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PRIORITIZED COMMUNICATIONS FOR VEHICULAR PROXIMITY
SERVICES

BACKGROUND

[0001] Deviceto-device communications in cellular telephone services can
provide direct communication between nearby mobile devices. The direct
communications between proximate devices can improve spectrum utilization, improve
overall throughput and performance, improve energy consumption, and enable peer-to-

peer and location-based applications and services.

[0002]  In such proximity services, vehicle-to-vehicle communications is afast
and emerging field in wireless communication. Cars, busses, trucks and other vehicles
can communicate with each other to support various applications ranging from road
safety to autonomous driving. However, such applications and services will need highly
reliable packet delivery within predefined target communication ranges for the vehicles
transmitters, al while subject to low packet transmission latency requirements. In
addition, vehicle-to-vehicle services may aso need to provide communications with
vehicles outside the network coverage. Accordingly, there is acontinuing need for
improved proximity services for vehicle-to-vehicle communications that can provide for a

range of performance characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Features and advantages of the disclosure will be apparent from the
detailed description which follows, taken in conjunction with the accompanying
drawings, which together illustrate, by way of example, features of the disclosure; and,

wherein:
FIG. 1depicts awireless system, in accordance with an example;

FIG. 2illustrates signaling in awireless system supporting resource allocation for
prioritized vehicle-to-vehicle transmission between vehicular user equipment, in

accordance with an example;

FIG. 3illustrates functionality of coordinating priority handling in vehicle-to-vehicle

transmission for vehicular user equipment, in accordance with an example;

FIG. 4 depicts awireless system, in accordance with another example;

1
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FIG. 5illustrates signaling in awireless system supporting resource allocation for
prioritized vehicle-to-vehicle transmission between vehicular user equipment, in

accordance with another example;

FIG. 6illustrates functionality of coordinating priority handling in vehicle-to-vehicle

transmission for vehicular user equipment, in accordance with another example;

FIG. 7 illustrates a diagram of example components of avehicular UE in accordance with

an example;

FIG. 8illustrates adiagram of an eNB and vehicular UE in accordance with an example;

and

FIG. 9illustrates a diagram of example components of avehicular UE in accordance with

an example.

DETAILED DESCRIPTION

[0004]  Before the present technology is disclosed and described, it isto be
understood that this technology is not limited to the particular structures, process actions,
or materials disclosed herein, but is extended to equivaents thereof aswould be
recognized by those ordinarily skilled in the relevant arts. It should also be understood
that terminology employed herein is used for the purpose of describing particular
examples only and isnot intended to be limiting. The same reference numerals in
different drawings represent the same element. Numbers provided in flow charts and
processes are provided for clarity in illustrating actions and operations and do not

necessarily indicate a particular order or sequence.
DEFINITIONS

[0005] Asused herein, the term "Evolved NodeB," "eNodeB," or "eNB,"
refers to a device or configured node of a mobile phone network that communicates

wirelessly with User Equipment (UEs).

[0006] Asused herein, the term "cellular telephone network' or "Long Term
Evolution (LTE)" refers to wireless broadband technology developed by the Third
Generation Partnership Project (3GPP).

EXAMPLE EMBODIMENTS
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[0007] Aniinitial overview of technology embodiments is provided below and
then specific technology embodiments are described in further detail later. This initial
summary isintended to aid readers in understanding the technology more quickly but is
not intended to identify key features or essential features of the technology nor isit

intended to limit the scope of the claimed subject matter.

[0008]  In one aspect, inter-cell vehicular UE to vehicular UE communication
can include support for priority transmission scheduling. Prioritized communications can
be supported by inter-cell coordination or vehicular based reporting. In inter-cell
coordination, an Evolved NodeB (eNB) can exchange information about resource
utilization for aplurality of priority levels with neighboring eNBs. The eNB can then
allocate one or more resources to corresponding vehicular UEs for communications at one

or more priority levels based on the exchanged information about resource utilization.

[0009] In vehicular based reporting, vehicular UES can monitor transmissions
by proximate vehicular UES to detect resources utilized for communications at different
priority levels. The vehicular UEs can send information to corresponding eNBs about the
detected resources utilized for the different priority levels. Based on the information
about the detected resource utilization, the eNB can allocate resources to respective

vehicular UEs for communication by the vehicular UEs a one or more priority levels.

[0010] FIG. 1depicts awireless system, in accordance with an example. In
one aspect, the wireless system includes one or more vehicular User Equipment (UE)
110, 115, 120, 125, communicatively coupled to one or more Base Stations (BS) 130, 135
by one or more wireless networks. The wireless system can also include one or more
backend devices 140 for communicatively coupling the base stations 130, 135 together by
one or more wired or wireless networks. In one aspect, the backend devices 140 can
include one or more Evolved Packet Cores (EPC) that can include one or more serving
gateways, one or more packet data network gateways, one or more mobility management
entities, and other similar devices. In one aspect, the one or more base stations 130, 135
can be Long Term Evolution (LTE) Evolved NodeBs (eNB). In one aspect, the one or
more vehicular UEs 110, 115, 120, 125 can be communicatively coupled to the one or
more base stations 130, 135 by one or more Third Generation Partnership Project (3GPP)
Long Term Evolution (LTE) protocol based networks, typically referred to as cells 145,
150. In one aspect, the vehicular UEs 110, 115, 120, 125 can be located in autonomous
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cars, in-vehicle infotainment devices, in-vehicle navigation systems, in-vehicle internet of
thing (I0T) devices, or similar in-vehicle wireless communication devices that are
configured to provide communication services. Asused herein, communications can

include data and/or voice communications, aswell as control information.

[0011] In one aspect, vehicular UEs that are within range of one or more other
vehicular UEs to reliably send and receive communications directly between one or more
of the vehicular UEs are considered to be within proximity to each other. The term
"vehicular UE to vehicular UE" will bereferred to herein after asVV2V. |In one aspect, the
vehicular UEs are configured to communicate on aV2V basis using one or more channels
of the 3GPP LTE protocol networks. In one aspect, the vehicular UES may communicate
with other proximate vehicular UEs using one or more uplink channels and/or timeslots
within the uplink channels of the 3GPP LTE network protocol. In one aspect, the
downlink channels, used for communication between the eNBs and UEs, can be protected
by using the uplink channel and timedlots therein for V2V communication. The uplink
channels used for V2V communications are also referred to as sidelink channels, which
will beused herein after. In one aspect, one or more sidelink channels support one-to-

one, broadcast, and relay communication modes between proximate vehicular UEs.

[0012]  In one aspect, vehicular UES can support apriority mechanism that
provides different communication characteristics in terms of reliability, range and
medium access. In one example, higher priority communications may be provided by
transmission spectrum resources that provide a better radio quality than lower priority
communications. In another example, higher priority communications may be permitted

to transmit more frequently than lower priority communications.

[0013] However, the eNBs of different cells may not be aware of the priority of
the scheduled transmission in other cells, particularly when the other cells are from
different service providers. If eNBs are not aware of the scheduled resources of adjacent
cells, transmission with different priority levels may collide on the same spectrum
resources and thus the better quality of the high priority transmission may not be
provided. In one aspect, priority support for inter-cell V2V communication can include

inter-cell coordination.

[0014] Ininter-cell coordination, eNB cells can coordinate priority

transmission scheduling through services provided by one or more backhaul devices 140.

4
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In one aspect, services of an Evolved Packet Core (EPC) 140 can coordinate information
about the set of resources that are allocated and currently utilized for each priority level in
agiven eNB cdll, so that neighboring cells can take the information into account when
scheduling V2V transmission within the cell of the respective eNB to avoid scheduling
communications with different priorities for different vehicular UEs on the same or

adjacent set of resources.

[0015] In one aspect, afirst eNB 130 can communicate with one or more
vehicular UEs 110, 115 within its respective cell coverage area 145. A second eNB 135
can likewise communicate with one or more vehicular UES 120 within its respective cell
coverage area 150. The first and second eNBs 130, 135 can send information concerning
resources alocated for sidelink transmissions by the one or more vehicular UEs 110, 115,
120 to one or more wireless networks, such as an Evolved Packet Core 140. The first and
second eNBs 130, 135 may also send information concerning resources allocated for
uplink transmission by the one or more vehicular UEs 110, 115, 120. For example, the
first eNB 130 can send information concerning resources allocated for uplink and/or
sidelink transmission by vehicular UEs 110, 115. The second eNB 135 can send
information concerning resources alocated for uplink and sidelink transmission by
vehicular UE 120. The Evolved Packet core 140 can forward the information concerning
resource allocations, for uplink and sidelink transmission associated with each eNB, to
respective adjacent eNBs. For example, the Evolved Packet Core 140 can send the
information concerning resources alocated, for uplink and sidelink communications, by
the first eNB 130 to the second eNB 135, and vice versa. Each eNB may Utilize the
received information, concerning allocation of uplink and sidelink transmission resources
of adjacent eNBs, when alocating uplink and sidelink transmission resources for use by
vehicular UEs in the particular eNB's respective cell coverage area. For example, the
first eNB 130 can use the information concerning uplink and sidelink transmission
resources allocated by the second eNB 135 to the vehicular UE 120, when the first eNB
130 is alocating uplink and/or sidelink transmission resources to vehicular UEs 110, 115.
For instance, the first eNB 130 can allocate sidelink transmission resources to vehicular
UEs 115 for V2V transmission to vehicular UE 120 based on the sidelink resources
allocated by the second eNB 135 to vehicular UE 120. In addition, the first eNB 130 can

allocate uplink and sidelink transmission resources to vehicular UE 110, so that
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transmissions by vehicular UE 110 do not interfere with one or more priority V2V

transmissions between vehicular UE 115 and vehicular UE 120.

[0016]  In another example, the second eNB 120 may utilize information
concerning allocation of uplink and/or sidelink resource alocations by the first eNB 110,
to re-alocate uplink and/or sidelink transmission resources for use by vehicular UE 120 if
the uplink and/or sidelink transmission resources allocated to vehicular UE 110 interfere

with one or more priority sidelink V2V communications by UE 120.

[0017] FIG. 2illustrates signaling in awireless system supporting resource
allocation for prioritized V2V transmission between vehicular UEs. In one aspect, the
eNBs 205, 210 of awireless system can send information 215, 220 about resources
utilized for different priority levels to awireless network, such as an Evolved Packet Core
(EPC) 225. In oneinstance, information about priority based resource allocation can be
exchanged between the eNBs and EPC across an X 2 interface using an X 2 application
protocol (AP). Alternatively, another type of interface and protocol may beused. In one
instance, information about priority based resource allocations can be put into a container
or message where anew information element can beintroduced. The new information
element can include information about occupied time frequency resources for each
priority level including a set of Physical Resource Blocks (PRBS), subframe sets, set of
resource pools, time patterns of transmission, time intervals or subchannels, and

associated priority levels.

[0018]  In one aspect, the EPC 225 can distribute the information 230 about
resources utilized for different priority levels to the neighbor eNB 210, 205. For instance,
the EPC 225 can distribute information about resources allocated by afirst eNB 205 to a
second eNB 210. In addition, the EPC 225 can distribute information about resources
allocation by the second eNB 210 to the first eNB 205. In one aspect, the eNBs 205, 210
can take into account the distributed information about resources utilized for different
priority level for the neighbor eNB 210, 205 when allocating 235, 240 resources to
vehicular UEs 245, 250. In one aspect, the vehicular UEs 245, 250 can transmit
prioritized communications 255 to other vehicular UEs 250, 245 using the resources
allocated to the respective vehicular UE. The communications can be sent at sidelink
messages on aphysical sideline shared channd (PSSCH) or one or more time slots of the
PSSCH.
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[0019] FIG. 3illustrates functionality of coordinating priority handling in V2V
transmission for vehicular UEs. The coordination of priority handling can be
implemented by one or more processors and memory, wherein the memory stores one or
more sets of instructions that when executed by the one or more processors perform one

or more functionalities including the priority based resource allocation.

[0020]  In one aspect, coordinating priority handling in V2V transmission for
vehicular UEs, includes aresource allocation mechanism and a prioritized transmission
mechanism. The resource allocation mechanism can include exchanging information
about resource utilization for different communication priority levels between an eNB
and one or more neighboring eNBs 310. In oneinstance, the resource utilization
information may be exchanged between eNB over an X2 protocol interface. The new
information element can include information about occupied time frequency resources for
each priority level including set of PRBs, subframe sets, set of resource pools, time

patterns of transmission, time intervals or subchannels and associated priority levels.

[0021] In one aspect, the eNB can allocate resources to one or more vehicular
UEs within the wireless communication coverage of the eNB based on the exchanged
resource utilization information 320. The allocated resources can include one or more
communication priority levels for sidelink transmission between vehicular UEs based on
the exchanged resource utilization. In one instance information about the allocated
resource can betransmitted from the eNB to the vehicular UE using a Radio Resource
Control (RRC) interface.

[0022] Inoneinstance, L1 related parameters can be associated and configured
according to the example of Table 1for support of different priority levels. The example
isbased on four different priority levels. However, any number of different priority

levels may be utilized in other instances.
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Transmission power

o The higher priority UE may be configured to utilize higher transmission power to
get an advantage in terms of communication range and thus access to resources.

Thresholds for resource reselections

o Priority specific threshold used to identify whether current resource can be used for
transmission and should be added to candidate resource set for future resource
selection.

Range of SPS allocation windows

o The higher priority UES may have alarger range of values available for SPS
alocation windows. Examples:

High priority 0- SPS allocation windows in the range, eg. 100 ms- 1000 ms
Low priority 3- SPS alocation windows in the range, e.g. 500 ms- 2000 ms
Range of transmission windows periods

o The larger range of transmission windows may be configured for higher priority UE
transmissions

High priority 0- transmission windows periods, e.g. 100 ms- 200 ms
Low priority 3- transmission windows periods, e.g. 300 ms- 500 ms
o E.g. 100, 150, 200, 250, 300, 350, 450 ms etc.
Range of transmission window duration

o The larger range of transmission window durations may be configured for higher
priority UE transmissions.

High priority O0- transmission windows duration, e.g. 30 ms- 60 ms
Low priority 3- transmission windows duration, e.g. 10 ms- 30 ms
o E.g. 5, 10, 20, 30, 40, 50, 60 ms €tc.

Resource alocation size (e.g. number of PRBs, TTIs, duration of semi-persistent
resource alocation window and period)

o The lager range of resource alocation size may be configured for higher priority
transmissions.

High priority 0- transmission windows duration, e.g. 5- 50 PRBs; 1-4 TTls
Low priority 3- transmission windows duration, e.g. 5- 10 PRBs; 1-2 TTls
o Eg. upto10 PRBsand 1TTI
Priority notification mechanism
o Which priority levels may be broadcasted
High priority 0- enabled for 1,2,3
Med priority 1- enabled for 2,3
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Low priority 3- disabled

Table 1

[0023] In one aspect, avehicular UE can receive an allocation of resources for
communication with one or more other vehicular UEs 330. The resources allocated to the
vehicular UE can include resource allocations for one or more priority levels for sidelink
transmissions to other vehicular UEs. The processes of 310, 320 and 330 may be
iteratively repeated. In oneinstance, an eNB may modify resource allocations as
vehicular UEs enter, move about and/or leave the cell coverage area of the eNB. As
eNBs modify resources alocations, the eNBs can exchange updated information about
the changes to resource utilization, re-allocate resources based upon the updated
information, and the affected vehicular UEs can receive the updated resource allocations.
Alternatively, the eNBs may exchange updated information periodically or in response to

one or more events.

[0024]  The prioritized transmission mechanism can include determining a
priority level for acommunication to betransmitted by the eNB to one or more neighbor
vehicular UEs 340. In one aspect, communications can be sent, using the allocated
resources for the determined priority level for sidelink transmission, to one or more
neighbor vehicular UEs 350. The communications can be sent at sidelink messages on a
physical sideline shared channel (PSSCH) or one or more time slots of the PSSCH.

[0025] The vehicular UEs within the cellular communication area of eNBs can
advantageously communicate with other proximate vehicular UES to support various
applications ranging from road safety to autonomous driving. The eNBs can exchange
information concerning sidelink, and optionally uplink communications, to
advantageously support priority based communications between proximate vehicular
UEs. The resource alocation mechanism can be used to provide different transmission
characteristics in terms of reliability, range and medium access for transmission with

different priorities.

[0026] FIG. 4 depicts awireless system, in accordance with another example.

Those aspects of the wireless system depicted in FIG. 4 that are substantially similar to
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the wireless system depicted in FIG. 1will not be described again hereinafter unless
necessary for an understanding the different aspects illustrated in FIG. 4. Again, the
wireless system, in one aspect, includes one or more vehicular UES 410, 415, 420, 425,
430 communicatively coupled to one or more eNBs 435, 440. In one aspect, one or more
vehicular UEs 425, 430 are not within range of one or more eNBs 435, 440.

[0027] In one aspect, vehicular UEs 410, 415, 420, 425, 430 can support a
priority mechanism that provides different characteristics in terms of reliability, range,
latency and medium access. In one example, higher priority communications may be
provided with transmission spectrum resources that provide a better radio quality than
lower priority communications. In another example, higher priority communications may
be permitted to be transmitted more frequently than lower priority communication. In
one aspect, priority support for inter-cell V2V communication can include vehicular UE

reporting based priority handling.

[0028]  Invehicular UE reporting based priority handling, one or more
vehicular UEs 410, 415, 420 can report to respective service eNBs 440, 445, the set of
resources that are utilized by one or more proximate vehicular UES 425. In one aspect,
each vehicular UE can monitor the transmissions of proximate vehicular UEs. For
example, vehicular UE 415 may sense transmissions by vehicular UEs 410, 420 and 430
that are proximate to vehicular UE 415. However, vehicular UE 415 may not beto able
sense transmissions by vehicular UE 430 because it is not with the reception area of
vehicular UE 415. In one aspect, the vehicular UEs can detect priority levels of different

transmission from each proximate vehicular UE.

[0029]  In one aspect, for each vehicular UE within range of an eNB, the
vehicular UE can report information about resources used for one or more priorities of
communications by proximate vehicular UE. For example, vehicular UE 415 may be
within range of eNB 435 and may sense the resources used for priority communications
by vehicular UEs 410 and 425 that are within proximity to vehicular UE 415. In one
aspect, the eNBs can utilize the information received from the vehicular UEs to allocate

and/or reallocate resources for use associated with one on more priorities.

[0030] In one aspect, in order to enable vehicular UE based reporting, the
reporting vehicular UE can identify which cell scheduled each of the one or more priority

transmissions. In one instance, the priority transmission can include cell-specific

10
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information, such as a cell identifier, explicitly indicated in sidelink control information
(SCI), media access control (MAC), Radio Link Control (RLC), or implicitly associated
with Physical Sidelink Control Channel / Physical Sidelink Shared Channel
(PSCCH/PSSCH) pool, configuration or pilot pattems. In one instance, the vehicular UE
may inform the serving eNB of the cell-specific information for the one or more priority

transmissions.

[0031] In another aspect, the vehicular UE can report information about
monitored resources that are utilized for transmission of given priority levels, without
cell-specific information. In one instance, the vehicular UEs can collect the resource
information for prioritized communication and report it to respective eNBsjointly with a
group identifier, L | identifier, source and destination identifier or address. The respective
eNBs can determine whether the reported information concerns transmissions scheduled
from other cells or not. The eNBs can recognize neighbor cell transmissions given that

each eNB is aware of its own scheduling decisions.

[0032]  In one aspect, the vehicular UEs can autonomously report priority
information and associated resource measurements as detected, in response to one or
more predetermined events, and/or periodically for one or more priority levels. In
another aspect, the eNBs can configure the vehicular UEs to report priority information
and associated resource measurements (e.g., power level of received reference signal or
received signal strength indicator measured on resources of the PSCCH/PSSCH). Inyet
another aspect, the vehicular UEs can report the priority information in response to an

explicit request from respective eNBs.

[0033] In one aspect, vehicular UE sensing operations can be characterized by
sensing windows, transmission windows, transmission window periods, semi-persistent
resource allocation windows, and sidelink Semi-Persistent Scheduling (SPS) processes.

In one aspect, the sensing window can be the set of sub-frames used by the vehicular UE
to monitor and collect information from PSCCH transmissions of other vehicular UEs and
conduct corresponding energy measurements. The window may be configurable by the
network, predefined by specification or preconfigured in case of out of coverage
operation. The sensing window may be common across vehicular UEs. In order to
accommodate alow V2V message rate of IHz, the sensing window duration in one

instance can bein the order of 100 ms, 1000 ms or above.

11
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[0034] In one aspect, the transmission window can bethe set of subframes
where avehicular UE performs resource selection for transmission of transport blocks
(TB) including potentia retransmission (e.g., packet transmission window). The
transmission window can be configurable by the network, predefined by specification or
preconfigured for out of coverage operation. The transmission window length can be less
than 100 ms, in one instance, to satisfy V2V latency constraints. The typical value,

however, may bein the rage of 5 msto 500 ms.

[0035]  In one aspect, the transmission window period can be aresource
allocation period that indicates the periodicity of transmission windows (e.g., packet
transmission windows) with semi-persistent resource allocation window. The
transmission window period can be aligned with the V2V message generation rate and

meet latency requirements for periodic traffic transmission.

[0036]  In one aspect, the semi-persistent resource allocation window can be a
vehicular UE specific parameter that may depend on the traffic pattern at the vehicular
UE side. The maximum value of this window may be configurable by the network or
determined by the vehicular UE autonomously. In general, the value of the semi-
persistent resource allocation window can belimited and may bein the range of 100 ms

to 1000 msin order to cope with the mobility effectsin vehicular environments.

[0037]  In one aspect, the sidelink SPS process is a UE specific process for
transmission of PSCCH and PSSCH within the semi-persistent resource allocation
window. The vehicular UE may trigger multiple SPS processes each associated with and

carried within the semi-persistent resource allocation window.

[0038]  In one aspect, to support priority in autonomous resource selection
mode, the priority information can be exchanged between vehicular UEs. For supporting
different levels of transmission quality for respective priorities, the priority information
collected by avehicular UE can be used as part of autonomous resource reselection by the
vehicular UE.

[0039]  In one aspect, Sidelink Control Information (SCI) decoding and energy
measurement support can be utilized for sensing and vehicular UE autonomous resource
selection. The support of SCI decoding for sensing and resource selection can aso be

utilized for delivery of priority information. SCI reception may be more robust than a

12
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data channel and therefore may be beneficially used to indicate priority. In addition, SCI
has alarger communication range which isimportant for priority handling to ensure
transmission quality. Instead of explicit signaling in SCI, it may also be possible to
associate some of the SCI resources with priority levels or put priority information into
shared channel transmissions. However, in such case, the amount of SCI resources for
each priority level may bereduced and additional resources may need to be alocated for
each priority level. Therefore, the explicit signaling mechanism may be preferred so that
anew field of oneto three bits can be added to new SCI format (e.g., SCI format 1)
indicating priority level of the transmission. In such instances, 2, 4 or 8 priority levels

can be supported.

[0040] In one aspect, the sensing procedure of the vehicular UEs does not
depend on priority. The vehicular UEs can perform the sensing procedure independently
of priority. However, the conditions for resource selection may be different for different
priority levels and configured by higher protocol layers. In another aspect, the vehicular
UEs can access the medium irrespective of the resource selection conditions pre-
configured for each priority levels for exceptional triggering situations, such as a
vehicular crash, where immediate access to resources is desirable. Therefore, the eNBs
may configure the vehicular UEs to skip sensing procedures, for high priority
transmissions and other exceptional triggering cases, to access the medium with minimal

latency.

[0041]  In one aspect, high priority transmissions may require better
transmission quality conditions in terms of transmission range, interference protection
and prioritized access to the medium. Priority and resource selection procedures for V2V
communication may take into consideration anumber of principles. In one aspect the
principles can include priority specific candidate resource set construction based on
priority specific conditions. In another aspect, priority specific conditions used to
construct priority specific candidate resource sets can be configured by higher protocol
layers. The configurations may consider conditions (e.g., metrics and thresholds) to
exclude and/or include resources occupied by higher priority transmissions for a
candidate resource set. The candidate resource set may include received signal power,
reference received signal strength thresholds and other similar metrics. Similarly, the

configurations may consider conditions to exclude and/or include resources occupied by
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lower priority transmissions for a candidate resource set. In another aspect, apriority

specific candidate resource set may be based on randomized resource selection. Inyet
another aspect, the detection of aresource collision with ahigher priority transmission
can trigger resource reselection procedure at the low or high priority transmitting

vehicular UE that detected the collusion on the spectrum resources.

[0042] In one aspect, priority specific candidate resource sets can be
determined. In each subframe of arelevant shared channel (PSSCH), the vehicular UE
can identify apreferred frequency resource according to one or more predetermined
metrics, such as any function of received power on the resource. The subframes of
resources can be sorted according to the metric. The metric can also take into account the
number of transmitters occupying the resource and their priority. In one instance, each
UE can randomly select among M available subframes of candidate resource sets, where
M is determined asM = max(MMiN; MTHR). Here, MMIN isthe minimum size of the
candidate resource set (e.g., MMIN = 8) and MTHR isthe number of resources in aresource
congestion map that are equal or below the predetermined value of the resource
congestion map threshold QmIN. The vehicular UE can randomize its resource selection

in the selected candidate set of resources.

[0043] In one aspect, dua threshold operations can be used for V2V
communications. From asystem perspective it can be advantageous to transmit in high
energy subframes on the non-occupied frequency resources in order to reduce near-far
and in-band emission problem for receivers. In this case, the dua threshold can be used.
The first threshold can be used to identify low energy resources (e.g., "empty resources'),
while the second threshold can be used to identify high energy subframes and "empty
resources’ within high energy subframes. In this case, the priority of resource selection

can be given to high energy subframes with empty resources.

[0044] In one aspect, resource selection within priority specific candidate
resource sets can be randomized to take into account priority information of other
transmitters that occupy resources within identified priority specific candidate resource
sets. For instance, aresource occupied by alower priority transmission may be selected
with higher probability while the resource occupied by ahigher priority transmission may
be selected with lower probability. In another aspect, independently of priority, the

resources within a candidate resource set may be selected with equal priority.
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[0045]  In one aspect, triggers for resource reselection may be priority specific.
Detection of high priority transmission on overlapping sets of resources can trigger a
resource reselection procedure, so that vehicular UEs transmitting with lower priority do
not overlap with resources pre-allocated for high priority transmissions. The vehicular
UE can trigger aresource reselection procedure if it detects acollision in its resource
allocation with ahigher priority transmission. In one instance, the reselection can be
triggered for a collision in time, such as colliding on the same subframe but not
necessarily the same frequency resource. In another instance, the reselection can be
triggered for a collision in time and frequency, such as colliding on a particular time-
frequency alocation. In one aspect, the vehicular UE transmitting with alow priority can
drop transmissions packets in pre-allocated semi-persistent transmission windows, or just

those that collided with the higher priority transmission of another vehicular UE.

[0046]  In one aspect, amechanism for notification of high priority transmission
for selected priority levels can be provided. The high priority transmission may require
high reliability in terms of reception. In order to improve reliability of high priority
transmissions in autonomous resource selection, vehicular UEs can perform notification
about detected higher priority transmissions by other UEs. The notification mechanism
can indicate the resources utilized by high priority transmissions, so that the transmission
environment on the resources become less congested due to sensing and ongoing resource
reselection procedures. In one instance, proximate vehicular UES performing resource
reselection procedures in the neighborhood can try and avoid selection of the resources
utilized by high priority transmissions and thus reduce interference problems and increase
the coverage range of high priority transmissions in interference limited scenarios. The
vehicular UE may simply relay (e.g., relay and decode) SCI signals of higher priority
vehicular UEs reproducing the content of the original SCI signal of the high priority
vehicular UE transmissions. In one aspect, the eNBs can configure conditions under
which the notification may happen and for which priority levels. In addition, the eNBs
can aso configure thresholds of reference signal received power levels in order for the

vehicular UEs to signal notification of high priority communications.

[0047]  FIG. 5illustrates signaling in awireless system supporting resource
allocation for prioritized V2V transmission between vehicular UES. In one aspect, the

vehicular UEs 505, 510, 515 can monitor communications by other vehicular UEs 520,
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525, 530 to determine information about resources utilized by proximate UEs for
different priority levels. In one aspect, the vehicular UEs send 535, 540 the determined
information about resources utilized by proximate UESs to respective eNBs 545, 550. The
information can indicate the vehicular UE and/or the eNB cell that the information is
associated with, or the given eNB can determine the information that is associated with
other eNB cells and/or vehicular UE in other eNB cells from those cells and vehicular

UEs that do not correspond to the resources allocated by the given eNB.

[0048] In one aspect, the eNBs 545, 550 can take into account the information
about resources utilized for different priority level received from the vehicular UES when
allocating 555, 560 resources to vehicular UEs 505, 510. For instance, the eNBs may
alocate different resources for sidelink communications for one or more priority level
that provide for different characteristics such astransmission reliability, transmission
range and medium access. In one aspect, the vehicular UEs 505, 510 can transmit
prioritized communications 565 to other vehicular UEs 505, 410 using the resources
alocated to the respective vehicular UE. In another aspect, vehicular UEs 515 that are
outside the cell coverage area of eNBs can utilize the information about resources utilized
for different priority level in selecting resources to transmit prioritized communications to

other vehicular UEs.

[0049] FIG. 6illustrates functionality of coordinating priority handling in V2V
transmission for vehicular UEs. The coordination of priority handling can be
implemented by one or more processors and memory, wherein the memory stores one or
more sets of instructions that when executed by the one or more processors perform one
or more functionalities including the resource alocation. In one aspect, coordinating
priority handling in V2V transmission for vehicular UEs, includes a discovery

mechanism, aresource allocation mechanism and aprioritized transmission mechanism.

[0050]  In one aspect, adiscovery mechanism is provided for detection of the
proximate vehicle UEs without network assistance for either in-coverage or out-of-
coverage scenarios. In one aspect, avehicular UE can monitor sidelink transmission from
proximate vehicular UESs to detect resource utilization of one or more priority levels of
communications between other vehicular UEs 610. In one aspect, the vehicular UEs send
the information about resource utilization of one or more priority levels used for

communications between the proximate vehicular UEs 620, to a corresponding eNB.
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[0051] In one aspect, the eNBs receive information about resource utilization
of different priority levels used for communications from vehicular UEs within the cell
coverage area of the respective eNB 630. In one aspect, each eNB can allocate resources
to one or more vehicular UEs within its respective cell coverage area based on the
received resource utilization information 640. The resources can be allocated for one or
more communication priority levels for sidelink transmission between vehicular UEs. In
one instance, related resource and priority parameters can be associated and configured

according to the example of Table 1 set forth above.

[0052] In one aspect, avehicular UE can receive the allocation of resources for
communications in one or more priority levels with one or more other vehicular UEs 650.
In one aspect, the vehicular UE can determine apriority level for acommunication 660.
In one aspect, the vehicular UE can communicate using the allocated resource for the
determined priority level with one or more other vehicular UEs 670. The
communications can be sent at sidelink messages on aphysical sideline shared channel
(PSSCH) or one or more time dots of the PSSCH.

[0053] FIG. 7illustrates adiagram of example components of avehicular UE
device in accordance with an example. In some aspects, the vehicular UE device 700 can
include application circuitry 702, baseband circuitry 704, Radio Frequency (RF) circuitry
706, front-end module (FEM) circuitry 708 and one or more antennas 710, coupled
together at least as shown.

[0054] The application circuitry 702 can include one or more application
processors. For example, the application circuitry 702 can include circuitry such as, but
not limited to, one or more single-core or multi-core processors. The processor(s) can
include any combination of general-purpose processors and dedicated processors (e.g.,
graphics processors, application processors, etc.). The processors can be coupled with
and/or can include memory/storage and can be configured to execute instructions stored
in the memory/storage to enable various applications and/or operating systems to run on
the system.

[0055] The processor(s) can include any combination of general-purpose
processors and dedicated processors (e.g., graphics processors, application processors,
etc.). The processors can be coupled with and/or can include a storage medium 712, and

can be configured to execute instructions stored in the storage medium 712 to enable
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various applications and/or operating systems to run on the system.

[0056] The baseband circuitry 704 can include circuitry such as, but not limited
to, one or more single-core or multi-core processors. The baseband circuitry 704 can
include one or more baseband processors and/or contral logic to process baseband signals
received from areceive signal path of the RF circuitry 706 and to generate baseband
signals for atransmit signal path of the RF circuitry 706. Baseband processing circuitry
704 can interface with the application circuitry 702 for generation and processing of the
baseband signals and for controlling operations of the RF circuitry 706. For example, in
some aspects, the baseband circuitry 704 can include a second generation (2G) baseband
processor 704a, third generation (3G) baseband processor 704b, fourth generation (4G)
baseband processor 704c, WiFi baseband processor 704d and/or other baseband
processor(s) 704e for other existing generations, generations in development or to be
developed in the future (e.g., fifth generation (5G), 6G, etc.). The baseband circuitry 704
(e.g., one or more of baseband processors 704a-d) can handle various radio control
functions that enable communication with one or more radio networks via the RF
circuitry 706. The radio control functions can include, but are not limited to, signal
modulation/demodulation, encoding/decoding, radio frequency shifting, etc. In some
aspects, modulation/demodulation circuitry of the baseband circuitry 704 can include
Fast-Fourier Transform (FFT), precoding, and/or constellation mapping/demapping
functionality. In some aspects, encoding/decoding circuitry of the baseband circuitry 704
can include convolution, tail-biting convolution, turbo, Viterbi, and/or Low Density Parity
Check (LDPC) encoder/decoder functionality. Aspects of modulation/demodulation and
encoder/decoder functionality are not limited to these examples and can include other
suitable functionality in other aspects.

[0057] In some aspects, the baseband circuitry 704 can include elements of a
protocol stack such as, for example, elements of an evolved universal terrestrial
radio access network (EUTRAN) protocol including, for example, physical (PHY), media
access control (MAC), radio link control (RLC), packet data convergence protocol
(PDCP), and/or radio resource control (RRC) elements. A central processing unit (CPU)
704f of the baseband circuitry 704 can be configured to run elements of the protocol stack
for signaling of the PHY, MAC, RLC, PDCP and/or RRC layers. In some aspects, the
baseband circuitry can include one or more audio digital signal processor(s) (DSP) 704g.

The audio DSP(s) 704g can beinclude elements for compression/decompression and echo
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cancellation and can include other suitable processing elements in other aspects.
Components of the baseband circuitry can be suitably combined in asingle chip, asingle
chipset, or disposed on a same circuit board in some aspects. In some aspects, some or all
of the constituent components of the baseband circuitry 704 and the application circuitry
702 can be implemented together such as, for example, on a system on a chip (SOC).

[0058] In some aspects, the baseband circuitry 704 can provide for
communication compatible with one or more radio technologies. For example, in some
aspects, the baseband circuitry 704 can support communication with an evolved universal
terrestrial radio access network (EUTRAN) and/or other wireless metropolitan area
networks (WMAN), awireless local area network (WLAN), awireless personal area
network (WPAN). Aspects in which the baseband circuitry 704 is configured to support
radio communications of more than one wireless protocol can be referred to as multi-
mode baseband circuitry.

[0059] RF circuitry 706 can enable communication with wireless networks
using modulated electromagnetic radiation through anon-solid medium. In various
aspects, the RF circuitry 706 can include switches, filters, amplifiers, etc. to facilitate the
communication with the wireless network. RF circuitry 706 can include areceive signal
path which can include circuitry to down-convert RF signals received from the FEM
circuitry 708 and provide baseband signals to the baseband circuitry 704. RF circuitry 706
can also include atransmit signal path which can include circuitry to up-convert baseband
signals provided by the baseband circuitry 704 and provide RF output signals to the FEM
circuitry 708 for transmission.

[0060] In some aspects, the RF circuitry 706 can include areceive signal path and
atransmit signal path. The receive signa path of the RF circuitry 706 can include mixer
circuitry 706a, amplifier circuitry 706b and filter circuitry 706c. The transmit signal path
of the RF circuitry 706 can include filter circuitry 706c and mixer circuitry 706a. RF
circuitry 706 can also include synthesizer circuitry 706d for synthesizing afrequency for
use by the mixer circuitry 706a of the receive signal path and the transmit signal path. In
some aspects, the mixer circuitry 706a of the receive signal path can be configured to
down-convert RF signals received from the FEM circuitry 708 based on the synthesized
frequency provided by synthesizer circuitry 706d. The amplifier circuitry 706b can be
configured to amplify the down-converted signals and the filter circuitry 706c can be a

low-pass filter (LPF) or band-pass filter (BPF) configured to remove unwanted signals
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from the down-converted signals to generate output baseband signals. Output baseband
signals can be provided to the baseband circuitry 704 for further processing. In some
aspects, the output baseband signals can be zero-frequency baseband signals, although the
output baseband signals do not have to be zero-frequency baseband signals. In some
aspects, mixer circuitry 706a of the receive signal path can comprise passive mixers,
although the scope of the aspects is not limited in this respect.

[0061] In some aspects, the mixer circuitry 706a of the transmit signal path can be
configured to up-convert input baseband signals based on the synthesized frequency
provided by the synthesizer circuitry 706d to generate RF output signals for the FEM
circuitry 708. The baseband signals can be provided by the baseband circuitry 704 and
can befiltered by filter circuitry 706c. The filter circuitry 706c can include alow-pass
filter (LPF), athough the scope of the aspects is not limited in this respect.

[0062] In some aspects, the mixer circuitry 706a of the receive signa path and the
mixer circuitry 706a of the transmit signal path can include two or more mixers and can
be arranged for quadrature down conversion and/or up conversion respectively. In some
aspects, the mixer circuitry 706a of the receive signal path and the mixer circuitry 706a of
the transmit signal path can include two or more mixers and can be arranged for image
rejection (e.g., Hartley image rejection). In some aspects, the mixer circuitry 706a of the
receive signal path and the mixer circuitry 706a can be arranged for direct down
conversion and/or direct up conversion, respectively. In some aspects, the mixer circuitry
706a of the receive signa path and the mixer circuitry 706a of the transmit signal path
can be configured for super-heterodyne operation.

[0063] In some aspects, the output baseband signals and the input baseband
signals can be analog baseband signals, although the scope of the aspects isnot limited in
this respect. In some atemate aspects, the output baseband signals and the input baseband
signals can be digital baseband signals. In these aternate aspects, the RF circuitry 706 can
include analog-to-digital converter (ADC) and digital-to-analog converter (DAC)
circuitry and the baseband circuitry 704 can include adigital baseband interface to
communicate with the RF circuitry 706.

[0064] In some dual-mode embodiments, a separate radio | C circuitry can be
provided for processing signals for each spectrum, although the scope of the
embodiments is not limited in this respect.

[0065] In some embodiments, the synthesizer circuitry 706d can be a fractional-N
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synthesizer or afractional N/N+l synthesizer, although the scope of the embodiments is
not limited in this respect as other types of frequency synthesizers can be suitable. For
example, synthesizer circuitry 706d can be a delta-sigma synthesizer, afrequency
multiplier, or a synthesizer comprising a phase-locked loop with afrequency divider.

[0066] The synthesizer circuitry 706d can be configured to synthesize an output
frequency for use by the mixer circuitry 706a of the RF circuitry 706 based on a
frequency input and a divider control input. In some embodiments, the synthesizer
circuitry 706d can be afractional N/N+l synthesizer.

[0067] In some embodiments, frequency input can be provided by avoltage
controlled oscillator (VCO), athough that isnot a constraint. Divider control input can be
provided by either the baseband circuitry 704 or the applications processor 702 depending
on the desired output frequency. In some embodiments, adivider control input (e.g., N)
can be determined from alook-up table based on achannel indicated by the applications
processor 702.

[0068] Synthesizer circuitry 706d of the RF circuitry 706 can include adivider, a
delay-locked loop (DLL), amultiplexer and a phase accumulator. In some embodiments,
the divider can be adua modulus divider (DMD) and the phase accumulator can bea
digital phase accumulator (DPA). In some embodiments, the DMD can be configured to
divide the input signal by either N or N+l (e.g., based on a carry out) to provide a
fractional division ratio. In some example embodiments, the DLL can include a set of
cascaded, tunable, delay elements, a phase detector, a charge pump and a D-type flip-flop.
In these embodiments, the delay elements can be configured to break aVCO period up
into Nd equal packets of phase, where Nd isthe number of delay elements in the delay
line. In this way, the DLL provides negative feedback to help ensure that the total delay
through the delay lineis one VCO cycle.

[0069] In some embodiments, synthesizer circuitry 706d can be configured to
generate a carrier frequency as the output frequency, while in other embodiments, the
output frequency can be amultiple of the carrier frequency (e.g., twice the carrier
frequency, four times the carrier frequency) and used in conjunction with quadrature
generator and divider circuitry to generate multiple signals a the carrier frequency with
multiple different phases with respect to each other. In some embodiments, the output
frequency can be aL O frequency (fLO). In some embodiments, the RF circuitry 706 can

include an 1Q/polar converter.
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[0070] FEM circuitry 708 can include areceive signal path which can include
circuitry configured to operate on RF signals received from one or more antennas 710,
amplify the received signals and provide the amplified versions of the received signals to
the RF circuitry 706 for further processing. FEM circuitry 708 can also include atransmit
signal path which can include circuitry configured to amplify signals for transmission
provided by the RF circuitry 706 for transmission by one or more of the one or more
antennas 710.

[0071] In some embodiments, the FEM circuitry 708 can include aTX/RX switch
to switch between transmit mode and receive mode operation. The FEM circuitry can
include areceive signal path and atransmit signal path. The receive signal path of the
FEM circuitry can include alow-noise amplifier (LNA) to amplify received RF signals
and provide the amplified received RF signals as an output (e.g., tothe RF circuitry 706).
The transmit signal path of the FEM circuitry 708 can include apower amplifier (PA) to
amplify input RF signals (e.g., provided by RF circuitry 706), and one or more filters to
generate RF signals for subsequent transmission (e.g., by one or more of the one or more
antennas 710.

[0072] In some embodiments, the vehicular UE device 700 can include additional
elements such as, for example, memory /storage, display, camera, sensor, and/or
input/output (1/0) interface.

[0073] FIG. 8illustrates a diagram 800 of anode 810 (e.g., eNB and/or abase
station) and vehicular UE 820 in accordance with an example. The node can include a
base station (BS), aNode B (NB), an evolved Node B (eNB), abaseband unit (BBU), a
remote radio head (RRH), aremote radio equipment (RRE), aremote radio unit (RRU),
or a central processing module (CPM). In one aspect, the node can be a Serving GPRS
Support Node. The node 810 can include anode device 812. The node device 812 or the
node 810 can be configured to communicate with the vehicular UE 820. The node device
812 can be configured to implement the technology described. The node device 812 can
include a processing module 814 and atransceiver module 816. In one aspect, the node
device 812 can include the transceiver module 816 and the processing module 814
forming acircuitry 818 for the node 810. In one aspect, the transceiver module 816 and
the processing module 814 can form acircuitry of the node device 812. The processing
module 814 can include one or more processors and memory. In one embodiment, the

processing module 814 can include one or more application processors. The transceiver

22



10

15

20

25

30

WO 2017/196397 PCT/US2016/067610

module 816 can include atransceiver and one or more processors and memory. In one
embodiment, the transceiver module 816 can include abaseband processor.

[0074]  The vehicular UE 820 can include atransceiver module 824 and a
processing module 822. The processing module 822 can include one or more processors
and memory. In one embodiment, the processing module 822 can include one or more
application processors. The transceiver module 824 can include atransceiver and one or
more processors and memory. In one embodiment, the transceiver module 824 can
include a baseband processor. The vehicular UE 820 can be configured to implement the
technology described. The node 810 and the vehicular UE 820 can aso include one or
more storage mediums, such as the transceiver module 816, 824 and/or the processing
module 814, 822. In one aspect, the components described herein of the transceiver
module 816 can be included in one or more separate devices that can be used in a cloud-
RAN (C-RAN) environment.

[0075] FIG. 9illustrates adiagram of avehicular UE 900, in accordance
with an example. The vehicular UE 900 may be located in autonomous car, in-vehicle
infotainment device, in-vehicle navigation system, in-vehicle internet of thing (10T)
device, or similar in-vehicle wireless communication devicethat is configured to provide
communication services. In one instance, the vehicular UE 900 may be integrated
into the dashboard instrumentation of vehicles. In one aspect, the vehicular UE 900
can include at least one of an antenna 905, atouch sensitive display screen 910, a
speaker 915, amicrophone 920, a graphics processor 925, a baseband processor 930,
an application processor 935, internal memory 940, akeyboard and/or one or more
other keys, buttons, knobs and the like 945, anon-volatile memory port 950, and
combinations thereof.

[0076] The vehicular UE 900 can include one or more antennas configured
to communicate with anode or transmission station, such as abase station (BS), an
evolved Node B (eNB), abaseband unit (BBU), aremote radio head (RRH), a
remote radio equipment (RRE), arelay station (RS), aradio equipment (RE), a
remote radio unit (RRU), acentral processing module (CPM), or other type of
wireless wide area network (WWAN) access point. The one or more antennas of the
vehicular UE 900 can aso be configured to communicate with one or more other
vehicular UEs. The vehicular UE 900 can be configured to communicate using at
least one wireless communication standard including 3GPP LTE, WiMAX, High
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Speed Packet Access (HSPA), Bluetooth, and WiFi. The wireless device can
communicate using separate antennas for each wireless communication standard or
shared antennas for multiple wireless communication standards. The vehicular UE
900 can communicate in awireless local area network (WLAN), awireless personal
area network (WPAN), and/or aWWAN. The vehicular UE 900 can include a
storage medium. In one aspect, the storage medium can be associated with and/or
communicate with the application processor, the graphics processor, the display, the
non-volatile memory port, and/or internal memory. In one aspect, the application

processor and graphics processor are storage mediums.

EXAMPLES
[0077]  Thefollowing examples pertain to specific technology embodiments
and point out specific features, elements, or steps that can be used or otherwise combined

in achieving such embodiments.

[0078] Example 1lincludes an apparatus of an Evolved NodeB (eNB) operable
to coordinate resource allocation for prioritized vehicular User Equipment (UE) to
vehicular UE communications, the system comprising one or more processors and
memory configured to: process, a an eNB, resource utilization information for aplurality
of priority levels, received from one or more neighboring eNBs; and generate, &t the eNB,
amessage including an alocation of one or more resources to avehicular User
Equipment (UE) for communications a one or more priority levels based on the received
resource utilization information to permit vehicular UEs to perform vehicular UE to
Vehicular UE communication using the one or more resources allocated to the vehicular
UE.

[0079] Example 2 includes the apparatus of Example 1wherein the resource
utilization information is received at the eNB from one or more neighboring eNBs
through an Evolved Packet Core (EPC).

[0080] Example 3includes the apparatus of Examples 1 or 2, wherein the
resource utilization information is received a the eNB via an X 2 interface between the

eNB and one or more neighboring eNBs.
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[0081] Example 4 includes the apparatus of Example 1, wherein the message
including the allocation of one or more resources is encoding for transmission from the

eNB to the vehicular UE using aRadio Resource Control (RRC) interface.

[0082] Example 5includes the apparatus of Example 1, wherein one or more
processors and memory are further configured to: process, at the eNB, updated resource
utilization information for aplurality of priority levels, received from one or more
neighboring eNBs; and generate, at the eNB, a message including an alocation of one or
more resources to the vehicular User Equipment (UE) for communications & the one or
more priority levels based on the updated resource utilization information to reduce
scheduling communications with different priorities for different vehicular UEs on a same

or adjacent set of resources.

[0083] Example 6 includes the apparatus of Examples 1 or 5, wherein the one
or more resources include one or more communication spectrum characteristics selected
from the group consisting of communication reliability, communication range, medium

access, and communication latency.

[0084] Example 7 includes an apparatus of auser equipment (UE) operable to
prioritize vehicular User Equipment (UE) to vehicular UE communications on allocated
resources, the apparatus comprising one or more processors and memory configured to:
process, a avehicular UE, amessage received from an eNB including an allocation of
one or more resources for communications a one or more priority levels; determine, at
the vehicular UE, apriority level for asidelink message; and process, for transmission
from the vehicular UE to a proximate vehicular UE, the sidelink message using aresource
allocated to the determined priority level.

[0085] Example 8includes the apparatus of Example 7, further comprising a
transceiver configured to, receive the allocation from the eNB comprising one or more
resources for vehicular UE to Vehicular UE communications a the one or more priority

levels.

[0086] Example 9includes the apparatus of Example 7, wherein the one or
more processors and memory are further configured to: process, a the vehicular UE, a
message received from an eNB including an updated allocation of one or more resources

for communications a one or more priority levels; determine, at the vehicular UE, a
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priority level for a second sidelink message; and process, for transmission from the
vehicular UE to aproximate vehicular UE, the second sidelink message for transmission
to aproximate vehicular UE using aresource of the updated allocation to the determined

priority level.

[0087] Example 10 includes the apparatus of Example 7, wherein the message
including the allocated one or more resources processed by the vehicular UE from the

eNB is decoded from a Radio Resource Control (RRC) interface.

[0088] Example 11 includes the apparatus of Examples 7, 8 or 9, wherein the
one or more resources include one or more communication spectrum characteristics
selected from the group consisting of communication reliability, communication range,

medium access, and communication latency.

[0089] Example 12 includes the apparatus of Example 7, wherein the sidelink
message is transmitted from the vehicular UE to the proximate vehicular UE on a
physical sidelink shared channel (PSSCH) or one or more time slots of the PSSCH.

[0090] Example 13 includes the apparatus of Example 12, wherein the one or
more sidelink channels support one-to-one, broadcast and relay modes between proximate
vehicular UEs.

[0091] Example 14 includes the apparatus of Example 7, wherein vehicular UE
isintegrated in one or more of an autonomous car, an in-vehicle infotainment device, an
in-vehicle navigation system, or an in-vehicle internet of things (10T) device that are

configured to provide communication services.

[0092] Example 15 includes at least one machine readable storage medium
having instructions embodied thereon for prioritizing vehicular User Equipment (UE) to
vehicular UE communications, the instructions when executed by one or more processors
of avehicular UE perform the following: monitoring, a the vehicular UE, transmission of
one or more proximate vehicular UES to detect resources utilized for a least one priority
level of communications; processing, for transmission from the vehicular UE to a
corresponding eNB, information about the detected resources utilized for at least one
priority level of communications; generating, a the vehicular UE, amessage including an
allocation received from the corresponding eNB of one or more resources for

communications a the one or more priority levels, wherein the allocation of the one or
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more resources is based on information about resources utilized for one or more priority
levels of communications; determining, at the vehicular UE, apriority level of asidelink
message; and processing, for transmission from the vehicular UE to a proximate vehicular
UE, the sidelink message using one of the one or more resources allocated to the

determined priority level.

[0093] Example 16 includes the at least one machine readable storage medium
of Example 15, further comprising instructions when executed perform the following:
transmitting, using atransceiver at the vehicular UE, the information about the detected

resources in response to one or more events.

[0094] Example 17 includes the at least one machine readable storage medium
of Example 15, further comprising instructions when executed perform the following:
transmitting, using atransceiver at the vehicular UE, the information about the detected

resources periodically tothe corresponding eNB at a predetermined rate.

[0095] Example 18 includes the at least one machine readable storage medium
of Example 15, further comprising instructions when executed perform the following:
transmitting, using atransceiver at the vehicular UE, the information about the detected

resources in response to arequest from the corresponding eNB.

[0096] Example 19 includes the at least one machine readable storage medium
of Example 15, further comprising instructions when executed perform the following:
encoding the information about the detected resources for transmission from the vehicular

UE to the corresponding eNB using aRadio Resource Control (RRC) interface.

[0097] Example 20 includes the at least one machine readable storage medium
of Example 15, further comprising instructions when executed perform the following:
generating, a the UE, amessage including are-allocation of one or more resources for
communications at the one or more priority levels received from the corresponding eNB;
determining, at the vehicular UE, apriority level of asecond sidelink message; and
processing, for transmission from the vehicular UE to aproximate vehicular UE, the

second sidelink message using resources re-allocated to the determined priority level.

[0098] Example 21includes the a least one machine readable storage medium

of Example 15, wherein the sidelink messages are sent from the vehicular UE to the
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proximate vehicular UE on aphysical sidelink shared channel (PSSCH) or one or more
time slots of the PSSCH.

[0099] Example 22 includes & least one machine readable storage medium
having instructions embodied thereon for alocating resources a an Evolved NodeB for
prioritized vehicular User Equipment (UE) to vehicular UE communications, the
instructions when executed by one or more processors of an eNB perform the following:
processing, at the eNB, information about detected resources utilized for at least one
priority level of communications received from one or more vehicular UEs; and
generating, for transmission from the eNB to at least one vehicular UE, a message
including an allocation of one or more resources for communications a one or more

priority levels based on the information about the detected resources.

[00100] Example 23 including the at least one machine readable storage medium
of Example 22, wherein the information about the detected resources processed by the

eNB from the vehicular UE is decoded from aRadio Resource Control (RRC) interface.

[00101] Example 24 including the at least one machine readable storage medium
of Example 22, further comprising instructions when executed perform the following:
processing, a the eNB, updated information about a change of the detected resources
utilized for at least one priority level of communications received from at least one of the
one or more vehicular UEs; and generating, for transmission from the eNB to a the least
one vehicular UE, amessage including are-allocation of a least one of the one or more
resources for communications at the one or more priority levels based on the updated

information about the detected resources.

[00102] Example 25 including the at least one machine readable storage medium
of Examples 22 or 24, wherein the one or more resources include one or more
communication spectrum characteristics selected from the group consisting of
communication reliability, communication range, medium access, and communication

latency.

[00103] Asused herein, the term "circuitry” can refer to, be part of, or include
an Application Specific Integrated Circuit (ASIC), an electronic circuit, a processor
(shared, dedicated, or group), and/or memory (shared, dedicated, or group) that execute

one or more software or firmware programs, a combinational logic circuit, and/or other

28



10

15

20

25

30

WO 2017/196397 PCT/US2016/067610

suitable hardware components that provide the described functionality. In some aspects,
the circuitry can be implemented in, or functions associated with the circuitry can be
implemented by, one or more software or firmware modules. In some aspects, circuitry

can include logic, a least partially operable in hardware.

[00104] Various techniques, or certain aspects or portions thereof, may take the
form of program code (i.e., instructions) embodied in tangible media, such as floppy
diskettes, compact disc-read-only memory (CD-ROMS), hard drives, transitory or non-
transitory computer readable storage medium, or any other machine-readable storage
medium wherein, when the program code is loaded into and executed by a machine, such
as a computer, the machine becomes an apparatus for practicing the various techniques.
Circuitry can include hardware, firmware, program code, executable code, computer
instructions, and/or software. A non-transitory computer readable storage medium can be
a computer readable storage medium that does not include signal. Inthe case of program
code execution on programmable computers, the computing device may include a
processor, a storage medium readable by the processor (including volatile and non-
volatile memory and/or storage elements), at least one input device, and at least one
output device. The volatile and non-volatile memory and/or storage elements may be a
random-access memory (RAM), erasable programmable read only memory (EPROM),
flash drive, optical drive, magnetic hard drive, solid state drive, or other medium for
storing electronic data. The node and wireless device may also include atransceiver
module (i.e., transceiver), acounter module (i.e., counter), aprocessing module (i.e.,
processor), and/or aclock module (i.e., clock) or timer module (i.e, timer). One or more
programs that may implement or utilize the various techniques described herein may use
an application programming interface (API), reusable controls, and the like. Such
programs may be implemented in ahigh level procedural or object oriented programming
language to communicate with a computer system. However, the program(s) may be
implemented in assembly or machine language, if desired. In any case, the language may

be a compiled or interpreted language, and combined with hardware implementations.

[00105] Asused herein, the term processor can include general purpose
processors, specialized processors such asVLSI, FPGAS, or other types of specialized
processors, aswell as base band processors used in transceivers to send, receive, and

process wireless communications.
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[00106] It should be understood that many of the functional units described in
this specification have been labeled as modules, in order to more particularly emphasize
their implementation independence. For example, amodule may be implemented as a
hardware circuit comprising custom very-large-scale integration (VLSI) circuits or gate
arrays, off-the-shelf semiconductors such as logic chips, transistors, or other discrete
components. A module may also be implemented in programmable hardware devices
such asfield programmable gate arrays, programmable array logic, programmable logic

devices or the like.

[00107] Modules may aso beimplemented in software for execution by various
types of processors. An identified module of executable code may, for instance, comprise
one or more physical or logical blocks of computer instructions, which may, for instance,
be organized as an object, procedure, or function. Nevertheless, the executables of an
identified module may not be physically located together, but may comprise disparate
instructions stored in different locations which, whenjoined logically together, comprise

the module and achieve the stated purpose for the module.

[00108] Indeed, amodule of executable code may be a single instruction, or
many instructions, and may even be distributed over several different code segments,
among different programs, and across several memory devices. Similarly, operational
datamay beidentified and illustrated herein within modules, and may be embodied in any
suitable form and organized within any suitable type of data structure. The operational
datamay be collected as a single data set, or may be distributed over different locations
including over different storage devices, and may exist, a least partially, merely as
electronic signals on a system or network. The modules may be passive or active,

including agents operable to perform desired functions.

[00109] Reference throughout this specification to "an example" or "exemplary"
means that aparticular feature, structure, or characteristic described in connection with
the example isincluded in at least one embodiment of the present technology. Thus,
appearances of the phrases "in an example" or the word "exemplary" in various places

throughout this specification are not necessarily all referring to the same embodiment.

[00110] Asused herein, aplurality of items, structural elements, compositional
elements, and/or materials may be presented in acommon list for convenience. However,

these lists should be construed as though each member of the list isindividually identified
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as a separate and unique member. Thus, no individual member of such list should be
construed as a defacto equivalent of any other member of the same list solely based on
their presentation in acommon group without indications to the contrary. In addition,
various embodiments and example of the present technology may be referred to herein
along with alternatives for the various components thereof. It is understood that such
embodiments, examples, and alternatives are not to be construed as de facto equivalents
of one another, but are to be considered as separate and autonomous representations of

the present technology.

[00111] Furthermore, the described features, structures, or characteristics may
be combined in any suitable manner in one or more embodiments. In the following
description, numerous specific details are provided, such as examples of layouts,
distances, network examples, etc., to provide athorough understanding of embodiments
of the technology. One skilled in the relevant art will recognize, however, that the
technology can be practiced without one or more of the specific details, or with other
methods, components, layouts, etc. In other instances, well-known structures, materials,
or operations are not shown or described in detail to avoid obscuring aspects of the

technology.

[00112] While the forgoing examples areillustrative of the principles of the
present technology in one or more particular applications, it will be apparent to those of
ordinary skill in the art that numerous modifications in form, usage and details of
implementation can be made without the exercise of inventive faculty, and without
departing from the principles and concepts of the technology. Accordingly, it is not

intended that the technology be limited, except as by the claims set forth below.
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CLAIMS
What is claimed is;

1. An apparatus of an Evolved NodeB (eNB) operable to coordinate resource
allocation for prioritized vehicular User Equipment (UE) to vehicular UE
communications, the system comprising one or more processors and memory configured

to:

process, a an eNB, resource utilization information for a plurality of priority

levels, received from one or more neighboring eNBs; and

generate, a the eNB, amessage including an allocation of one or more resources
to avehicular User Equipment (UE) for communications a one or more priority levels
based on the received resource utilization information to permit vehicular UES to perform
vehicular UE to Vehicular UE communication using the one or more resources allocated

to the vehicular UE.

2. The apparatus according to claim 1, wherein the resource utilization
information is received a the eNB from one or more neighboring eNBs through an
Evolved Packet Core (EPC).

3. The apparatus according to claims 1 or 2, wherein the resource utilization
information isreceived a the eNB via an X2 interface between the eNB and one or more

neighboring eNBs.

4. The apparatus according to claim 1, wherein the message including the
allocation of one or more resources is encoding for transmission from the eNB to the

vehicular UE using aRadio Resource Control (RRC) interface.

5. The apparatus according to claim 1, wherein one or more processors and

memory are further configured to:
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process, at the eNB, updated resource utilization information for aplurality of

priority levels, received from one or more neighboring eNBs; and

generate, a the eNB, amessage including an allocation of one or more resources
to the vehicular User Equipment (UE) for communications at the one or more priority
levels based on the updated resource utilization information to reduce scheduling
communications with different priorities for different vehicular UEs on a same or

adjacent set of resources.

6. The apparatus according to claims 1 or 5, wherein the one or more resources
include one or more communication spectrum characteristics selected from the group
consisting of communication reliability, communication range, medium access, and

communication latency.

7. An apparatus of a user equipment (UE) operable to prioritize vehicular User
Equipment (UE) to vehicular UE communications on allocated resources, the apparatus

comprising one or more processors and memory configured to:

process, a avehicular UE, amessage received from an eNB including an

allocation of one or more resources for communications a one or more priority levels;
determine, at the vehicular UE, apriority level for asidelink message; and

process, for transmission from the vehicular UE to aproximate vehicular UE, the

sidelink message using aresource allocated to the determined priority level.

8. The apparatus of claim 7, further comprising atransceiver configured to,

receive the allocation from the eNB comprising one or more resources for

vehicular UE to Vehicular UE communications &t the one or more priority levels.

9. The apparatus according to claim 7, wherein the one or more processors and

memory are further configured to:
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process, at the vehicular UE, a message received from an eNB including an
updated allocation of one or more resources for communications a one or more priority

levels;
determine, at the vehicular UE, apriority level for a second sidelink message; and

process, for transmission from the vehicular UE to aproximate vehicular UE, the
second sidelink message for transmission to a proximate vehicular UE using aresource of

the updated allocation to the determined priority level.

10. The apparatus according to claim 7, wherein the message including the
allocated one or more resources processed by the vehicular UE from the eNB is decoded

from a Radio Resource Control (RRC) interface.

11. The apparatus according to claims 7, 8 or 9, wherein the one or more
resources include one or more communication spectrum characteristics selected from the
group consisting of communication reliability, communication range, medium access, and

communication latency.

12. The apparatus according to claim 7, wherein the sidelink message is
transmitted from the vehicular UE to the proximate vehicular UE on aphysical sidelink
shared channel (PSSCH) or one or more time slots of the PSSCH.

13. The apparatus according to claim 12, wherein the one or more sidelink
channels support one-to-one, broadcast and relay modes between proximate vehicular
UEs.

14. The apparatus according to claim 7, wherein vehicular UE isintegrated in one
or more of an autonomous car, an in-vehicle infotainment device, an in-vehicle navigation
system, or an in-vehicle internet of things (10T) device that are configured to provide

communication services.
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15. At least one machine readable storage medium having instructions embodied
thereon for prioritizing vehicular User Equipment (UE) to vehicular UE communications,
the instructions when executed by one or more processors of avehicular UE perform the

following:

monitoring, at the vehicular UE, transmission of one or more proximate vehicular

UEs to detect resources utilized for a least one priority level of communications;

processing, for transmission from the vehicular UE to a corresponding eNB,
information about the detected resources utilized for a least one priority level of

communications;

generating, & the vehicular UE, amessage including an allocation received from
the corresponding eNB of one or more resources for communications at the one or more
priority levels, wherein the allocation of the one or more resources is based on

information about resources utilized for one or more priority levels of communications,
determining, a the vehicular UE, apriority level of asidelink message; and

processing, for transmission from the vehicular UE to aproximate vehicular UE,
the sidelink message using one of the one or more resources allocated to the determined

priority level.

16. The at least one machine readable storage medium of claim 15, further
comprising instructions when executed perform the following: transmitting, using a
transceiver a the vehicular UE, the information about the detected resources in response

to one or more events.

17. The at least one machine readable storage medium of claim 15, further
comprising instructions when executed perform the following: transmitting, using a
transceiver at the vehicular UE, the information about the detected resources periodically

to the corresponding eNB a a predetermined rate.
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18. The at least one machine readable storage medium of claim 15, further
comprising instructions when executed perform the following: transmitting, using a
transceiver at the vehicular UE, the information about the detected resources in response

to arequest from the corresponding eNB.

19. The at least one machine readable storage medium of claim 15, further
comprising instructions when executed perform the following: encoding the information
about the detected resources for transmission from the vehicular UE to the corresponding

eNB using aRadio Resource Control (RRC) interface.

20. The at least one machine readable storage medium of claim 15, further

comprising instructions when executed perform the following:

generating, a the UE, amessage including are-allocation of one or more
resources for communications & the one or more priority levels received from the

corresponding eNB;

determining, at the vehicular UE, apriority level of a second sidelink message;

and

processing, for transmission from the vehicular UE to a proximate vehicular UE,

the second sidelink message using resources re-allocated to the determined priority level.

21. The at least one machine readable storage medium of claim 15, wherein the
sidelink messages are sent from the vehicular UE to the proximate vehicular UE on a
physical sidelink shared channel (PSSCH) or one or more time slots of the PSSCH.

22. At least one machine readable storage medium having instructions embodied
thereon for allocating resources a an Evolved NodeB for prioritized vehicular User
Equipment (UE) to vehicular UE communications, the instructions when executed by one

or more processors of an eNB perform the following:

processing, a the eNB, information about detected resources utilized for at least

one priority level of communications received from one or more vehicular UEs; and
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generating, for transmission from the eNB to at least one vehicular UE, amessage
including an alocation of one or more resources for communications a one or more

priority levels based on the information about the detected resources.

23. The a least one machine readable storage medium of claim 22, wherein the
information about the detected resources processed by the eNB from the vehicular UE is
decoded from aRadio Resource Control (RRC) interface.

24. The at least one machine readable storage medium of claim 22, further

comprising instructions when executed perform the following:

processing, a the eNB, updated information about a change of the detected
resources utilized for at least one priority level of communications received from at |east

one of the one or more vehicular UEs; and

generating, for transmission from the eNB to at the least one vehicular UE, a
message including are-allocation of at least one of the one or more resources for
communications at the one or more priority levels based on the updated information about

the detected resources.

25. The at least one machine readable storage medium of claims 22 or 24,
wherein the one or more resources include one or more communication spectrum
characteristics selected from the group consisting of communication reliability,

communication range, medium access, and communication latency.

37



PCT/US2016/067610

WO 2017/196397

1/9

-




WO 2017/196397 PCT/US2016/067610
2/9
2<5 2&3 2’*&0 2&) 2&3
Vehicular . Vehicular
UB A eNB | UE B eNB 2 ErC
215
N .
Resources Used for 270
- N P L ¥
Different Priorities g
for UEs in Cell-1
Resources Used for
Different Priorities
for UEs in Cell-2
230
g
Resources Used for
235 240 mDiffere%lt Priori‘;ies
g ror UEs in Cells 1&2
Allocate Allocate
Resources Resources
Taking into Taking into
Account Account
Information of Information of
Resources Used Resources Used
for Different for Different
Priorities for Priorities for
UEAwUEB
Comﬂuﬂicaﬁor}s

FIG. 2




PCT/US2016/067610

WO 2017/196397

3/9

ST} IR0 A IOYIQ 2IOJA] JO 2UQ IR

01 UOHROTUNIUING ) Y} JO UCISSIWISURI ] YUI[RPIS

0] 194977 AJLIOLLJ POUNILINIS(] 913 JO] SO0IN0SIY
Pateoo|[Y oy} SUIS[) UONBIUMUIO)) ] PUSS

i

i

ST} JR[NDIYS A JOUI() QIO IC U

AN UOISSIWSUERI] JUI[3PIS IO] S]OAST AIIOU]
UCHROIUNTUING ) SIOJA] IO U JO gNOS 313 IO

oBeISA0)) UCTIEOTUNIIIUIO } SSOJAITAY UMM ST

IRJNOIYD AV JOJ SI0INOSTY JO UONEBOOI[Y JAI0Y
. J

I

r

0s¢

m UOHEONUILIO ) B JOJ [QAQT A0 SUTULISO w/.\/ Obs
(9
)

N 0LE

AN

01¢

¢ DA

.

4 )

UONBULIOIU] UONRZI[N} 90JN089Y
paSuByYOX O U0 posky ST JRIOIYOA U23MISg
UOISSIUSURLY, JUOPIS I0] S[OAQT] A1LIOug
BONROITLO ) 210 JO SUQ) JO FNS 31 JO
o8rI0A0) TBOUBDIBNIBLIO ) SSOIOIIA UM SHN
JRTOOIGB A SIO0TAL IO SUQ) 03 SSOINOSTY RSOV
J/

i

SN FULIOGYSION QI0W JO QUS
puE gNe UB U0emIog S[SAdT AL JURISLIIT JO

UOTEZI[H[} 92IN0SeY INOGe uoneuLIou] a5uryoxy

!




PCT/US2016/067610

WO 2017/196397

4/9

¥ DA




WO 2017/196397

305 545
UE A eNB 1
Monitor 520
Comm. by
Other UEs i
535

Resources Used
for Different
Priorities by

Other UEs
P

355

N

Allocate/Re-
Aldlocate
Resources
Taking into
Account
Information of
Resources Used
for Ditferent

Priorities for
UEs Cells 1 &2

<t

565

S

5/9

PCT/US2016/067610

51<) 350 "?<S
UER eNB 2 UEC
Monitor 525 530 Monitor
Comm. by Comm. by
{Other UEs Other UEs
540

Resources Used

For Different

Priorities by
Other UEs

560
S

Allocate/Re-

<t

Allocate T

Resources
Taking into
Account
Informaiion of
Resources Used
for Ditferent

Priorities for
UEs Celis 1 &2

UE A

to UEB

Commijunications

FIG. 5

Commpnicate
Takinje into
Accpunt
Informption of
Resourdes Used
for Ditferent
Priorifes for
Uks Cefls T &2




PCT/US2016/067610

WO 2017/196397

6/9

ST JRNOIYRA JSYI0 SIOIN IO 3UO

QU1 0} [9A9] AJLOLL] POUTUIIRG(] OY} 0] S20IN0SeY

PoIROOIIY 211 SUlS(} SUCTIEOTUTIIIWIC,) PUSY

+

h UOREDUNMIIO ) B J0J [9A27] ALI0Ld 2UITLsIRg v/\,
099

A

SOAS7T AJIOLL UOUBOTUNIBTIO )

JIOIA] IO QU() JOJ SO0INOSY JO UOHEIO[IY QALY

A

\

SUOTEOIINUINIO
IO S[oA0 AJLIOLJ QIOW IO QUC 31}
JO UONBZII(] S0JN0STY IN0GR UCTRULIOJU] PUS
J

A

r

\.

SHI FEN2YIA O URssmIag )

SUOIEDIUNIIINO) JOJ S]OAST AJLIOUJ SIOUT JO JUO
JO UCHRZIJII 30IN0SIY 199197 01 57 [} IR[NOISA
STEWIXOL WOI] SUCISSISURL | NUIRPIS JOMUO

A

OLS

059
09

)

08

—""079

~""019

9 Did

4 )
UOHRULIOJUT GOUBZYAN
IDIN0STY POAIODTY O} UO POSBY S[0AQ7] ALoud
UONEDUNIIO Y JIOP 10 3T JO GNS 213 JO
oFRISAO) UOTIROTUTIIITIO ) SS2{1 A4 UIYITA SHY
JBJNONYS A DIOA] JO U 0F SI0INOSIY NBIO|[Y
\. S

SUCHBIUNIUWOY J0] S[3AYT AJIOUJ SI0W IO oUo
JO UORZIJII] 20JNOSAY INOGE UOHBULIOU] SAIRDYY




PCT/US2016/067610

WO 2017/196397

7/9

SGL

PooL

S90L

Q90L

%

BOOL

L DA

ProL SYOL

14

QoL

%

BrOL

m

0L

00L !\

oF0L

il




WO 2017/196397 PCT/US2016/067610
8/9

()

[ ) ((T))

810 Y Node
Vehicular UE - 20
- Node —
812 X
Device
T | Transceiver
|
! Transceiver | Module L~
Module 824

816 - //:\ oduie :

: : Memory

[

: Memory :
218 \//\: : Processor(s)
- [

[ Processor(s) [

' | .

[ | Transceiver(s)

' : [

: Transceiver(s}) [

[

[ .

| : Processing

: : Module M

' ArEEiNG | 822

| Processing |
814 | //{\ Module : Memory

' [

[

! Memory | Processor(s)

i |

[

[ Processor(s) :

[

i |

' [

FI1G. 8



WO 2017/196397 PCT/US2016/067610

\C
-]

905

916

o
Multiple
Antexnnas /
A

T/ \ L_

NN I Non-Volatile

Memore P
| | Memory Port | 950

915 '

—_—— e i — — -

Speaker 7N

]_ Liquid Crystal Display _[ A~ Sl
v < Speaker

(L.CD) Screen and/or %
L Touach Screen Display N
_______ g m——————

: Application Bascband |

x -
9353 - Processor ’_T

¢
|~ Processor ~— 930

| ~ . ( —— 1
925 7T~ ;{ra‘rﬁifif:s : ma:»rmg ’f\
| Processor I Memory |

~ 940

T O O O O O e
JJ433333344 K ¢
S T O O O eyboar
N

+ )
S <

i

D

Microphone

920

F1G. 9



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/067610

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO04W72/04
ADD.

According to International Patent Classification (IPC) orto both national

classification and IPC

B. FIELDS SEARCHED

Ho4W

Minimum documentation  searched (classification system followed by classification symbols)

Documentation  searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal , wpI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C.DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

DUESSELDORF GMBH [DE])
2 July 2015 (2015-07-02)
A page 19, lines 28-30
page 21, lines 33-36

12
page 24, lines 25-32
page 29, lines 7-35

page 23, lines 21-36; figures 7, 10, 11,

X wo 2015/096845 Al (HUAWEI TECHNOLOGI ES 1-6

7-25

| Xl Further documents are listed inthe continuation of Box C.

. See patent family annex.

* Special categories of cited documents

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on orafter the international
filing date

“L" documentwhich may throw doubts on priority claim(s) orwhich is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibiton or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

“T* later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle ortheory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel orcannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled inthe art

"&" document member ofthe same patent family

Date of the actual completion of the international search

15 March 2017

Date of mailing of the international search report

22/03/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized  officer

Stefan , Andrei

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/067610
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X FUJITSU: "Pri ori tizati on-based resource 7-14,
al locati on for sidel ink-based V2v 22-25
communi cati on" ,
3GPP DRAFT; RI-162393 FINAL, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP),
MOBI LE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTI POLIS CEDEX
;. FRANCE
1
vol . RAN wG1i, no. Busan, Korea; 20160411 -
20160415
1 Apri | 2016 (2016-04-01) , XP051079561 ,
Retri eved from the Internet:
URL: http://www.  3gpp.org/ftp/tsg _ran/WGl _RL
1/TSGRI _84b/Docs/
[retri  eved on 2016-04-01]
Y the whol e document 15-21
A 1-6
Y INTEL CORPORATION: "On Sensi ng Desi gn 15-21
Detai |s for Sidel ink V2V Communicati on" ,
3GPP DRAFT; RI-162363 INTEL - V2V SENSING,
3RD GENERATION PARTNERSHIP PROJECT (3GPP),
MOBI LE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTI POLIS CEDEX
;. FRANCE
1
vol . RAN wG1l, no. Busan, Korea; 20160411 -
20160415
2 Apri | 2016 (2016-04-02) , XP051080142 ,
Retri eved from the Internet:
URL: http://www.  3gpp.org/ftp/tsg _ran/WGl _RL
1/TSGRI _84b/Docs/
[retri  eved on 2016-04-02]
A Secti on 1 "Introducti on" , Secti on 2.2 1-14,
"Resource Al locati on Confi gurati on" , 22-25
Secti on 2.3 "Col |li sion Avoi dance Scheme"
X us 2009/161644 Al (SUZUKI YUSUKE [JP] ET 22-25
AL) 25 June 2009 (2009-06-25)
A paragraphs [0009] , [0010] , [0034] - 1-21
[0037] , [0059] - [0064] ; figures 1, 11
-/--

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/067610

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A CATT: "Consi derati ons on V2V traffi C

pri ori ty and rel ati ve resource

al l ocati on" ,

3GPP DRAFT; RI-162273 , 3RD GENERATION
PARTNERSHIP PROJECT (3GPP), MOBILE
COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTI POLIS CEDEX
;. FRANCE

L]
vol . RAN wcl, no. Busan, Korea; 20160411 -
20160415

2 Apri | 2016 (2016-04-02) , XP051080078,
Retri eved from the Internet:

URL: http ://www. 3gpp .org/f tp/tsg_ran/WGI_RL
I/TSGRI_84b/Docs/

[retri  eved on 2016-04-02]
the whol e document

1-25

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 3 of 3




INTERNATIONAL SEARCH REPORT

International application No
Information on patent family members

PCT/US2016/067610
Patent document Publication Patent family Publication
cited in search report date member(s) date

wo 2015096845 Al 02-07-2015 CN 105794302 A 20-07-2016
Wo 2015096845 Al 02-07-2015
us 2009161644 Al 25-06-2009 JP 5003467 B2 15-08-2012
JP 2009159098 A 16-07-2009
us 2009161644 Al 25-06-2009

Form PCT/ISA/210 (patent family annex) (April 2005)



	abstract
	description
	claims
	drawings
	wo-search-report

