissions of another device
of the network. |
[0032]

By based on a primary criterion, it is understood that the first device may
not indicate that the resource element is available for sharing if the content of
the primary criterion is not satisfied. As a consequence, before emifting the
indication that the resource element is available for sharing, the first device may
verify that the primary criterion is satisfied.

[0033]

By a pre-configuration message enabling or disabling the sharing of the
resource element, it is understood a message received from the network or
another device or imposed by a resource pool deployed by the network based
on a geographic criterion for example. Such message enables or disables the
use of shared resource elements according to predefined criteria.

[0034]

By a value related to an availability of the resource element, it is

understood a value determined by the first device based for example on a

measurement, an estimation or a calculation, such value reflecting whether the
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first device has a resource element available for sharing. Such value related to
an availability of the resource element may be determined based for example
on a size of the first set of radio resources allocated to the first device and an
amount of radio resources actually used by the first device for its transmissions
within a predetermined time (for example a Channel Usage Ratio or CR of the
first device). If such amount of radio resources actually used by the first device
- is inferior to the size of the first set of radio resources allocated to the first

device, then the size difference (corresponding to one or several resource
elements) may correspond to a value related to an availability of the resource
element. Such size difference being not null may then be (or be part of) the
primary criterion.

[0035]

By a value related to a congestion level within the resource pool, it is
understood a value received from the network or‘ another device or determined
by the first device based for example on a measurement, an estimation or a
calculation, such value reflecting a level of congestion in the resource pool, for
example the Channel Busy Ratio (or CBR) in several recent subframes (one
subframe corresponding to a number of slots in the resource pool resulting in a
fixed time duration of 1 millisecbnd) of the resource pool.

[0036] |

By a value related to a channel condition of the wireless communication
network, it is understood any value reflecting a condition of propagation of
transmissions within the network, such as a Cross Polarization Ratio (or XPR),
which reflects the level of orthogonality between two different polarized
antennas of transmission of a device for example.

[0037]
By hardware capabilities of the first device, it is understood hardware

functionalities enabling the first device to perform specific transmissions in the
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network, for example specifically polarized antennas enabling the first device
to perform polarization multiplexing or antenna array panels enabling the first
device to perform beamforming.

[0038]

According to an aspect of the invention, the indication that the resource
element is available for sharing includes one or a combination of the following:

~=-at least-one bit to indicate a position of the résource element available
for sharing,

- at least one bit to indicate a size of the resource element available for
sharing,

- at least one bit to indicate a time interval during which the resource
element is available for sharing,

- at least one bit to indicate a geographical zone associated with the
resource element available for sharing.

[0039]

Therefore, the first device provides in the indication all necessary
information in order to precisely identify the resource element available for
sharing. As a consequence, based only on the information provided in the
indication by the first device, another device receiving such indication may be
able to identify the exact part of a radio resource, within a specific slot and a
specific subchannel for example, which is dedicated to the transmissions of
such another device.

[0040]

The information contained in the indication emitted by the first device
may also enable other devices receiving such indication to determine whether
they may need to and/or be able to utilize the resource element available for

sharing or not. Such indication thus prevents ineligible other devices (that is,
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other devices that do not have the hardware capability to utilize the resource
element for example) from failed transmission attempts.
[0041] |

By at least one bit to indicate a position of the resource element available
for sharing, it is understood a number of binary digits (or bits) composing the
content of the indication that the resource element is available for sharing
emitted by the first device, such bits delimitating the resource element available
for sharing within the slot of the first set of allocated radio resources and within
a specific number of subchannels for example, such delimitation defining a
unique position of the resource element available for sharing.

[0042]

By at least one bit to indicate a size of the resource element available for
sharing, 1t is understood a number of binary digits (or bits) composing the
content of the indication that the resource element is available for sharing
emitted by the first device, such bits indicating directly the number of resource
elements available for sharing. Such bits may also be common with the bits
indicating the position of the resource element available for sharing: based on
the exact delimitation of the resource element available for sharing, the size of
the resource element may be deduced.

[0043]

By at least one bit to indicate a time interval during which the resource
element is available for sharing, it is understood a number of binary digits (or
bits) composing the content of the indication that the resource element is
available for sharing emitted by the first device, such bits indicating a time
duration of availability of the resource element. Such time interval may be
related to the timing of transmission of the first device or the slot composing
the first set of allocated radio resources for example.

[0044]
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By at least one bit to indicate a geographical zone associated with the
resource element available for sharing, it is understood a number of binary
digits (or bits) composing the content of the indication that the resource element
is available for sharing emitted by the first device, such bits indicating (or
enabling to directly deduce) where the resource element may be used for
transmission. Such geographical zone may be related to the resource pool of

~the first device or the position of the first device and a device receiving
transmissions of the first device using the first set of allocated radio resource
for example. |

[0045]

According to an aspect of the invention, the resource element is available
for sharing in at least one dimension of transmission, said dimension of
transmission comprising at least one element among a set of elements
comprising:

- a space dimension of transmission,

- a polarization dimension of transmission, and

- a time-frequency dimension of transmission.

[0046]

Therefore, the first device may propose a potential other device to perform
its own transmissions using the resource element made available for sharing in
a multiplexing context. By multiplexing, it is referred to a transmission division
into series of independent and non-overlapping transmissions using one
communication channel.

[0047] |

As a consequence, the first device may increase the number of possibilities
for transmissions using multiplexing in various domains (or dimensions of
transmission). By using resource multiplexing, several transmissions may be

performed in a separate way using a single communication medium (such as a
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single multiplexed physical channel for example). The spectrum scarcity in the
network may be addressed by resource multiplexing, so that a same resource
element may be used for several distinct transmissions within each dimension
of transmission. Indeed, since the resource pool contains a limited number of
slots and subchannels to be allocated to devices for their transmissions, the
multiplexing of such resource pool, for example in the space dimension of
transmission (or the polarization dimension of transmission) enables to have
multiple “copies” of a same time and frequency-related resource, each “copy”
of the resource pool RP being usable simultaneously for several distinct
transmissions.

[0048]

By resource element available for sharing in a time and frequency |
dimension of transmission, it is understood that the resource element is
available for sharing as a specific number of OFDM symbols in time and a
specific number of resource blocks in frequency and that the transmissions of
devices may rely on time and frequency-related radio resources, each
transmission being scheduled within a specific slot in time and over specific
subchannels in frequency. In the context of New Radio, the resource pool is
multiplexed in time and frequency and as a result, the resource element is
available for sharing in a time and frequency dimension of transmission.
[0049]

By a resource element being available for sharing in a polarization
dimension of transmission, it i1s understood that the first device is able to
multiplex the radio resources supporting its transmissions(that is, a fixed slot
and fixed subchannels) in distinct geometrical orientations of oscillations
resulting in distinct geometrical planes of transmission. For example, in the
case of a dual polarization multiﬁlexing, the first device may be able to perform

transmissions using the same first set of allocated radio resources in a vertical
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polarization plane and in a horizontal polarization plane, one of the two
polarization planes being for example unused by the first device for its own
transmissions. The unused polarization plane then refers to the resource
element available for sharing by the first device in the unused polarization plane
in the polarization dimension of transmission.

[0050]

By a resource element being available for sharing in a space dimension of
transmission, it 1s understood that the first device is able to perform
beamforming and to multiplex the radio resources supporting its transmissions
(that is, a fixed slot and fixed subchannels) in distinct spaﬁal directions, at least
one direction being unused by the first device for its own transmissions. The
resource elements in such unused spatial direction then refers to the resource
element available for sharing by the first device in the unused spatial direction
in the space dimension of transmission.

[0051]

According to an aspect of the invention, the first device obtaining an
indication of a congestion level within the resource pool, the first device storing
furthermore in a first memory unit at least one predefined congestion level
threshold, and wherein the primary criterion is met if the congestion level
exceeds the congestion level threshold.

[0052] |

Therefore, the first device may propose the sharing of its resource element
if the first device determines that there is a spectrum scarcity situation in the
network and that the resource pool may potentially lack available radio
resources to be allocated to all devices requiring radio resources from such
resource pool. As a consequence, by indicating that the resource element is
available for sharing in a congested network situation, the first device may

enable another device to obtain resource elements to perform its own
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transmissions despite failing to obtain a set of radio resources allocated to the
another device, for example due to a lack of available radio resources in the
resource pool (and thus an unsuccessful resource selection procedure for
instance).

[0053]

By obtaining an indication of a congestion level within the resource pool,
it is understood that the first device may obtain the value related to the
congestion level in the resource pool by receiving such value from the network
or from another device. Such value may also be determined by the first device
based for example on a measurement, an estimation or a calculation. The
indication of the congestion level may for example correspond to the Channel
Busy Ratio (or CBR) and/or a level of received signal energy of each subframe
of the resource pool. Such indication of a congestion level enables the first
device to actually obtain a value reflecting the congestion level in the resource
pool (such value may correspond to the indication of the congestion level itself).
[0054]

By a congestion level threshold, it is understobd a maximum value of the
congestion level above which the congestion level in the resource pool is
considered to reflect a congestion situation. Such congestion level threshold
may be predefined for the first device by the network. The first device may also
store several congestion level thresholds, which enable the first device to
determine several levels of congestion in the resource pool, in order to
determine the congestion situation in the resource pool in a more precise way,
the congestion level threshold to be compared with the congestion level
obtained from the indication of the congestion level being one of the congestion
level thresholds stored by the first device.

[0055]

According to an aspect of the invention, the first device:
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- obtaining a physical measurement of a first resource occupation of the
first device and,

- determining a value related to a first resource usage of the first device
for at least one transmission of first data packets from the first device to at least
one first receiving device,

and wherein the primary criterion is met if:

- the congestion level exceeds the congestion level threshold, and

- the physical measurement of the first resource occupation of the first
device exceeds the value related to the first resource usage of the first device.
[0056]

Therefore, the first device may propose the sharing of its resource element
if the first device determines that it has unused resource elements in the first set
of radio resources allocated to the first device and if there is a spectrum scarcity
situation in the network, thus requiring the reallocation of the resource element
from the first device to another device. This enables the first device to not waste
the unused resource element, such resource element being potentially needed
by another device for its own transmissions. The sharing of the resource
element is thus performed by the first device in a circumstantial and adapted
way with respect to the congestion situation in the network but also with respect
to the own resource usage of the first device.

[0057]

By a first resource occupation of the first device, it is understood a size of
the first set of radio resources allocated to the first device, that is an amount of
radio resources that the first device has at its disposal in order to perform its
transmissions.

[0058]
By a first resource usage, it is understood an amount of radio resources

actually used by the first device for its transmissions within a predetermined



WO 2022/230239 PCT/JP2021/048451
20 ’

time (for example the Channel Usage Ratio or CR of the first device). The first
resource usage of the first device may take the Quality-of-Service requirements
of the first device and the congestion Ievei in the resource pool into account for
example, leading to an amount of resource elements which the first device may
use to perform its transmissions.

[0059] |

The difference between the first resource occupation and the first resource
usage of the first device may reflect a value related to an availability of resource
elements to be shared by the first device..

[0060]

According to an aspect of the invention, the first device using the first set
of allocated radio resources to transmit first data packets to at least one first
receiving device, the first device being equipped with at least two first polarized
antennas and a first radiofrequency chain per first polarized antenna, the first
device obtaining a measurement of a cross-polarization ratio on a first device
side and on a first receiving device side, the first device storing furthermore a
first cross-polarization ratio threshold in a first memory unit,

and wherein the primary criterion is met, and the first device shares the
resource element on the polarization dimension of transmission if:

- the congestion level exceeds the congestion level threshold, and

- the measurement of the cross-polarization ratio on the first device side
and on the first receiving device side exceeds the first cross-polarization ratio
threshold. |
[0061]

As a consequence, the first device may indicate that the resource element
is available for sharing in a specific polarization plane (or domain) if the first

device determines that:



WO 2022/230239 PCT/JP2021/048451
21

- the congestion} situation in the resource pool requires the sharing of the
resource element for potehtial other devices to use such resource element for
their own transmissions, and

- the hardware capabilities of the first device and the channel conditions
are favorable for the first device to perform transmissions in the polarization
dimension of transmission.

[0062]

By at least two first polarized antennas and a first radiofrequency chain
per first polarized antenna, it is understood two different radio antennas
comprised in the first device hafdware, the two first polarized antennas and
their respective radiofrequency chain (or RF chain) being designed to receive
the maximum electromagnetic wave signals in specific polarizations (or
polarization plane) different from each other. For example, one of the two first
polarized antennas may be able to receive vertically polarized. signals whereas
the other first polarized antenna may receive horizontally polarized signals. The
first device may also have more than two first polarized antennas, each first
polarized antenna having a specific and unique polarization and an associated
radiofrequency chain. The first device is thus able to transmit signals in
different polarization planes using the different first polarized antennas.
[0063]

By a measurement of the cross-polarization ratio on the first device side
- and on the first receiving device side, it is understood a ratio between the radio
power emitted from the first device to the receiving device in a considered
polarization plane (which is the polarization actually used for transmission
between the first device and the first receiving device) and the radio power
interfering in the orthogonal polarization plane (that is, in the cross polarization
plane). Such measurement of the cross polarization ratio may depend on a level

of alignment between the polarized antennas of the first device and the first
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receiving device as well as a height difference between such antennas for
example. A first cross-polarization ratio threshold refers to a minimum value
of the cross polarization ratio in order for the first device to consider that the
channel conditions within the network are favorable for transmissions in a
given polarization plane.

[0064]

‘According to an aspect of the invention, the first device being equipped
with at least one first antenna panel comprising at least two spatially separated
antennas,

and wherein the primary criterion is met, and the first device shares the
resource element on the space dimension of transmission if the congestion level
exceeds the congestion level threshold.

[0065]

As a consequence, the first device may indicate that the resource element
is available for sharing in the space dimension of transmission if the first device
determines that: |

- the congestion situation in the resource pool requires the sharing of the
resource element for potential other devices to use such resource element for
their own transmissions, and

- the hardware capabilities of the first device enable the first device to
perform beamforming.

[0066]

By at least one first antenna panel comprising at least two spatially
separated antennas, it is understood a part of the hardware equipment of the
first device enabling the first device to separate different spatial directions in
order to perform transmissions in each of such spatial directions, and thus to

perform beamforming.

[0067]
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The first device may also take into account that transmissions
beamforming notably presents directional constraints leading to transmissions
using beamforming being hardly applicable to broadcasts and groupcasts. As a
consequence, the primary criterion may be met, and the first device may share
the resource element on the space dimension of transmission if the
transmissions in the space dimension of the first device are unicast
transmissions.

[0068]

Another aspect of the invention concerns a first device comprising a first
processing circuit to perform the method as described through the first aspect
of the invention.

[0069] |

Another aspect of the invention concerns a computer program product
comprising a first set of program instruction code stored on a first computer-
readable medium for the execution of a method according to the first aspect of
the invention.

[0070]

' A second aspect of the invention concerns a method implemented by a
“second device to utilize at least one resource element within a wireless
communication network, said resource element belonging to a first set of radio
resources reserved for a first device within a resource pool, the first device and
the second device using a device-to device communication within the wireless
communication network, the method cbmprising:

- receiving, through the device-to-device cornmunicationv, an indication
that the resource element is available for sharing by the first device, and

- utilizing the resource element shared by the first device for transmission
within the wireless communication network.

[0071]
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Therefore, the second device may obtain a resource element to support the
transmissions of the second device without necessarily obtaining a set of radio
resources allocated to the second device, for example by performing a resource
selection procedure. The existing resource selection procedure may consist in
the second device performing a distributed resource selection procedure in the
resource pool by resource sensing methods, enabling the second device to
identify available radio resources in a resource pbol and proceed to select its
radio resources for its own transmissions. The resource selection procedure
may also be based on a network scheduling, the network granting a set of
allocated radio resources to the second device after a resource request
procedure launched by the second device to the network. Thus, by utilizing a
resource element made available by the first device through device-to-device
communication, the second device may skip the resource selection procedure
or the resource request procedure and the method enables to reduce the
signalihg and the energy used by the second device (and the network in the case
of network-scheduled selection procedure) in order to obtain radio resources
allocated to the second device.

[0072]

The method also enables the second device to obtain a resource element
in order to perform its own transmissions when the second device does not
obtain a set of radio resources allocated to the second device, for example if the
resource selection procedure initiated by the second device fails to result in
reserved radio resources in the resource pool for the second device. This may
be in the case in a situation when the resource pool is congested and there is
not enough available radio resources to be allocated to the second device. There
may also be other devices requiring radio resources in the resource pool and
having stricter Quality of Service (QoS) requirements or a higher priority of

transmission compared to the second device, which leads to the available radio
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resources of the resource pool being allocated in priority to such other devices.
The second device may thus lack radio resources to perform its own
transmissions and may have to wait to perform another resource selection
procedure in the resource pool, which decreases its reliability and increases its
latency. As a consequence, the method enables addresses the reliability and
performance issues of the wireless communication network.

[0073]

The invention also enables a direct reallocation of resource elements
between devices as an alternative to existing resource allocation schemes.
Resource elements which may be unused by the first device may be reallocated
and utilized by the second device, which avoids resource waste and enables an
adapted and circumstantial radio resource management (RRM) compared to
existing RRM schemes.

[0074]

By a second device, it is understood a vehicular user equipment of the
wireless communication network. The second device may be either a mobile
device (in the case of a moving vehicle) or a stationary device (in the case of a
stopped vehicle for instance). The second device is considered to be equipped
with New Radio (NR) Vehicle-to-everything (V2X) technology. The second
device is a device different the first device and may also differ from a device
recelving transmissions supported by the first set of radio resources from the
first device. The second device may or may not have performed a resource
selection procedure in order to obtain a set of radio resources allocated to the
second device from a resource pool (such resource pool being common or not
to the resource pool where the first device obtains its first set of allocated radio
resources).

[0075]
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The second device may be equipped with specific hardware such as
specific antennas and/or antenna array panels enabling the second device to
transmit and receive signals in one or several specific dimensions of
transmission such as space or polarization. The second device may be able to
perform polarization multiplexing, for example in the vertical and horizontal
polarization planes and/or beamforming in specific directions in space.

[0076]

By receiving, through the device-to-device communication, an indication
that the resource element is available for sharing by the first device, it is
understood that the second device may receive a méssage from the first device,
for example emitted as a broadcasted, groupcasted or unicasted message, such
message indicating that the resource element is available for sharing and
including specific information about the resource element. Such indication and
the information related to resource element may be encoded as a succession of
binary digits forming the indication that the resource element is available for
sharing, which may be decodable by the second device using for example a
decoding module.

[0077]

The decoding of the indication that the resource element is available for
sharing by the first device may be progressive so that the second device may
decode and process each bit or set of bits within the indication before decoding
the next bits of the indication. This enables the second device to gain energy
and time by not processing the whole indication that the resource element is
available for sharing, for example if the first bits decoded by the second device
already enables the second device to determine that it cannot or need not to
utilize the resource element made available for sharing for example. In such
case, the second device may not need to continue decoding the indication

received and may ignore the rest of the indication received. Upon receiving the
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indication that the resource element is available for sharing, the second device
may also be able to precisely identify the resource element within the resource
pool and takes the availability of such resource element into account, despite
for example a resource sensing phase performed by the second device in the
resource pool reflecting an unavailability of the resource element (since the
resource element is allocated to the first device).

[0078]

By utilizing the resource element shared by the first device for
transmission within the wireless communication network, it is understood that
the second device sends its own second data packets to be transmitted to another
device receiving such second data packets (such another device being referred
to as the second receiving device) using the resource element available for
sharing by the first device and indicated by the first device according to the first
aspect of the present disclosure.

[0079]

According to an aspect of the invention, the indication that the resource
element is available for sharing by the first device is recetved within a sharing
signaling message though the device-to-device communication.

[0080]

According to an aspect of the invention, utilizing the resource element is
based on a secondary criterion, said secondary criterion being related to one or
a combination of the following:

- a pre-configuration message enabling or disabling utilizing the resource
element,

- a data related to a congestion level within the resource pool,

- a data related to a channel condition of the wireless communication

network,
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- a data related to a time interval during which the resource element is
available for sharing, such data being received from the first device,

- adatarelated to a geographical zone associated with the resource element
available for sharing, such data being received from the first device,

- a data related to a size of the resource element available for sharing, such
data being received from the first device,
element available for sharing, such data being received from the first device,
and

- hardware capabilities of the second device.

[0081]

As a consequence, the second device, upon recéiving the indication that
the resource element is available for sharing, may trigger a specific process in
order to determine whether the second device needs and/or is able to utilize
such resource element. If the secondary criterion is not met, the second device
determines that it does not utilize the resource element available for sharing
and the second device may ignore the indication emitted by the first device.
[0082]

Apart from the data received from the first device about the resource
element available for sharing, the secondary criterion of the second device may
also be related to:

- data related to a time duration during which the second device needs to
perform its transmission, |

- a data related to a geographical area where the second device is,

- a data related to a second resource usage of the second device, such
second resource usage referring to an amount of resource elements needed by
the second device to perform its transmission to the second receiving device.

[0083]
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According to an aspect of the invention, the indication that the resource
element is available for sharing by the first device including at least a data
related to a size of the resource element available for sharing, the second device
obtaining:

- a data related to a congestion level within the resource pool,

- a measurement of a second resource usage of the second device for at
least one transmission of second data packets from the second device to at least
one second receiving device, |

the second device storing furthermore in a second memory unit at least
one predefined congestion level threshold,

and wherein the second device compares the measurement of the second
resource usage of the second device with the size of the resource element
available for sharing, and the secondary criterion is met if:

- the congestion level exceeds the congestion level threshold, and

- the size of the resource element available for sharing by the first device
exceeds the measurement of the second resource usage of the second device.
[0084]

As a consequence, the second device determines that it may need to utilize
the resource element available for sharing by the first device if the resource
pool is determined by the second device to be in a congestion situation. In the
case of a congested resource pool, the second device may be unable to obtain a
set of allocated radio resources to be used to support its own transmissions, for
example because the resource pool does not have enough available radio
resources to be allocated to the second device. The second device may also be
competing with other devices in the resource pool which have a higher priority
of transmission of stricter Quality-of-Service requirements than the second
device, leading to the second device not being allocated radio resources for its -

transmissions. The second device thus lacks resources to perform its own
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transmissions, in which case the second device may determine that it needs the
resource element available for sharing by the first device.
[0085]

Moreover, the second device may decide to utilize the resource element if
it determines that the size of the resource element available for sharing by the
first device is sufficient in order to support the transmissions of the second
device.

[0086]

By a second resource usage, it is understood an amount of resource
elements required by the second device to perform its own transmissions to the
second receiving device within a given time. Such second resource usage may
be determined by the second device and may correspond to the Channel Usage
Ratio (or CR) of the second device. The second resource usage of the second
device may take the Quality-of-Service requirements of the second device and
the congestion level in the resource pool into account for example, leading to
an amount of resource elements which the second device may use to perform
its transmissions.

[0087]

According to an aspect of the invention, the resource element available for
sharing by the first device being shared at least in a polarization dimension of
transmission, the second device transmitting second data packets to at least one
second receiving device, the second device being equipped with at least two
second polarized antennas and a second radiofrequency chain per second
polarized antenna, the second device obtaining a measurement of a cross-
polarization ratio on a second device side and on a second receiving device side,
the second device storing furthermore a second cross-polarization ratio

threshold in the second memory unit,
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and wherein the secondary criterion is met, and the second device utilizes
the resource element available for sharing by the first device on the polarization
dimension of transmission if:

- the congestion level exceeds the congestion level threshold, and

- the size of the resource element available for sharing by the first device
exceeds the measurement of the second resource usage of the second device,
and

- the measurement of the cross-polarization ratio on the second device side
and on the second receiving device side exceeds the second cross-polarization
ratio threshold. | |
[0088]

As a consequence, the second device may utilize the resource element
made available for sharing by the first device in the polarization dimension of
transmission if the second device determines that:

- the congestion situation in the resource pool requires the second device
to potentially need the resource element to support its own transmissions,

- the size of the resource element available for sharing by the first device
is sufficient in order to support the transmissions of the second device, and

- the hardware capabilities of the second device and the channel conditions
are favorable for the second device to perform transmissions in the polarization
dimension of transmission and according to the polarization plane proposed by
the first device.

[0089]

According to an aspect of the invention, the resource element available for
sharing by the first device being shared at least in a space dimension of
transmission, the second device being equipped with at least one second

antenna panel comprising at least two spatially separated antennas,
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and wherein the secondary criterion is met, and the second device utilizes
the resource element available for sharing by the first device on the space
dimension of transmission if:

- the congestion level exceeds the congestion level threshold, and

- the size of the resource element available for sharing by the first device
exceeds the measurement of the second resource usage of the second device.

- [0090]

As a consequence, the second device may utilize the resource element
made available for sharing by the first device in the space dimension of
transmission if the second device determines that:

- the congestion situation in the resource pool requires the sharing of the
resource element for potential other devices to use such resource element for
their own transmissions, and

- the hardware capabilities of the second device enable the second device
to perform beamforming in the same direction as the one proposed by the first
device in the indication.

[0091]

The first device may also take into account that transmissions
beamforming notably presents directional constraints leading to transmissions
using beamforming being hardly applicable to broadcasts and groupcasts. As a
consequence, the secondary criterion may be met, and the second device may
- utilize the resource element shared by the first device on the space dimension
of transmission if the transmissions in the space dimension of the second device
are unicast transmissions.

[0092]
According to an aspect of the invention, the second device, if the

secondary criterion is met, transmits second data packets to at least a second
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receiving device using the resource element available for sharing by the first

device.
[0093]

As a consequence, once the second device determines that it will utilize
the resource element available for sharing by the first device, the second device
transmits its data packets to the second receiving device on the dedicated part
of the first set of allocated radio resources 7correspo'nding to the resource
element shared by the first device.

[0094]

The second device may also emit a control signaling. containing a control
information of the second device ahead of its data transmissions on a specific
feedback channel of the network such as the Physical Sidelink Feedback
Channel (PSFCH) in New Radio, so as to inform other devices that the second
devices will utilize the resource element made available by the first device.
[0095]

Another aspect of the invention concerns a second device comprising a
second processing circuit to perform the method as described through the
second aspect of the invention.

[0096]

Another aspect of the invention concerns a computer program product
comprising a second set of progrém instruction code stored on a second
computer-readable medium for the execution of a method accbrding to the
second aspect of the invention.

[0097]

Other features, details and advantages will be shown in the following
detailed description and on the figures, not in a limitative way.
[Brief Description of Drawings]

[0098]
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[Fig. 1]

Figure 1 shows a part of a general wireless communication network where
an embodiment of a method according to the invention can be applied.
[Fig. 2]

Figure 2 shows an existing resource allocation procedure in a general
wireless communication network.
[Fig. 3]

Figure 3 shows a signaling of a first device according to a possible
embodiment of the invention.
[Fig. 4]

Figure 4 is a flowchart showing steps implemented by a first device
according to a possible embodiment of the invention.
[Fig. 5]

Figure 5 is a flowchart showing steps implemented by a second device
according to a possible embodiment of the invention.
[Fig. 6]

Figure 6 is a flowchart showing steps implemented by a first device
according to a possibble embodiment of the invention.
[Fig. 7]

Figure 7 is a flowchart showing steps implemented by a second device
according to a possible embodiment of the invention.
[Fig. 8]

Figure 8 shows a resource sharing on a polarization dimension of
transmission according to a possible embodiment of the invention.
[Fig. 9]

Figure 9 shows a resource sharing on a space dimension of transmission
according to a possible embodiment of the invention.

[Fig. 10]
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Figure 10 shows a resource sharing on a time-frequency dimension of
transmission according to a possible embodiment of the invention.
[Fig. 11]

Figure 11 shows a schematic processing circuit of a device.
[Description of Embodiments]

[0099]

communication network NW. Such a wireless communication network NW
includes different units including a base station BS, a pedestrian P, a roadside
infrastructure I and several vehicular user eqﬁipment (or V-UEs) UE1, UE2,
UE3. In another embodiment, the wireless communication network NW may
include several base stations BS and different numbers of units overall.

[0100]

Such units altogether form a Cooperative Intelligent Transport System (C-
I'TS) within the wireless communication network NW, which consists in such
units being equipped with a given digital technology and communicating with
each other in order to provide each other with information in the context of road
safety and traffic efficiency.

[0101]

A vehicular user equipment UE1, UE2, UE3 in such a network NW is
enabled with a vehicular communication system referred to as Vehicle-to-
everything (V2X) communication, which indicates all types of
communications between a vehicular user equipment UE1, UE2, UE3 and any
unit which may affect or be affected by the vehicular user equipment UE1, UE2,
UE3. A given vehicular user equipment UE1 can thus interact with- another
vehicular user equipment UE2, UE3 through Vehicle-to-Vehicle (V2V)
communication, a network entity such as a base station BS through Vehicle-to-

Network (V2N) communication, a cellular user equipment of a pedestrian P
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through Vehicle-to-Pedestrian (V2P) communication or a roadside
infrastructure I such as a smart traffic light through Vehicle-to-Infrastructure
(V2I) communication.

[0102]

In particular, the communication between a vehicular user equipment UE1
and another vehicular user equipment — such as another vehicular user
Vequipment UE2 (corresponding to V2V) or a pedestrian mobile device
(corresponding to V2P) for instance — is referred to as direct communication,
also called Sidelink (SL) or Device-to-Device communication (D2D), since
both communication endpdints are user equipment (UEs). Direct
communications use an interface called the PCS5 interface corresponding to the
direct channel between two user equipment (UEs) of the network NW.
Contrarily to cellular network-based communications, direct communications
between UEs over PC5 do not require signal relay through a base station BS.
[0103]

" In the context of the present description, direct communications (or D2D)
between two vehicular user equipment (V-UEs) over PC5 in NR V2X as
defined by the 3™ Generation Partnership Project (3GPP) will be considered.
As a consequence, the terms vehicular user equipment, device, vehicular device
or vehicle may be used interchangeably throughout the present description.
[0104]

The Figure 1 shows such devices UE1, UE2, UE3. All devices UE1, UE2,
UE3 are considered to have NR V2X capabilities and are able to perform direct
communications with each other using the PCS5 interface. For instance, the full
arrows on Figure 1 represent the PCS5 interface between a first device UE] on
the one hand and a second device UE2 and a third device UE3 on the other
hand. Over PC5, the first device UEI can thus transmit dedicated control and
data signaling to the second device UE2 or the third device UE3 through unicast
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transmissions for instance. The first device UE1 can also transmit control and
data signaling through broadcast and/or groupcast transmissions which can be
received by any other device UE2, UE3, providing some geographic, channel
and hardware conditions which will not be detailed here.

[0105]

Each device UEL, UE2, UE3 comprises a distinct processing circuit as
illustrated by Figure 11. Such processing circuit comprises a processing unit
(PROC-UE), a memory unit (MEM-UE) and a communication unit (COM-UE)
so that devices UE1, UE2, UE3 are able to transmit, store and process data and
control signaling in the context of the present description. The processing
circuit of each de.vice UEL, UE2, UE3 may be configured to execute a common
or different computer program routines (one for sharing resource and one for
taking the shared resource for example).

[0106]

In such a V2X radio interface framework, a key design aspect is the radio
resource management (RRM) based on which devices UE1, UE2, UE3 perform
data and control transmissions.

[0107]

For NR sidelink transmissions, two modes of radio resource management
exist:

- the NR V2X sidelink Mode 1, which is a hetwork scheduled NR RRM
mode, also referred to as a centralized RRM mode. In the NR V2X sidelink
Mode 1, the radio resources of devices UE1, UE2, UE3 are scheduled by a base
station BS of the network. Devices UE1, UE2, UE3 must be in-coverage of the
base station BS and exchange downlink (DL) and uplink (UL) signals with the
base station BS in order to be granted allocated radio resources for their
transmissions. Such a centralized RRM mode is adopted by in-coverage

devices UE1, UE2, UE3.



WO 2022/230239 PCT/JP2021/048451
38

- the NR V2X sidelink Mode 2, which is an autonorﬁous NR RRM mode,
also referred to as a distributed RRM mode. In the NR V2X sidelink Mode 2,
devices UE1, UE2, UE3 select radio resources for their transmissions by
themselves, without the need of any network entity (that is, a base station BS
for instance). To that end, devices UE1, UE2, UE3 launch a resource selection

procedure in a resource pool RP based on a channel sensing mechanism which

will be detailed further in the description. Such a distributed RRM mode can

be adopted by both in-coverage and out-of-coverage devices UE1, UE2, UE3.
[0108]

In the context of the present description, devices UE1, UE2, UE3 may' be
considered to launch either the NR V2X sidelink Mode 1 resource allocation
procedure or the NR V2X sidelink Mode 2 resource allocation procedure. The
devices UEl, UE2, UE3 may also launch any other resource allocation
procedure leading to allocated radio resources for devices UE1, UE2, UE3.
[0109]

In both modes 1 and 2 of resource allocation, devices UE1, UE2, UE3 may
obtain allocated radio resources for their own control and data transmissions.
[0110]

" In the context of NR V2X, each device UE1, UE2, UE3 has allocated radio
resources which are multiplexed both in time and frequency. However,
depending on the hardware capabilities HW1, HW2, HW3 of each device UE]1,
UE2, UE3, radio resource management (RRM) can be exploited in different
polarizations, space domains etc., and thus be multiplexed in polarization,
space ‘etc., resulting in wide possibilities for devices UE1, UE2, UE3 in terms
of spectral efficiency. An architecture of a resource pool and the different types

of resource multiplexing will be detailed in the description of Figure 2.

[0111]
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The hardware capabilities HW1, HW2, HW3 of devices UE1, UE2, UE3
can correspond to:

- an array of antennas and/or directed antennas presenting at least two
different directions, so that a device UE1, UE2, UE3 equipped with an array of
Ng antennas is able to perform beamforming and thus separate Ng different
beams (and thus N different directions) in the space dimension of transmission.
A'device UEL, UE2, UE3 enabled with an array of differently directed antennas
is thus able to perform a spatial multiplexing. '

- at least two differently polarized antennas and a radiofrequency chain (or
RF chain) per polarizéd antenna, so that a device UE1, UE2, UE3 equipped
with at least dual polarized antennas and their respective RF chains is able to
separate at least the vertical and horizontal polarizations in the polarization
dimension of transmission.

[0112]

Such hardware HW capabilities (array of directed antennas, polarized
antennas...) may be combined within one device UE1, UE2, UE3, so that a
device UE1, UE2, UE3 is able to perform resource multiplexing in different
domains. Spatial multiplexing, polarization multiplexing... may also depend
on other factors than hardware capabilities HW of the devices UEll, UE2, UE3
such as channel conditions of the wireless communication network NW for
instance. |
[0113] |

It is now referred to Figure 2. Figure 2 shows a representation of a resource
pool RP as considered in 3GPP NR V2X architecture. In the context of the
present description, the considered resource pool RP is a resource pool for
sidelink transmissions in the context of NR V2X. Radio resources in the
resource pool RP are to be shared between devices UE1, UE2, UE3 for sidelink

transmissions and are supported by different physical channels including:
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- a Physical Sidelink Shared Channel (PSSCH), which carries transport
blocks (TBs) for data transmission of devices UE1, UE2, UE3, and

- a Physical Sidelink Control Chanhel (PSCCH), which carries a part of a
Sidelink Control Information for control transmission of devices UE1, UE2,
UE3.

[0114]

In 3GPP NR V2X, the resource pool RP — and thus the PSSCH and the
PSCCH - 1s multiplexed both in time and frequency domains.

[0115]

In the time domain represented on the horizontal axis on Figure 2, radio
resources of the resource pool RP are structured in different slots, each slot
containing 14 OFDM (Orthogonal frequency-division multiplexing) symbols,
which are not represented on Figure 2. A subframe is defined as one or many
slots and has a fixed duration of 1 millisecond (ms). A particularity of the NR
V2X resource pool RP is that the duration of a slot is variable depending on the
duration of one OFDM symbol, which depends itself on a variable subcarrier
spacing (SCS) value in frequency. In NR sidelihk, for the first frequency range
(FR1), the subcarrier spacing (SCS) can adopt three different values: 15
kilohertz (kHz), 30 kHz or 60 kHz. In the case of a SCS equaling 15 kHz, a
corresponding slot will approximately correspond to a subframe, and thus has
a duration of 1 ms. For higher values of the SCS with respect to 15 kHz, the
duration of a slot will be less than 1 ms.

[0116]

A time length of the resource pool RP refers to a time length during which
a vehicular device UE1, UE2, UE3 of the wireless communication network NW
has access to the resources of the resource pool RP, for instance when the
device UE1, UE2, UE3 launches an autonomous resource selection procedure

to reserve radio resources for its own transmissions. In NR V2X Mode 2, the
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time length during which a device UE1, UE2, UE3 may select radio resources
from the resource pool RP corresponds to 32 slots. One can thus define é
selection and transmission window STW within the resource pool RP for each
device UE1, UE2, UE3 launching an autonomous resource selection procedure.
The time length of such selection and transmission window STW is thus 32
slots.

[0117]

In the frequency domain, represented on the vertical axis on Figure 2,
radio resources of the resource pool RP are structured in different subchannels,
one subchannel containing at least 10 Resource Blocks (RB). That is, a
maximum size of the selection and transmission window STW is 32 slots in the
time domain and is bandwidth-dependent in the frequency domain.

[0118]

A radio resource refers to a time-frequency block cdmposed by one slot in
the time domain and one or several subchannel(s) in the frequency domain.
[0119]

A resource element RE refers to a time-frequency block composed by one
OFDM symbol in the time domain and one resource block (or RB) in the
frequency domain. A resource element is thus a smaller resource unit compared
to a radio resource and as a matter of fact, a radio resource is composed by
several resource elements.

[0120]

Referring to figure 2, it is represented several resource elements RE
forming a radio resource composed by one slot and one subchannel in the
resource pool. By a size or an amount of resource elements RE, it is referred to
the number of OFDM symbols and the number of resource blocks composing
such resource elements RE.

[0121]
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A device UE1, UE2, UE3 may be allocated radio resources from the
resource pool RP. That is, the smallest unit allocated to a device UE1, UE2,
UES3 is a single radio resource composed by one slot and one subchannel. (in
particular, a device UE1, UE2, UE3 cannot be allocated a single resource
element RE from the resource pool RP for instance). Moreover, in the case of

a distributed RRM mode (such as NR V2X mode 2), the radio resources of the

resource pool RP which can be selected by a device UE1, UE2, UE3 for its

transmissions are delimited within a size-limited selection and transmission
window STW (that is, limited to 32 slots and bandwidth-dependent
subchannels). |

[0122]

Referring to figure 2, it is considered a distributed RRM mode within the
NR V2X context. A device UEl thus launches an autonomous resource
selection procedure in the resource pool RP in order to obtain a first set of
allocated radio resources from the resource pool RP. Within a resource pool
window SW of the resource pool RP, the device UE1 launches an autonomous
resource selection procedure consisﬁng of three different steps, represented on
Figure 2 between times TO and T2:

- the first step is a resource sensing phase launched in a sensing window
SSW, between times TO and T1, such sensing window SSW being included in
the resource pool window SW. The first step enables the device UE1 to identify
available resources from radio resources already allocated to other vehicular
devices, so as to identify potential candidates for resource selection by the
device UEL. To that end, the device UE] implements a sensing-based scheme
enabling the device UELI to detect a part of a Sidelink Control Information (SCI)
conveyed by the PSCCH part on each radio resource. Radio resources which
are occupied by other devices include information about their unavailability in

the part of SCI (or first-stage SCI) launched by the corresponding devices and

.
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decodable by the device UE1 during the sensing phase. During this first step,

the device UE1 also measures the Reference Signal Received Power (RSRP)

of each radio resource in order to identify radio resources with an acceptable

interference level to the device UE1. An acceptable interference level refers to

an interference level not exceeding an interference level threshold, such

threshold depending for instance on the Quality of Service (QoS) of the device
UEL. At the end of the first step, the device UEI1 obtains a full map of the
resource pool RP identifying the free resources, the occupied resources as well
as the interference level of each resource to the device UE1. Candidate radio
resources for the device UE1 correspond to the free resources. In another
embodiment, candidate resources may also include resources occupied by
ongoing sidelink transmissions of other devices but with an interference level
to the device UE1 below a given interference level threshold.

- the second step is a resource selection phase, at time T1. The resources
to be allocated to the device UE1 in time (that is, one slot) and frequency (that
1s, one or several subchannels) for its transmissions are randomly selected
among the candidate resources previously identified in the first step. By the end
of step 2, the device UEl has a set of allocated radio resources for its
transmissions.

- the third step is the data transmission using the set of allocated radio
resources, between T1 and T2. The selection phase and the transmission phase
may also be launched one after another between times T1 and T2 in the
selection and transmission window STW, such selection and transmission
window STW being included in the resource pool window SW. After obtaining
the set of allocated radio resources for its transmissions, the device UE1 assigns
its data packets to the PSSCH part of such allocated radio resources. The device
UE] also prepares the SCI related to the set of allocated radio resources and

eventually transmits a part of such SCI (or first-stage SCI) which informs the
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other devices about its reserved radio resources on the PSCCH part of the set
of allocated radio resources.
[0123]

The autonomous resource selection procedure is launched by the device
UEl in the resource pool RP. In particular, such resource pool RP is
preconfigured by the network (for example by the base station BS) in a
‘predefined geographical area, for instance in an area where some devices may
be out-of-coverage of the network and still manage to obtain allocated radio
resources by launching an autonomous resource selection procedure. The radio
resources from such resource pool RP rﬁay be allocated to devices within such
geographical area.

[0124]

The device UE1 may also obtain its set of allocated radio resources via a
scheduling by the network, based on the centralized RRM mode such as NR
V2X mode 1. In such centralized RRM mode, the device UE1 performs a four-
step exchange procedure to request radio resources to be scheduled by the base
station BS The base station BS, based for example on the available radio
resources in the resource pool within a given time interval (for example within
the time length of the selection and transmission window STW), grants a set of
allocated radio resources to the device using a Physical Downlink Control
Channel (PDCCH). Such resource grant may be performed in either a dynamic
(the device requests radio resources from the network when the device has
transmissions to perform) or configured way (the device requests radio
resources prior beforehand and obtains allocated resources in a configured
periodicity). The device UE1 then transmits its PSCCH and PSSCH containing
its control and data transmission using the allocated radio resources granted by
the network.

[0125]
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The possibility for the device UE1 to obtain allocated radio resources for
its transmissions notably depends on the presence of available radio resources
which may be selected within the time-limited selection and transmission
window STW of the resource pool RP. As a consequence, the resource selection
procedure (either autonomous as precedingly detailed or network-scheduled)
does not always lead to a set of allocated radio resources ensuring the full
fransmissioné of each device requiring radio resources in the same selection
and transmission window STW. This is particularly the case when the resource
pool RP is congested. Such congestion of the resource pool RP occurs for
instance if many devices UE1, UE2, UE3 launch an autonomous resource
selection procedure or request radio resources within the same selection and
transmission window STW, leading to many devices competing for the same
limited amount of radio resources within the resource pool RP. Congestion may
also occur in the resource pool RP if some devices have tight constraints or
strict requirements regarding Quality of Service (QoS) which require them to
use multiple radio resources for a single transmission. Such high-QoS devices
are thus particularly resource-hungry and need important sets of allocated radio
resources.

[0126]

When a resource pool RP is highly congested, many devices UE1, UE2,
UE3 potentially lack radio resources to support their own transmissions while
assuring an optimized reliability and latency, notably due to existing congestion
control methods. Such existing congestion control methods consist for instance
in data packet dropping, pre-emption mechanisms by low-priority devices in
favor of high-priority devices. Most existing congestion control methods thus
curb the reliability of device transmissions and thus the overall performance of
the V2X application.

[0127]



WO 2022/230239 PCT/JP2021/048451

46

In order to address the congestion issue and solve the spectrum scarcity
problem in the resource pool RP, alternative transmissions using multiplexing
in various domains (or dimensions of transmission) exist. Indeed, the resource
pool RP as represented on Figure 2 have radio resources multiplexed in both
time and frequency domains. Such resource pool RP thus offers a limited
number of slots and subchannels to be allocated to devices for their own
sidelink transmissions. However, multiplexing such resource pool RP in other
dimension(s) than time and frequency (space, polarization, etc.) enables to have
multiple “copies” of the same time-frequency resources, each “copy” of the
resource pool RP being ﬁsable by multiple devices UEI, UE2, UE3 in a
simultaneous way.

[0128]

Multiplexing refers to a transmission division into series of independent
and non-overlapping transmissions using one communication channel. For
example, in the case of frequency division multiplexing or Orthogonal
Frequency Division Multiplexing (OFDM), a total bandwidth using a
communication medium is divided into non-overlapping frequency bands, each
band being used to carry a separate signal.

[0129]

In the case of spatial multiplexing, a device having specific hardware
capabilities such as different directed antennas, is able to perform beamforming
so as to send on the same resource pool RP multiple transmissions in different
spatial directions over different beams. As a consequence, the spectrum
resources are increased by a factor Ny where Ng is the number of beams
deployable by the device.

[0130]
In some embodiments, optimized spatial multiplexing requires particular

channel conditions such as a Line-of-Sight-dominated environment, in order to



WO 2022/230239 PCT/JP2021/048451
47

avoid crosstalk interference between different beams. Spatial multiplexing also
present directional constraints by definition and is thus limited to specific
communication scenarios such as unicast transmissions (that is, spatially
directed ones, contrarily to broadcast or groupcast transmissions).

[0131]

In the case of polarization multiplexing, a device having specific hardware
capabilities such as different polarized antennas presenting different
polarization planes (horizontal H and vertical V polarization planes for
instance) is able to perform polarization division multiplexing (PDM) so as to
transmit resources from a same resource pool RP multiple times in'different
polarizations, any dual polarizations forming orthogonal pairs. As a
consequence, the spectrum resources are inéreased by a factor Np where Np is
the number of available polarizations.

[0132]

Polarization multiplexing also requires an optimized orthogonality
between different polarizations, so as to ensure a sufficient isolation between
different polarizations. Measurable indicators such as the cross-polarization
ratio (XPR) which measures the cross-polarization radiation between two
polarizations enable to determine whether channel conditions are met or not in
order to perform polarization multiplexing.

[0133]

Such alternative transmissions using multiplexing in the space or
polarization dimensions of transmission will be detailed further in the
description. In the context of the present descripﬁon, devices UE1, UE2, UE3
may be enabled with specific hardware capabilities HW1, HW2, HW3 so as to
be able to perform multiplexing in different dimensions of transmission (such
as space or polarization). Such specific hardware capabilities HW1, HW2,

HW3 will be detailed if needs be.



WO 2022/230239 PCT/JP2021/048451

48

[0134]

It is now referred to Figure 3. The Figure 3 represents three different data
and control sidelink transmissions of a first device UE1 within the wireless
communication network NW. The transmissions are represented on Figure 3 in
the time domain horizontally and in the frequency domain vertically. Such
sidelink transmission is performed from the first device UEI to a first receiving
of the network NW receiving the transmissions performed by the first device
UEI using the first set of allocated radio resources. In NR V2X, the Physical
Sidelink Control Channel (PSCCH) and the Physical Sidelink Shared Channel
(PSSCH) supporting sidelink transmissions are multiplexed in both time and
frequency. Indeed, in addition to a part of the PSSCH and thve corresponding
PSCCH being transmitted using overlapping time resources in non-overlapping
frequency resources, another part of the PSSCH and its corresponding PSCCH
are transmitted using non-overlapping time resources. Figure 3 thus illustrates
such a time and frequency-multiplexing of both the PSSCH and the PSCCH in
the transmissions of the first device UE1. Such transmissions are performed
using a first set of allocated radio resources which is allocated to the first device
UEL. The first device UEI obtains such first set of allocated radio resources at
a time prior to performing the transmissions represented on figure 3, either by
launching an autonomous resource selection procedure as detailed in figure 2
or by a network-scheduled procedure.

[0135]

The sidelink transmission represented on the far-left part of Figure 3
corresponds to the existing representation of a vehicle UEI initial transmission
TRO in the NR V2X. As described in Figure 2, the first device UEI, after
obtaining its first set of allocated radio resources, assigns its data packets Datal

on a PSSCH part of its first set of allocated radio resources while assigning a
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first-stage Sidelink Control Information (SCI) SCI on a PSCCH part of its first
set of allocated radio resources. The PSSCH part of the transmission TRO thus
corresponds to the data transmission Datal of the first device UE1 while the
PSCCH part of the transmission TRO corresponds to the control transmission
of the first device UE].

[0136]

The sidelink transmission TR1 represented on the middle part of Figure 3
corresponds to an initial transmission TR1 of the first device UEI1 to the first
receiving device in the NR V2X when the first device UE1 shares one or several
resource elements available for sharing from its first sét of allocated radio
resources in an embodiment of the invention. The conditions upon which the
first device UEI may share such resource element are referred to as primary
criteria and will be detailed further in the description. The resource element to
be shared by the first device UE1 is part of the first set of allocated radio
resources.

[0137]

In the context of the present description, the first device UE1 may share
an amount of resource elements corresponding to one or several resource
elements from its first set of allocated radio resources. The terms “resource
elements available for sharing”, “resource element(s) available for sharing” and
“resource element available for sharing” all refer to the amount of resource
elements shared by the first device UEL. |
[0138]

The sharing of such resource elements consists in the first device UE]
emitting an indication that the resource elements are available for sharing. Such
indication may consist in a message re-allocating the resource elements

available for sharing to at least one identified second device UE2 by
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transmitting such indication to the second device UE2 through sidelink (or
device-to-device) communication.
[0139]

The first device UE]1 may also announce the availability of the resource
elements available for sharing by the emission of a specific signaling via a
sharing signaling message SSM, which is an additional control signaling
fnéssage within its initial transmission Ter, such sharing signaling message
SSM including the indication of the first device UE]1 that resource elements are
available for sharing. Such sharing signaling message SSM is carried on the
PSSCH part using the first set of allocated radio resources. As a consequence,
if the first device UEI decides to share resource elements of its first set of
allocated radio resources, its initial transmission TR1 may include:

- the existing SCI launched by the first device UE1 and embedded in the
PSCCH part of the first set of allocated radio resources,

- the data packets Datal to be transmitted by the first device UE1 to the
first receiving device using the first set of allocated radio resources, such data
~ packets Datal being embedded in the PSSCH part of the first set of allocated
radio resources, and

- an additional control signaling message which is a sharing signaling
message SSM, embedded in the PSSCH part of the first set of allocated radio
resources.

[0140]

As a consequence, in order to announce the sharing of resource elements,
the initial transmission TR1 of the first device UE1 may add a control signaling
message SSM in comparison to the existing initial transmission TRO in order
to transmit data Datal as well as two distinct control signaling messages (that
is, the existing SCI and the sharing signaling message SSM). In particular, the

content of the existing initial transmission TR0 remains the same, the sharing
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signaling message SSM being only added in the PSSCH part, so as to.form the
initial transmission TR1 of the first device UEL. As a consequence, the SCI
embedded in the PSCCH part is unchanged and still decodable by other devices
so that the resource sensing phase of the existing resource selection procedure
remains performable in the case of other devices launching an autonomous
resource selection procedure for example. The sharing signaling message may
then be decoded by devices which are enabled with a particular resources-
sharing hardware, software and/or feature in the context of the present
“description for instance. The decorrelation between the existing SCI and the
sharing signaling message SSM thus enables a backward compatibility between
the resource sharing procedure and the existing NR V2X resource selection
methods for instance.

[0141]

The indication that resource elements are available for sharing by the first
device UE]1 may be embedded in the sharing signaling message SSM and
composed of a succession of binary digits (or bits) coded by the first device
UE]1, which content depends on the characteristics of the resource elements
available for sharing.

[0142]

In one embodiment, such indication that resource elements are available
for sharing transmitted by the first device UEl (for example as a sharing
signaling message SSM) may include:

- one bit to effectively indicate if resource elements are available for
sharing or not. For instance, the first bit of the sharing signaling message SSM
decodable by a second device UE2 receiving the sharing signaling message
SSM is a bit indicating “0” if there is no resource element to be shared or “1”
if there is a resource element available for sharing. In this embodiment, a

sharing signaling message SSM may for instance be emitted by default as an
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automatic signaling by the first device UEI] aft‘er obtaining its first set of
allocated radio resources (that is, the step of sending a sharing signaling
. message SSM is embedded within the first device UE1 software), even when
the first device UE1 has no resource element to share (the bit thus indicating
“0”). The lecture of this bit indicating that a resource element is shared may
serve to trigger a specific sharing decision procedure by the other devices UE2,
UE3 receiving the sharing signaling message SSM, in order to decide either
they will use the shared resource element or not. Such specific sharing decision
procedure launched by other devices UE2, UE3 when receiving a sharing
sigrialing message SSM will be detailed further in the description. Alternatively,
there may be no bit indicating the sharing of a resource element by the first
device UEI, the reception of the indication that resources elements are
available for sharing itself being a sufficient trigger to announce the availability
of the shared resource element (that is, no sharing signaling message SSM is
emitted by the first device UEI if there is no available resource element).

- one or several bits to indicate the dimension of transmission (or domain)
of the resource elements available for sharing by the first device UEL. Indeed,
the first device UE]1 may share its resource elements in the time-frequency
domains, but also in a polarization and/or space domain for instance. One or
several bits contained in the sharing signaling message SSM may thus relate to
the dimension of transmission within which the resource elements available for
sharing by the first device are available. For instance, two bits of the sharing
signaling message SSM can indicate such domain: the bits “00” indicating a
resource sharing in the time-frequency domains, the bits “01” a resource
sharing in the polarization domain, the bits “10” a resource sharing in the space
domain... More bits can be allocated in order to indicate a sharing in other
dimensions of transmission as well. Such bits indicating the dimension of

transmission of the resource elements available for sharing may also guide
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other devices receiving the sharing signaling message SSM in their decision to
utilize the resource elements available for sharing or not. If a second device
UE2, being unable to perform polarization multiplexing (due to a lack of
hardware capabilities HW2 for instance), receives the sharing signaling
message SSM and decodes the bits “01” indicating that resource elements are
available for sharing by the first device UE1 in the polarization domain, the
second device UE2 will not need to process and decode the sharing signaling
message SSM any further since it is unable to utilize such resource elements.
In another embodiment, the dimension of transmission can be directly preset
within the first device UE1 soﬂWare, for instance when the first device UE1
exclusively shares the resource elements in the polarization domain. In such
case, no bits are necessarily required to indicate the dimension of transmission
of the resource elements available for sharing in the sharing signaling message.

- at least one bit to indicate a time-related information about the resource
elements available for sharing, such as a maximum time before which the
resource elements should be utilized or a time interval during which the
resource elements may be utilized. Such time-related information may be based
on a specific time slot or slot duration of the first set of allocated radio resources
or on a time or pattern of transmission of the first device UE1 for example.

- at least one bit to indicate a geographically-related information about the
resource elements available for sharing, such as a geographic zone associated
with the resource elements available for sharing or associated with the resource
pool.

- one or several bits to indicate the size of the resource elements to be
shared by the first device UE1. Such bits aim at detailing the content of the
resource elements available for sharing by the first device UE1 to other devices
UE2, UE3. In this context, the size of the resource elements available for

sharing may be indicated by providing the starting and end positions of the
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resource elements available for sharing within the resource pool RP in the time
and frequency domains. For instance, if the resource elements available for
sharing extend within a given number of OFDM symbols in the time domain
and a given number of resource blocks in the frequency domain of the resource
pool RP, then:

® loga(Nsymbols) bits can be contained in the sharing signaling message
SSM to indicate the starting position of the shared resource element in
the time domain, where Ngymbols represents the total number of OFDM
symbols within a specific time slot; and

e Joga(Ngymbols) bits can be contained in the sharing signaling message
SSM to indicate the end position of the resource elements available for
sharing in the time domain;

e Jogy(Nrg) bits can be contained in the sharing signaling message SSM
to indicate the starting position of the shared resource element in the
frequency domain, where Nrp represents the total number of resource
blocks within the allocated radio resources.

e logx(Nrs) bits can be contained in the sharing signaling message SSM
to indicate the end position of the shared resource elements in the
frequency domain.

[0143]

With the same reasoning, if the resource elements are available for sharing
by thé first device UEI in the polarization domain, log,(Np) bits may be
contained in the sharing signaling message SSM to indicate the polarization
concerned by the sharing, where Np represents the number of polarizations
within the network NW. If the resource elements are available for sharing by
the first device UE] in the space domain, log,(Ng) bits may be contained in the

sharing signaling message SSM to indicate the spatial direction concerned by



WO 2022/230239 PCT/JP2021/048451

55

the sharing, where Np represents the number of beams or spatial directions
within the network NW.
[0144]

The bits embedded within the sharing signaling message SSM mainly aim
at precising the exact characteristics of the resource elements made available
by the first device UEI such as its nature, size, position, available duration etc.,
so that other devices UE2, UE3 receiving the sharing signaling message SSM
from the first device UE1 may be able to precisely identify the available
resource elements, notably in order for them to determine either they may have
the need and/or the cabability to use the resource elements available for sharing.
[0145]

The sidelink transmission TR2 represented on the far-right part of Figure
3 corresponds to a second transmission TR2 of the first device UE1 in the NR
V2X when the resource elements available for sharing are utilized by a second
device UE of the network NW. The process launched by the second device UE2
leading to the utilize of the resource elements méde available for sharing by the
first device UE1 will be detailed further. When a device — the second device
UE2 for instance - different from the first device UE] utilizes the resource
clements available for sharing by the first device UEI, the first device UE1 and
the second device UE2 are paired so that the first set of allocated radio
resources covers the data and control transmissions of both the first device UE1
and the second device UE2, the control and data transmissions Data2 of the
second device UE2 being supported by the PSSCH part of the first set of
allocated radio resources corresponding to the resource elements available for
sharing. The transmission TR2 represented on the far-right part of Figure 3
includes the second transmission of the first device UE] (the first transmission,
or initial transmission TR1 being the transmission containing the sharing

signaling message SSM emitted to other devices UE2, UE3) and also the initial
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transmission TR1* of the second device UE2 (considering here that the second
device UE2 did not perform transmissions prior to transmission TR1%*).
[0146]

It 1s now referred to Figure 4. Figure 4 is a flowchart representing steps of
a first resource sharing process performed by a first device UE1 of the wireless
communication network NW.
[0147]

The first resource sharing process can only be performed if the first device
UE] actually has allocated radio resources. Thus, at step SO, if the first device
UEL! has not yet selected a first set of allocated radio resourées for its own
transmissions (that is, it has not launched a complete resource selection
procedure or obtained a resource grant by the network), the first device UE1
cannot share any resource element to any other devices UE2, UE3 and the first
resource sharing process ends at step S3. In this case, no indication that resource
elements are available for sharing and thus no sharing signaling message SSM
is emitted by the first device UE1. Alternatively, the first device UE1 may still
send a sharing signaling message SSM with a bit indicating the availability of
a resource element to be shared set at “0”, meaning that no resource element is
shared by the first device UEL. Yet, if at step SO, the first device UE1 has
obtained a first set of allocated radio resources for its own transmissions (either
through the autonomous or network-scheduled resource selection procedure),
step S1 of the first resource sharing process may be launched by the first device
UEL. At step S1, the first device UE] evaluates a congestion level within the
resource pool RP in order to evaluate whether a first resource sharing process
is necessary. To that end, the first device UE1 is able to obtain an indication
about the congestion level in the resource pool RP such as a Channel Busy
Ratio (CBR) for each subframe of the resource pool RP by obtaining a value of

a Received Signal Strength Indication (RSSI) of each subframe within a given
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time, for instance for the 100 last subframes of the resource pool RP. Such
indication about the congestion level in the resource pool RP may be measured
by the first device UEI or may be received by the first device UE1 from another
unit of the network NW, for example another device or the base station BS. The
value of the RSSI enables the first device UE1 to quantify how requested the
resource pool RP is by devices of the network NW. Therefore, the CBR gives
a metric reflecting the recent congestion level within the resource pool RP. The
first device UE1 may also store one or different congestion level thresholds
which are compared with the CBR in the resource pool RP. For example, if the
CBR is b'elow 0,650 then it is considered that the resource pool RP is not
congested. As a consequence, at step S1, if the measured CBR is below the
congestion level threshold, the first device UE1 evaluates that the resource pool
RP is not congested and there is thus no need to perform the first resource
sharing process, since the resource pool RP is considered to have enough
available radio resources to be selected by devices UE1, UE2, UE3 for their
own transmissions (enough being expressed by the measured CBR being below
the congestion level threshold). This leads to the end of the first resource
- sharing process at step S3. However, at step S1, if the measured CBR is above
the congestion level threshold, the first device UE] evaluates that the resource
pool RP is congested, leading to other devices UE2, UE3 possibly lacking
available radio resources to be selected in the resource pool RP for their own
transmissions. This case leads to step S2. The first device UE] may also use
another metric than/in addition to the Channel Busy Ratio (CBR) to evaluate
the congestion level within the resource pool RP. The congestion level within
the resource pool RP is thus a primary criterion upon which the first resource
sharing process will be launched by the first device UEL.

[0148]
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At step S2, the first device UE] evaluates whether it possesses available
resource elements within its first set of allocated radio resources in order to
share such resource elements with other devices. An available resource element
of the first device UEI refers to a resource element which is a part of the first
set of allocated radio resources, but which is not needed by the first device UE1
for its own transmissions. In order to determine if it has available resource
elements for sharing, the first device UE] may obtain a measurement of 7a’ﬁrst 7
resource occupation, the first resource occupation referring to an amount of
radio resources selected by the first device UE1 within the resource pool RP
for its transmissions. The first resource occupatioﬁ may refer to a size of the
first set of allocated radio resources. The first device UE1 also obtain a value
of a first resource usage, referring to an amount of radio resource elements
actually required by the first device UE1 for its own transmissions. Such value
of the first resource usage may for instance correspond to a Channel Usage
Ratio (CR) of the first device UE1, which relies on counting the total number
of subchannels allocated to the first device UE1 which will be transmitted in a
delimited time (1000 ms for example). In a particular embodiment, the value of
the first resource usage may also depend on the congestion level of the resource
pool RP, the first device UE1 being configured with resource usage limits. For
instance, when there is no congestion in the resource pool RP (that is, the
congestion level is below the congestion level threshold), the first device UE1
may transmit its data packets using the optimized amount of radio resources
within the first set of allocated radio resources, the optimized amount being
defined as an amount of radio resources used at a given modulation to optimize
the quality and reliability of its transmissions as well as minimize transmission
errors. However, in the case of a high congestion level of the resource pool RP
(high meaning a congestion level above the congestion level threshold), the first

resource usage may be limited by a predefined resource usage limit, requiring
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for instance the first device UE1 to adapt its Modulation and Coding Scheme
(MCS) so as to reduce its transmissions on a smaller amount of radio resources
(smaller amount meaning below the optimized amount).

[0149]

At step S2, the first device UE] is considered to have available resource
elements for sharing if the first resource occupation exceeds the first resource
usage. Consequently,r the first 'aevice UEI may be éble to perform the rﬁrst
resource sharing process if the amount of radio resources allocated to the first
device UE (that is, the size of the first set of allocated radio resources) exceeds
the amount of radio resource elements effectively used by the first device UE1
for its transmissions, that is the first resource usage. The amount of resource
elements available for sharing by the first device UE1 may thus correspond to
the size difference between the first resource occupation and the first resource
usage. The availability of resource elements to be shared by the first device
UE] may be a primary criterion for performing the resource sharing process.
[0150] _

However, at step S2, if the first device UE! determines that it does not
have available resource elements for sharing, the first device cannot perform
the first resource sharing process which leads to step S3. This is the case, for
instance, if the first resource occupation does not exceed the first resource usage.
[0151]

If the resource pool RP is considered to be congested at step S1 and the
first device UE1 has available resource elements to be shared at step S2, then
the first device UEI is able to perform the last phase of the resource sharing
process at step S20. At step S20, the first device UE1 emits an indication that
resource elements are available for sharing, for instance via a sharing signaling
message SSM within its initial transmission TR1, such indication containing

further information about the resource elements to be shared by the first device
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UEL! as detailed previously. The process of determining the content of such
indication will be detailed in the description of Figure 6.
[0152]

An intermediary step (not represented on figure 4) before the first device
UE]1 proceeds to share the indication that it has resource elements available for
sharing at step S20 may consist in the first device UE] verifying that the
resource elements available for sharing identified at step S2 (or that the first set
of allocated radio resources overall) have no pre-configured restriction
disabling such resource elements to be shared. Such pre-configured restrictions
may be predefined by the network NW and may be proper to each resource
pool RP deployed by the network NW based on a geographic criterion for
example. The first device UE]1 may obtain (for example when obtaining the
first set of allocated radio résources) a pre-configured message which enables
or disables the sharing of its resource elements according to predefined criteria.
If no pre-configured restriction lies upon the resource elements available for
sharing, the first device may proceed to the sharing at step S20. Otherwise, the
first resource sharing process ends at step S3.

[0153]

The sharing signaling message SSM emitted at step S20 contains a bit “1”
indicating that at least one resource element is available for sharing. In another
embodiment, the emission of the sharing signaling message SSM itself implies
that at least one resource element is shared and the sharing signaling message
SSM directly contains details about the resource elements to be shared.

[0154]

The indication that resource elements are available for sharing is emitted
by the first device UEL at step S20 and may be transmitted through direct
communication D2D, using the PCS interface. Such indication may be included

in the sharing signaling message SSM as part of a groupcast or a broadcast
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transmission for example. The sharing signaling message may thus emitted by
the first device UE1 within the transmission range of the first device UEI
without aiming at any specific other device UE2, UE3.

[0155]

It 1s now referred to Figure 5. Figure 5 is a flowchart representing steps of
a second resource sharing process performed by a second device UE2 of the
wireless communication network NW.

[0156] |

In order for a second device UE2 to perform a second resource sharing
process, a complete first resource sharing process must have been performed
by a first device UE1 beforehand.

[0157]

The second device UE2 is supposed to be different from the first device
UE] on the one hand, and different from the receiving device of the first device
UEI, in case of unicast or groupcast transmissions for example.

[0158]

.After the first device UE] decides to share at least a resource element of
the first set of allocated radio resources through the emission of an indication
that resource elements are available for sharing via for example, a sharing
signaling message SSM at step S20 of the first resource sharing process, the
indication is potentially received and decoded at a step S21 by one or several
devices UE2, UE3 of the wireless communication network NW.

[0159]

The number as well as the 1dentity of the devices UE2, UE3 receiving the
sharing signaling message SSM emitted by the first device UE1 depend on
several parameters such as the software and hardware capabilities of the devices
UEZ2, UE3 (devices UE2, UE3 should be able to implement a decoding scheme

in order to decode the sharing signaling message SSM), the geographical
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positions of the devices UE2, UE3 with respect to the first device UE1 and/or
the transmission power of the signaling emitted by the first device UE1. Indeed,
in order to receive the sharing signaling message SSM emitted by the first
device UE1, a second device UE2 should be able to use device-to-device
communication with the first device UE1, have NR V2X capacities, receive the
sharing signaling message SSM with sufficient transmission power for example.
Another device UE2 receiving the shraring signaling message .SSM of the ﬁrst.
device UE1 may also have a particular timing with respect to the first device
UEI regarding the resource selection procedure: for instance, the other device
UE2 may be able to receive .the sharing signaling message SSM only if the first
device UE1 emits the sharing signaling message SSM while the other device
UE2 launches the sensing phase of its resource selection procedure in order to
find candidate radio resources for its own transmissions. The indication emitted
by the first device UE]1 may thus be decoded by the other device UE2 during
the sensing phase of the other device UE2, for example in the same resource
pool RP as the one of the first device UEI.

[0160]

In the context of the present description, a second device UE2 thus refers
to a device of the wireless communication network NW, different from the first
device UEI, which receives the indication that resource elements are available
for sharing via for example, the sharing signaling message SSM emitted by the
first device UE1 through the first resource sharing process. Figure 5 describes
the second resource sharing process from the perspective of only one second
device UE2 but in another embodiment, several devices UE2, UE3 receive the
sharing signaling message SSM of the first device UE1 and perform the same
second resource sharing process. |

[0161]
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At step S21, after receiving the indication that resource elements are
available for sharing (for example, as a sharing signaling message SSM), the
second device UE2 decodes the sharing signaling message SSM using a
decoding scheme implemented by the second device UE2. The second device
UE?2 is thus able to read a succession of bits contained in the sharing signaling
message SSM and describing the resource elements available for sharing by the
first device UEL. In one emb;)diment, the emissibn of the sharihg 81g7ne;11ng
message SSM by the first device UE] occurs only if there is at least one
resource element available for sharing within the first set of allocated resources
of the first device UEL. In this case, upon receiving and decoding the sharing
signaling message SSM, the second device UE2 directly identifies that at least
one resource element is available for sharing, which triggers the next steps of
the second resource sharing process and which consist in the second device
UE2 deciding either to utilize the resource element available for sharing or not.
In another embodiment, the sharing signaling message SSM contains at least
one bit indicating the existence of a shared resource, such a bit indicating “1”
if at least one resource element is available for sharing and “0” if no resource
element is shared. In this case, the next steps of the second resource sharing
process are triggered by the second device UE2 only if the decoding of the
sharing signaling message decodes a bit indicating the existence of a shared
resource corresponding to “1”.

[0162]

Upon determining that resource elements are available for sharing and
before pursuing the second resource sharing process, the second device UE2
may verify that it has no pre-configured restriction disabling to utilize the
resource elements made available for sharing. Such pre-configured restrictions
may be predefined by the network NW and may be proper to each resource

pool RP deployed by the network NW based on a geographic criterion for
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example. The second device UE2 may obtain (for example from a network unit
such as the base station) a pre-configured message which enables or disables -
the use of the shared resource elements according to predefined criteria. If no
pre-configured restriction lies upon utilizing the resource elements available
for sharing, the second device UE2 may pursue the second resource selection
process.

[0163]

If the second device UE2 identifies the sharing signaling message SSM as
indicating that at least one resource element is available for sharing, the second
device UE2 rnéy proceed to decide either to utilize the resource elements
available for sharing or not. To that end, at step S22 of the second resource
- sharing procedure, the second device UE2 evaluates a congestion level of the
resource pool RP based on an indication about the congestion level in the
resource pool RP such as the Channel Busy Ratio (CBR) for each subframe of
the resource pool RP, similarly to step S1 performed by the first device UEI in
the first resource sharing process. Such indication about the congestion level in
the resource pool RP may either be measured by the second device UE2 or
received by the second device UE2 from another network unit such as the base
station BS or another device. Therefore, the CBR obtained by the second device
UE2 gives a metric reflecting the recent congestion level within the resource
pool RP. The second device UE2 also stores one or different congestion level
thresholds which are compared with the measured CBR in the resource pool
RP. Such congestion level thresholds can be the same or different as the one
stored by the first device UE1. For example, if the second device UE2 stores a
congestion level threshold equaling 0,7, then a CBR below 0,7 shows that the
resource pool RP is not congested from the perspective of the second device
UE2. As a consequence, at step S22, if the CBR measured by the second device

UE?2 is below the congestion level threshold, the second device UE2 determines
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that the resource pool RP is not congested and there may be no need to utilize
the resource elements made available and notified through the sharing signaling
message SSM, since the resource pool RP is considered to have enough
available radio resources to be selected by the second device UE2, UE3 for its
own transmissions (enough being expressed by the measured CBR being below
~ the 9,9?,g,65ti0n level threshold). In this case, the.second device UE2 decides not
to utilize the resource element shared by the first device UE1 and ends the
second resource sharing process at step S23. Such step S23 consists in simply
ignoring the sharing signaling message SSM received at step S21. In another
embodiment, if the second device UE2 has only decoded part of the sharing
signaling message SSM (for example, if the second device UE2 only decoded
the bit “1” indicating the availability of a resource element to be shared and not
the rest of the sharing signaling message SSM detailing the actual resource
element), then at step S23, the second device UE2 ignores the rest of the sharing
signaling message SSM without reading the other bits giving details about the
shared resource element. This embodiment particularly enables the second
device UE2 to gain time and processor energy by not decoding the rest of the
sharing signaling message SSM, since the second device UE2 knows, after step
S22, that it does not need to resort to resource sharing with other devices (with
the first device UE]1 in this case).
[0164] |

However, if, at step S22, the measured congestion level in the resource
vpool RP (such as the CBR) is above the congestion level threshold stored by
the second device UE2, the second device UE2 continues the second resource
sharing process since it considers that the radio resources potentially available
in the resource pool RP may not be sufficient for its own transmissions due to
congestion and that a complementary way of obtaining resources such as the

resource elements made available through the sharing signaling message SSM
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may be necessary. A congested resource pool RP is thus a secondary criterion
for the second device UE2 to utilize the shared resource elements.
[0165]

In this case, the second device UE2 proceeds to step S24 of the second
resource sharing process. At step S24, the second device UE2 evaluates
whether the resource elements available for sharing is enough for its own
transmissions. By enoﬁgh, it 1s understood that in order to be utilized by the
second device UE2 for its own transmissions, the resource element shared by
the ﬁrst device UE1 must present enough OFDM symbols and resource blocks
so that the data transmissions of the second device UE2 using such shared
resource elements respect the transmissions constraints of the second device
UE2 in terms of reliability and Quality of Service (QoS) for instance. To that
end, at step S24, the second device UE2 obtains on the one hand, a
measurement of an amount of radio resource element(s) it needs in order to
support its data transmissions while respecting its transmission constraints.
Such amount of radio resources needed by the second device UE2 for its own
transmissions 1s referred to as the second resource usage of the second device
UE2. On the other hand, the second device UE2 obtains a size of the resource
element shared by the first device UEl by decoding the sharing signaling
message SSM. In one embodiment, at least part of the binary digits contained
in the sharing signaling message SSM gives the size of the resource element
made available for sharing by the first device UE1 (that is, an explicit number
of OFDM symbols and resource blocks made available for sharing is detailed).
In another embodiment, the sharing signaling message SSM contains
information about the exact position of the resource element to be shared within
the resource pool (that is, at least part of the binary digits of the sharing
signaling message SSM representing the starting and end positions of the

resource element(s) available for sharing in at least the time and frequency
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domains of the first set of allocated resources). In that case, the second device
UE2 is able to process such information contained in the sharing signaling
message SSM so that to determine a size of the shared resource element(s). At
step S24, the second device UE2 compares the measurement of its second
resource usage with the size of the resource element(s) made available by the
first device UE1 through the sharing signaling message SSM. If the size of the
shared résource élemei;f(s) is inferiof to thé sécond resource usage, it means
that the resource element made available by the first device UE1 does not
enable the second device UE2 to perform it_s own transmissions using such
shared resource element(s), thus, the second device UE2 decides not to use the
resource element(s) made available by the first device UE1 which leads to step
S23, where the second resource sharing procedure is dropped by the second
device UE2. The size of the shared resource element(s) being superior to the
size of the second resource usage is thus a secondary criterion for the second
device UE2 to utilize the shared resource element(s).
[0166] |

Thus, if, at step S24, the second resource usage of the second device UE2
is equal or inferior to the size of the resource element(s) made available by the
first device UE], it means that the resource element(s) shared by the first device
UEI is sufficient to support the transmissions of the second device UE2. In this
case, the second device UE2 decides, at step S25, to utilize the resource
element(s) shared by the first device UEL. In this case, at step S25, the second
device UE2 sends its data packets and performs its transmissions using the
dedicated part of the first set of allocated radio resources of the first device UE1
corresponding to the resource element(s) shared by the first device UEL. In
other words, when the second device UE2 decides to utilize the resource
element(s) shared by the first device UEI, the first and second devices are

paired at step S25 and the transmissions of the second device UE2 are
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performed under the control signaling “umbrella” of the first device UEL. In.
another embodimént, at step S25, the second device UE2 emits a control
signaling in response to the sharing signaling message SSM in order to inform
about its intention to utilize the shared resource element(s). Such response
signaling may be sent by the second device UE2 over a feedback channel
referred to in NR V2X as the Physical Sidelink Feedback Channel (PSFCH).
[0167] |

The second resource sharing process may also comprise a step prior to the
step S25 wherein the second device UE2 may also evaluate a geographically-
related information contained in the sharing signaling message SSM, for
example in order to obtain a geographical zone associated with the resource
elements available for sharing. The second device UE2 may end the second
resource sharing process at step S23 and not utilize the resource elements
shared by the first device UELI if the second device UE2 is not located in the
geographical zone for example.

[0168]

The second resource sharing process may also comprises a step prior to
the step S25 wherein the second device UE2 may also evaluate a time-related
information contained in the sharing signaling message SSM so as to obtain an
indication about a time interval within which the resource elements made
available by the first device UE] must be utilized. The second device UE2 may
also determine a time duration during which it has to perform its transmissions
based for example on the second device UE2 latency requirements. Such time
duration may correspond to the selection and transmission window STW of the
second device UE2 within the resource pool RP. The second device UE2 may
end the second resource sharing prdcess at step S23 and not utilize the resource
elements shared by the first device UE1 if the time interval and the time

duration do not overlap for example.
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[0169]

It is now referred to Figure 6. Figure 6 is a flowchart representing steps of
the first resource sharing process performed by the first device UEL. Figure 6
is a detailed flowchart of the general steps represented on Figure 4.

[0170]

After evaluating whether the congestion level of the resource pool RP
reqﬁires resource sharing or not at step S1 and whether the first set of allocated
radio resources presents available resource element(s) for sharing or not at step
S2 as detailed by Figure 4, the first device UE1 determines in which dimensions
of transmission (or domains) it may share resource element(s).

[0171] |

The resource pool RP being multiplexed in the time and frequency
dimensions of transmission, the resource elements are shared by the first device
UEL! in the time and frequency dimensions of transmission at step S20b. At step
S20b, the first device UE1 may emit an indication that at least one resource
element 1is available for sharing, for example as a sharing signaling message
SSM, and may detail the precise characteristics of such resource elements
which delimit and define the shared resource element(s).

[0172]

However, depending on the hardware capabilities HW1 of the first device
UE], on transmission constraints of the first device UE1 and/or on channel
conditions, the first device UE]1 may be able to share the available resource
element(s) in a different polarization and/or space dimension of tfansmission
using multiplexing, and thus increasing the available spectrum resources.
[0173]

At a step S41, the first device UE1 pursues the first resource sharing
process by determining if it is able to perform polarization multiplexing, that is

to share resource element(s) in a specific polarization. To that end, the hardware
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HWT1 of the first device UE1 must include at least two first polarized antennas
presenting for instance a vertical V polarization plane and a horizontal H
polarization plane with a separate radiofrequency chain per first polarized
antenna. With such hardware HW1, the first device UE] is thus able to separate
different polarization domains and can for instance, perform simultaneous
transmissions using radio resources in the vertical V polarization plane and in
the horizontal H polarization plane in an independent way.

[0174]

The hardware Capabilities HWI of the first device UEI enabling the first
device UE] to separate different polarizations at step S41 must be accompanied
with favorable channel conditions at step S42. Favorable conditions are defined
here as an acceptable level of orthogonality between the different polarization
domains. The level of orthogonality of two different polarizations can be
measured with a level of cross-polarization radiation called the cross-
polarization ratio or XPR. At step S42, the first device UE] is able to physically “
measure a level of cross-polarization radiation at its side as well as at the side
of a receiving device of the first device UE1 over a predefined period of time
such as one second for instance. Such measurement of the XPR is particularly
possible because the first device UE1 is equipped with specific hardware HW1
for polarization separation.

[0175]

The acceptable level of orthogonality between the different polarization
domains refers to a level of cross-polarization ratio above a cross-polarization
ratio threshold that may be stored by the first device UE] in a first memory unit.
At step S42, the measurement of the level of cross-polarization ratio by the first
device UELI 1s compared to the cross-polarization ratio threshold stored by the
first device UEL. If the measured level of cross-polarization ratio is above the

cross-polarization ratio threshold at step S42, it is considered that the level of
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orthogonality between the different polarizations is enough to ensure a good
isolation between the different polarizations and thus a good quality of
transmission of the first device UE1 towards its receiving device. In this case,
the resource element(s) shared by the first device UE] are shared at least in the
polarization dimension of transmission at step S20a. |

[0176] |

However, 1f the conditions about the hardware capability of the first device
UEI at S41 and the channel conditions at step S42 are not reunited, the first
device UE1 cannot share resource element(s) in the polarization dimension of
transmission. Hardware capabilities HW1. for polarization multiplexing and
favorable channel conditions are thus primary criteria for resource sharing in
the polarization domain.

[0177]

At a step S5, the first device UE1 pursues the first resource sharing process
by determining if it is able to share resource element(s) in the space dimension
of transmission with beamforming, that is by sharing resources in a specific
direction using a specific beam. To that end, the hardware HW1 of the first
device UE] must include at least an array of antennas (or antenna panel) and/or
directed antennas oriented in different spatial directions. With such hardware
HW1, the first device UEI is thus able to separate different beams in the space
domain and can for instance, perform transmissions using radio resources in
two different directions using two different beams in an independent way.
[0178] |

If the first device UE] is equipped with such specific hardware HW1 at
step S5, then 1t is able to share resource element(s) in the space domain using a
specific and identified beam of its antenna panel at a step S20c. Hardware
capabilities HW1 for spatial multiplexing is thus a primary criterion for

resource sharing in the spatial domain.
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[0179]

In a particular embodiment, at step S5, channel conditions or
communication constraints between the first device UE] and its receiving
device may be furthermore considered by the first device UE1 in order to ensure
a high level of orthogonality between beams or avoid crosstalk interference
between different beams. The nature of transmissions of the first device UE1
should also be compatible with the constraints of spatial multiplexing. Such
measurements may be related to XPR or Line-of-Sight within the network NW
and may be obtained by the first device UEL.

[0180]

It 1s now referred to Figure 7. Figure 7 is a flowchart representing steps of
the second resource sharing process performed by the second device UE2 after
receiving a sharing signaling message SSM. Figure 7 is a detailed flowchart of
the general steps represented on Figure 5.

[0181]

After evaluating whether the congestion level of the résource pool RP
requires utilizing shared resource element(s) or not at step S22 as detailed by
Figure 5, the second device UE2 pursues the second resource sharing process
by deciding whether it is able to utilize the shared resource element based on
its description within the sharing signaling message SSM. The binary digits
contained in the sharing signaling message SSM details the exact position of
the resource element to be shared. As a consequence, by decoding the sharing
signaling message SSM received, the second device UE2 is able to identify
characteristics of the resource element to be shared in terms of size, position
within the resource pool RP and dimensions of transmission. Depending on
such characteristics, the second device UE2 triggers different following steps.

If the second device UE2 identifies that the resource element to be shared

is shared in the polarization domain, steps of branch S220a of the second
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resource sharing process are triggered. If the second device UE2 identifies that
the resource element to be shared is shared in the time and frequency domains,
steps of branch S220b of the second resource sharing process are triggered. If
the second device UE2 identifies that the resource element to be shared is
shared in the space domain, steps of branch S220c of the second resource
sharing process are triggered. Branches S220a, 220b and 220c are not exclusive
and may be triggered simultaneoursly or successrirvely, notably in the case when
resource sharing by the first device UE1 occurs in several different dimensions
of transmission.

[0182]

In branch S220a, the sharing signaling message SSM details a resource
element shared in the polarization dimension of transmission. The second
device UE2 must thus first determine at step S221, whether it possesses the
hardware capabilities HW2 to utilize resource element(s) shared in the
polarization dimension of transmission. At step S221, the second device UE2
thus determines if its hardware HW2 includes at least two second polarized
antennas with a separate radiofrequency chain per second polarized antenna, so
that the second device UE2 is able to perform transmissions in the same
polarization as the one proposed in the sharing signaling message SSM. If the
hardware capabilities HW2 of the second device UE2 include such second
polarized antennas with separate radiofrequency chains, the second device UE2
then determines at step S222 whether the channel conditions at its side and at a
receiving device side of the second device UE2 are favorable for a polarization
transmission. A receiving device of the second device UE2 refers here to a
device of the network NW receiving the transmissions of the second device
UE2 (potentially using the shared resource element). Favorable channel
conditions are defined similarly to the favorable channel conditions for the

?

polarization multiplexing of the first device UEI.
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[0183]

In a similar way to step S42 of the first resource sharing process performed
by the first device UE1, at step S222, the second device UE2 obtains a
measurement of a cross-polarization ratio (or XPR) at its side and at its
receiving device side, and then compares such measured XPR with a predefined

cross-polarization ratio threshold stored in a second memory unit of the second

device UE2. Such predefined cross-polarization ratio threshold may be the
same or different as thé predefined cross-polarization ratio threshold stored by
the first device UE1 at step S42. If, at step S222, the second device UE2
measures a value of the XPR above the predefined cross-polarization ratio
- threshold, then it determines at step S222 that it is able to perform its
transmissions in the polarization domain indicated by the sharing signaling
message SSM. However, if the second device UE2 is not equipped with the
nécessary hardware HW2 to be able to separate different polarizations at step
221 or measures unfavorable channel conditions for polarization transmission
at step S222 (unfavorable meaning that the measured XPR at step S22 is below
the predefined cross-polarization ratio threshold stored by the second device
UE2), then the resource element(s) made available by the first device UE1 and
detailed in the sharing signaling message SSM cannot be utilized by the second
device UE2. In this case, the second resource sharing process is stopped at step
S23 and no resource sharing between the first device UE1 and the second
device UE2 is performed, due to lacking hardware capabilities HW2 of the
second device UE2 or lacking favorable channel conditions for polarization
transmission on the second device (or its receiving device) side. Hardware
capabilities HW2 for polarization multiplexing and favorable channel
conditions are thus secondary criteria for resource sharing in the polarization
domain.

[0184]
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In branch S220c, the sharing signaling message SSM details a resource
clement(s) shared in the space dimension of transmission. By decoding the
sharing signaling message SSM, the second device UE2 also identifies the
direction (or beam) of the shared resource element. The second device UE2
must thus determine at step S223, whether it possesses the hardware
capabilities HW2 to utilize resource element(s) shared in the space dimension
of transmission and more particulaﬂ};, if it isﬁable- to perform beamforming in
the same direction as the direction of the shared resource element(s). At step
| S223, the second device UE2 thus determines if its hardware HW?2 includes at
least an array of antennas (or antenna panel) and/or directed antennas oriented
in different spatial directions, including the spatial direction of the shared
resource element(s).

[0185]

If the second device UE2 is equipped with such specific hardware HW2
at step S223, then the second device UE2 determines that it has the hardware
capability HW2 to utilize the shared resource element(s) in the space domain
using the specific and identified beam of its antenna panel at step S223.
However, if the hardware HW2 of the second device UE2 does not enable it to
perform beamforming in the required direction, then the resource element(s)
made available by the first device UE] and detailed in the sharing signaling
message SSM cannot be utilized by the secohd device UE2. In this case, the
second resource sharing process is stopped at step S23 and no resource sharing
between the first device UE1 and the second device UE2 is performed, due to
lacking hardware capabilities HW2 of the second device UE2. Hardware
capabilities HW2 for spatial multiplexing in the same direction as the direction
of the shared resource element is thus a secondary criterion for resource sharing
in the spatial domain.

[0186]
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In branch S220b, the resource element(s) made available by the first
device UEI is shared in the “basic” resource pool RP, basic referring to a
resource pool RP without spatial and/or polarization multiplexing. In this case,
the resource sharing requires neither specific polarization and/or beamforming
hardware capabilities nor pal“[iculaf channel conditions.

[0187]
~ The common secondary criterion for the second device UE2 to utilize the
shared resource element is the size of the shared resource elemenf(s) being
equal or superior to the amount of radio resource element(s) needed by the
“second device UE2 for its own transmissions, that is to the second resource
usage, at step S24. Such secondary criterion on the size of the shared resource
element(s) was detailed in the description of step S24 of Figure 5. Indeed, in
branch S220a, if the secondary criteria of hardware capabilities HW2 and
favorable channel conditions are met, the second resource sharing process is
led to step S24, wherein the second device UE2 determines whether the
resource element(s) shared in the polarization dimension of transmission are
enough to cover the transmissions of the second device UE2. Similarly, in
branch S220c, if the secondary criterion of hardware capabilitiecs HW2 is met,
the second resource sharing process is led to step S24, wherein the second
device UE2 determines whether the resource element(s) shared in the space
dimension of transmission are enough to cover the transmissions of the second
device UE2. In the case of branch S220b, the size of the shared resource
élement(s) being superior to the second resource usage is the only secondary
criterion considered.
[0188]

If such secondary criterion is met at step S24, the second device UE2

decides to utilize the resource element(s) shared by the first device UE] at step

S25. The details of such resource sharing are given in the description of Figure
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5. However, if at step S24, the size of the shared resource element(s) is below
the amount of radio resource element(s) needed by the second device UE2 for
its own transmissions, then the second device UE2 decides not to utilize the
resource element(s) shared by the first device UEl and ends the second
resource sharing process at step S23. |

[0189]

It 1s now referred to Figures 8, 9 and 10. Figures 8, 9 and 10 represent a
resource sharing on a polarization dimension of transmission, on a space
dimension of transmission and on a time-frequency dimension of transmission
respectively, according to a possible embodiment of the invention. Such
resource sharing signaling are represented on three separate figures but in other
embodiments, resource sharing may be performed in several dimensions of
transmissions at a time. Resource sharing is performed between a first device
UE] and a second devic.e UE2 of the wireless communication network NW.
[0190]

Referring to Figure 8, the first device UE1 determines, after performing
the first resource sharing process as detailed in the description of Figures 4 and
6, that it is able to share a resource element in the polarization dimension of
transmission and more precisely in a horizontai polarization plane. In such
embodiment, it means that: |

- the resource pool RP is considered congested by the first device UE],

- the first device UELI is equipped with a specific hardware HW1 including
at least dual first polarized antennas with a radiofrequency chain per first
polarized antenna, the dual first polarized antennas allowing transmission in the

| vertical and the horizontal polarization planes respectively,

- the channel conditions at the first device UEI side and the receiving

device of the first device UE] side reflect a high level of cross-polarization
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ratio (that is, above a predefined threshold), meaning that the channel
conditions are favorable for polarization transmission,

- at least one of the polarization planes (here, the horizontal H one) is
unused by the first device UE1 for its own transmission and is thus available
for sharing by the first device.

[0191]

In this case, while performing an initial transmission TR1 of the first
device UE!l 1n the vertical polarization plane, the first device UE1 adds a
sharing signaling message SSM embedded in the PSSCH part of its initial
transmission TR1 in order to signal that a resource element is available for
sharing in the polarization dimension of transmission, such resource element
being precisely shared in the horizontal polarization plane.

[0192]

The Sidelink Control Information (SCI) embedded in the PSCCH part of
the first device UE] remains unchanged throughout the whole resource sharing
process and does not overlap with the shared resource element so that, in
accordance with the existing NR V2X autonomous resource allocation
procedure, the SCI is decodable by all other devices of the network NW, either
enabled with a resource sharing feature or not, thus assuring backward
compatibility with the existing signaling procedure.

[0193]

The sharing signaling message SSM may be initiated by the first device
UE1 within its transmission range and/or broadcasted so that any other device
within such transmission range may receive the sharing signaling message SSM.
[0194]

Referring to‘Figure 8, a second device UE2 of the wireless communication
network NW 1s considered to receive the sharing signaling message SSM

emitted by the first device UE1 through its initial transmission TR1 and, after
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performing the second resource sharing process as detailed in the description
of Figures 5 and 7, the second device UE2 decides to utilize the resource
element shared by the first device UE1 in the polarization dimension of
transmission and more precisely in the horizontal polarization plane. In such
embodiment, it means that:

- the resource pool RP is considered congested by the second device UE2,

- fhe second device UE2 is equipped with a specific hardware HW2
including at least dual second polarized antennas with a radiofrequency chain
per second polarized antenna, one of the dual second polarized antennas
allowing transmission in the horizontal polarization plane,

- the channel conditions at the second device UE2 side and the receiving
device of the second device UE2 side reflect a high level of cross-polarization
ratio (that 1s, above a predefined threshold), meaning that the channel
conditions are favorable for polarization transmission,

- the size of the resource element(s) shared by the first device UE1 in the
horizontal polarization plane is sufficient for the data and control transmissions
Data2 of the second device UE2.

[0195]

In this case, the second device UE2 decides to utilize the resource
element(s) shared by the first device UE1. As a consequence, when the second
transmission TR2 of the first device UE1 occurs in the vertical V polarization
plane, an initial transmission TR1* of the second device UE2 occurs in parallel
in the horizontal H polarization plane using the dedicated resource element(s)
made available by the first device UEl. In particular, the PSCCH part
containing the SCI of the first device UE1 is left unchanged by the second
device UE2 in all dimensions of transmission (that is here, frequency, time and
~polarization), including in the horizontal H polarization plane. This unchanging

part of the PSCCH of the first device UE1 is represented on Figure 8 as a striped
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zone. In a particular embodiment represented on Figure 8, when deciding to
utilize the resource element(s) shared by the first device UE1, the second device
UE2 can emit a response control signaling through the Physical Sidelink
F eedback Channel (PSFCH) in order to inform other devices (including the first
device UE1) of an intention to utilize the shared resource element(s) by the
second device UE2. Such response control signaling is performed before the
initial transmission TR1* of the second device UE2.

[0196]

Referring to Figure 9, the first device UE1 determines, after performing
the first resource sharing process as detailed in the description of Figures 4 and
6, that it is able to share a resource element in the space dimension of
transmission and more precisely in a speciﬁc direction using a beam B2. In
such embodiment, it means that:

- the resource pool RP is considered congested by the first device UEI,

- the first device UE] is equipped with a specific hardware HW1 including
at least a first array of directed antennas, such first array of antennas including
at least two different beams allowing transmission in two different directions
using a beams B1 and B2 respectively,

- at least one of the directions (here, the direction using beam B2) is
unused by the first device UEI for its own transmission and is thus available
for sharing by the first device.

- in a particular embodiment, the channel conditions at the first device
UEI side and the receiving device of the first device UE1 side reflect a Line-
of-Sight-dominated environment, so that there is a high level of orthogonality
between beams Bl and B2, which enables optimized channel conditions for
beamforming.

[0197]
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In this case, while performing an initial transrhission TR1 of the first
device UE1 using beam B1, the first device UEL adds a sharing signaling
message SSM embedded in the PSSCH part of its initial transmission TR1 in
order to signal that a resource element is available for sharing in the space
dimension of transmission, such resource element being precisely shared with
beam B2. Such sharing signaling message SSM is then broadcasted by the first
device UE1 in all directions Bx."

[0198]

The Sidelink Control Information (SCI) embedded in the PSCCH part of
the first device UE1 and the SSM embedded in the PSSCH part of the first
device UEI are emitted in all spatial directions Bx. In particular, the Sidelink
Control Information (SCI) embedded in the PSCCH part of the first device UE1
remains unchanged throughout the whole resource sharing process and does
not overlap with the shared resource element so that, in accordance with the
existing NR V2X autonomous resource allocation procedure, the SCI is
decodable by all other devices of the network NW, either enabled with a
resource sharing feature or not, thus assuring backward compatibility with the
existing signaling procedure.

[0199]

Referring to Figure 9, a second device UE2 of the wireless communication
network NW 1is considered to receive the sharing signaling message SSM
emitted by the first device UE] through its initial transmission TR1 and, after
performing the second resource sharing process as detailed in the description
of Figures 5 and 7, the second device UE2 decides to utilize the resource
element(s) shared by the first device UEl in the space dimension of
transmission and more precisely in the direction of beam B2. In such
embodiment, it means that:

- the resource pool RP is considered congested by the second device UE2,
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- the second device UE2 is equipped with a specific hardware HW2
including at least a second array of directed antennas, such second array of
antennas including at least a beam for transmission in the same direction as
beam B2,

- the size of the resource element(s) shared by the first device UE] using
beam B2 is sufficient for the data and control transmissions Data2 of the second
device UE2,

- 1n a particular embodiment, the channel conditions at the second device

UE2 side and the receiving device of the second device UE2 side reflect a Line-
of-Sight-dominated environment, so that there is a high level of orthogonality
between beams of the second device UE2 including the beam having the same
~direction as beam B2, which enables optimized channel conditions for
beamforming initiated by the second device UE2.

[0200]

In this case, the second device UE2 decides to utilize the resource
element(s) shared by the first device UE1. As a consequence, when the second
transmission TR2 of the first device UE1 occurs in the direction of beam B1,
an initial transmission TR1* of the second device UE2 occurs in parallel in the
direction of beam B2 using the dedicated resource element(s) made available
by the first device UEL. In particular, the PSCCH part containing the SCI of
the first device UEIl is left unchanged by the second device UE2 in all
dimensions of transmission (that is here, frequency, time and space), including
in the direction of beam B2. This unchanging part of the PSCCH of the first
device UE! is represented on Figure 9 as a striped zone. In a particular
embodiment represented on Figure 9, when deciding to utilize the resource
element shared by the first device UE1, the second device UE2 can emit a
response control signaling through the Physical Sidelink Feedback Channel
(PSFCH) in order to inform other devices (including the first device'UEl) of
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an intention to utilize the shared resource element by the second device UE2.
Such response control signaling is performed before the initial transmission
TR1* of the second device UE2 in all directions (including directions of beams
B1 and B2).

[0201]

Referring to Figure 10, the first device UE1 determines, after performing
the first resource sharing process as detailed in the description of Figures 4 and
6, that it 1s able to share a resource element in the time-frequency dimension of
transmission. In such embodiment, it means that:

- the resource pool RP is considered congested by the first device UE],

- a given number of OFDM symbols of the slot allocated to the first device
UEI as well as a given number of resource blocks allocated to the first device
UEI are unused by the first device UEI for its own transmission and thus form
an available resource element(s) for sharing by the first device. Such available
free resource element(s) is represented on Figure 10 as FREE RE.

[0202]

In this case, while performing an initial transmission TR1 of the first
device UEI using the needed amount of OFDM symbols and resource blocks
for its own transmissions (which by definition, do not include the given number
of OFDM symbols and the given number of resource blocks forming the shared
resource element(s)), the first device UE1 adds a sharing signaling message
SSM embedded in the PSSCH part of its initial transmission TR1 in order to
signal that a resource element(s) is available for sharing in the time-frequency
dimension of transmission, such resource element(s) being precisely shared
over the given number of OFDM symbols and the given number of resource |
blocks.

[0203]
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The Sidelink Control Information (SCI) embedded in the PSCCH part of
the first device UE1 remains unchanged throughout the whole resource sharing
process and does not overlap with the shared resource element so that, in
accordance with the existing NR V2X autonomous resource allocation
procedure, the SCI is decodable by all other devices of the network NW, either
enabled with a resource sharing feature or not, thus assuring backward
compatibility with the existing signaling procedure.

[0204]

Referring to Figure 10, a second device UE2 of the wireless
communication network NW 1is considered to receive the sharing signaling
message SSM emitted by the first device UE] through its initial transmission
TR1 and, after performing the second resource sharing process as detailed in
the description of Figures 5 and 7, the second device UE2 decides to utilize the
resource element(s) shared by the first device UEl in the time-frequency
dimension of transmission. In such embodiment, it means that:

- the resource pool RP is considered congested by the second device UE2,

- the size of the resource element(s) shared by the first device UEI1 (that
1s, the given number of OFDM symbols as well as the given number of resource
blocks) is sufficient for the data and control transmissions Data2 of the second
device UE2.

[0205]

In this case, the second device UE2 decides to utilize the resource
element(s) shared by the first device UE1. As a consequence, when the second
transmission TR2 of the first device UE] occurs over the time and frequency
domains, an initial transmission TR1* of the second device UE2 occurs in
parallel using the dedicated resource element(s) (that is, using the given number
of OFDM symbols and the given number of resource blocks RBs) made
available by the first device UE]. In particular, the PSCCH part containing the
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SCI of the first device UE1 is left unchanged by the second device UE2. In a
particular embodiment represented on Figure 10, when deciding to utilize the
resource element(s) shared by the first device UEL, the second device UE2 can
emit a response control signaling through the Physical Sidelink Feedback
Channel (PSFCH) in order to inform other devices (including the first device
UE1) of an intention to utilize fhe shared resource element(s) by the second
device UE2. Such response control signaling is performed before the initial

transmission TR1* of the second device UE2.
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[CLAIMS]
[Claim 1]

A method implemented by a first device (UE1) to share at least one
resource element within a wireless communication network (NW), the resource
element belonging to a first set of radio resources allocated to the first device
(UE1) within a resource pool (RP), the first device (UE1) using a device-to-
device communication within the wireless communication network (NW),

and wherein the first device (UE1) emits, through the device-to-device
communication, an indication that the resource element is available for sharing.
[Claim 2]

The method according to claim 1, wherein the first device (UE1) emits a
sharing signaling message (SSM) through the device-to-device communication,
said sharing signalihg message (SSM) containing at least said indication that
the resource element is available for sharing.

[Claim 3]

The method according to any one of claims 1 and 2, wherein the indication
that the resource element is available for sharing is emitted based on a primary
criterion, said primary criterion being related to one or a combination of the
following:

- a pre-configuration message enabling or disabling the sharing of the
Aresource element,

- a value related to an availability of the resource element,

- a value related to a congestion level within the resource pool (RP),

- a value related to a channel condition of the wireless communication
network (NW), and _ |

- hardware capabilities (HW1) of the first device (UE1).

[Claim 4]
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The method according to any one of the precedent claims, wherein the
indication that the resource element is available for sharing includes one or a
combination of the following:

- at least one bit to indicate a position of the resource element available
for sharing,

- at least one bit to indicate a size of the resource element available for
sharing,

- at least one bit to indicate a time interval during which the resource
element is available for sharing,

- at least one bit to indicate a geographical zone associated with the
resource element available for sharing.

[Claim 5]

The method according to any one of the precedent claims, wherein the
resource element is available for sharing in at least one dimension of
transmission, said dimension of transmission comprising at least one element
among a set of elements comprising:

- a space dimension of transmission,

- a polarization dimension of transmission, and

- a time-frequency dimension of transmission.

[Claim 6]

The method according to claim 3, taken in combination with any one of
claims 4 and 5, the first device (UE1) obtaining an indication of a congestion
level within the resource pool (RP), the first device (UE1) storing furthermore
in a first memory unit (MEM-UE) at least one predefined congestion level
threshold, and wherein the primary criterion is met if the congestion level
exceeds the congestion level threshold.

[Claim 7]
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The method according to claim 6, taken in combination with any one of
claims 4 and 35, the first device (UE1):

- obtaining a physical measurement of a first resource occupation of the
first device (UE1) and,

- determining a value related to a first resource usage of the first device
(UE1) for at least one transmission of first data packets from the first device
(UE1) to at least one first réceiving de\}ice.,—

and wherein the primary criterion is met if:

- the congestion level exceeds the congestion level threshold, and

- the physical measurement of the first resource occupation of the first
device exceeds the value related to the first resource usage of the first device
(UED). |
[Claim §]

A first device (UE1) comprising a first processing circuit (PROC-UE,
MEM-UE, COM-UE) to perform the method as claimed in any one of claims
1to7.

[Claim 9]

A computer program product comprising a first set of program instruction
code stored on a first computer-readable medium for the execution of the
method according to any one of claims 1 to 7.

[Claim 10]

A method implemented by a second device (UE2) to utilize at least one
resource element within a wireless communication network (NW), said
resource element belonging to a first set of radio resources reserved for a first
device (UE1) within a resource pool (RP), the first device (UE1) and the second
device (UE2) using a device-to device communication within the wireless

communication network, the method comprising:
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- receiving, through the device-to-device communication, an indication
that the resource element is available for sharing by the first device (UE1), and
- utilizing the resource element shared by the first device (UE1) for
transmission within the wireless communication network (NW).
[Claim 11}

The method according to claim 10, wherein the indication that the resource
element is available for sharing by the first device (UE1) is received within a
sharing signaling message (SSM) though the device-to-device communication.
[Claim 12]

The method according to any one of claims 10 and 11, wherein utilizing -
the resource element is based on a secondary criterion, said secondary criterion
being related to one or a combination of the following:

- a pre-configuration message enabling or disabling utilizing the resource
element,

- a data related to a congestion level within the resource pool,

- a data related to a channel condition of the wireless communication
network (NW),

- a data related to a time interval during which the resource element is
available for sharing,

- a data related to a geographical zone associated with the resource element
available for sharing,

- a data related to a size of the resource element available for sharing,

- a data related to at least one dimension of transmission of the resource
element available for sharing, and

- hardware capabilities (HW2) of the second device (UE2).

[Claim 13]
The method according to claim 12, the indication that the resource element

is available for sharing by the first device (UE1) including at least a data related
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to a size of the resource element available for sharing, the second device (UE2)
obtaining: |

- a data related to a congestion level within the resource pool (RP),

- a measurement of a second resource usage of the second device (UE2)
for at least one transmission of second data packets from the second device
(UE2) to at least one second receiving device,

the second device (UE2) storing furthermore in a second memory unit
(MEM-UE) at least one predefined congestion level threshold,

and wherein the second device (UE2) compares the measurement of the
second resource usage of the second device (UE2) with the size of the resource
element available for sharing, and the secondary criterion is met if:

- the congestion level exceeds the congestion level threshold, and

- the size of the resource element available for sharing by the first device
(UE1) exceeds the measurement of the second resource usage of the second
device (UE2).

[Claim 14]

The method, according to any one of the claims 10 to 13, wherein the
second device (UE2) transmits second data packets to at least a second
receiving device using the resource element available for sharing by the first
device (UE1).

[Claim 15]

A second device (UE2) comprising a second processing circuit (PROC-
UE, MEM-UE, COM-UE) to perform the method as claimed in any one of
claims 10 to 14.

[Claim 16]

A computer program product comprising a second set of program

instruction code stored on a second computer-readable medium for the

execution of the method according to any one of claims 10 to 14,
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