wo 20207198559 A2 |0 0000 KO Y000 O O I

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date
01 October 2020 (01.10.2020)

(10) International Publication Number

WO 2020/198559 A2

WIPO I PCT

(51) International Patent Classification:
HO4W 4/46 (2018.01)

(21) International Application Number:
PCT/US2020/025144

(22) International Filing Date:
27 March 2020 (27.03.2020)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/825,638 28 March 2019 (28.03.2019) UsS

(71) Applicant: KYOCERA CORPORATION [JP/JP], 6
Takeda Tobadono-cho, Fushimi-ku, Kyoto, 612-8501 (JP).

(72) Inventors; and

(71) Applicants: CHANG, Henry [US/US]; c/o Kyocera Inter-
national, Inc., Attention: Intellectual Property Department,
8611 Balboa Ave., San Diego, CA 92123-1580 (US). FU-
JISHIRO, Masato [US/US]; c/o Kyocera International,
Inc., Attention: Intellectual Property Department, 8611 Bal-
boa Ave., San Diego, CA 92123-1580 (US).

(74) Agent: CONNELL, Kathleen, L.; Kyocera International,
Inc., Attention: Intellectual Property Department, 8611 Bal-
boa Ave., San Diego, CA 92123-1580 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: UNICAST AND GROUPCAST TRANSMISSIONS OVER SIDELINK

e
=
=]

TRANSMIT, FROM A FIRST WIRELESS COMMUNICATION
DEVICE (WCD) THAT IS A GROUP LEADER OF A GROUP OF
WCDs, A GROUPCAST TRANSMISSION OVER A SIDELINK
CHANNEL TO OTHER WCDs WITHIN THE GROUP

| — 502

!

RECEIVE, AT THE FIRST WCD, FEEDBACIK MESSAGES FROM
QNE OR MORE OF THE OTHER WCDs

| — 504

!

DETERMINE, BY THE FIRST WCD, WHETHER TO INITIATE
TRANSMITTING A UNICAST TRANSMISSION BASED, AT LEAST
PARTIALLY, ON THE RECEIVED FEEDBACK MESSAGES

| — 506

!

TRANSMIT, FROM THE FIRST WCD, A UNICAST TRANSMISSION
OVER THE SIDELINK CHANNEL TO AT LEAST ONE OF THE
OTHER WCDs

| — 508

!

RECEIVE, AT THE FIRST WCD FROM A SECOND WCD THAT IS
QUTSIDE OF A COMMUNICATION RANGE OF THE FIRSTWCD, A
UNICAST TRANSMISSION

— 510

FIG.5

(57) Abstract: The methods, devices, and systems discussed herein describe
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and unicast transmissions. In the first solution, the group leader may decide
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groupcast and unicast transmissions towards the same user equipment devices
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ceiving UEs that the transmission is about to be switched from groupcast to
unicast.
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UNICAST AND GROUPCAST TRANSMISSIONS OVER SIDELINK

CLAIM OF PRIORITY

[0001] The present application claims priority to Provisional Application No.
62/825,638, entitled “UNICAST AND GROUPCAST TRANSMISSIONS OVER
SIDELINK”, filed March 28, 2019, which is assigned to the assignee hereof and hereby

expressly incorporated by reference in its entirety.

FIELD

[0002] This invention generally relates to wireless communications and more
particularly to vehicle-to-everything (V2X) communications between wireless

communication devices.

BACKGROUND

[0003] Unicast transmissions are meant for one-to-one communications, meaning
there is one sender and one intended receiver. Groupcast transmissions, on the other
hand, are meant for transmissions from one sender to members of a group of intended

receiving devices.

SUMMARY

[0004] The methods, devices, and systems discussed herein describe four different
mechanisms (e.g., solutions) to assist a leader of a group of wireless communication
devices in deciding when to switch between groupcast and unicast transmissions. In
the first solution, the group leader may decide to initiate groupcast or unicast without
considering the design of the Access Stratum (AS) layer for link management. In the
second solution, the group leader can determine whether to initiate unicast transmission
based, at least partially, on feedback messages received from one or more other

members of the group. In the third solution, the group leader has the option to
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simultaneously transmit groupcast and unicast transmissions towards the same user
equipment devices (UEs). In the fourth solution, the group leader indicates to the
groupcast-receiving UEs that the transmission is about to be switched from groupcast to

unicast.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1A is a block diagram of an example of a system in which a group leader
of a group of wireless communication devices transmits a groupcast transmission over a

sidelink channel to other wireless communication devices within the group.

[0006] FIG. 1B is a block diagram of an example of the system of FIG. 1A in which
the group leader initiates unicast transmissions over the sidelink channel to at least one

of the other wireless communication devices within the group.

[0007] FIG. 1C is a block diagram of an example of the system of FIG. 1A in which
the group leader (1) transmits an indication that transmission of data via groupcast
transmission will be switched to transmission of data via unicast transmission, and (2)
receives a unicast transmission from a wireless communication device that is outside of

a communication range of the group leader.

[0008] FIG. 2 is a block diagram of an example of a wireless communication device
shown in FIG. 1A.

[0009] FIG. 3 is an example of a groupcast transmission and a unicast transmission

being transmitted on separate data bearers.

[0010] FIG. 4 is an example of a groupcast transmission and a unicast transmission
being transmitted on the same data bearer, where the data bearer is split at a Packet
Data Convergence Protocol level. The groupcast transmission is transmitted over a first
radio link from the split data bearer, and the unicast transmission is transmitted over a

second radio link from the split data bearer.

[0011] FIG. 5 is a flowchart of an example of a method in which a group leader of a
group of wireless communication devices (1) transmits a groupcast transmission over a

sidelink channel to other wireless communication devices within the group, (2) initiates
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unicast transmissions over the sidelink channel to at least one of the other wireless
communication devices within the group, and (3) receives a unicast transmission from a
wireless communication device that is outside of a communication range of the group

leader.

DETAILED DESCRIPTION

[0012] The examples discussed below are generally directed to vehicle-to-everything
(V2X) communication, which is the passing of information from a vehicle to any entity
that may affect the vehicle or that the vehicle may affect. For example, V2Xis a
vehicular communication system that incorporates other, more specific types of
communication, including vehicle-to-vehicle (V2V), V2I (vehicle-to-infrastructure), V2N
(vehicle-to-network), V2P (vehicle-to-pedestrian), V2D (vehicle-to-device), and V2G
(vehicle-to-grid). There are two types of V2X communication technology depending on
the underlying technology being used: wireless local area network (WLAN)-based V2X,
and cellular-based V2X (C-V2X). Some examples of V2X protocols include Long-Term
Evolution (LTE) (Rel-14) V2X Mode 4 and 5G New Radio (NR) V2X Mode 2.

[0013] Sidelink groupcast and unicast transmissions are both supported for V2X over
the sidelink (SL) channel or the PC5 interface, which is an interface used for direct
communication between a user equipment device (UE) and another UE. Unicast is
meant for one-to-one communications, meaning there is one sender and one intended
receiver. Groupcast is meant to support one-to-many communications. As used herein,
groupcast transmissions are transmissions from one sender to members of a group of

intended receiving devices.

[0014] One of the main use cases for groupcast is for vehicles that are platooning,
which enables the vehicles to dynamically form a platoon (e.g., a group) while traveling
together. In some of the examples described herein, the wireless communication
devices are vehicle user equipment devices (VUEs), and the group of wireless
communication devices is a platoon of VUEs. The group leader of the platoon, which is
the lead vehicle, in some cases, transmits information to the other vehicles in the

platoon. The information transmitted by the group leader is used to manage the platoon
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and allows the vehicles to drive closer than normal in a coordinated manner (e.g., going
in the same direction and traveling together). Vehicles in the same platoon share the
necessary information required to support platoon operations (e.g., distance between
vehicles, relative speed, updates from Road Side Units (RSUs), etc.). Similar
requirements apply also for the Extended Sensor use case where UEs exchange data
gathered through local sensors or live video data among vehicles, RSUs, devices of

pedestrians, and V2X application servers.

[0015] For the purpose of Layer 2 analysis, it is assumed that upper layers (e.g.,
above the Access Stratum) provide the information on whether a transmission is a
unicast or groupcast transmission for a particular data transfer. For a unicast
transmission over SL, the following information is known to Layer 2: destination
identifier (ID) and source ID. In these examples, the destination ID identifies the
intended recipient (e.g., wireless communication device) of the unicast transmission,
and the source ID identifies the wireless communication device that transmitted the
unicast transmission. For a groupcast transmission over SL, the following information is
known to Layer 2: destination Group ID and source ID. In these examples, the
destination Group ID identifies the intended group of recipients (e.g., group of wireless
communication devices) of the groupcast transmission, and the source ID identifies the
wireless communication device that transmitted the groupcast transmission. Any UE
configured to receive a Layer 2 destination Group ID is allowed to receive the groupcast
transmission, whether the receiving UE is within or beyond a "communication range" of

the transmitting UE, as provided by upper layers.

[0016] For AS-level link management in unicast, SL Radio Link Monitoring/ Radio
Link Failure (RLM/RLF) declaration is supported. For Radio Link Control (RLC)
Acknowledged Mode (AM) in SL unicast, RLF declaration is triggered by indication from
RLC that the maximum number of retransmissions has been reached. The AS-level link

status (e.g., failure) should be informed to upper layers.

[0017] No RLM design specific to groupcast, different than the RLM procedure for
unicast, is currently considered. Thus, there is not a current need for RLM/RLF

declarations among group members for groupcast. However, if RLM/RLF declarations
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are supported in the future for groupcast transmissions, groupcast may become a more
attractive option since it requires fewer resources than unicast transmissions. Discovery
procedure and related messages for unicast and groupcast transmission are

determined by upper layers.

[0018] Unicast for SL or PC5 will support a Radio Resource Control (RRC)-like
mechanism while groupcast will mainly rely on upper layers for link management since
PC5 RRC connection establishment and RLM/RLF declaration among group members
for groupcast are not currently supported. The results of these two sets of agreements
implies unicast has a tighter control in the AS layer. Without RLM/RLF declaration,
there may be delays in recovering the service. Furthermore, the Modulation and Coding
Scheme (MCS) for unicast may be readily adapted specifically for the receiving UEs.
From this perspective, unicast can be seen as having better reliability and shorter

latency over groupcast.

[0019] In some cases, if the group is small, it may make sense to establish multiple
unicast connections rather than to utilize groupcast, even if additional resources are
needed to support multiple connections. This is especially important in the case of RLF,
whereby a quick recovery mechanism may be needed to reduce latency. The decision

may be based on the criteria of the service type, and it is up to UE implementation.

[0020] Assuming there is an ongoing unicast between two UEs and another UE
enters to form a group, multiple unicast connections may be established to
communicate among these UEs even if the transmissions are identical. In this sense
the protocol can work, albeit not as efficiently since fewer transmissions (and fewer
resources) are needed if a groupcast is set up for these UEs. Power consumption is
usually not an issue for vehicle UEs (VUEs). So, the main concern is resource

utilization.

[0021] Going from groupcast to unicast may be more complicated since the group
leader may need to decide when to terminate groupcast and initiate unicast. One
possibility would be for the groupcast to continue even if there are only two UEs
remaining in the group, but this is suboptimal since the reliability from AS layer RLM and

the feedback mechanism for unicast will not be available. Thus, it makes sense to try to
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establish a unicast connection as soon as possible. Since UEs outside the
‘communication range” of the transmitting UE can still receive groupcast messages, it

may not be easy to determine when unicast may be used instead of groupcast.

[0022] In light of the foregoing, it is necessary to have a mechanism to assist a
platoon leader (or transmitting UE, in general) in deciding when to switch between
groupcast and unicast transmissions. Thus, the methods, devices, and systems
discussed herein describe four different mechanisms (e.g., solutions) to assist a platoon
leader (or transmitting UE, in general) in deciding when to switch between groupcast

and unicast transmissions.

[0023] In the first solution, the group leader may decide to initiate groupcast or
unicast without considering the design of the AS layer link management. In the second
solution, the group leader can determine whether to initiate unicast transmission based,
at least partially, on feedback messages received from one or more other members of
the group. In the third solution, the group leader has the option to simultaneously
transmit groupcast and unicast transmissions towards the same UE(s). In the fourth
solution, the group leader indicates to the groupcast-receiving UEs that the transmission

is about to be switched from groupcast to unicast.

[0024] Although the different solutions may be described separately, any of the
features of any of the solutions may be added to, omitted from, or combined with any
other solution. Similarly, any of the features of any of the solutions may be performed in

parallel or performed in a different manner/order than that described or shown herein.

[0025] FIG. 1A is a block diagram of an example of a system in which a group leader
of a group of wireless communication devices transmits a groupcast transmission over a
sidelink channel to other wireless communication devices within the group. For the
example of FIG. 1A, a group 100 of wireless communication devices is located on
roadway 101. The group 100 includes first wireless communication device, WCD1, 102,
second wireless communication device, WCD2, 104, third wireless communication
device, WCD3, 106, fourth wireless communication device, WCD4, 108, and fifth
wireless communication device, WCD5, 110. In other examples, any of the wireless

communication devices may act as the group leader, and the group leader may
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dynamically change depending on any suitable factors, including, for example, which
wireless communication devices join/leave the group, changing signal conditions,
network load, etc. In further examples, the group 100 may have a different number of

wireless communication devices than that shown in FIG. 1A.

[0026] The first wireless communication device 102 is the leader of group 100. First
wireless communication device 102 transmits groupcast transmissions 114 to the other
wireless communication devices 104, 106, 108, 110 of the group 100. Although fifth
wireless communication device 110 is outside of communication range 112 of the group
leader 102, fifth wireless communication device 110 is authorized to receive the

groupcast transmissions 114.

[0027] The group 100 is wirelessly connected to a radio access network (not shown)
via one or more base stations (not shown), which provide various wireless services to
one or more of the wireless communication devices that are part of the group 100. For
the example shown in FIG. 1A, the group 100 operates in accordance with at least one
revision of the 3rd Generation Partnership Project 5G New Radio (3GPP 5G NR)
communication specification. In other examples, the group 100 may operate in

accordance with other communication specifications.

[0028] In the example of FIG. 1A, wireless communication devices 102, 104, 106,
108, 110 are each integrated into a vehicle as an onboard unit (OBU). In other
examples, wireless communication devices 102, 104, 106, 108, 110 may simply be user
equipment (UE) devices that are located within a vehicle. Some examples of user
equipment devices include: a mobile phone, a transceiver modem, a personal digital
assistant (PDA), or a tablet, for example. Any of the foregoing devices may also be
referenced herein as vehicle UEs (VUEs). Each wireless communication device 102,
104, 106, 108, 110 that is connected to group 100 is considered to be a member of
group 100.

[0029] As shown in FIG. 2, wireless communication device 102 comprises controller
216, transmitter 218, and receiver 214, as well as other electronics, hardware, and
code. Although FIG. 2 specifically depicts the circuitry and configuration of wireless

communication device 102, the same wireless communication device circuitry and
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configuration is utilized for wireless communication devices 104, 106, 108, 110 in group
100. In other examples, any of the wireless communication devices may have circuitry
and/or a configuration that differs from that of wireless communication device 102
shown in FIG. 2.

[0030] Wireless communication device 102 is any fixed, mobile, or portable
equipment that performs the functions described herein. The various functions and
operations of the blocks described with reference to wireless communication device 102
may be implemented in any number of devices, circuits, or elements. Two or more of
the functional blocks may be integrated in a single device, and the functions described

as performed in any single device may be implemented over several devices.

[0031] Controller 216 includes any combination of hardware, software, and/or
firmware for executing the functions described herein as well as facilitating the overall
functionality of a wireless communication device. An example of a suitable controller
216 includes code running on a microprocessor or processor arrangement connected to
memory. Transmitter 218 includes electronics configured to transmit wireless signals.
In some situations, the transmitter 218 may include multiple transmitters. Receiver 214
includes electronics configured to receive wireless signals. In some situations, receiver
214 may include multiple receivers. Receiver 214 and transmitter 218 receive and
transmit signals, respectively, through antenna 212. Antenna 212 may include separate
transmit and receive antennas. In some circumstances, antenna 212 may include
multiple transmit and receive antennas.

[0032] Transmitter 218 and receiver 214 in the example of FIG. 2 perform radio
frequency (RF) processing including modulation and demodulation. Receiver 214,
therefore, may include components such as low noise amplifiers (LNAs) and filters.
Transmitter 218 may include filters and amplifiers. Other components may include
isolators, matching circuits, and other RF components. These components in
combination or cooperation with other components perform the wireless communication
device functions. The required components may depend on the particular functionality

required by the wireless communication device.
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[0033] Transmitter 218 includes a modulator (not shown), and receiver 214 includes
a demodulator (not shown). The modulator can apply any one of a plurality of
modulation orders to modulate the signals 114 to be transmitted over the sidelink
channel. In the example of FIG. 1A, signals 114 are groupcast transmissions. The
demodulator demodulates signals 114 received over the sidelink channel, in

accordance with one of a plurality of modulation orders.

[0034] In operation in accordance with the first solution, the group leader (e.g., first
wireless communication device 102) decides to initiate groupcast or unicast without
considering the design of the AS layer link management. For example, it is assumed
that the group leader always knows how many UEs are in the group, regardless of
whether all of the UEs in the group can successfully receive transmissions from the
group leader. Based on this knowledge of how many UEs are in the group, the group
leader (e.qg., first wireless communication device 102) decides whether to initiate
groupcast or unicast transmissions of information to one or more of the other UEs in the
group. However, as mentioned above, the reliability and latency of the service may be
impacted if groupcast is selected over unicast in some scenarios that operate in

accordance with the first solution.

[0035] In operation in accordance with the second solution, the group leader (e.g.,
first wireless communication device 102) determines whether to initiate unicast
transmission based, at least partially, on feedback messages received from one or more
other members of the group. In some examples of the second solution, the group
leader utilizes Hybrid Automatic Repeat Request (HARQ) feedback messages, such as
acknowledgement (ACK) signals and/or negative-acknowledgement (NACK) signals, to
determine the number of receiving UEs. More specifically, the group leader (e.g., first
wireless communication device 102) transmits signals 114, via its transmitter 218 and
antenna 212, to one or more other wireless communication devices within group 100.
First wireless communication device 102 then receives, via antenna 212 and receiver
214, feedback messages (e.g., ACK and/or NACK signals) from one or more of the
wireless communication devices that received signals 114. Another example of

feedback includes the use of keep-alive messages whereby any of the UEs may
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request feedback from another UE or UEs in the same group. The keep-alive
messages are handled in the V2X application layer rather than the AS layer. The keep-
alive message may be sent as part of groupcast or unicast. First wireless
communication device 102 determines, using its controller 216, whether to initiate
unicast transmission based, at least partially, on the received feedback messages. In
some examples, first wireless communication device 102 determines whether to initiate
unicast transmission based on the number of wireless communication devices that
provide feedback messages. In other examples, first wireless communication device
102 determines whether to initiate unicast transmission based on the number of
feedback messages (e.g., ACK messages, keep-alive response messages and/or

NACK messages) received from other wireless communication devices.

[0036] In operation in accordance with the third solution, the group leader (e.g., first
wireless communication device 102) has the option to simultaneously transmit
groupcast and unicast transmissions towards the same UE(s). More specifically, the
group leader has the option to initiate one or more unicast connections without
terminating the ongoing groupcast. In some examples, the group leader determines
whether to initiate a unicast connection with a particular wireless communication device
based, at least partly, on feedback (e.g., HARQ) messaging received from that

particular wireless communication device.

[0037] FIG. 1B illustrates an example according to the third solution in which the
group leader initiates unicast transmissions over the sidelink channel to at least one of
the other wireless communication devices within the group without terminating the
ongoing groupcast. For example, first wireless communication device 102 initially
transmits, via its transmitter 218 and antenna 212, a groupcast transmission 116 over a
sidelink channel to other wireless communication devices within the group 100 of
wireless communication devices. As shown in FIG. 1B, wireless communication
devices 104, 106 leave the group 100, which means that first wireless communication
device 102 will only need to communicate with wireless communication devices 108,
110.
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[0038] Inthe example of FIG. 1B, first wireless communication device 102
determines whether to initiate a unicast connection with a particular wireless
communication device 108 based, at least partly, on feedback (e.g., HARQ) messaging
received from that particular wireless communication device 108. In this regard,
although FIG. 1B only shows unicast transmission to a single wireless communication
device 108, first wireless communication device 102 could transmit unicast
transmissions to any number of other wireless communication devices that were within
communication range 112 of first wireless communication device 102. For example, if
one (or both) of wireless communication devices 104, 106 had remained within group
100 and sent feedback messaging to first wireless communication device 102 from
which first wireless communication device 102 determined that unicast transmissions
should be initiated to one (or both) of wireless communication devices 104, 106, first
wireless communication device 102 would have initiated unicast transmissions to one or

both of wireless communication devices 104, 106, as well.

[0039] Upon determining that a unicast connection should be initiated, first wireless
communication device 102 initiates a unicast transmission 118, via its transmitter 218
and antenna 212, over the sidelink channel to at least one of the other wireless
communication devices 108 for better reliability and shorter latency. Thus, first wireless
communication device 102 simultaneously transmits the groupcast transmission 116

and the unicast transmission 118 to fourth wireless communication device 108.

[0040] Since fifth wireless communication device 110 is outside the communication
range 112 of first wireless communication device 102, first wireless communication
device 102 may not know if fifth wireless communication device 110 is still listening to
first wireless communication device 102 since fifth wireless communication device 110
does not send HARQ feedback messages to first wireless communication device 102.
Therefore, first wireless communication device 102 will continue to send information
(e.g., a set of data) via groupcast transmissions 116 while also sending the same
information (e.g., same set of data) via unicast transmissions 118 to fourth wireless
communication device 108. In this case, fourth wireless communication device 108

may receive duplicated data over both groupcast and unicast, requiring fourth wireless
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communication device 108 to handle duplication (e.g., reception) of multiple

transmissions of the same data.

[0041] In operation in accordance with the fourth solution, the group leader provides
an indication in the ongoing groupcast that the transmission will be switched to unicast.
FIG. 1C illustrates an example according to the fourth solution, which is similar to what
was described in connection with the third solution, except in the fourth solution, the
group leader includes an indication within the groupcast that the groupcast transmission

will be switched to unicast.

[0042] More specifically, first wireless communication device 102 transmits, via its
transmitter 218 and antenna 212, a groupcast transmission 116’ over a sidelink channel
to other wireless communication devices within the group 100 of wireless
communication devices. Groupcast transmission 116’ of FIG. 1C includes an indication
that transmission of data via groupcast transmission will be switched to transmission of
data via unicast transmission. Fourth wireless communication device 108 and fifth
wireless communication device 110 both receive groupcast transmission 116’ via their
respective antennas 212 and receivers 214. The difference is that fourth wireless
communication device 108 is located within communication range 112 of first wireless
communication device 102, but fifth wireless communication device 110 is located

outside of communication range 112 of first wireless communication device 102.

[0043] First wireless communication device 102 ceases transmission of data via
groupcast and initiates a unicast transmission 118, via its transmitter 218 and antenna
212, over the sidelink channel to at least one of the other wireless communication
devices 108. In some examples, first wireless communication device 102 determines
whether to initiate a unicast connection with a particular wireless communication device
108 based, at least partly, on feedback (e.g., HARQ) messaging received from that
particular wireless communication device 108. Although FIG. 1C only shows unicast
transmission to a single wireless communication device 108, first wireless
communication device 102 could transmit unicast transmissions to any number of other
wireless communication devices that were within communication range 112 of first

wireless communication device 102.
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[0044] Inresponse to receiving the indication in groupcast transmission 116’ that
transmission of data via groupcast transmission will be switched to transmission of data
via unicast transmission, fifth wireless communication device 110 transmits, via its
transmitter 218 and antenna 212, a unicast transmission 120 to first wireless
communication device 102. When the group leader (or transmitting UE) sends a
groupcast message it would indicate its own location, which may be based on GPS or
zone ID, within the transmission. The receiving UE could determine whether it is within
communication range by comparing its GPS location or zone in comparison with that of
the group leader’s location. Even if the fifth wireless communication device 110 is not
within communication range, it may still be able to receive transmissions from the group
leader. It is just not required to send HARQ feedback to the group leader. Since fifth
wireless communication device 110 is outside of communication range 112 of first
wireless communication device 102, first wireless communication device 102 cannot
detect the presence of fifth wireless communication device 110. Thus, fifth wireless
communication device 110 is “invisible” to first wireless communication device 102 since
first wireless communication device 102 cannot successfully receive feedback (e.g.,
HARQ) messaging from fifth wireless communication device 110. Accordingly, it is up
to fifth wireless communication device 110 to initiate a unicast connection with first
wireless communication device 102. However, in some cases, even if the fifth wireless
communication device 110 is within the communication range, the network may only
configure the receiving UEs to send NACK and not ACK. In this case, even if the fifth
wireless communication device 110 is within the communication range, it is not known
by the first wireless communication device 102. In some cases, the first wireless
communication device 102 may also sent a keep-alive request message to the fifth
wireless communication device 110 in the groupcast just to check if the fifth wireless
communication device 110 is still within reach using groupcast transmission. If the first
wireless communication device 110 does not receive a keep-alive response message, it
may decide to initiate a unicast connection with the fifth wireless communication device
110.

[0045] First wireless communication device 102 receives, via its antenna 212 and

receiver 214, the unicast transmission 120 from fifth wireless communication device
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110. Upon receipt of the unicast transmission 120 from fifth wireless communication
device 110, first wireless communication device 102 will continue communicating with

fifth wireless communication device 110 via a unicast connection.

[0046] FIG. 3 is an example of a groupcast transmission and a unicast transmission
being transmitted on separate data bearers. More specifically, FIG. 3 illustrates a
groupcast transmission sent from first wireless communication device 102 via Bearer 1,
which proceeds via a Packet Data Convergence Protocol (PDCP) layer, a Radio Link
Control (RLC) layer, a Media Access Control (MAC) layer, and a Physical (PHY) layer to
fourth wireless communication device 108. First wireless communication device 102
also sends a unicast transmission via Bearer 2, which proceeds via the PDCP layer, the
RLC layer, the MAC layer, and the PHY layer to fourth wireless communication device
108.

[0047] FIG. 4 is an example of a groupcast transmission and a unicast transmission
being transmitted on the same data bearer, where the data bearer is split at the Packet
Data Convergence Protocol level. The groupcast transmission is transmitted over a first
radio link from the split data bearer, and the unicast transmission is transmitted over a
second radio link from the split data bearer. More specifically, FIG. 4 illustrates that
both the groupcast transmission and the unicast transmission are sent from first
wireless communication device 102 via Bearer 1, which is split at the Packet Data
Convergence Protocol (PDCP) level. After being split at the PDCP level, the groupcast
transmission proceeds over a first radio link from the split Bearer 1 via the RLC layer,
the MAC layer, and the PHY layer to fourth wireless communication device 108. After
being split at the PDCP level, the unicast transmission proceeds over a second radio
link from the split Bearer 1 via the RLC layer, the MAC layer, and the PHY layer to

fourth wireless communication device 108.

[0048] FIG. 5 is a flowchart of an example of a method in which a group leader of a
group of wireless communication devices (1) transmits a groupcast transmission over a
sidelink channel to other wireless communication devices within the group, (2) initiates
unicast transmissions over the sidelink channel to at least one of the other wireless

communication devices within the group, and (3) receives a unicast transmission from a
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wireless communication device that is outside of a communication range of the group
leader. The method 500 begins at step 502 with transmitting, from first wireless
communication device 102, which is a group leader of a group of wireless
communication devices, a groupcast transmission over a sidelink channel to other
wireless communication devices within the group. At step 504, first wireless
communication device 102 receives feedback messages from one or more of the other
wireless communication devices. At step 506, first wireless communication device 102
determines whether to initiate transmitting a unicast transmission based, at least
partially, on the received feedback messages. At step 508, first wireless communication
device 102 transmits a unicast transmission 118 over the sidelink channel to at least
one of the other wireless communication devices 108. At step 510, first wireless
communication device 102 receives, from a wireless communication device 110 that is
outside of communication range 112 of first wireless communication device 102, a
unicast transmission 120. In other examples, one or more of the steps of method 500
may be omitted, combined, performed in parallel, or performed in a different order than
that described herein or shown in FIG. 5. In still further examples, additional steps may
be added to method 500 that are not explicitly described in connection with the example
shown in FIG. 5.

[0049] Clearly, other embodiments and modifications of this invention will occur
readily to those of ordinary skill in the art in view of these teachings. The above
description is illustrative and not restrictive. This invention is to be limited only by the
following claims, which include all such embodiments and modifications when viewed in
conjunction with the above specification and accompanying drawings. The scope of the
invention should, therefore, be determined not with reference to the above description,
but instead should be determined with reference to the appended claims along with their

full scope of equivalents.
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CLAIMS

1. A method comprising:

transmitting, from a first wireless communication device that is a group leader of
a group of wireless communication devices, a groupcast transmission over a sidelink
channel to other wireless communication devices within the group of wireless

communication devices; and

transmitting, from the first wireless communication device, a unicast transmission

over the sidelink channel to at least one of the other wireless communication devices.

2. The method of claim 1, wherein the wireless communication devices are vehicle

user equipment devices (VUEs).

3. The method of claim 2, wherein the group is a platoon of VUEs.

4. The method of claim 1, further comprising:

receiving, at the first wireless communication device, feedback messages from

one or more of the other wireless communication devices; and

determining, by the first wireless communication device, whether to initiate
transmitting the unicast transmission based, at least partially, on the received feedback

messages.

5. The method of claim 1, wherein first wireless communication device

simultaneously transmits the groupcast transmission and the unicast transmission.
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6. The method of claim 5, wherein the groupcast transmission contains a first set of
data and the unicast transmission contains a second set of data that is the same as the

first set of data.

7. The method of claim 1, wherein the groupcast transmission includes an
indication that transmission of data via groupcast transmission will be switched to

transmission of data via unicast transmission.

8. The method of claim 7, further comprising:

receiving, at the first wireless communication device from a second wireless
communication device that is outside of a communication range of the first wireless

communication device, a unicast transmission.

9. The method of claim 1, wherein the groupcast transmission and the unicast

transmission are transmitted on separate data bearers.

10.  The method of claim 1, wherein the groupcast transmission and the unicast

transmission are transmitted on a same, single data bearer.

11.  The method of claim 10, wherein the same, single data bearer is split at a Packet
Data Convergence Protocol level, the groupcast transmission transmitted over a first
radio link from the split same, single data bearer, the unicast transmission transmitted

over a second radio link from the split same, single data bearer.
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12. A wireless communication device that is a group leader of a group of wireless
communication devices, the wireless communication device comprising:

a transmitter configured to:

transmit a groupcast transmission over a sidelink channel to other wireless

communication devices within the group of wireless communication devices, and

transmit a unicast transmission over the sidelink channel to at least one of

the other wireless communication devices.

13.  The wireless communication device of claim 12, wherein the wireless
communication device and the other wireless communication devices are vehicle user

equipment devices (VUEs).

14.  The wireless communication device of claim 13, wherein the group is a platoon of
VUEs.

15.  The wireless communication device of claim 12, further comprising:

a receiver configured to receive feedback messages from one or more of the

other wireless communication devices; and

a controller configured to determine whether to initiate transmitting the unicast

transmission based, at least partially, on the received feedback messages.

16.  The wireless communication device of claim 12, wherein the transmitter is further
configured to simultaneously transmit the groupcast transmission and the unicast

transmission.



10

15

20

25

WO 2020/198559 PCT/US2020/025144

-19-

17.  The wireless communication device of claim 16, wherein the groupcast
transmission contains a first set of data and the unicast transmission contains a second

set of data that is the same as the first set of data.

18.  The wireless communication device of claim 12, wherein the groupcast
transmission includes an indication that transmission of data via groupcast transmission

will be switched to transmission of data via unicast transmission.

19.  The wireless communication device of claim 18, further comprising:

a receiver configured to receive, from another wireless communication device
that is outside of a communication range of the wireless communication device, a

unicast transmission.

20.  The wireless communication device of claim 12, wherein the transmitter is further
configured to transmit the groupcast transmission and the unicast transmission on

separate data bearers.

21.  The wireless communication device of claim 12, wherein transmitter is further
configured to transmit the groupcast transmission and the unicast transmission on a

same, single data bearer.

22.  The wireless communication device of claim 21, wherein the same, single data
bearer is split at a Packet Data Convergence Protocol level, the groupcast transmission
transmitted over a first radio link from the split same, single data bearer, the unicast
transmission transmitted over a second radio link from the split same, single data

bearer.
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