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57 ABSTRACT

In some examples, by a first network node of a first network
sends, in response to a request from a user equipment (UE)
served by a second network, scheduling information to a
second network node of the second network, the scheduling
information granting a resource for use by the UE for a
direct wireless transmission between the UE and a wireless
device, where the first network is different from the second
network, and where the sending of the scheduling informa-
tion to the second network node of the second network is to
cause the second network node of the second network to
send the scheduling information to the UE.
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SEND, BY A FIRST NETWORK NODE OF A FIRST NETWORK,
IN RESPONSE TO A REQUEST FROM A FIRST UE SERVED
BY A SECOND NETWORK, A TRANSMISSION CONFIGURATION
TO A SECOND NETWORK NODE OF THE SECOND NETWORK,
WHERE THE TRANSMISSION  CONFIGURATION RELATES TO A
CONFIGURATION USED FOR DIRECT WIRELESS TRANSMISSION
BETWEEN THE FIRST UE AND A WIRELESS DEVICE

\—302

304ﬁ v

SEND, BY THE FIRST NETWORK NODE, SCHEDULING
INFORMATION FOR GRANTING A RESOURCE FOR USE BY
THE FIRST UE IN THE DIRECT WIRELESS TRANSMISSION

FIG. 3
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RESOURCE CONFIGURATIONS AND
SCHEDULING IN MULTI-NETWORK
ENVIRONMENTS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 15/865,415, filed Jan. 9, 2018, U.S. Pat. No.
10,575,304, which claims the benefit of International Appl.
No. PCT/162017/000709, filed May 10, 2017, which are
hereby incorporated by reference.

BACKGROUND

[0002] Wireless devices can communicate with each other
through a wireless access network. The wireless devices can
establish wireless links with wireless access network nodes
of the wireless access network, after which each wireless
device can communicate data with the wireless access
network. Communication of data between wireless devices
can be accomplished by a source wireless device sending the
data to the wireless access network, which then forwards the
data to a destination wireless device.

[0003] A different type of wireless communication
between wireless devices involves Device to Device (D2D)
communication. In a D2D communication, wireless devices
that are in sufficiently close proximity to each other can send
data directly to each other, without first sending the data to
wireless access network nodes. The establishment of a D2D
link between wireless devices can still be controlled by the
wireless access network.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Some implementations of the present disclosure
are described with respect to the following figures.

[0005] FIG. 1 is a block diagram of an example network
arrangement according to some implementations.

[0006] FIGS. 2A and 2B are block diagrams illustrating
respective different types of roadside units, according to
some examples.

[0007] FIG. 3 is a flow diagram of an example process
according to some implementations.

[0008] FIG. 4 is a block diagram of an example network
arrangement that uses a first implementation according to
some examples of the present disclosure.

[0009] FIG. 5 is a flow diagram of a process performed in
the network arrangement of FIG. 4, according to some
implementations.

[0010] FIG. 6 is a block diagram of an example network
arrangement that uses a second implementation according to
further examples of the present disclosure.

[0011] FIG. 7 is a flow diagram of a process performed in
the network arrangement of FIG. 6, according to some
implementations.

[0012] FIG. 8 is a block diagram of an example network
arrangement that uses a third implementation according to
further examples of the present disclosure.

[0013] FIG. 9 is a block diagram of an example network
arrangement that uses a fourth implementation according to
further examples of the present disclosure.

[0014] FIGS. 10 and 11 are flow diagrams of processes
performed by the network arrangement of FIG. 9, according
to various implementations.
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[0015] FIG. 12 is a flow diagram of a process performed
in a network arrangement, according to additional imple-
mentations.

[0016] FIG. 13 is a block diagram of an example commu-
nication device, according to some implementations.
[0017] Throughout the drawings, identical reference num-
bers designate similar, but not necessarily identical, ele-
ments. The figures are not necessarily to scale, and the size
of some parts may be exaggerated to more clearly illustrate
the example shown. Moreover, the drawings provide
examples and/or implementations consistent with the
description; however, the description is not limited to the
examples and/or implementations provided in the drawings.

DETAILED DESCRIPTION

[TPNE IR TINSE L)

[0018] In the present disclosure, use of the term “a,” “an”,
or “the” is intended to include the plural forms as well,
unless the context clearly indicates otherwise. Also, the term
“includes,” “including,” “comprises,” “comprising,”
“have,” or “having” when used in this disclosure specifies
the presence of the stated elements, but do not preclude the
presence or addition of other elements.

[0019] Device to Device (D2D) communications can be
according to D2D Proximity-based Services (ProSe), as
defined by the Third Generation Partnership Project (3GPP).
ProSe is provided as part of the Long-Term Evolution (LTE)
standards implemented by 3GPP. The LTE standards are also
referred to as the Evolved Universal Terrestrial Radio
Access (E-UTRA) standards.

[0020] Although reference is made to LTE standards in
some examples, it is noted that in alternative examples, other
communication protocols can be employed, including new
generation radio access protocols, such as 3GPP New Radio
(NR), fifth generation (5G) communication protocols, Wire-
less LAN (e.g. Wi-Fi®) protocols, and so forth.

[0021] ProSe provides features that extend existing net-
work coverage and permit the transport of radio communi-
cations in the absence of a reachable wide area network,
such as when a wireless device is in a building basement or
other obstructed area, or when a network infrastructure
failure has occurred. ProSe communications can also be
applied to vehicular communications for road safety and
traffic information applications, where vehicular communi-
cations can include Vehicle-to-Vehicle (V2V) communica-
tions, Vehicle-to-Pedestrian (V2P) communications,
Vehicle-to-Infrastructure (V2I) communications, Vehicle-to-
Network (V2N) communications, and so forth. As used here,
a vehicle can refer to any or some combination of a truck,
a trailer, a tractor, a car, a railed vehicle (e.g., a train), a
watercraft (e.g., a ship), an aircraft, a spacecraft, or any other
moveable structure that can carry cargo or people.

[0022] Sidelink refers to a ProSe radio communications
scheme, and by extension the related set of protocols, over
a PCS interface (user equipment (UE) to UE interface).
ProSe sidelink communications can be used for Vehicle-to-
Everything (V2X) communications, where V2X communi-
cations refer to any one or more of V2V communications,
V2P communications, V21 communications, V2N commu-
nications, and so forth.

[0023] Although reference is made to V2X communica-
tions in some examples, it is noted that implementations
according to some examples of the present disclosure can be
applied to communications involving other types of wireless
devices, including smartphones, tablet computers, notebook
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computers, desktop computers, game appliances, Internet of
Things (IoT) devices, wearable devices (e.g., smart watches,
smart eyeglasses, head-mounted devices, etc.), and so forth.
As used here, a “UE” can refer to any wireless device. In
some cases, a UE can be associated with a user, such as
when the user carries the UE or otherwise uses the UE. In
other examples, a UE can refer to a wireless device that is
not associated with a user when communicating data, such
as [oT devices including any or some combination of sensor
devices, thermostat control devices, household appliances,
vehicles (or electronic devices in vehicles), and so forth.
[0024] Vehicles can communicate with roadside units
(RSUs), such as traffic light equipment (which controls
traffic lights at road intersections), toll equipment (for col-
lecting tolls along roads), or any other type of equipment
that can be provided along a road over which vehicles can
travel. Such communications between vehicles and RSUs
are examples of V21 communications. More generally,
RSUs can be referred to as Intelligent Transportation System
(ITS) stations that are able to communicate with various
UEs, including vehicles or other types of wireless devices.
An ITS station refers to a station that provides tasks relating
to information and communication technologies that enable
and facilitate the safe and efficient transport of people and
goods, including V2X communications.

[0025] RSUs can provide road safety services, such as
over the 5.9 GHz carrier spectrum (an unlicensed spectrum
from the perspective of an LTE access network) allocated for
ITS over the PCS5 interface or other D2D interfaces. RSUs
can also provide other services for vehicles. Services offered
by an RSU to a UE can be referred to as V2X services.
[0026] Although reference is made to communications
between vehicles (or UEs) and RSUs, it is noted that
implementations according to some examples of the present
disclosure can be applied to other types of communications
between a first wireless device and a second wireless device
(or communications among more than two wireless
devices), where a “wireless device” can refer to a UE, a
network node, or any other device capable of wireless
communications.

[0027] In some cases, a UE and an RSU can be controlled
by different networks. In some examples, the networks are
public land mobile networks (PLMNs). A PLMN can be
identified by a mobile country code (MCC) and a mobile
network code (MNC). A PLMN is established and operated
by a network operator. Different PLMNs may be operated by
different network operators, or in some cases, a network
operator can operate more than one PLMN.

[0028] More generally, a “network” can refer to an
arrangement of network infrastructure equipment that pro-
vides a coverage area within which a wireless device is able
to obtain services, including communication of data or other
services. A network can be operated by a respective network
operator. Two networks are separate or distinct from one
another if the networks are operated by different network
operators, or if the networks employ different radio access
technologies, or if the networks otherwise are operated as
distinct network infrastructures.

[0029] FIG. 1 shows an example arrangement that
involves multiple networks. In FIG. 1, various UEs (which
in the example of FIG. 1 include vehicles) are depicted,
where the UEs can communicate with respective wireless
access network nodes, which for LTE are referred to as
Evolved Node Bs or Evolved NodeBs (eNBs) or new
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generation NodeBs (gNBs). In the example of FIG. 1, UEs
102 are served by a first PLMN (PLMN-1), which includes
eNB-1. Although just one eNB is shown in FIG. 1 for
PLMN-1, it is noted that in other examples, PLMN-1 can
include multiple eNBs.

[0030] FIG. 1 also shows a second PLMN, PLMN-2,
which includes eNB-2 (in other examples, more than one
eNB-2 can be present). In the example of FIG. 1, UEs 104
are served by PLMN-2. In addition, an RSU 106 is con-
trolled by PLMN-2. In other examples, multiple RSUs can
be controlled by PLMN-2.

[0031] As shown in FIG. 1, UE-to-UE communications
over PCS5 interfaces can be performed among the various
UEs 102, 104 shown in FIG. 1. Moreover, UEs can also
communicate with the RSU over a PCS5 interface. A PCS5
interface is an example of a direct wireless link between UEs
or between a UE and another wireless device such as an
RSU. A direct wireless link bypasses a network infrastruc-
ture node for communication of data.

[0032] A communications link may be established
between a UE and a respective eNB over a radio interface
referred to as a Uu interface, which is the radio interface
between a UE and a radio access network, or more specifi-
cally, a E-UTRA Network (E-UTRAN).

[0033] From the perspective of UE1 (which is one of the
UEs 102), PLMN-1 is the serving PLMN (also referred to as
“PLMN-S”) that controls services provided to UEIL.
PLMN-S can be the home PLMN of UE1, a visited PLMN
of UE1, or an equivalent PLMN (equivalent to the home
PLMN or the visited PLMN), where an equivalent PLMN is
identified as being equivalent to another PLMN. UE1 is
camped on a cell of PLMN-1 that provides various services,
including cellular connectivity, infotainment, etc., over the
Uu interface.

[0034] UE1 is served by the home PLMN of UE1 when
UE1 is in the coverage area provided by the home PLMN.
When UE1 moves away from the coverage area of the home
PLMN, UE1 can connect to a visited PLMN.

[0035] In the example of FIG. 1, PLMN-S for UE1 is
different from the PLMN that controls the RSU 106. The
PLMN that controls the RSU 106 is referred to as “PLMN-
V” in FIG. 1, where PLMN-V controls communications
performed by the RSU 106, and possibly other RSUs and
related PC5/sidelink resources on the V2X frequency used
for providing transportation services, such as road safety
services or other transportation services. PC5/sidelink
resources refer to resources, such as channels, subframes, or
any other frequency-based and/or time-based resources that
can be used to perform sidelink communications between
UEs and RSUs, or more generally, direct wireless commu-
nications between one wireless device and another wireless
device.

[0036] The V2X frequency refers to the frequency, or
frequency band, that is used to perform V2X communica-
tions. For example, the V2X frequency can be part of the 5.9
GHz carrier spectrum.

[0037] Note that in the example of FIG. 1 PLMN-S for
UE1 does not control the PC5/sidelink resources on the V2X
frequency used to provide transportation services.

[0038] In the example of FIG. 1, a V2X server 110, that
could be referred to as a V2X application server in other
examples, can provide V2X services for the UEs through
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respective eNBs (including eNB-1 and eNB-2). UEs 102 or
104 can communicate with the V2X server 110 through the
respective eNB-1 or eNB-2.

[0039] UEs camped on or connected to an eNB in a given
PLMN and a given geographic area may be preconfigured
with a description of sidelink receive and transmit resource
pools used for V2X communications in this geographic area.
Receive and transmit resource pools, also referred to as
reception pools and transmission pools, respectively, refer to
pools of resources (e.g., frequency resources and/or time
resources) that can be used for receiving or transmitting data
of V2X communications. However, solutions are not avail-
able to coordinate sidelink resource sharing between differ-
ent networks, such as different PLMNs, especially if the
resource configuration can vary dynamically (e.g., for load
sharing between resources used for transmission by UEs of
different PLMNSs, or for congestion control).

[0040] In addition, for transmitting messages to a RSU for
a given V2X service, a UE of any PLMN, while camped on
a cell of this or of an equivalent PLMN, is to be indicated
with the V2X radio resources allocated (granted) for sidelink
communications from the UE to the RSU. According to a
current LTE standard, the UEs receive scheduling informa-
tion identifying the sidelink resources allocation (alterna-
tively referred to as a sidelink grant) through an (Enhanced)
Physical Downlink Control Channel, or (E)PDCCH, of the
serving cell the UE is camped on, and there is no available
mechanism by which the scheduling of shared sidelink
resources allocated to UEs camping on different PLMNs can
be distributed or dynamically coordinated between these
PLMNSs.

[0041] Example implementations according to the present
disclosure enable a UE to remain connected to its serving
PLMN while still being able to operate on V2X sidelink
resources that are dynamically scheduled in a coordinated
manner, by a different PLMN.

[0042] Two types of RSUs are described in the current
LTE standards. A first type of RSU is referred to as a
“UE-type RSU,” while a second type of RSU is referred to
as an “eNB-type RSU.” FIG. 2A shows an example arrange-
ment depicting a connection between UE A (e.g., a vehicle)
and a UE-type RSU 202, which includes UE B and a V2X
application 204, which refers to logic (in the form of
machine-readable instructions such as software or firmware)
executable by UE B to provide V2X services. A V2X
application 206 is executable on UE A. The V2X applica-
tions 204 and 206 can interact over a V5 interface, and UE
A and the RSU 202 communicate over a PCS5 interface.

[0043] FIG. 2B shows an example arrangement depicting
a connection between UE A (e.g., a vehicle) and an eNB-
type RSU 210, which includes a V2X application server 212
for providing V2X services, a local gateway (L-GW) 214,
and an eNB 216. The eNB 216 communicates with UE A
over a Uu interface. The V2X application 206 interacts with
the V2X application server 212 over a V1 interface.

[0044] While a regular eNB or an eNB-type RSU (e.g.,
210 in FIG. 2B) can configure (using Radio Resource
Control (RRC) signaling) and schedule (using a Medium
Access Control (MAC) layer) sidelink resources to a UE
connected to the eNB or eNB-type RSU over the Uu
interface, such interactions are not specified for or applicable
to the PCS interface between a UE-type RSU (e.g., 202 in
FIG. 2A) and a UE, according to the current LTE standards.
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[0045] On the other hand, a sidelink connectivity is not
specified or applicable between an eNB or an eNB-type
RSU and a UE, which are connected through a Uu interface.
This restriction precludes the fulfillment of certain connec-
tivity requirements in a multi-PLMN scenario as depicted in
FIG. 1.

[0046] If the V2X sidelink resources are scheduled by an
eNB in a network (e.g., PLMN-2 in FIG. 1) controlling an
RSU, the RSU needs to be made aware of the resources
allocated (granted) for sidelink transmissions from the RSU
to the UEs, and of the reception pools configured for sidelink
transmissions from the UEs to the RSU.

[0047] If the V2X sidelink resources are scheduled by the
RSU, a UE needs to be made aware of the resources
allocated (granted) for sidelink transmissions from the UE to
the RSU, and of the reception pools configured for sidelink
transmissions from the RSU to the UE.

[0048] While exchanging sidelink resource configuration
or allocation information over the Uu interface between a
UE-type RSU and an eNB could be considered, such a
possibility would consume radio resources in the licensed
spectrum of the mobile network operator and as such may
not be desirable in certain circumstances.

[0049] In addition, it should be observed that a UE cannot
be simultaneously connected (attached) to multiple PLMN’s
through the Uu interface according to current LTE standards.

[0050] Example Implementations of the Present Disclo-
sure
[0051] As shown in FIG. 3, to address the issue of the UE

being connected to a second network that is different from
a first network that controls resources for direct wireless
transmissions such as V2X transmissions, a first network
node (which can be an eNB or an RSU) of the first network
sends (at 302), in response to a request from a first UE
served by the second network, a transmission configuration
to a second network node of the second network, where the
transmission configuration relates to a configuration used for
direct wireless transmission between the first UE and a
wireless device (e.g., an RSU).

[0052] The first network node further sends (at 304)
scheduling information for granting a resource for use by the
first UE in the direct wireless transmission. In some
examples, the scheduling information can be sent by the first
network node to the second network node to forward to the
first UE. In other examples, the scheduling information can
be sent by the first network node directly to the first UE.
[0053] A UE performing sidelink communications can
operate in a network scheduled mode (also referred to as
sidelink mode 3 in some examples). In the network sched-
uled mode, the UE transitions to an RRC_CONNECTED
state, provided the UE was not already in this state, to
communicate (transmit or receive) data, where the RRC_
CONNECTED state is a state where the UE has established
an RRC connection with the wireless access network (e.g.,
an E-UTRAN). Also, in the network scheduled mode, the
UE requests sidelink related transmission resources from the
network, and the network schedules resources for transmis-
sion of sidelink control information and data. Collision free
transmissions are possible in the network scheduled mode
since the network controls the transmissions over the PCS
interface.

[0054] For the network scheduled mode, different types of
information are provided on the transmitter and on the
receiver sides. In some cases, the transmitter can be a UE
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that transmits to an RSU (a receiver). In other cases, the
transmitter can be an RSU that transmits to a UE (a
receiver).

[0055] In other examples, a UE can operate in an autono-
mous mode (also referred to as sidelink mode 4 in some
examples), in which the UE autonomously selects resources
from resource pools and performs transport format selection
to transmit sidelink control information and data.

[0056] In some embodiments, for transmissions from UEs
to the RSU, the different UEs are allocated resources for
transmissions that are orthogonal between the UEs to avoid
collisions. A scheduler located on the network side (for
example, located in an eNB or in an RSU) can be used and
the allocated resources are communicated to the UEs. Infor-
mation sent by the scheduler can include:

[0057] 1) A transmission pools configuration, referred
to as “SL POOLS INFO” in FIGS. 4, 6, 8, and 9. In
some examples, the transmission pools configuration
can be carried in a SL-CommResourcePoolV2X
according to 3GPP TS 36.331.

[0058] 2) A resource allocation (e.g., a frequency
resource and/or a time resource) within the transmis-
sion pools, such as the information described for
example by a Downlink Control Information (DCI)
format SA according to 3GPP TS 36.212 LTE stan-
dards. The resource allocation may be referred to as
“SL SCHEDULING” in FIGS. 4, 6, 8, and 9.

[0059] The scheduling information sent by the first net-
work node in task 304 of FIG. 3 can include the resource
allocation noted above, in some examples.

[0060] In addition, sidelink transmission configuration
parameters can be sent to a UE, where sidelink transmission
configuration parameters can include any or some combi-
nation of the following: a parameter relating to a modulation
and coding scheme (MCS), MAC configuration parameters
to configure a MAC layer, one or more priority values
associated with logical channels to be used, and so forth. In
FIGS. 4, 6, 8, and 9, such sidelink transmission configura-
tion parameters may be referred to as “SL TX CONFIGU-
RATION” or “SL TX CONFIG”.

[0061] The transmission configuration sent by the first
network node in task 302 of FIG. 3 can include one or more
of the sidelink transmission configuration parameters noted
above.

[0062] For transmissions from the RSU to the UEs, the
scheduler located in the RSU or in the controlling eNB can
ensure resource orthogonality of the radio resources under
its control, and each UE can determine the resource granted
from the Sidelink Control Information (SCI) received from
the RSU.

[0063] For reception, a receiver needs to know the
resources where sidelink information can be received, gen-
erally referred to as reception pools, i.e. the resources that
the receiver needs to monitor. A reception pool refers to a
pool of resources that a receiver uses to receive data.

[0064] According to current LTE standards, pool configu-
ration information and sidelink transmission parameters
may be preconfigured, and/or may be provided to the UE
using RRC signaling (over the Uu interface, for example). In
addition, real time scheduling can be realized by MAC
signaling (over the Uu interface) between the eNB and the
UE.
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[0065] Insome examples, the aim of some example imple-
mentations according to the present disclosure is to perform
any one or more of the following:

[0066] 1) Coordinate the configuration of the transmit
and receive resource pools used for sidelink commu-
nications between V2X devices camped on different
serving PLMNs and the RSU.

[0067] 2) Coordinate the allocation (scheduling) of
sidelink resources for the transmission from V2X
devices camped on different serving PLMNs to the
RSU.

[0068] 3) If multiple RSUs with overlapping radio
coverage are controlled by a given eNB, coordinate
resources for sidelink transmission between these
RSUs and the different UEs within the RSUs coverage

[0069] Insome examples, two different RSU architectures
are applicable to the example implementations according to
the present disclosure:

[0070] 1) An UE-type RSU (FIG. 2A) that provides
V2X services to UEs through a first radio interface such
as a PC5 interface while being connected to a wireless
access network (eNBs) through a second radio interface
such as a Uu interface. Implementation 2¢ discussed
below addresses this RSU architecture.

[0071] 2) A new hybrid-type RSU providing V2X ser-
vices to UEs through a radio interface such as a PC5
interface (as a UE-type RSU) while being connected to
the eNBs through a network interface such as an X2 or
similar interface (as an eNB-type RSU). Implementa-
tions 2a, 2b, and 3 discussed below addresses this
hybrid-type RSU. In some examples, benefits of a
hybrid-type RSU can include any one or more of the
following. The hybrid-type RSU enables RSU connec-
tivity to neighbor eNBs through an existing interface
type (e.g., an X2 interface). A hybrid-type RSU enables
RSU connectivity with multiple networks (e.g.,
PLMNS). A hybrid-type RSU may avoid the use of Uu
interfaces over a licensed spectrum. A licensed spec-
trum refers to a frequency spectrum that is licensed, by
government regulatory agencies and/or standards bod-
ies, for use by a network to deliver services. An
unlicensed spectrum refers to a frequency spectrum that
is outside the licensed spectrum.

[0072] For simplicity, the terms “pool” or “resource
pools” may be used in the context of sidelink scheduled
mode resource transmission to designate radio resources that
are configured for and used by a scheduler.

[0073] Implementation 1

[0074] Resources used for sidelink transmissions for UEs
served by different networks (e.g., PLMNs) are shared or
partitioned among the different networks. The related pools,
and their corresponding frequencies, should be controlled by
the network controlling RSUs.

[0075] Single (shared) or multiple pools may be used,
such as for different V2X services, and/or for the UEs served
by different PLMNSs, etc. For example, a transmission pool
may be partitioned into separate frequencies (“sub-chan-
nels”), where each partition is used for transmissions by UEs
served by different PLMNSs. Alternatively, or in combina-
tion, pools may be partitioned in time (e.g., UEs of different
PLMNs are allocated different sub-frames).

[0076] Information related to how the resources are coor-
dinated, shared or partitioned is preconfigured (or provi-
sioned) in the respective network nodes and UEs. If dynamic
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adjustments of the resources are provided, the dynamic
resource adjustments may be signaled as control information
between network nodes (over network interfaces), between
a network node and UEs (e.g., over a radio interface such as
an Uu interface), between an RSU and UEs, or between UEs
(e.g., over a radio interface such as a PC5 interface).
[0077] One or more resource pool configuration tech-
niques that are part of Implementation 1 enable coordinated
PCS5 scheduling for UEs pertaining to different networks,
and can be used with any of implementations 2a, 2b, and 2¢
discussed below.

[0078] As discussed further above, both RSUs and UEs
pertaining to different networks are to be provided with
information describing the pool(s) or partition(s) to be used
for sidelink transmission and reception. This information
should generally not change in a very dynamic manner. A
resource configuration change may be triggered, e.g., by a
frequency plan change, traffic volume variations or conges-
tion conditions.

[0079] One or a combination of the following sets of
techniques can be considered for coordinating pools or pool
partitions.

[0080] 1) A first set of techniques can use pre-configu-
ration or provisioning techniques described in 3GPP TS
23.285. For example, a V2X Control Function can be
used to provision the UE with parameters to use V2X
communications. The V2X Control Function can pro-
vision the UEs with PLMN-specific parameters that
allow the UE to use V2X in a specific PLMN. The V2X
Control Function can also be used to provision the UE
with parameters that are used when the UE is not served
by a wireless access network (e.g., E-UTRAN). For
example, parameters that can be provisioned for V2X
communications over the PC5 interface may include an
authorization policy (relating to when the UE is autho-
rized to perform V2X communications over the PC5
interface), radio parameters (e.g. frequency bands) with
geographical area(s) that are to be configured in the UE
to be able perform V2X communications over a PC5
reference point when not served by an E-UTRAN, and
so forth. For example, the parameters can be provi-
sioned in the Universal Integrated Circuit Card (UICC)
or management engine (ME), using Open Mobile Alli-
ance (OMA) Device Management (DM), over a V3
interface by the V2X Control Function, over a V1
interface by an application server, by operation and
management (O&M), over proprietary or non-stan-
dardized interfaces, and so forth.

[0081] 2) A second set of techniques may use signaling
of control information from a network to UEs, for
example:

[0082] a. Signaling from a network to UEs (case a)
may include system information broadcast by the
network or the PLMN (e.g. eNBs) controlling the
RSUs. In this case a, UEs attached to other networks
or PLMNs may read the system information broad-
cast by the RSU’s network (using additional receiv-
ers, gaps to read in other PLMNs, PLMN reselection,
etc.).

[0083] b. Signaling from a network to UEs (case b)
may include system information broadcast in all
cooperating networks. In this case b, the information
may be communicated from the RSU’s PLMN to
other PLMNSs, e.g., at the radio access network
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(RAN) level through an X2 interface between eNBs
of different PLMNs or between a RSU and an eNB
in another PLMN, through V2X control functions of
the different PLMNSs (e.g., using the V6 interface),
through an IPX (IP Packet eXchange) interface
between networks of different service providers. In
this case b, the UEs do not have to read system
information blocks (SIBs) of other networks.

[0084] Implementations for resource configuration (and
allocation) may depend in part on whether the RSUs are able
to control and configure the pools (or partitions) autono-
mously, or otherwise if pools configuration is performed by
controlling eNBs or other network elements.

[0085] If RSUs are able to control and configure the pools
(or partitions), an issue may arise if geographical radio
coverage areas controlled by different RSUs are overlap-
ping, and/or if the radio frequencies configured for trans-
mission in neighbor or overlapping areas are overlapping or
colliding. One solution to this issue is for example the
definition of location-based pools using non-colliding radio
resources assigned for transmission in neighbor zones.

[0086] In another example, if a controlling eNB is to
control and configure the pools (or partitions), the eNB can
coordinate the radio resources allocated to different RSUs in
the eNB area, to avoid resource collisions and reduce
interference.

[0087] Alternatively, a Self-Organizing Networks (SON)
technique, or any similar adaptive technique, may be used to
configure sidelink resources, such as by adjusting the
resource bandwidth when a RSU is added or removed in the
network, or depending on local load conditions.

[0088] If sidelink resources pools have to be reconfigured
in a dynamic manner, procedures may be introduced or
enhanced to not alter the V2X transmissions during trans-
mission pools reconfiguration (e.g., by temporarily allowing
the use of “exceptional pools” or other resource pools
configured for this purpose). An exceptional pool of
resources can refer to a resource pool that is used only in
certain conditions, e.g., the exceptional pool may be asso-
ciated with geographical locations, or the exceptional pool
may be used during mobility of a UE between two neighbor
cells or geographical zones.

[0089]

[0090] FIG. 4 depicts an example arrangement to imple-
ment implementation 2a according to some techniques. In
implementation 2a, a sidelink scheduler 402 is included in
an RSU (e.g., RSU1-V), and the sidelink scheduler 402
schedules sidelink resources for UEs of all PLMNs (e.g.,
PLMN-S, PLMN-V, PLMN-Z) sharing RSU1-V for road
safety V2X services or other types of transportation services
in the RSU radio coverage area.

[0091] RSUI1-V is controlled by PLMN-V providing V2X
services, which also controls another RSU (RSU2-V), which
also includes a sidelink scheduler 404.

[0092] RSUI1-V is a hybrid-type RSU also connected to
neighbor eNBs (e.g., eNB-S that is part of PLMN-S, and
eNB-Z that is part of PLMN-Z), through interfaces such as
X2 interfaces. In some examples, the X2 interface used can
be an X2 variant that uses just a subset of messages and
procedures of a full-fledged X2 interface (e.g., the subset
includes the messages and procedures for sidelink resource
coordination).

Implementation 2a



US 2020/0196312 Al

[0093] With implementation 2a, a sidelink scheduler is
included in a hybrid-type RSU, and sidelink requests and
grants are transmitted via a UE’s serving eNB, e.g., eNB-S
or eNB-Z.

[0094] FIG. 4 also shows a UE-S that is served by PLMN-
S, and a UE-Z that is served by PLMN-Z. UE-S can perform
V2X communications with RSU1-V, while UE-Z can per-
form V2X communications with RSU2-V. UE-S is camped
on or connected to PLMN-S for obtaining home PLMN
services (e.g., entertainment or other non-safety services via
the Uu interface, as well as possibly via a PC5 interface for
non-V2X services), and obtains V2X services provided by
PLMN-V through RSUI1N over a PC5 interface on the V2X
frequency.

[0095] In the example arrangement depicted in FIG. 4,
UE-S may send a request for V2X transmission to eNB-S.
UE-S may also provide additional information as to whether
the V2X transmission may necessitate an isolated resource
(a dynamic resource for a single transmission), or a semi-
persistent scheduling (SPS) resource, where certain alloca-
tions are repeating periodically. eNB-S may consequently
forward the request and the additional information received
from UE-S to RSU1-V over the corresponding X2 interface.
Based on the received information, the sidelink scheduler
(402) in RSU1-V may configure sidelink resource and
allocate a single grant or a semi-persistent allocation, and
transmit the configuration and the scheduling information to
the requesting eNB (eNB-S), which in turn forwards the
corresponding information to the requesting UE (UE-S).

[0096] FIG. 4 shows that RSU1-V and eNB-S may com-
municate a transmission pools configuration referred to as
SL POOLS INFO (410). eNB-S may forward the transmis-
sion pools configuration (412) to UE-S, such as by using a
System Information Block (SIB 21) or using dedicated RRC
signaling. Additionally, configuration information, such as a
transmission configuration information, may be communi-
cated between RSU1-V and eNB-S, referred to as SL TX
CONFIG (414), and between eNB-S and UE-S via RRC
signaling, referred to as SL. TX CONFIGURATION (418),
for example. Additionally, information needed in the process
of triggering and scheduling the sidelink resource commu-
nicated between RSU1-V, eNB-S and UE-S is referred to as
SL SCHEDULING (406) and (408).

[0097] Once UE-S is provided with one or more transmis-
sion pools configuration (412), transmission configuration
(418), and scheduling information (408), UE-S can perform
a V2X sidelink transmission (416) to RSU1-V (using the
PCS interface between UE-S and RSU1-V).

[0098] A similar process is applicable to V2X sidelink
communication between UE-Z and RSU2-V.

[0099] FIG. 5 is a message flow diagram depicting mes-
sages exchanged among UE-S, eNB-S, and RSU1-V and
corresponding tasks, according to some examples. The tasks
and messages are assigned reference numerals.

[0100] 502: The UE (UE-S) capable of V2X sidelink
communication is authorized and configured to use V2X
services over a PCS interface on the V2X frequency of the
V2X PLMN (PLMN-V) providing road safety services (or
more generally V2X services). UE-S is within the coverage
area of PLMN-S, and is camped on a cell served by eNB-S.
The UE is in either the RRC-IDLE state (no radio connec-
tion established yet) or RRC_CONNECTED state (radio
connection has been established).
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[0101] 504: Both eNB-S of PLMN-S and RSU1-V of
PLMN-V have been preconfigured (or provisioned) with
pool information for V2X sidelink communications. Pool
information may be exchanged over the X2 interface or
configured using any of the techniques described in imple-
mentation 1.

[0102] 506: If UE-S is in the RRC-IDLE state, UE-S
acquires a system information, such as the system informa-
tion in the SystemInformationBlockType21 (SIB 21) broad-
cast by the network, if UE-S does not have stored a valid
version of this system information block. If UE-S is in the
RRC-CONNECTED state, UE-S may acquire updated SIB
21 information. UE-S identifies the V2X sidelink radio
resources (pools) to be used on the V2X frequency signaled
by the network.

[0103] 508: If UE-S is in the RRC-IDLE state, UE-S sets
up an RRC connection and enters the RRC_CONNECTED
state.

[0104] 510: UE-S initiates transmission of a sidelink indi-
cation message (referred to as a SidelinkUEInformation
message in some examples) to eNB-S, where the message
indicates to the network that UE-S is interested in V2X
sidelink communication on the V2X frequency, and possibly
including a list of V2X services.

[0105] 511: UE-S may initiate transmission of one or more
additional indication messages, such as a UEAssistanceln-
formation message.

[0106] The sidelink indication message, or the one or
more additional indication messages, may indicate whether
UE-S is interested in dynamic sidelink transmission, in
semi-persistent sidelink transmission, or in other sidelink
transmission types that can be defined.

[0107] 512, 513: Upon receipt of an indication message
(sidelink indication message and/or one or more additional
indication messages) sent by UE-S at 510 and/or 511, eNB-S
may check whether UE-S is authorized to use sidelink for
V2X on the requested frequency, and forwards part of or all
the information included in the received indication to the
relevant RSU, for example RSU1-V (such as by using a
technique of implementation 4b discussed further below), in
a second message, such as a X2 message over a correspond-
ing X2 interface. One or more identities identifying the
requesting UE (UE-S) and possibly the originating eNB
(eNB-S) and/or PLMN-S may be included in the X2 mes-
sage.

[0108] 514: In response to the X2 message (512), RSU1-V
sends back to the requesting eNB (eNB-S) over the X2
interface an X2 response message containing sidelink con-
figuration information. The configuration information may
include information indicating a network scheduled
resource, providing pools of resources to be used on the V2X
frequency (if different from the ones preconfigured and
broadcast by the requesting eNB). The response message
may optionally include transmission configuration informa-
tion, such as the MCS to be used, a MAC buffer status
reporting (BSR) configuration (and/or other type of MAC
configuration), or priority values associated with the logical
channels to be used. The foregoing information may include
information specified by the SL-V2X-ConfigDedicated-r14
Abstract Syntax Notation One (ASN.1) structure for the
scheduled mode of operation. Not all indication messages
received from eNB-S may be answered by a configuration
message response.
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[0109] 516: Upon receipt of the X2 response message
(514), eNB-S sends to UE-S a configuration message, such
as a RRCConnectionReconfiguration message, indicating a
network scheduled resource. The configuration message
may assign a radio identifier, such as a SL-V-RNTI (sidelink
Radio Network Temporary Identifier for V2X) or a SL-V-
SPS-RNTI for semi-persistent scheduling to UE-S, and may
provide the V2X frequency and the associated pools of
resources, together with any additional information (such as
the transmission configuration) that may have been received
from RSU1-V.

[0110] 518: UE-S sends information to eNB-S, such as a
sidelink BSR specified by the LTE standards, to request a
sidelink resource for transmission. A BSR procedure is
triggered by a UE to report pending data in the uplink to a
network node to request transmission resources. If there is
no uplink resource available to transmit the BSR, the UE
may trigger a Scheduling Request (SR) procedure, which
results in an uplink grant that allows transmission of the
BSR.

[0111] Insome implementations, a sidelink BSR is a MAC
control element that includes the following fields for each
reported target destination:

[0112] 1) Destination Index: The Destination Index
field identifies the ProSe Destination. The value is set
to the index of the destination reported in a destina-
tionInfolist information element provided by the net-
work. For V2X, the destinationInfoList includes the
V2X sidelink communication transmission destination
(s) for which the UE has requested, in a SidelinkUE-
Information message, an E-UTRAN to assign dedi-
cated resources.

[0113] 2) LCG ID: The Logical Channel Group ID field
identifies the group of logical channel(s) for which
buffer status is being reported.

[0114] 3) Buffer Size: The size of the BSR buffer in a
UE.
[0115] 520: Upon receipt of the sidelink BSR (516),

eNB-S forwards the received BSR message (or an equiva-
lent form containing similar information) to RSU1-V in a
second message, such as an X2 message over the corre-
sponding X2 interface, together with the one or more
identities defined at 512 or similar.

[0116] 522: RSU1-V allocates V2X sidelink resource to
the requesting UE and sends the scheduling information to
the requesting eNB (eNB-S) in a message, such as an X2
message over the X2 interface. In some examples, this
scheduling information may be encoded according to a DCI
format 5A specified by the LTE standards, or according to
any other form containing similar information. RSUIN may
include timing and synchronization information, such as the
time of the initial granted resource, and/or an offset between
the interconnected PLMN clock systems or System Frame
Numbers (SFNs).

[0117] 524: Upon receipt of the X2 message (522), eNB-S
forwards to UE-S the scheduling information received from
RSU1-V. In some examples, the scheduling information may
be encoded according to DCI format SA or according to
another format, and may be sent over an Uu interface on a
(E)PDCCH channel with the cyclic redundancy check
(CRC) scrambled with an SL-V-RNTI, an SL-V-SPS-RNTI
or another identifier previously assigned. DCI format 5SA
may be used by an eNB to schedule transmission resources
(control and data) for V2X sidelink communication in a
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network scheduled resource allocation mode (for example a
sidelink mode 3). The DCI may be further adapted to
provide resource allocation for SPS, for example may
include an SPS process activation or deactivation command.
The DCI may include timing or synchronization informa-
tion. Alternatively, eNB-S may send the scheduling infor-
mation within an RRC dedicated message to UE-S.

[0118] 526: UE-S transmits its data on a radio channel
such as a Sidelink Shared Channel (SL-SCH) over the PC5
interface, using the resource scheduled by RSU1-V and
indicated by the serving eNB (eNB-S). In some examples,
the V2X sidelink control information may be encoded
according to an SCI format 1 specified by the LTE standards
or an equivalent SCI format.

[0119] For messages sent at 512, 514, 520, or 522, specific
X2 message types and formats may be defined, or existing
messages may be adapted for this purpose.

[0120] In other examples, a variant may be considered for
reducing the latency in case UE-S sends the SidelinkUEIn-
formation message or another message for proceeding to an
isolated or semi-persistent transmission. In this case, BSR
information may be added to the message (510 and 512), and
in return RSU1-V may allocate a sidelink resource and
provide the scheduling information together with the V2X
sidelink configuration (514), which is forwarded to the
scheduled UE (UE-S) within the RRCConnectionRecon-
figuration message (516). UE-S will then use the scheduled
resource without performing tasks 518, 520, 522, and 524.
[0121] Alternatively, or additionally, messages of tasks
510 and 512 may contain additional information about the
transmission for which resources are requested. The addi-
tional information may include, for example, further QoS
information, a periodic transmission interval, an information
size, priority or emergency attributes, a low latency indica-
tor, a time period during which a recurrent resource will be
required for such low latency and/or emergency-priority
transmission. In such case, RSU1-V may allocate a semi-
persistent or over-allocated resource for a certain time
duration, and provide the corresponding scheduling infor-
mation in tasks 514 and 516. Again UE-S may use the
scheduled resource without performing tasks 518, 520, 522,
and 524.

[0122] Alternatively, or additionally, messages of tasks
510, 511, 512, and 513 may be transmitted at different
occasions or with a different timing than depicted by the
message flow diagram of FIG. 5, for example due to changes
to the conditions of occurrence of the V2X transmission, or
due to changes to transmission interval, or due to changes in
information size, or due to changes to transmission priority,
etc.

[0123] In some examples, a cross-carrier scheduling indi-
cation may be used by the eNBs to indicate to UEs that the
carrier used for V2X services is different from the frequency
used by the serving PLMN (resources on the V2X carrier is
scheduled by a different node).

[0124] Sidelink resource allocation information for trans-
mission may employ real time information transmission
between the sidelink scheduler 402 and a remote device
(e.g., UE-S) using the allocated resource. Different latency
requirements (and treatment) can be considered, e.g., for
dynamic (isolated) allocation and for SPS allocation.
[0125] Implementation 2b

[0126] FIG. 6 depicts an example arrangement to imple-
ment implementation 2b according to some techniques. The



US 2020/0196312 Al

arrangement shown in FIG. 6 is similar to that shown in FIG.
4, except that a sidelink scheduler 602 is included in an
eNB-V of PLMN-V, and further in FIG. 6, RSU1-V and
RSU2-V are each without a sidelink scheduler. Note that in
the FIG. 4 arrangement, each of RSU1-V and RSU2-V
includes a respective sidelink scheduler 402 or 404.
[0127] In FIG. 6, each of RSUI-V and RSU2-V is a
hybrid-type RSU that may communicate with eNB-V over
an interface, such as an X2 interface.

[0128] With implementation 2b, a sidelink scheduler is
included in a controlling eNB that controls a hybrid-type
RSU, while sidelink allocation requests and scheduling
information are transmitted via a UE’s serving eNB, e.g.
eNB-S or eNB-Z.

[0129] In FIG. 6, eNB-V that is part of PLMN-V provid-
ing V2X services controls RSU1-V and RSU2-V. In some
examples, eNB-V may serve one or more cell(s) overlapping
with the geographical zone covered by the RSUs. In the
ensuing discussion, eNB-V may be referred to as a “con-
trolling eNB,” which schedules sidelink resources for UEs
of all PLMNs (e.g., PLMN-S, PLMN-V, PLMN-Z) sharing
RSU1-V or RSU2-V for road safety V2X services or other
V2X services in each RSU radio coverage area.

[0130] In FIG. 6, each RSU1-V or RSU2-V is configured
with the required pools information used for scheduling
sidelink transmissions from the UEs.

[0131] The controlling eNB (eNB-V) is connected to
neighbor eNBs (eNB-S, eNB-Z) of respective networks,
through network interfaces such as X2 interfaces.

[0132] An eNB (e.g., eNB-S) in the PLMN (PLMN-S)
serving UE-S may receive a request for V2X transmission,
necessitating either an isolated or an SPS resource, from
UE-S, and consequently forward the request and the asso-
ciated information to the controlling eNB (eNB-V) over the
corresponding X2 interface. The controlling eNB (eNB-V)
may configure and allocate corresponding sidelink resources
and transmit the configuration and the allocation information
to the requesting eNB (eNB-S), which in turn forwards the
corresponding information to the requesting UE.

[0133] In FIG. 6, SL POOLS INFO, SL. TX CONFIGU-
RATION (or SL TX CONFIG, and SL SCHEDULING
information may be communicated between eNB-V, eNB-S
and UE-S in a way similar to what is described with regard
to FIG. 4 between RSU1-V, eNB-S and UE-S, respectively.
[0134] FIG. 7 is a message flow diagram depicting mes-
sages exchanged among UE-S, eNB-S, eNB-V, and RSU1-V
and corresponding tasks, according to some examples. The
tasks and messages are assigned reference numerals.
[0135] The tasks and messages in FIG. 7 that share the
same reference numerals as FIG. 5 are the same as or similar
to the respective tasks or messages of FIG. 5. However, in
FIG. 7, messages 512, 513, 514, 520, and 522 in FIG. 5 are
replaced respectively with messages 712, 713, 714, 720, and
722 in FIG. 7. Messages 712, 714, 720, and 722 are
exchanged between eNB-S and eNB-V in FIG. 7, instead of
between eNB-S and RSU1-V as in FIG. 5. The content of the
messages 712, 714, 720, and 722 are similar to those of
respective messages 512, 514, 520, and 522 in FIG. 5.
[0136] Also, in FIG. 7, the UE transmission pools infor-
mation (704) is similar to the information 504 of FIG. 5,
except that the information 704 is shared by the serving eNB
(eNB-S) of PLMN-S, the controlling eNB (eNB-V) of
PLMN-V, and RSU1-V, according to a technique of imple-
mentation 1.
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[0137] In implementation 2b, the scheduling of sidelink
transmission by RSU1-V can either be:

[0138] 1) Local to RSU1-V. In this case, RSU trans-
mission pools configuration, and related signaling if
applicable, can be realized according to one of the
pools configuration techniques of implementation 1.

[0139] 2) Provided by the controlling eNB (eNB-V) of
PLMN-V allowing the coordination of sidelink sched-
uling for several RSUs under the control of the con-
trolling eNB (eNB-V). In this case, scheduling signal-
ing between each RSU and the controlling eNB is
performed, and can be similar to the signaling between
the serving eNB (eNB-S) and the controlling eNB the
(eNB-V) for UEs resource scheduling (in this case,
RSUI1-V can request sidelink resources to the control-
ling eNB.

[0140] In some examples, a cross carrier scheduling indi-
cation may be used by the eNBs to indicate to the UEs that
the carrier used for V2X service is different from the
frequency used by the serving PLMN (resources on the V2X
carrier is scheduled by a different node).

[0141] Implementation 2¢

[0142] FIG. 8 depicts an example arrangement to imple-
ment implementation 2¢ according to some techniques. The
arrangement shown in FIG. 8 is a variant of the arrangement
for implementation 2b shown in FIG. 6. However, in FIG. 8,
each of RSU1-V and RSU2-V is a UE-type RSU that
communicates with eNB-V over a respective Uu interface.
RSU1-V receives V2X sidelink information from the con-
trolling eNB via a Uu interface instead of an X2 interface.
[0143] With implementation 2c, a sidelink scheduler is
included in a controlling eNB that controls a UE-type RSU,
while sidelink requests allocation and scheduling informa-
tion are transmitted via a UE’s serving eNB, e.g. eNB-S or
eNB-Z.

[0144] The controlling eNB (eNB-V) is connected to the
neighbor eNBs of the respective networks, through network
interfaces such as X2 interfaces.

[0145] The message flow diagram for implementation 2¢
and related sequencing and procedures are identical or
similar to that of implementation 2a shown in FIG. 7, except
that task 704 of FIG. 7 is modified to communicate UE
transmission pools information over the Uu interface
between the controlling eNB (eNB-V) and RSU1-V.
[0146] Implementation 3

[0147] FIG. 9 depicts an example arrangement to imple-
ment implementation 3 according to some techniques. In
implementation 3, similar to implementation 2a, the sidelink
scheduler 402 is included in RSUI-V, and the sidelink
scheduler 404 is included in RSU2-V. Each sidelink sched-
uler 402 or 404 schedules sidelink resources for UEs of all
PLMNs (e.g., PLMN-S, PLMN-V, PLMN-Z) sharing
RSUI-V or RSU2-V, respectively, for road safety V2X
services or other types of transportation services in each
RSU radio coverage area.

[0148] With implementation 3, the sidelink scheduler is
included in a hybrid-type RSU, and sidelink requests and
scheduling information are transmitted over the PC5 inter-
face (i.e., the requests and scheduling information can be
sent directly between the RSU and the UE over a D2D radio
interface such as aPC5 interface).

[0149] In implementation 3, a resource allocation tech-
nique over a PCS interface is provided. In contrast, in
implementation 2a, a resource allocation technique is pro-
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vided via the serving eNB (eNB-S). In implementation 3, the
UE requests sidelink resources from RSUI1-V, and in
response, is allocated sidelink resources by RSU1-V over
the PC5 interface (SL. SCHEDULING information 902
depicted in FIG. 9) sent over a radio channel such as a
SL-SCH channel. The allocated sidelink resources can be
described by information in a specific format, such as SCI
format 1 or an equivalent SCI format, directly between the
RSU and the UE without having to route the requests or
responses via the UE’s serving eNB.

[0150] In implementation 3, some sidelink resources to be
used by the UE for initial transmissions over the PCS5
interface and/or for subsequent resource requests may be
pre-allocated by RSU1-V and transmitted via the UE’s
serving eNB. Alternatively or in addition, some scheduled
sidelink resources may be based on a resource subset or
(sub-)channel either predefined by the standards or config-
ured (e.g., signaled in broadcast or dedicated messages).
[0151] In implementation 3 as shown in FIG. 9, transmis-
sion pools configuration (referred to as SL POOLS INFO)
and transmission configuration information (referred to as
SL TX CONFIGURATION or SL TX CONFIG) are com-
municated between RSU1-V, eNB-S and UE-S.

[0152] In a variant of implementation 3, part or all of
sidelink transmission configuration information (SL TX
CONFIGURATION) may be sent over the PC5 interface
(between RSU1-V to UE-S) instead of being sent through
the serving eNB. The sidelink resources for sending control
information (transmission parameters, PC5 scheduling
requests) may be pre-allocated by RSU1-V or may be
selected autonomously by UE-S. In this case, RSU1-V may
not need to be connected to the different neighbor eNBs of
the respective PLMNSs.

[0153] FIG. 10 is a message flow diagram depicting mes-
sages exchanged among UE-S, eNB-S, and RSU1-V and
corresponding tasks, according to some examples. The tasks
and messages are assigned reference numerals. Tasks 502,
504, 506, and 508 in FIG. 10 are similar to the corresponding
tasks of FIG. 5.

[0154] 1010: Task 1010 in FIG. 10 involves UE-S sending
a sidelink indication message (referred to as a SidelinkUE-
Information message in some examples).

[0155] 1011: Task 1011 involves UE-S possibly sending
one or more additional indication messages to eNB-S,
similar to task 511 of FIG. 5.

[0156] 1012, 1013: Tasks 1012 and/or 1013 in FIG. 10
involves eNB-S forwarding part of or all the information
included in a received indication message to the RSUIN in
a second message, such as a X2 message over an X2
interface. In each of tasks 1010 and 1012, the respective
messages can include a logical UE identity, which may be
associated with the source Layer-2 ID of the UE. This
logical UE identity may be an authenticated identity for
secure sidelink transmission between the UE and the RSU.
Each UE is allocated a Layer-2 ID for V2X communications
over a PC5 reference point, and the Layer-2 1D is included
in the source Layer-2 ID field of every frame that the UE
sends on the Layer-2 link. The UE may self-assign the
Layer-2 ID for the V2X communication over PCS5 reference
point. In other implementations, this logical UE identity may
be allocated by the RSU and transmitted in tasks 1014 and
1016.

[0157] 1014: In response to the X2 message (1012),
RSUI-V sends an X2 response message (1014) to the
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requesting eNB (eNB-S) over the X2 interface. The X2
response message may include information indicating “PC5
scheduled” mode, which may be a new sidelink mode.
Alternatively, the existing “scheduled” indication may be
reused, for example if the legacy and the new modes cannot
be both used in some scenarios.

[0158] The X2 response message (1014) can include pre-
allocated sidelink resources to be used by the UE for initial
transmissions over PCS5 and/or for subsequent transmissions
such as resource requests. The pre-allocated resources may
be identified by a number of parameters (e.g. one or more
frequencies, resource size, allocation interval if periodic,
allocation time window, or number of grants) and may be
determined by RSU1-V depending on information provided
in the one or more indication messages sent in tasks 1010
and 1012, that may include QoS, periodicity, minimum or
maximum transmission window duration and so forth.
[0159] The pre-allocated sidelink resources for one or
more UEs may be located within an identified subset of
sidelink resources in frequency and/or time, where the
subset may be either predefined by applicable standards or
configured (e.g., in broadcast or dedicated messages). The
resources pre-allocated to a specific UE may therefore be
indicated to the UE using an index or any other parameter or
combination of parameters, which uniquely indicates one or
more grants within the identified resources subset. This
subset may be identified as one or more sidelink grants
channels or sub-channels.

[0160] The pre-allocated sidelink resources may be speci-
fied for transmitting data or control information (e.g., a V2X
resource request), or both.

[0161] The X2 response message (1014) may also include
pools information, an MCS, as well as MAC information
(similar to task 514 in FIG. 5), a logical UE identity and/or
other security-related information.

[0162] 1016: Upon receipt of the X2 response message
(1014), eNB-S sends to UE-S a RRCConnectionReconfigu-
ration message indicating a PC5 scheduled resource, assign-
ing a SL-V-RNTI (or SL-V-SPS-RNTT) to UE-S, and pro-
viding the additional information received from the RSU
(similar to task 516 of FIG. 5).

[0163] 1018: If UE-S has been allocated sidelink resources
for sending only V2X resources request, UE-S sends a V2X
resource request to request a sidelink resource for data
transmission, indicating the logical channel(s) information
and related buffer size, similar to the information contained
in a sidelink BSR.

[0164] 1020: RSU1-V allocates a V2X sidelink resource
to the UE-S according to the received resource request, and
sends a scheduling message containing scheduling informa-
tion to UE-S over the PCS interface, for example on an
SL-SCH channel. If applicable, the scheduling message may
contain SPS configuration or activation information. The
V2X sidelink scheduling message may include an identity
identifying the UE. This may be the UE’s source Layer-2 ID
(or the corresponding ProSe UE ID), or any other identity
that may be uniquely associated with the UE.

[0165] The scheduled sidelink resource may be specified
for transmitting data or control information (e.g., a V2X
resource request), or both.

[0166] 1022: The scheduled UE-S transmits on SL-SCH
or on another sidelink channel using the resource scheduled
by RSUI1-V, indicated either by the serving eNB in an
RRCConnectionReconfiguration message (1016) or in the
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scheduling information received over PCS5 (1020). The side-
link transmission (1022) from UE-S may contain data or
control information (e.g., a V2X resource request), or both.
An embedded resource request may be transmitted in the
form of the information described for 1018, or may be a
“more” request for which the former request parameters
apply by default.

[0167] For messages sent at 1012 and 1014, a X2 message
type and format may be defined or an existing message may
be adapted for this purpose.

[0168] FIG. 11 shows a variant of implementation 3,
which is different from the variant shown in FIG. 10. In the
variant of FIG. 11, the sidelink transmission configuration is
sent over the PCS5 interface instead of being sent through the
serving eNB, eNB-S (messages 1112, 1114, 1118, and 1120,
which replace messages 1012, 1014, 1018, and 1020 in FIG.
10). Moreover, an amount of PC5 resources used for sending
control information (transmission parameters, PC5 schedul-
ing requests) may be pre-allocated by RSU1-V or may be
selected autonomously by UE-S.

[0169] Inthe FIG. 11 variant, RSU1-V may not need to be
connected to the different neighbor eNBs of the respective
PLMNS.

[0170] 508: Note that in FIG. 11, the UE-S that is in the
RRC-IDLE state does not have to establish an RRC con-
nection for transmitting over the PC5 interface. However,
UE-S may establish an RRC connection if desired.

[0171] 1112: UE-S sends over the PC5 interface an indi-
cation message, referred to as a V2X Sidelink UE Informa-
tion message in some examples, indicating to RSU1-V that
UE-S is interested in V2X sidelink communication on the
V2X frequency, and possibly including a list of V2X ser-
vices. UE-S may send additional indication messages. The
one or more indication messages may indicate whether
UE-S is interested in dynamic, semi-persistent, or other
sidelink transmission types that may be defined.

[0172] In addition, UE-S may include a logical UE iden-
tity, which may be associated with the source Layer-2 ID of
the UE. This logical UE identity may be an authenticated
identity for secure sidelink transmission between UE-S and
RSU1-V. In other implementations, this logical UE identity
may be allocated by RSU1-V and transmitted in message
1114. UE-S may also include other security-related infor-
mation.

[0173] 1114: In response to an indication message such as
a V2X Sidelink UE Information message, RSU1-V sends to
UE-S V2X sidelink configuration information that may
include pools information, an MCS, as well as MAC infor-
mation (similar to message 514 of FIG. 5), a logical UE
identity and/or other security-related information.

[0174] RSU1-V may include pre-allocated sidelink
resources to be used by UE-S for initial transmissions over
PCS5 and/or for subsequent transmissions such as resource
requests. The pre-allocated resource may be determined by
RSU1-V depending on information provided in the one or
more indication messages such as the sidelink UE informa-
tion in message 1112.

[0175] Implementation 4a

[0176] Implementation 4a can be used in conjunction with
the implementations described above. Implementation 4a
refers to a technique to allow a sidelink scheduler to take
into account inter-PLMN scheduling latency. Implementa-
tions 2a, 2b, and 2c¢ introduce an additional network node
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(eNB-S of PLMN-S) in the data path between the sidelink
scheduler and the UE (UE-S) being scheduled.

[0177] Even though the performance of a network inter-
face such as an X2 interface should be such that the
additional delay is minimal, e.g., for an LTE-Advanced
grade network, a technique may be introduced to take such
additional latency into account, and ensure that the sched-
uled UE receives the DCI for sidelink transmission on time
so that the scheduled UE is able to use the scheduled
resource and transmit in the allocated subframe.

[0178] In some examples, the technique can include con-
figuring, estimating, measuring, and negotiating delay com-
ponents of a transmission path including an X2 interface
between different PLMNSs. The technique can further include
determining a minimum time before the resource is sched-
uled and/or a maximum transmission delay of the scheduling
information so that the scheduling information is received
and processed in due time by the scheduled UE for using the
granted resource for sidelink transmission.

[0179] Generally, a sidelink scheduler (that sends a sched-
uling information for a sidelink resource for use by a UE in
the direct wireless transmission) uses delay information
relating to communication over an interface between the first
and second networks, in determining timing of the sched-
uling information.

[0180] In some examples, the following parameters and
definitions are considered:

[0181] SF1: subframe in which the scheduling informa-
tion is generated and transmitted by the sidelink sched-
uler (located in an RSU or an eNB of PLMN-V);

[0182] tX2: delay for transmission of the scheduled
information over an X2 interface or a similar interface
between the sidelink scheduler (located in the RSU or
eNB in PLMN-V) and the serving eNB (in PLMN-S),
including inherent processing time;

[0183] tUu: delay transmission of the DCI over the a Uu
interface or a similar interface between the serving eNB
and the UE;

[0184] rtl: UE reaction time;

[0185] SF2: subframe at which the initial sidelink trans-
mission is granted over PCS5.

[0186] In order to guarantee that the scheduled UE
receives the DCI, or more generally the scheduling infor-
mation, for sidelink transmission on time to be able to use
the granted resource and transmit in the allocated subframe,
SF2 is set in the sidelink scheduler such that:

SF2=SF1+tX2+tUu+rtl.

[0187] It should be appreciated that different formulas
involving different timing components may be used to
compute the overall transmission delay over the path that
should be considered.

[0188] Knowing or estimating the overall delay at the
network node including the sidelink scheduler would allow
the sidelink scheduler to determine a minimum value of SF2
appropriately. Maximum values for the different delay com-
ponents are specified (e.g., rtl) or can be evaluated (e.g.,
tUu, tX2) and configured per interface instance or per
connected PLMN.

[0189] Additionally, or alternatively, techniques may be
implemented to measure or estimate the delay components,
e.g., sending one or more “ping” or other solicitation com-
mands, or one or more acknowledged commands over the
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X2 interface, for determining the round trip times and
deriving the corresponding latency.

[0190] Additionally, or alternatively, a maximum DCI
transmission delay may be negotiated, requested or enforced
by the sidelink scheduler to the serving eNB in PLMN-S, or
more generally be configured or agreed between the inter-
acting PLMNS, in order to cap the delay incurred at the Uu
interface.

[0191] Implementation 4b

[0192] Implementation 4b routes UE requests or other
messages to the appropriate RSU.

[0193] As a serving eNB may be connected to several
RSUs or controlling eNBs, or a controlling eNB may be
connected to several RSUs, UEs requests or other messages
may have to be routed to the appropriate RSU or the
appropriate controlling eNB in the V2X network.

[0194] In implementations 2a, 2b, 2c, or 3, if the serving
eNB (in PLMN-S) is connected to several RSUs (imple-
mentations 2a, 3) or to several controlling eNBs (implemen-
tations 2b, 2¢) in PLMN-V, then the serving eNB has to
route UE requests or other messages toward the appropriate
RSU or the appropriate controlling eNB. Similarly, where
applicable, the controlling eNB may be connected to several
RSUs, and in this case the controlling eNBs has to route UE
requests or other messages toward the appropriate RSU.

[0195] Different variants are proposed for this purpose,
where the routing can be based on:

[0196] 1) The V2X destination Layer-2 ID mapped to a
given V2X service. The V2X destination Layer-2 1D
values can be mapped to different V2X services if the
destination Layer-2 ID values can be discriminating of
different RSUs within the coverage area of an eNB. In
this variant, the destination Layer-2 1D may be identi-
fied by a field included in the BSR, e.g. a destination
index, or by an information associated to any message
intended to a given RSU.

[0197] 2) An RSU source Layer-2 ID (or a correspond-
ing ProSe UE ID) broadcast by the RSUs. In this case,
the RSU source Layer-2 ID may be sent as RRC
information (e.g., within the SidelinkUFEInformation
message or in another RRC message). The RSU source
Layer-2 ID may have to be updated or sent when the
UE enters the coverage area of an RSU. Alternatively,
the RSU source Layer-2 ID may be included in
SR/BSR information.

[0198] 3) The current UE location. A mapping table
containing geo-location information related to con-
nected RSUs or a controlling eNB can be used to map
the current UE location to an appropriate RSU or
controlling eNB. As it is assumed that V2X UFEs in
coverage have to transmit position information to the
network, the routing to the appropriate RSU may be
based on reported UE location. The serving eNB or the
controlling eNB, depending on the interconnectivity
architecture applicable to the considered implementa-
tion, may be configured with the mapping table con-
taining geo-location information of RSUs (e.g., RSU
geographical position and radio coverage area infor-
mation such as radius or coverage area geo-description,
or any other relevant information). A similar mapping
table may be configured in the serving eNB, containing
geo-location information of the connected controlling
eNBs for the applicable solutions.
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[0199] Implementation 4c

[0200] Implementation 4c pre-allocates a set of sidelink
resources that may be used for future sidelink resources
allocations to the requesting eNB of PLMN-S.

[0201] Alternatively, or in addition to the techniques
described for implementations 2a, 2b, and 2c, instead of
obtaining a sidelink resource allocation for each and every
resource request, the serving eNB may obtain a set of
sidelink resources from the RSU (implementation 2a) or the
controlling eNB (implementation 2b or 2¢) to be used by the
serving eNB for future allocation of sidelink resources to
requesting UEs. In implementation 4c, the sidelink sched-
uler included in the RSU or in the controlling eNB essen-
tially transfers the ownership of a set of sidelink resources
on a semi-static (i.e., temporary) basis to the requesting
eNB, which takes charge of scheduling these sidelink
resources to the requesting UEs.

[0202] The set of sidelink resources may be pre-allocated
by the RSU, in response to receiving the sidelink resource
request from the eNB of PLMN-S or in response to receiving
sidelink resource requests from the eNB for multiple UEs.
The set of sidelink resources may be used by the eNB to
individually schedule sidelink resources to one or more UEs.
With implementation 4c, in response to receiving a sidelink
resource request from a UE, the eNB schedule resources
from within the set of sidelink resources that it has obtained
from the RSU.

[0203] A benefit of implementation 4c is that it would
avoid a full round-trip delay for future resource allocation
requests as long as the set contains free resources and is
valid. A new set may be requested and/or allocated when all
free resources in the previously obtained set are exhausted or
when the set is determined to be no more valid (e.g. a
resource validity time has expired).

[0204] FIG. 12 is a message flow diagram of implemen-
tation 4c.
[0205] 1202: An eNB sends, to an RSU, a request for a set

of sidelink resources for future use.

[0206] 1204: Upon receiving the request for sidelink
resources from the eNB, the RSU may adopt implementa-
tion 4c depending on one or more factors such as:

[0207] available sidelink resources,
[0208] estimated PC5 traffic load,
[0209] traffic pattern or trend or other information pro-

vided by the eNB,

[0210] traffic pattern or requests history observed at the
RSU,
[0211] estimated, calculated or configured delay, or

timing components, of the transmission between the
RSU node and the UE (see implementation 4a),
[0212] a configured or requested time window for the
multiple allocation,
[0213] and so forth.
[0214] Similarly, implementation 4c may be adopted by
the eNB based on the following factors:
[0215] a current sidelink resource request frequency
from one or more UEs,

[0216] an estimated sidelink resource demand in the
future,
[0217] a number of UEs indicating interest in sidelink

services (e.g., UEs indicating sidelink interest or V2X
interest indication),

[0218] QoS, priority, PPPP (ProSe Per-Packet Priority)
of the traffic from UEs that are currently interested in
sidelink,

[0219] and so forth.
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[0220] 1204: In response to the request from the eNB, the
RSU sends scheduling information for a set of sidelink
resources to the eNB for use in processing future sidelink
requests from UEs. The scheduling information can include
an identification for the set of sidelink resources, and valid-
ity information for each sidelink resource. The set of side-
link resources obtained by the eNB may include a resource
pool which may be valid for a specified time duration. The
resource pool may include either a set of frequency sub-
channels or a set of subframes or a combination of both. The
resource pool may contain resources that are either periodic
or non-periodic.

[0221] 1206: The eNB stores the set of sidelink resources
received from the RSU in a storage medium of the eNB. The
eNB can also store the validity information sidelink
resources in the set.

[0222] 1208: A UE sends a first sidelink resource request
to the eNB.
[0223] 1210: In response to receiving the first sidelink

resource request from the UE, the eNB can determine if the
request may be served by using the resources from the set of
sidelink resources received from the RSU.

[0224] 1212: If the resources can be served using the set
of sidelink resources, the eNB can send scheduling infor-
mation a from the set of sidelink resources, in response to the
first sidelink resource request from the UE. The eNB may
mark the resources scheduled to the UE as granted or used.
[0225] 1214: The UE sends a second sidelink resource
request to the eNB.

[0226] 1216: In response to receiving the second sidelink
resource request from the UE, the eNB can determine if the
second sidelink request may be served by using the
resources from the set of sidelink resources received from
the RSU.

[0227] 1218: If not, for example because all resources
from the set have been used or their validity time has
expired, then the eNB may send a new sidelink resource
request for new sidelink resources from the RSU.

[0228] 1220: In response to the request sent at 1218, the
RSU sends a sidelink resource grant to the eNB.

[0229] 1222: The eNB forwards the sidelink resource
grant to the UE, in response to the second sidelink resource
request from the UE.

[0230] The eNB and/or RSU may fall back to a non-pre-
allocated resources allocation mode when conditions for
using the technique described above are no more fulfilled.
[0231] System/Device Architecture

[0232] FIG. 13 is a block diagram of a communication
device 1300, which can be any one of a UE, an RSU, a
wireless access network node (e.g., an eNB), or other
network node. The communication device 1300 includes a
processor 1302 (or multiple processors). A processor can
include a microprocessor, a core of a multi-core micropro-
cessor, a microcontroller, a programmable integrated circuit,
a programmable gate array, or another hardware processing
circuit.

[0233] The communication device 1300 further includes a
non-transitory machine-readable or computer-readable stor-
age medium 1304 storing machine-readable instructions that
are executable on the processor 1302 to perform specified
tasks. Instructions executable on a processor can refer to
instructions executable on a single processor or multiple
processors.
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[0234] The machine-readable instructions include sidelink
resource management instructions 1306 that are executable
on the processor 1302 to perform the tasks discussed above,
in some examples.
[0235] The communication device 1300 further includes a
communication transceiver 1308, which can be a wireless
transceiver (e.g., a radio frequency or RF transceiver) to
communicate over a wireless network, or a wired transceiver
to communicate over a wired network.
[0236] The storage medium 1304 can include any or some
combination of the following: a semiconductor memory
device such as a dynamic or static random access memory
(a DRAM or SRAM), an erasable and programmable read-
only memory (EPROM), an electrically erasable and pro-
grammable read-only memory (EEPROM) and flash
memory; a magnetic disk such as a fixed, floppy and
removable disk; another magnetic medium including tape;
an optical medium such as a compact disk (CD) or a digital
video disk (DVD); or another type of storage device. Note
that the instructions discussed above can be provided on one
computer-readable or machine-readable storage medium, or
alternatively, can be provided on multiple computer-read-
able or machine-readable storage media distributed in a
large system having possibly plural nodes. Such computer-
readable or machine-readable storage medium or media is
(are) considered to be part of an article (or article of
manufacture). An article or article of manufacture can refer
to any manufactured single component or multiple compo-
nents. The storage medium or media can be located either in
the machine running the machine-readable instructions, or
located at a remote site from which machine-readable
instructions can be downloaded over a network for execu-
tion.
[0237] In the foregoing description, numerous details are
set forth to provide an understanding of the subject disclosed
herein. However, implementations may be practiced without
some of these details. Other implementations may include
modifications and variations from the details discussed
above. It is intended that the appended claims cover such
modifications and variations.
What is claimed is:
1. A method comprising:
sending, by a first network node of a first network in
response to a first request from a user equipment (UE)
served by a second network, scheduling information to
a second network node of the second network, the
scheduling information granting a resource for use by
the UE for a direct wireless transmission between the
UE and a wireless device, wherein the first network is
different from the second network, and wherein the
sending of the scheduling information to the second
network node of the second network is to cause the
second network node of the second network to send the
scheduling information to the UE.
2. The method of claim 1, further comprising:
sending, by the first network node of the first network in
response to a second request from the UE, a transmis-
sion configuration to the second network node of the
second network, the transmission configuration relating
to a configuration used for the direct wireless transmis-
sion between the UE and the wireless device.
3. The method of claim 1, wherein the transmission
configuration comprises one or more of a parameter relating
to a modulation and coding scheme (MCS), a Medium
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Access Control (MAC) configuration parameter to configure
a MAC layer, and priority values associated with logical
channels to be used.

4. The method of claim 1, wherein the first network node
is the wireless device comprising a scheduler that produced
the scheduling information.

5. The method of claim 1, wherein the wireless device is
a roadside unit (RSU).

6. The method of claim 1, wherein the direct wireless
transmission comprises a sidelink transmission.

7. The method of claim 1, wherein the direct wireless
transmission is a Vehicle-to-Everything (V2X) sidelink
transmission.

8. The method of claim 1, wherein the first network node
is a base station comprising a scheduler that produced the
scheduling information.

9. The method of claim 8, wherein the wireless device is
a roadside unit (RSU) served by the first network.

10. The method of claim 9, wherein the RSU is to
communicate over an X2 interface with the base station.

11. The method of claim 9, wherein the RSU is to
communicate over a Uu interface with the base station.

12. The method of claim 1, wherein the scheduling
information comprises one or more of a frequency resource,
a time resource, a scheduling interval, or a scheduling time
duration.

13. The method of claim 1, further comprising:

sending, by the first network node to the second network

node, resource pool information relating to a pool of
resources provisioned by the first network for direct
wireless transmissions.

14. The method of claim 1, further comprising:

using, by a scheduler that sends the scheduling informa-

tion granting the resource for use by the UE in the
direct wireless transmission, delay information relating
to communication over an interface between the first
and second networks, in determining a timing of the
scheduling information.

15. The method of claim 1, further comprising:

selecting, by the second network node based on a factor,

the first network node from among a plurality of
network nodes; and

routing, by the second network node, the request from the

UE to the first network node.

16. The method of claim 1, further comprising:

indicating, by the first network node to the second net-

work node, a set of resources for use by the second
network node in granting a request from a UE for a
resource to perform a direct wireless transmission with
the wireless device.

17. The method of claim 1 wherein the first request from
the UE comprises buffer status reporting (BSR) information.
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18. The method of claim 2 wherein the second request
from the UE comprises a UE information message.

19. The method of claim 1, wherein the first network is a
first public land mobile network (PLMN), and the second
network is a second PLMN different from the first PLMN.

20. A user equipment (UE) comprising:

a wireless transceiver to communicate with a wireless

device; and

at least one processor configured to:

send a request for a resource to be processed by a
scheduler in a first network node of a first network;

receive, from a second network node of a second
network in response to the request from the UE
served by the second network, scheduling informa-
tion sent by the first network node to the second
network node, the scheduling information granting
the resource for use by the UE in a direct wireless
transmission between the UE and the wireless
device, wherein the first network is different from the
second network; and

cause transmission of data from the UE to the wireless
device using the resource.

21. The UE of claim 20, wherein the at least one processor
is configured to further:

receive, from the second network node of the second

network, a transmission configuration sent by the first
network node to the second network node, the trans-
mission configuration relating to a configuration used
for the direct wireless transmission between the UE and
the wireless device.

22. The UE of claim 20, wherein the direct wireless
transmission is a Vehicle-to-Everything (V2X) sidelink
transmission.

23. The UE of claim 20, wherein the second network node
is a base station serving the UE, and the first network node
is a base station of the first network or a roadside unit (RSU)
served by the first network.

24. A first network node of a first network, comprising:

a wireless transceiver to communicate with a user equip-

ment (UE) served by the first network node; and

at least one processor configured to:

receive, over a wireless link between the first network
node and the UE, a request from the UE;

receive, from a second network node of a second
network different from the first network, scheduling
information responsive to the request, the scheduling
information granting a resource for use by the UE in
a direct wireless transmission between the UE and a
wireless device; and

send, over the wireless link to the UE, the scheduling
information received by the first network node from
the second network node.
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