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(57) Abstract: Embodiments of sensing-based collision avoidance for vehicle-to-vehicle (V2V) communication are generally de-
scribed herein. An evolved NodeB (eNB) configures channel resources dedicated for sensing-based vehicular collision avoidance us -
ing V2V sidelink communication, the channel resources being configured for semi-persistent scheduling (SPS) within sidelink con-
trol information (SCI) periods. The eNB encodes for transmission, using system information block (SIB) signaling, of an indication
of the channel resources to enable SPS transmission within SCI periods at a user equipment (UE).
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SENSING-BASED COLLISION AVOIDANCE FOR V2V
COMMUNICATION

PRIORITY CLAIM

[0001] This application claims priority under 35 U.S.C. § 119 to United

States Provisional Patent Application Serial No. 62/291,425, filed February 4,
10 2016, and titled, “SENSING-BASED COLLISION AVOIDANCE FOR LTE

VEHICLE-TO-VEHICLE COMMUNICATION,” which is incorporated herein

by reference in its entirety.

TECHNICAL FIELD
15
[0002] Embodiments pertain to wireless communications. Some
embodiments relate device-to-device (D2D) communication, vehicle-to-vehicle
(V2V) communication, sidelink communication, and radio access network
(RAN). Some embodiments relate to sensing-based collision avoidance for Long

20 Term Evolution (LTE) V2V communication.

BACKGROUND

[0003] Smart vehicles that can use radio access networks to

25  communicate with other smart vehicles, as well as infrastructure or pedestrian
devices are becoming more common. In addition, self-driving vehicles are being
introduced. Communication or sensing-based collision avoidance for smart or

self-driving vehicles may be desirable.

30 BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a functional diagram of a wireless network, in

accordance with some embodiments.
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[0005] FIG. 2 illustrates an example of packet transmission segments,
reselection intervals, and sensing intervals at various user equipment, in
accordance with some embodiments.

[0006] FIG. 3 illustrates an example semi-persistent scheduling period,
in accordance with some embodiments.

[0007] FIG. 4 illustrates an example resource configuration for same
subframe control and data transmission for vehicle-to-vehicle communication, in
accordance with some embodiments.

[0008] FIG. 5 illustrates an example physical sidelink control channel
frequency bitmap for same subframe control and data signaling, in accordance
with some embodiments.

[0009] FIG. 6 is a flow chart illustrating an example method of sensing-
based collision avoidance for Long Term Evolution vehicle-to-vehicle
communication, in accordance with some embodiments.

[0010] FIG. 7 illustrates components of a communication device, in
accordance with some embodiments.

[0011] FIG. 8 illustrates a block diagram of a communication device, in
accordance with some embodiments.

[0012] FIG. 9 illustrates another block diagram of a communication

device, in accordance with some embodiments.

DETAILED DESCRIPTION

[0013] The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.

[0014] FIG. 1 shows an example of a portion of an end-to-end network
architecture of a Long Term Evolution (LTE) network 100 with various
components of the network in accordance with some embodiments. As used

herein, an LTE network refers to both LTE and LTE Advanced (LTE-A)
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networks as well as other versions of LTE networks to be developed. The
network 100 may comprise a radio access network (RAN) (e.g., as depicted, the
E-UTRAN or evolved universal terrestrial radio access network) 101 and core
network 120 (e.g., shown as an evolved packet core (EPC)) coupled together
through an S1 interface 115. For convenience and brevity, only a portion of the
core network 120, as well as the RAN 101, is shown in the example.

[0015] The core network 120 may include a mobility management entity
(MME) 122, serving gateway (serving GW) 124, and packet data network
gateway (PDN GW) 126. The RAN 101 may include evolved node Bs (eNBs)
104 (which may operate as base stations) for communicating with user
equipment (UE) 102. The eNBs 104 may include macro eNBs 104a and low
power (LP) eNBs 104b. In some cases, the connection between a UE 102 and an
eNB 104 is a LTE-Uu connection. In some cases, one or more of the UEs 102
includes a proximity service (ProSe) application for device-to-device (D2D) or
enhanced D2D (eD2D) communication via a PC5 connection. The UEs may
have a PC3 connection to a ProSe Function 130.

[0016] As used herein, D2D communication may refer to sidelink (SL)
communication, and a D2D channel may be a sidelink channel. D2D and
sidelink each encompass their plain and ordinary meaning and may be used
interchangeably. In some examples, one or more of the UEs 102 may be a
vehicle computer, and the D2D or sidelink communication may include vehicle-
to-vehicle (V2V) communication or vehicle-to-everything (V2X)
communication, where X may represent another vehicle, a pedestrian device, or
an infrastructure device.

[0017] The MME 122 may be similar in function to the control plane of
legacy Serving GPRS Support Nodes (SGSN). The MME 122 may manage
mobility aspects in access such as gateway selection and tracking area list
management. The serving GW 124 may terminate the interface toward the RAN
101, and route data packets between the RAN 101 and the core network 120. In
addition, the serving GW 124 may be a local mobility anchor point for inter-eNB
handovers and also may provide an anchor for inter-3GPP mobility. Other

responsibilities may include lawful intercept, charging, and some policy
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enforcement. The serving GW 124 and the MME 122 may be implemented in
one physical node or separate physical nodes.

[0018] The PDN GW 126 may terminate a SGi interface toward the
packet data network (PDN). The PDN GW 126 may route data packets between
the EPC 120 and the external PDN, and may perform policy enforcement and
charging data collection. The PDN GW 126 may also provide an anchor point
for mobility devices with non-LTE access. The external PDN can be any kind of
IP network, as well as an IP Multimedia Subsystem (IMS) domain. The PDN
GW 126 and the serving GW 124 may be implemented in a single physical node
or separate physical nodes.

[0019] The eNBs 104 (macro and micro) may terminate the air interface
protocol and may be the first point of contact for a UE 102. In some
embodiments, an eNB 104 may fulfill various logical functions for the RAN 101
including, but not limited to, RNC (radio network controller functions) such as
radio bearer management, uplink and downlink dynamic radio resource
management and data packet scheduling, and mobility management. In
accordance with embodiments, UEs 102 may be configured to communicate
orthogonal frequency division multiplexed (OFDM) communication signals with
an eNB 104 over a multicarrier communication channel in accordance with an
OFDMA communication technique. The OFDM signals may comprise a
plurality of orthogonal subcarriers.

[0020] The S1 interface 115 may be the interface that separates the RAN
101 and the EPC 120. It may be split into two parts: the S1-U, which may carry
traffic data between the eNBs 104 and the serving GW 124, and the S1-MME,
which may be a signaling interface between the eNBs 104 and the MME 122.
The X2 interface may be the interface between eNBs 104. The X2 interface may
comprise two parts, the X2-C and X2-U. The X2-C may be the control plane
interface between the eNBs 104, while the X2-U may be the user plane interface
between the eNBs 104.

[0021] With cellular networks, LP cells 104b may be typically used to
extend coverage to indoor areas where outdoor signals do not reach well, or to
add network capacity in areas with dense usage. In particular, it may be desirable

to enhance the coverage of a wireless communication system using cells of
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different sizes, macrocells, microcells, picocells, and femtocells, to boost system
performance. The cells of different sizes may operate on the same frequency
band, or may operate on different frequency bands with each cell operating in a
different frequency band or only cells of different sizes operating on different
frequency bands. As used herein, the term LP eNB refers to any suitable
relatively LP eNB for implementing a smaller cell (smaller than a macro cell)
such as a femtocell, a picocell, or a microcell. Femtocell eNBs may be typically
provided by a mobile network operator to its residential or enterprise customers.
A femtocell may be typically the size of a residential gateway or smaller and
generally connect to a broadband line. The femtocell may connect to the mobile
operator's mobile network and provide extra coverage in a range of typically 30
to 50 meters. Thus, a LP eNB 104b might be a femtocell eNB since it is coupled
through the PDN GW 126. Similarly, a picocell may be a wireless
communication system typically covering a small area, such as in-building
(offices, shopping malls, train stations, etc.), or more recently in-aircraft. A
picocell eNB may generally connect through the X2 link to another eNB such as
a macro eNB through its base station controller (BSC) functionality. Thus, LP
eNB may be implemented with a picocell eNB since it may be coupled to a
macro eNB 104a via an X2 interface. Picocell eNBs or other LP eNBs LP eNB
104b may incorporate some or all functionality of a macro eNB LP eNB 104a. In
some cases, this may be referred to as an access point base station or enterprise
femtocell.

[0022] In some embodiments, the UE 102 may communicate with an
access point (AP) 104c. The AP 104c may use only the unlicensed spectrum
(e.g., WiFi bands) to communicate with the UE 102. The AP 104¢ may
communicate with the macro eNB 104A (or LP eNB 104B) through an Xw
interface. In some embodiments, the AP 104c may communicate with the UE
102 independent of communication between the UE 102 and the macro eNB
104A. In other embodiments, the AP 104¢ may be controlled by the macro eNB
104A and use LWA, as described in more detail below.

[0023] Communication over an LTE network may be split up into 10ms
frames, each of which may contain ten 1ms subframes. Each subframe of the

frame, in turn, may contain two slots of 0.5ms. Each subframe may be used for
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uplink (UL) communications from the UE to the eNB or downlink (DL)
communications from the eNB to the UE. In one embodiment, the eNB may
allocate a greater number of DL communications than UL communications in a
particular frame. The eNB may schedule transmissions over a variety of
frequency bands (f1 and f2). The allocation of resources in subframes used in one
frequency band and may differ from those in another frequency band. Each slot
of the subframe may contain 6-7 OFDM symbols, depending on the system used.
In one embodiment, the subframe may contain 12 subcarriers. A downlink
resource grid may be used for downlink transmissions from an eNB to a UE,
while an uplink resource grid may be used for uplink transmissions from a UE to
an eNB or from a UE to another UE. The resource grid may be a time-frequency
grid, which is the physical resource in the downlink in each slot. The smallest
time-frequency unit in a resource grid may be denoted as a resource element
(RE). Each column and each row of the resource grid may correspond to one
OFDM symbol and one OFDM subcarrier, respectively. The resource grid may
contain resource blocks (RBs) that describe the mapping of physical channels to
resource elements and physical RBs (PRBs). A PRB may be the smallest unit of
resources that can be allocated to a UE. A resource block may be 180 kHz wide
in frequency and 1 slot long in time. In frequency, resource blocks may be either
12 x 15 kHz subcarriers or 24 x 7.5 kHz subcarriers wide. For most channels and
signals, 12 subcarriers may be used per resource block, dependent on the system
bandwidth. In Frequency Division Duplexed (FDD) mode, both the uplink and
downlink frames may be 10ms and frequency (full-duplex) or time (half-duplex)
separated. In Time Division Duplexed (TDD), the uplink and downlink
subframes may be transmitted on the same frequency and are multiplexed in the
time domain. The duration of the resource grid 400 in the time domain
corresponds to one subframe or two resource blocks. Each resource grid may
comprise 12 (subcarriers) *14 (symbols) =168 resource elements.

[0024] Each OFDM symbol may contain a cyclic prefix (CP) which may
be used to effectively eliminate Inter Symbol Interference (ISI), and a Fast
Fourier Transform (FFT) period. The duration of the CP may be determined by
the highest anticipated degree of delay spread. Although distortion from the
preceding OFDM symbol may exist within the CP, with a CP of sufficient

6
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duration, preceding OFDM symbols do not enter the FFT period. Once the FFT
period signal is received and digitized, the receiver may ignore the signal in the
CP.

[0025] There may be several different physical downlink channels that
are conveyed using such resource blocks, including the physical downlink
control channel (PDCCH) and the physical downlink shared channel (PDSCH).
Each subframe may be partitioned into the PDCCH and the PDSCH. The
PDCCH may normally occupy the first two symbols of each subframe and
carries, among other things, information about the transport format and resource
allocations related to the PDSCH channel, as well as H-ARQ information related
to the uplink shared channel. The PDSCH may carry user data and higher layer
signaling to a UE and occupy the remainder of the subframe. Typically,
downlink scheduling (assigning control and shared channel resource blocks to
UESs within a cell) may be performed at the eNB based on channel quality
information provided from the UEs to the eNB, and then the downlink resource
assignment information may be sent to each UE on the PDCCH used for
(assigned to) the UE. The PDCCH may contain downlink control information
(DCI) in one of a number of formats that indicate to the UE how to find and
decode data, transmitted on PDSCH in the same subframe, from the resource
grid. The DCI format may provide details such as number of resource blocks,
resource allocation type, modulation scheme, transport block, redundancy
version, coding rate etc. Each DCI format may have a cyclic redundancy code
(CRC) and be scrambled with a Radio Network Temporary Identifier (RNTI)
that identifies the target UE for which the PDSCH is intended. Use of the UE-
specific RNTI may limit decoding of the DCI format (and hence the
corresponding PDSCH) to only the intended UE.

[0026] Some aspects of the subject technology propose resource
allocation methods for LTE based V2V communication aiming to reduce the
over-air congestion and collision problems in order to control the quality and
meet performance requirements of ITS (intelligent transportation system)
applications and improve reliability of packet delivery. In some
implementations, the resource allocation is based on sensing collision avoidance

techniques.
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[0027] The ITS applications such as active road safety and/or traffic
management require periodic and/or event-triggered transmission of the
messages carrying information about vehicle and surrounding environment such
as vehicle location, vehicle speed, acceleration and different types of other
control messages required for operation of vehicular applications. The typical
traffic pattern generated by road safety applications may be approximately
represented by periodical messages of up to Ny2x bytes size where Ny2x may
vary in the range from 50 bytes to 1200 bytes depending on upper layers
protocols and applications but may be typically described by Ny2x= 190 bytes or
Nr2x =300 bytes size. These messages are supposed to be delivered to the
neighborhood entities (subscribers of V2X services (V2X users) including but
not limited to vehicles, pedestrians, roadside units and/or eNBs). One of the key
requirements for proper operation of the vehicular applications is the reliable
delivery of the messages within a predefined effective range Rvax (e.g. delivery
to Xvax = 90% of V2X users within a range Rvax =300 m). Another important
requirement is latency of the message delivery given that broadcast information
may become outdated if it is not delivered within the predefined time. Typically,
the latency requirement (Ly2x) for V2V or V2X road safety applications is 100
ms, but may vary depending on application environment and message content
(i.e., the system may tolerate larger latencies, but still operate properly).

[0028] Given the periodical transmission nature of the V2X traffic, the
V2V system performance may significantly depend on the amount of V2X users
in the neighborhood (vehicles, pedestrians, roadside units, or other entities
participating in V2X service). For instance, under assumption of limited amount
of allocated spectrum resources in a dense environment, system performance
may degrade substantially due to frequent collisions and congestions leading to a
severe interference environment. Therefore, techniques to control congestion or
interference in the environment are desirable.

[0029] The most limiting factors in the case of congested operation are
the in-band emissions interference, half-duplex, and co-channel interference
effects. The in-band emission problem appears when a receiver tries to process
two or more frequency separated signals in the same time resource (e.g., LTE

subframe), but due to channel attenuations, the received powers of these signals
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may have a large difference (dynamic range) that leads to unsatisfactory
reception of the weaker signals due to de-sensitivity and in-band emission
masking,

[0030] The half-duplex problem is caused by the assumption that UEs
operate in the same frequency band and, thus, cannot transmit and receive in the
same moment of time. That leads to missing a part of V2V/V2X traffic from the
proximal UEs and degrades the overall system performance.

[0031] The co-channel interference may be caused by the transmission of
several users on the same resource, making it problematic to receive one or more
of the transmissions due to strong interference.

[0032] Another important aspect is the required latency. In current target
applications for V2V traffic, the requirement on end-to-end latency for
delivering V2V data is 100 ms. In some other application, like automotive
driving, the required latency may be as small as 1 ms, which is equal to current
duration of an LTE subframe.

[0033] All these problems may be addressed or reduced by a sensing-
based collision avoidance scheme. The purpose of sensing-based collision
avoidance is to estimate and predict the congestion level on resources, and to
select the resources with minimized congestion. Some aspects of the subject
technology propose approaches to enable the sensing based collision avoidance
for V2V communication.

[0034] In some aspects, the subject technology is applicable to enable a
sensing based collision avoidance scheme for LTE PC5 V2V communication.
Aspects may include one or more of the following features. Aspects may include
utilization of semi-persistent scheduling (SPS) of transport block transmissions
for multiple SCI (sidelink control information) periods in order to keep the
interference environment predictable. Aspects may include modification of
resource pools and configuration to provide UE-specific offset for resource
selection instance. Aspects may include enhancement of sidelink control
signaling to carry the information required for SPS allocation over multiple SCI
periods or resource pools. Aspects may include eNB and UE assistance signaling

to control and tune the sensing based collision avoidance performance.
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[0035] Some proposed enhancements are discussed based on the
following example of the sensing-based collision avoidance scheme that may be
enabled in the LTE specification. Physical Sidelink Control Channel (PSCCH)
transmission allocates resources over SPS period (e.g. Tsps = 500 ms). Each UE
performs resource reselection process every SPS period by monitoring PSCCH
transmission within the SPS period, and each UE carries out the following
operations. PSCCH decoding is used to extract information about occupied
Physical Sidelink Shared Channel (PSSCH) resources for the next re-selection
(SPS) period. Note, that it is assumed that Sidelink Control Information (SCI)
provides exact time-frequency resources used for Media Access Control (MAC)
Protocol Data Unit (PDU) transmission over SPS period. PSCCH receive (RX)
Power Measurement (if PSCCH is decoded) is used to construct RX Power Map
(Congestion Map) for all PSSCH time-frequency resources for the next re-
selection (SPS) period. The UE may also take into account an assumption on in-
band emission noise floor injected to unoccupied resource blocks of a potential
PSSCH transmission. PSCCH transmissions that are failed to be decoded are not
taken into account for RX Power Map (Congestion Map) construction. It should
be noted that instead of the considered PSCCH decoding, the PSSCH region
may be used to construct the Congestion Map over PSSCH resources.

[0036] The SPS period is divided into the packet transmission segments
(e.g. Tprs = 100 ms). In case of TDM-CD (time division multiplexing of sidelink
control and data), each packet transmission segment is divided into a control
transmission interval (Ic) and a data transmission interval (Ip). In case of SSF-
CD (transmission of control and data in the same subframe), these intervals may
be equal or overlap.

[0037] The RX Power Map is constructed for data transmission interval
of each packet transmission segment within SPS period (characterizing RX
power of each PSSCH time-frequency resource). Assuming ideal PSCCH
decoding within communication range and 500 ms SPS period, the following
apply. For the first packet transmission segment, scheduling information for
approximately 80% of transmitters within communication range is available to
the UE performing resource reselection for collision avoidance at the next SPS

cycle. For the second packet transmission segment, scheduling information for
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approximately 60% of transmitters within communication range is available. For
the last packet transmission segment, there is no scheduling information and
therefore randomization is applied. Given that amount of information about
active transmissions is reduced over time, resources may be selected based on
the information gathered for the first packet transmission segment within SPS
period.

[0038] For resource selection within a data transmission interval, the
following apply. Form multiple transmission hypotheses using all possible
combinations of frequency resource (frequency hopping pattern), T-RPTs (time
resource patterns for transmission) and time offsets multiple of number of Np.r,
where Np.r11 is the number of consecutive transmission time intervals (TTIs)
within T-RPT used for one MAC PDU transmission. For each hypothesis
calculate metric based on received power in the congestion map. In case of one
TTI transport block transmission, this is simply the received power. For more
than one TTI per transport block, the inverse of the sum of the inverse received
powers on each TTI can be used (e.g. 1/P = 1/P1 + 1/P3). In order to randomize
the hidden node problem, the transmission resource is randomly selected from
the M best hypotheses, where M is a predetermined positive integer. According
to a resource reselection rule, the UE transmits at selected candidate resources
over the next SPS period until the next resource reselection period.

[0039] FIG. 2 illustrates an example of packet transmission segments,
reselection intervals, and sensing intervals at various UEs — UEs 210, 220, and
230. Sensing-based collision avoidance may be implemented using the UEs 210,
220, and 230 of FIG. 2. As shown, each UE 210, 220, and 230 has reselection
intervals (of 500 ms), and each reselection interval includes multiple sensing
intervals (of 100 ms). Each UE 210, 220, and 230 also has a packet transmission
segment of 100 ms. The reselection intervals, sensing intervals, and packet
transmission segments of the UEs 210, 220, and 230 are not synchronized.
[0040] In some LTE systems, there is no support of sensing-based
collision avoidance for D2D or V2V. Enabling sensing based collision avoidance
may provide significant improvement of V2V communication performance to
increase reliability of road safety applications.

[0041] Aspects related to SPS support are described below.

11
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[0042] In some implementations, the sensing-based collision avoidance
schemes are able to predict the interference environment expected on the
upcoming transmission periods. This is achieved by allocating transmission
resources in semi-persistent manner for a relatively long period, which is larger
than the packet arrival period. In V2V, the current assumption on the minimum
packet generation period is 100 ms. Thus, a SPS mechanism allowing
transmission of several packets, for example, five over 500 ms with the same
resource allocation parameters is targeted in some aspects. The following issues
are involved in enabling SPS for sidelink.

[0043] Regarding mobility, the SPS operation assumes the sending of
one SCI to schedule transmission for a long period. During that period, the
environment may change due to movement of both transmitter and potential
receivers. For example, the SCI may be decoded by one set of receivers in the
target range, but the last packet in the SPS period may transmitted when the
surrounding set of vehicles is changed. However, for the target SPS periodicity
of 500 ms, a vehicle may change its coordinates by approximately 20 meters in
the worst case (assuming a travel speed of around 140 km/h). This may be
considered as a negligible offset comparing to the coverage of the control
channel.

[0044] Furthermore, there are generally unknown traffic patterns for
V2V services. The size of packets may change even if the periodicity is fixed.
Moreover, event-triggered packets may be generated with unknown arrival time
and size. In some cases, the SPS is able to handle this potential difference in
packet sizes and arrival times.

[0045] In order to enable the SPS operation in the D2D framework,
aspects of the subject technology provide one or more of the following
enhancements.

[0046] Some aspects of the subject technology provide mechanisms to
allocate resources for multiple SCI periods.

[0047] According to a first embodiment, the eNB configures SCI periods
with UE-specific offsets to access the PSCCH and PSSCH resources. This may
be enabled by several resource pools configured with shifted offsets in time. Rel.

13 of LTE provides up to eight different resource pools. The configuration of the

12



WO 2017/135998 PCT/US2016/047213

10

15

20

25

30

eight resource pools with 40 ms offset may provide the target resource
configuration. However, the 320 ms SCI period may be considered as too short
for SPS behavior since it may accommodate only approximately three packet
transmissions of typical V2V traffic model due to the 100 ms periodicity.
Therefore, larger SCI periods may be introduced. In some examples, the
following SCI periods (measured in ms) may be added: 500, 640, 1000, 1280,
2560, 5120, 10240 for frequency division duplex (FDD) and time division
duplex (TDD) configurations #1-5; 560, 1120, 2240, 4480, 8960 subframes for
the TDD configuration #0; and 240, 480, 960, 1920, 3840, 7680 subframes for
the TDD configuration #6. In addition, the SCI periods of 10, 20, 25, 50 ms can
be introduced to better fit the 100 ms latency requirement for V2V services
without using SPS.

[0048] In this case, in order to transmit a V2V packet, the UE first selects
a resource pool, which can provide transmission latency within the target
requirement. For instance, the UE, selects the nearest pool for transmission, and
then select resources for transmission inside the resource pool.

[0049] Additionally, the configuration of multiple resource pools to
support SPS may require larger number of pools than are currently supported in
the specification. For example, to support S00 ms SPS with 50 ms pool entrance
granularity, at least ten pools are needed while eight pools are supported in Rel.
13 D2D. In order not to significantly increase the system information block
(SIB) content, stacked resource pools signaling may be introduced.

[0050] In some cases, each resource pool is signaled separately.
Alternatively, a stacked resource pools signaling technique may be used. In the
latter case, the resource pool configuration is different by only a few parameters,
such as an offset relative to a system frame number (SFN). Table 1 shows an
example System Information Block information element, in accordance with
some aspects. In Table 1, the proposed changes to enable stacked resource pools

configuration are marked with ***

Table 1. System Information Block Type 18 information element

-- ASNISTART
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SystemInformationBlock Type18-r12 ::= SEQUENCE {
commConfig-r12 SEQUENCE ¢{
commRxPool-r12 SL-CommRxPoolList-r12,
commTxPoolNormalCommon-r12 SL-CommTxPoolList-
rl2 OPTIONAL,  --Need OR
commTxPoolExceptional-r12 SL-CommTxPoolList-r12 OPTIONAL, -
- Need OR

commSyncConfig-r12 SL-SyncConfigList-r12 OPTIONAL -
- Need OR
} OPTIONAL, -
- Need OR
lateNonCritical Extension OCTET STRING OPTIONAL,

cees

[[ commTxPoolNormalCommonExt-r13 SL-CommTxPoolListExt-r13
OPTIONAL, -- Need OR
commTxAllowRelayCommon-r13 ENUMERATED {true}
OPTIONAL -- Need OR
o commTxPoolNormalCommonStack-r14  SL-CommTxPoolListStack-r14

OPTIONAL.  -*** - Need OR
1l

SL-CommTxPoolList-r12 ::= SEQUENCE (SIZE (1. maxSL-TxPool-r12)) OF SL-

CommResourcePool-r12

SL-CommTxPoolListExt-r13 ::= SEQUENCE (SIZE (1. maxSL-CommTxPool-
v13x0)) OF SL-CommResourcePool-r12

SL-CommRxPoolList-r12 ::= SEQUENCE (SIZE (1. maxSL-RxPool-r12)) OF SL-

CommResourcePool-r12

*** SL-CommTxPoolListStack-r14 ::= SEQUENCE {

*** commTxPoolBaseConfig-r12 SL-CommResourcePool-r12 OPTIONAL. -

- Need *** OR

14
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*** offsetList SEQUENCE {SIZE {1. maxSL-TxPoolStack-r14}}

OF SL-*** OffsetIndicator-r12

OPTIONAL -- ¥** Need OR
}
-- ASN1STOP
[0051] In an alternative implementation, an SPS mode is introduced. The

SPS mode is configured system-wide without changes in resource pools. In some
cases, SIB signaling is sufficient to configure SPS system-wide. When
configured, each UE sends SCI once in multiple SCI periods. The notion of the
SCI periods is not changed in this case.

[0052] In yet another implementation, an SPS SCl is introduced. The
SPS SCI signals the resource that may be used for a long period. The explicit
signaling of SPS needs to be carried by SCI. Additionally, a field may indicate
that the transmission will happen once in X SCI periods counting from the first
upcoming period (where X is a positive integer). Alternatively, the SCI may be
transmitted every SCI period, but a field may indicate that the scheduling
decision will not change for X SCI periods. In some cases, the field includes up
to four bits to enable the target SPS configurations.

[0053] If SPS is configured, then the packets, arrived during the SPS
period might have the same size in order to fit the already signaled Transport
Block Size (TBS) and Modulation and Coding Scheme (MCS). In order to
support the potentially different packet sizes, the following seven alternatives are
proposed.

[0054] In the first alternative, the eNB re-sends SCIif the packet size
differs from the already claimed transmission parameters. It may happen that the
physical transmission parameters set for the whole SPS period does not fit to one
or more of the packets to be transmitted (e.g., event-triggered packet). In this
case, the SPS may be stopped (or paused) by sending a non-SPS SCI with other
transmission parameters. In this case, collision avoidance may not work well.
However, collisions may be rare in such situations.
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[0055] The second alternative includes multiple processes, with SPS-
independent processes for different packets. The SPS SCI carries a flag that
indicates whether the SPS SCI overrides the previous SPS process. If the flag is
set to “override,” then the ongoing SPS process is stopped and the new SPS
process with new transmission parameters begins. If the flag is set to “not
override,” then the new process starts and all the previous processes continue. In
a more general case, the new SCI may be an SPS SCI or a non-SPS SCL

[0056] FIG. 3 illustrates an example SPS period 300 in accordance with
the second alternative. As shown, the SPS period 300 includes a SCI 310 to
schedule SPS for small packets, and a SCI 320 to schedule SPS for larger
packets. The small packets and the larger packets are indicated differently in
FIG. 3.

[0057] In the third alternative, SCI is split for resource allocation and for
MCS signaling. The time-frequency resources may be signaled once for the
whole SPS period, but MCS may be updated more frequently to accommodate
instantaneous traffic needs. A new SCI format to indicate the MCS change is
needed in this case.

[0058] In the fourth alternative, an additional MCS value (e.g., 5 bit or
less if differential approach is used, i.e., the difference comparing to the first
MCS is signaled) is added to SCL. In this case, the receiver should do hypothesis
testing over the signaled MCSs. The order of MCS for testing should ensure that
the receiver would likely decode the transport block using the first MCS. The

SCI format is shown in Table 2, below.

Table 2. SCI Format

MCS 0 5 bits
MCS 1 3-5 bits
Time Resource Pattern (T- 7 bits
RPT)
Timing Advance Indication 11 bits
Group Destination ID 8 bits
Resource Block Assignment 5to 13
and Hopping Flag bits
Frequency Hopping Flag 1 bit
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[0059] In the fifth alternative, an additional PRB allocation field is added
to SCI The allocation may just signal the difference in size with the original
PRB allocation that may significantly reduce the additional signaling overhead.
If such signaling is provided, then the receiver should do hypothesis testing for
all the provided frequency allocation sizes. The T-RPT and MCS, in this case,
are reused for all (both) frequency allocation sizes. The SCI format is shown in

Table 3, below.

Table 3. SCI Format

MCS 0 5 bits
Time Resource Pattern (T- 7 bits
RPT)
Timing Advance Indication 11 bits
Group Destination ID 8 bits
Resource Block Assignment 5to 13
and Hopping Flag O bits
Resource Block Assignment 3-7 bits
and Hopping Flag 1
Frequency Hopping Flag 1 bit
[0060] The sixth alternative is implementation specific. The V2V traffic

is segmented in Radio Link Control (RLC) unacknowledged mode onto several
RLC PDUs if the upper layer provided larger packet than the physical layer
TBS. However, the UE should ensure there are TTIs left in the T-RPT to
transmit several MAC PDUs due to the RLC segmentation.

[0061] The seventh alternative implements pattern signaling. The SPS
pattern may be defined to indicate which subframes (e.g., SCI periods) use
different L1 parameters. For example the bitmap SPS pattern ‘11011° may be
used to indicate that SCI period 1, 2, 4, 5 use one L1 parameters associated with
‘1’ and during the SCI period 3 the second set of L1 parameters should be used.
The set of L1 parameters may include TBS, MCS, number of PRBs and Itrp
(time resource pattern of transmission).

[0062] Some of the above alternatives assume that SCI for SPS should
be distinguishable from the non-SPS SCI. The following four solutions to
distinguish the SCIs may be implemented.
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[0063] In the first solution, SCI may be scrambled with another sequence
if the same content is preserved comparing to SCI format 0. In the second
solution, different resource pools or sub-pools are associated for SPS and non-
SPS transmissions.

[0064] The third solution includes hypothesis testing by SCI size.
Additional information needed to support SPS may lead to larger SCI payload
size. Therefore, the receiver may try to assume different TBS when decoding the
same PRB set in PSCCH region.

[0065] In the fourth solution, the SPS information is included into MAC
PDU by multiplexing MAC SDU with control MAC CE that indicates how
many SCI periods the allocation is valid. One drawback of the fourth solution is
that collision avoidance based on PSCCH decoding may not know about SPS
configurations of potentially colliding transmissions.

[0066] Sensing configuration is described below. The sensing based
collision avoidance techniques disclosed herein may provide benefits when
system loading is not very high. Therefore, in some scenarios sensing may not
be efficient and may not be configured at all in order to simplify operation. Thus,
a flexible mechanism to configure collision avoidance is desirable.

[0067] To extract gains from collision avoidance, all the UEs inside the
resource pools may follow the same procedure. Thus, mixing Rel. 12 Mode-2
operation with random selection and sensing-based operation is not optimal. To
separate the legacy UEs from the sensing-based collision avoidance enabled
UEs, separate resources should be configured. The following two options to
configure separate resources pool for sensing are proposed.

[0068] In a first option, a new mode, Mode-2a, is introduced. In Mode-
2a, the random rule is replaced with conditional resource selection.
Corresponding resource pools are signaled separately for this mode.

[0069] In a second option, Mode-2 pools may be reused with additional
signaling in SIB, indicating that current resource pool assumes collision
avoidance is enabled. Additional resource pools may be configured to preserve
backward compatibility and co-existence with Rel. 12-13 random transmissions.
[0070] In addition to semi-static resource configuration, the eNB may

also control the parameters of the collision avoidance scheme in order to tune the
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system performance. The following parameters would be either signaled by
eNB, pre-configured in the UE or provided by specification: SPS period,
measurement interval, randomization degree, and sensing threshold. The SPS
period length is configured as the SCI period length multiplied by a positive
integer. The measurement interval indicates how many and which subframes
(control or data transmission intervals) should be taken into account to reproduce
the congestion map.

[0071] Randomization degree refers to the algorithm of sensing based
collision avoidance, which may use some randomization parameter, which
randomizes the collision probability to reduce the hidden node problem. This
parameter may depend on vehicle density and system loading. For example, a
UE may select transmission resources from M best candidates. The value of M
may be configured by eNB through common or dedicated Radio Resource
Control (RRC) signaling.

[0072] Sensing-based collision avoidance performance may depend on
the sensing threshold. In other words, the sensing threshold may refer to the
receiver sensitivity value to try to decode SCI and consider the corresponding
signal source for construction of the congestion map.

[0073] Sensing-based collision avoidance may involve eNB and UE
interaction. The eNB may assist in collision avoidance mechanisms by allocating
resource pools and SPS configurations. The sensing based collision avoidance
performance may significantly vary depending on user density, SPS
configuration, number of retransmissions, and the like. These parameters may be
controlled by the radio access network and may be adjusted to achieve better
system performance. In order to be able to control the operation of sensing based
collision avoidance, the eNB may need to ask UE(s) to provide some metrics.
The following metrics may be provided by the UE(s): receive (RX) power
measurements, number of unique sources of V2V traffic, and traffic pattern. The
RX power measurements provide relative congestion levels of the configured
radio resources for V2V communication.

[0074] The number of unique sources of V2V traffic provide, for the
eNB, an idea about the packet reception ratio (PRR) of vehicles in its coverage.

The eNB may count the number of vehicle in the coverage and use the provided
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statistics from vehicles to estimate the average PRR. Combining this metric with
RX power measurements, the eNB may decide whether the V2V performance is
limited by noise or by interference. Based on this information, the eNB may
adjust parameter(s) of SPS, the number of retransmissions in open loop manner
or the randomization degree for sensing-based collision avoidance.

[0075] The traffic pattern may not be known to the eNB in a case where
distributed V2V operation is deployed. In this case, the periodicity of packets
and their size may be reported to eNB, so that eNB may adjust the SPS and other
parameters to aid in sensing-based collision avoidance.

[0076] In some aspects, SCI content may change. There are three main
approaches to estimating possible collision(s) on time-frequency resources.
[0077] According to a first approach, the UE processes PSCCH
resources and extracts the information about where the PSSCH transmission will
happen. PSCCH is also used to estimate RX power on PSSCH resources from
the same signal source. According to a second approach, the UE processes
PSSCH resources to measure the RX power map (congestion map). As PSCCH
information is not used, the power profile might not change during some time. A
third approach includes a combination of the first approach and the second
approach.

[0078] The PSCCH decoding-based collision avoidance assumes that
information about exact transmission instances is available in SCIL. This is used
to accurately construct congestion map and to select resources based on actual
transmissions. The LTE Rel. 12-13 procedure assumes that the signaled T-RPT
may not be fully utilized for transmission, especially for V2V periodic traffic
case, where a single transport block is sent once in 100 milliseconds. For
example, if SCI period is 40 ms, 32 PSSCH subframes are allocated in the period
and T-RPT with k=4 is selected, then the T-RPT bitmap will indicate that 16
subframes may be used for transmission by a UE. In order not to overestimate
the power/ congestion by mapping the power to all 16 subframes, the target UE
performing sensing based collision avoidance may have additional information
how these 16 subframes are utilized to map 4 TTIs (or less) to them. For that
purposes, the following additional signaling may be used: start index inside T-

RPT, combinatorial index, and enhanced T-RPT.
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[0079] The start index inside T-RPT may indicate from which subframe
inside T-RPT bitmap with granularity of number of TTIs the MAC PDU is to be
transmitted assuming consecutive mapping. The start index signaling may take
up to 5 bits assuming 40 ms SCI period and one TTI transmission of MAC PDU.
[0080] The combinatorial index indicates which exact subframes from T-
RPT are utilized. For example, in case of 16 subframes covered by T-RPT and 4
TTIs per transport block, the combinatorial index carries one of possible 1820
combinations of 4 TTIs selected from 16 subframes. For this example, 11 bits
are needed to signal the TTIs position. In enhanced T-RPT, the T-RPT itself may
be replaced by a more complex signaling of exact TTIs utilized for transmission.
[0081] Aspects provide support for same subframe control and data
transmission. The same subframe control and data transmission (frequency
domain multiplexing (FDM)) of PSCCH and PSSCH in the same subframe from
the single UE perspective may also provide support for sensing based collisions
avoidance. In this case, the collision avoidance on SCI is naturally provided by
collision avoidance on PSSCH (data), contrary to the legacy TDM between
PSCCH and PSSCH.

[0082] FIG. 4 illustrates an example resource configuration 400 for same
subframe control and data transmission for vehicle-to-vehicle communication, in
accordance with some embodiments. As shown, the resource configuration 400
is divided between PSCCH 410 and PSSCH 420, with subframes either being
completely assigned to PSCCH 410 or PSSCH 420 in configuration 430 or being
split between PSCCH 410 and PSSCH 420 in configuration 440.

[0083] In LTE Rel. 13, the PSCCH resources in frequency are allocated
by 3 parameters: startPRB, endPRB and numPRB. Such signaling provides one
or two continuous allocations in frequency. In order to support same subframe
transmissions, the following two resources configuration signaling options are
proposed.

[0084] According to a first option, a bitmap for frequency allocation of
PSCCH is generated. The bitmap of 50 bits may be signaled to indicate which
subframe is used for PSCCH transmission. A ‘1’ in the bitmap may indicate the
activated PRB for PSCCH transmission, and ‘0’ may indicate the non-activated

PRBs. In this case, the non-activated PRBs are used for PSSCH transmissions.
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PSCCH transmission on the Nth PRB is always associated with the PSSCH,
which starts from N+1-th PRB. In order to reduce the receiver complexity and
also save signaling overhead, the number of PSCCH resources (i.e., the number
of ones in the bitmap) may be restricted by some predefined value (e.g., 10). The
time domain structure signaling follows the approach used for PSSCH, in other
words, the time domain structure signaling allows repetition of the subframe
bitmap over SCI period.

[0085] According to a second option, signaling of the start offset (around
6 bits), period (around 6 bits), and the number of PSCCH resources (around 6
bits) is provided. This option provides a regular structure of PSCCH resources in
a way that PSSCH allocations have equal size. The PSCCH transmission on the
Nth PRB is always associated with the PSSCH that starts from N+1-th PRB.
[0086] FIG. 5 illustrates an example PSCCH frequency bitmap 500 for
same subframe control and data signaling, in accordance with some
embodiments. As shown, the PSCCH frequency bitmap is characterized by a
start offset 510 (e.g., 1 PRB) and a period 520 (e.g., 9 PRBs).

[0087] Aspects of the subject technology address SCI combining for
same subframe control and data transmission. In some legacy resource
configurations, the two retransmissions of SCI are linked by a hopping equation
and, therefore, can be combined at a receiver. In the case of same subframe
control and data, there is no explicit linkage assumed for the first transmission
and for retransmissions. The information about data T-RPT and frequency
allocation may be placed in SCI. However, the information about SCI
retransmission cannot be derived from SCIL. In order to be able to combine SCI
transmissions, the linkage between a part of retransmissions may be introduced.
For example, the first transmission and the first retransmission may be linked by
a hopping equation while the remaining retransmissions may be transmitted
according to a T-RPT and PRB allocation defined in SCI. This may allow
extending of SCI coverage and not limiting much PSSCH performance by
introducing hard linkage of all retransmissions.

[0088] FIG. 6 is a flow chart illustrating an example method 600 of
sensing-based collision avoidance for Long Term Evolution vehicle-to-vehicle

communication, in accordance with some embodiments. At operation 610, an
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eNB configures channel resources dedicated for sensing-based vehicular
collision avoidance using V2V sidelink communication, the channel resources
being configured for SPS within SCI periods. At operation 620, the eNB encodes
for transmission, using SIB signaling, of an indication of the channel resources
to enable SPS transmission within SCI periods at a UE.

[0089] Embodiments described herein may be implemented into a
system using any suitably configured hardware and/or software. FIG. 7
illustrates components of a UE in accordance with some embodiments. At least
some of the components shown may be used in an eNB or MME, for example,
such as the UE 102 or eNB 104 shown in FIG. 1. The UE 700 and other
components may be configured to use the synchronization signals as described
herein. The UE 700 may be a stationary, non-mobile device or may be a mobile
device. In some embodiments, the UE 700 may 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. At least some of the baseband circuitry 704, RF circuitry 706, and FEM
circuitry 708 may form a transceiver. In some embodiments, other network
elements, such as the eNB may contain some or all of the components shown in
FIG. 7. Other of the network elements, such as the MME, may contain an
interface, such as the S1 interface, to communicate with the eNB over a wired
connection regarding the UE.

[0090] The application or processing circuitry 702 may include one or
more application processors. For example, the application circuitry 702 may
include circuitry such as, but not limited to, one or more single-core or multi-
core processors. The processor(s) may include any combination of general-
purpose processors and dedicated processors (e.g., graphics processors,
application processors, etc.). The processors may be coupled with and/or may
include memory/storage and may be configured to execute instructions stored in
the memory/storage to enable various applications and/or operating systems to
run on the system.

[0091] The baseband circuitry 704 may include circuitry such as, but not
limited to, one or more single-core or multi-core processors. The baseband

circuitry 704 may include one or more baseband processors and/or control logic
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to process baseband signals received from a receive signal path of the RF
circuitry 706 and to generate baseband signals for a transmit signal path of the
RF circuitry 706. Baseband processing circuity 704 may 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
embodiments, the baseband circuitry 704 may include a second generation (2G)
baseband processor 704a, third generation (3G) baseband processor 704b, fourth
generation (4G) baseband processor 704¢, and/or other baseband processor(s)
704d for other existing generations, generations in development or to be
developed in the future (e.g., fifth generation (5G), 6@, etc.). The baseband
circuitry 704 (e.g., one or more of baseband processors 704a-d) may handle
various radio control functions that enable communication with one or more
radio networks via the RF circuitry 706. The radio control functions may
include, but are not limited to, signal modulation/demodulation,
encoding/decoding, radio frequency shifting, etc. In some embodiments,
modulation/demodulation circuitry of the baseband circuitry 704 may include
FFT, precoding, and/or constellation mapping/demapping functionality. In some
embodiments, encoding/decoding circuitry of the baseband circuitry 704 may
include convolution, tail-biting convolution, turbo, Viterbi, and/or Low Density
Parity Check (LDPC) encoder/decoder functionality. Embodiments of
modulation/demodulation and encoder/decoder functionality are not limited to
these examples and may include other suitable functionality in other
embodiments.

[0092] In some embodiments, the baseband circuitry 704 may include
elements of a protocol stack such as, for example, elements of an evolved
universal terrestrial radio access network (E-UTRAN) 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) 704e of the baseband circuitry
704 may be configured to run elements of the protocol stack for signaling of the
PHY, MAC, RLC, PDCP and/or RRC layers. In some embodiments, the
baseband circuitry may include one or more audio digital signal processor(s)

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

[0093] In some embodiments, the baseband circuitry 704 may provide
for communication compatible with one or more radio technologies. For
example, in some embodiments, the baseband circuitry 704 may support
communication with an evolved universal terrestrial radio access network
(EUTRAN) and/or other wireless metropolitan area networks (WMAN),

a wireless local area network (WLAN), a wireless personal area network
(WPAN). Embodiments in which the baseband circuitry 704 is configured to
support radio communications of more than one wireless protocol may be
referred to as multi-mode baseband circuitry. In some embodiments, the device
can be configured to operate in accordance with communication standards or
other protocols or standards, including Institute of Electrical and Electronic
Engineers (IEEE) 802.16 wireless technology (WiMax), IEEE 802.11 wireless
technology (WiFi1) including IEEE 802.11 ad, which operates in the 60 GHz
millimeter wave spectrum, various other wireless technologies such as global
system for mobile communications (GSM), enhanced data rates for GSM
evolution (EDGE), GSM EDGE radio access network (GERAN), universal
mobile telecommunications system (UMTS), UMTS terrestrial radio access
network (UTRAN), or other 2G, 3G, 4G, 5G, etc. technologies either already
developed or to be developed.

[0094] RF circuitry 706 may enable communication with wireless
networks using modulated electromagnetic radiation through a non-solid
medium. In various embodiments, the RF circuitry 706 may include switches,
filters, amplifiers, etc. to facilitate the communication with the wireless network.
RF circuitry 706 may include a receive signal path which may 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 may also
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include a transmit signal path which may 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.

[0095] In some embodiments, the RF circuitry 706 may include a receive
signal path and a transmit signal path. The receive signal path of the RF circuitry
706 may include mixer circuitry 706a, amplifier circuitry 706b and filter
circuitry 706¢. The transmit signal path of the RF circuitry 706 may include
filter circuitry 706¢ and mixer circuitry 706a. RF circuitry 706 may also include
synthesizer circuitry 706d for synthesizing a frequency for use by the mixer
circuitry 706a of the receive signal path and the transmit signal path. In some
embodiments, the mixer circuitry 706a of the receive signal path may 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 may be configured to amplify the down-converted
signals and the filter circuitry 706¢ may be a low-pass filter (LPF) or band-pass
filter (BPF) configured to remove unwanted signals from the down-converted
signals to generate output baseband signals. Output baseband signals may be
provided to the baseband circuitry 704 for further processing. In some
embodiments, the output baseband signals may be zero-frequency baseband
signals, although this is not a requirement. In some embodiments, mixer circuitry
706a of the receive signal path may comprise passive mixers, although the scope
of the embodiments is not limited in this respect.

[0096] In some embodiments, the mixer circuitry 706a of the transmit
signal path may 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 may be provided
by the baseband circuitry 704 and may be filtered by filter circuitry 706¢. The
filter circuitry 706¢ may include a low-pass filter (LPF), although the scope of
the embodiments is not limited in this respect.

[0097] In some embodiments, the mixer circuitry 706a of the receive
signal path and the mixer circuitry 706a of the transmit signal path may include
two or more mixers and may be arranged for quadrature downconversion and/or

upconversion respectively. In some embodiments, the mixer circuitry 706a of the
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receive signal path and the mixer circuitry 706a of the transmit signal path may
include two or more mixers and may be arranged for image rejection (e.g.,
Hartley image rejection). In some embodiments, the mixer circuitry 706a of the
receive signal path and the mixer circuitry 706a may be arranged for direct
downconversion and/or direct upconversion, respectively. In some embodiments,
the mixer circuitry 706a of the receive signal path and the mixer circuitry 706a
of the transmit signal path may be configured for super-heterodyne operation.
[0098] In some embodiments, the output baseband signals and the input
baseband signals may be analog baseband signals, although the scope of the
embodiments is not limited in this respect. In some alternate embodiments, the
output baseband signals and the input baseband signals may be digital baseband
signals. In these alternate embodiments, the RF circuitry 706 may include
analog-to-digital converter (ADC) and digital-to-analog converter (DAC)
circuitry and the baseband circuitry 704 may include a digital baseband interface
to communicate with the RF circuitry 706.

[0099] In some dual-mode embodiments, a separate radio IC circuitry
may be provided for processing signals for each spectrum, although the scope of
the embodiments is not limited in this respect.

[00100] In some embodiments, the synthesizer circuitry 706d may be a
fractional-N synthesizer or a fractional N/N+1 synthesizer, although the scope of
the embodiments is not limited in this respect as other types of frequency
synthesizers may be suitable. For example, synthesizer circuitry 706d may be a
delta-sigma synthesizer, a frequency multiplier, or a synthesizer comprising a
phase-locked loop with a frequency divider.

[00101] The synthesizer circuitry 706d may 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 may be a fractional N/N+1 synthesizer.

[00102] In some embodiments, frequency input may be provided by a
voltage controlled oscillator (VCO), although that is not a requirement. Divider
control input may be provided by either the baseband circuitry 704 or the

applications processor 702 depending on the desired output frequency. In some
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embodiments, a divider control input (e.g., N) may be determined from a look-
up table based on a channel indicated by the applications processor 702.

[00103] Synthesizer circuitry 706d of the RF circuitry 706 may include a
divider, a delay-locked loop (DLL), a multiplexer and a phase accumulator. In
some embodiments, the divider may be a dual modulus divider (DMD) and the
phase accumulator may be a digital phase accumulator (DPA). In some
embodiments, the DMD may be configured to divide the input signal by either N
or N+1 (e.g., based on a carry out) to provide a fractional division ratio. In some
example embodiments, the DLL may 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 may be configured to break a VCO period up
into Nd equal packets of phase, where Nd is the 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 line is one VCO cycle.

[00104] In some embodiments, synthesizer circuitry 706d may be
configured to generate a carrier frequency as the output frequency, while in other
embodiments, the output frequency may be a multiple 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 at the carrier frequency with multiple different phases with respect to
each other. In some embodiments, the output frequency may be a LO frequency
(fo). In some embodiments, the RF circuitry 706 may include an IQ/polar
converter.

[00105] FEM circuitry 708 may include a receive signal path which may
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 may also include a transmit signal path which may 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.

[00106] In some embodiments, the FEM circuitry 708 may include a
TX/RX switch to switch between transmit mode and receive mode operation.

The FEM circuitry may include a receive signal path and a transmit signal path.
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The receive signal path of the FEM circuitry may include a low-noise amplifier
(LNA) to amplify received RF signals and provide the amplified received RF
signals as an output (e.g., to the RF circuitry 706). The transmit signal path of
the FEM circuitry 708 may include a power 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.

[00107] In some embodiments, the UE 700 may include additional
elements such as, for example, memory/storage, display, camera, sensor, and/or
input/output (I/O) interface as described in more detail below. In some
embodiments, the UE 700 described herein may be part of a portable wireless
communication device, such as a personal digital assistant (PDA), a laptop or
portable computer with wireless communication capability, a web tablet, a
wireless telephone, a smartphone, a wireless headset, a pager, an instant
messaging device, a digital camera, an access point, a television, a medical
device (e.g., a heart rate monitor, a blood pressure monitor, etc.), or other device
that may receive and/or transmit information wirelessly. In some embodiments,
the UE 700 may include one or more user interfaces designed to enable user
interaction with the system and/or peripheral component interfaces designed to
enable peripheral component interaction with the system. For example, the UE
700 may include one or more of a keyboard, a keypad, a touchpad, a display, a
sensor, a non-volatile memory port, a universal serial bus (USB) port, an audio
jack, a power supply interface, one or more antennas, a graphics processor, an
application processor, a speaker, a microphone, and other /O components. The
display may be an LCD or LED screen including a touch screen. The sensor may
include a gyro sensor, an accelerometer, a proximity sensor, an ambient light
sensor, and a positioning unit. The positioning unit may communicate with
components of a positioning network, e.g., a global positioning system (GPS)
satellite.

[00108] The antennas 710 may comprise one or more directional or
omnidirectional antennas, including, for example, dipole antennas, monopole
antennas, patch antennas, loop antennas, microstrip antennas or other types of

antennas suitable for transmission of RF signals. In some multiple-input
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multiple-output (MIMO) embodiments, the antennas 710 may be effectively
separated to take advantage of spatial diversity and the different channel
characteristics that may result.

[00109] Although the UE 700 is illustrated as having several separate
functional elements, one or more of the functional elements may be combined
and may be implemented by combinations of software-configured elements,
such as processing elements including digital signal processors (DSPs), and/or
other hardware elements. For example, some elements may comprise one or
more microprocessors, DSPs, field-programmable gate arrays (FPGAs),
application specific integrated circuits (ASICs), radio-frequency integrated
circuits (RFICs) and combinations of various hardware and logic circuitry for
performing at least the functions described herein. In some embodiments, the
functional elements may refer to one or more processes operating on one or more
processing elements.

[00110] Embodiments may be implemented in one or a combination of
hardware, firmware and software. Embodiments may also be implemented as
instructions stored on a computer-readable storage device, which may be read
and executed by at least one processor to perform the operations described
herein. A computer-readable storage device may include any non-transitory
mechanism for storing information in a form readable by a machine (e.g,, a
computer). For example, a computer-readable storage device may include read-
only memory (ROM), random-access memory (RAM), magnetic disk storage
media, optical storage media, flash-memory devices, and other storage devices
and media. Some embodiments may include one or more processors and may be
configured with instructions stored on a computer-readable storage device.
[00111] FIG. 8 is a block diagram of a communication device 800 in
accordance with some embodiments. The communication device 800 may be a
UE or eNB, for example, such as the UE 102 or eNB 104 shown in FIG. 1. The
physical layer circuitry 802 may perform various encoding and decoding
functions that may include formation of baseband signals for transmission and
decoding of received signals. The communication device 800 may also include
medium access control layer (MAC) circuitry 804 for controlling access to the

wireless medium. The communication device 800 may also include processing

30



WO 2017/135998 PCT/US2016/047213

10

15

20

25

30

circuitry 806, such as one or more single-core or multi-core processors, and
memory 808 arranged to perform the operations described herein. The physical
layer circuitry 802, MAC circuitry 804 and processing circuitry 806 may handle
various radio control functions that enable communication with one or more
radio networks compatible with one or more radio technologies. The radio
control functions may include signal modulation, encoding, decoding, radio
frequency shifting, etc. For example, similar to the device shown in FIG. 2, in
some embodiments, communication may be enabled with one or more of a
WMAN, a WLAN, and a WPAN. In some embodiments, the communication
device 800 can be configured to operate in accordance with 3GPP standards or
other protocols or standards, including WiMax, WiFi, WiGig, GSM, EDGE,
GERAN, UMTS, UTRAN, or other 3G, 3G, 4G, 5G, etc. technologies either
already developed or to be developed. The communication device 800 may
include transceiver circuitry 812 to enable communication with other external
devices wirelessly and interfaces 814 to enable wired communication with other
external devices. As another example, the transceiver circuitry 812 may perform
various transmission and reception functions such as conversion of signals
between a baseband range and a Radio Frequency (RF) range.

[00112] The antennas 801 may comprise one or more directional or
omnidirectional antennas, including, for example, dipole antennas, monopole
antennas, patch antennas, loop antennas, microstrip antennas or other types of
antennas suitable for transmission of RF signals. In some MIMO embodiments,
the antennas 801 may be effectively separated to take advantage of spatial
diversity and the different channel characteristics that may result.

[00113] Although the communication device 800 is illustrated as having
several separate functional elements, one or more of the functional elements may
be combined and may be implemented by combinations of software-configured
elements, such as processing elements including DSPs, and/or other hardware
elements. For example, some elements may comprise one or more
microprocessors, DSPs, FPGAs, ASICs, RFICs and combinations of various
hardware and logic circuitry for performing at least the functions described
herein. In some embodiments, the functional elements may refer to one or more

processes operating on one or more processing elements. Embodiments may be

31



WO 2017/135998

10

15

20

25

30

implemented in one or a combination of hardware, firmware and software.
Embodiments may also be implemented as instructions stored on a computer-
readable storage device, which may be read and executed by at least one
processor to perform the operations described herein.

[00114] FIG. 9 illustrates another block diagram of a communication
device 900 in accordance with some embodiments. The communication device
100 may correspond to the UE 102 or the eNB 104. In alternative embodiments,
the communication device 900 may operate as a standalone device or may be
connected (e.g., networked) to other communication devices. In a networked
deployment, the communication device 900 may operate in the capacity of a
server communication device, a client communication device, or both in server-
client network environments. In an example, the communication device 900 may
act as a peer communication device in peer-to-peer (P2P) (or other distributed)
network environment. The communication device 900 may be a UE, eNB, PC, a
tablet PC, a STB, a PDA, a mobile telephone, a smart phone, a web appliance, a
network router, switch or bridge, or any communication device capable of
executing instructions (sequential or otherwise) that specify actions to be taken
by that communication device. Further, while only a single communication
device is illustrated, the term “communication device” shall also be taken to
include any collection of communication devices that individually or jointly
execute a set (or multiple sets) of instructions to perform any one or more of the
methodologies discussed herein, such as cloud computing, software as a service
(SaaS), other computer cluster configurations.

[00115] Examples, as described herein, may include, or may operate on,
logic or a number of components, modules, or mechanisms. Modules are
tangible entities (e.g., hardware) capable of performing specified operations and
may be configured or arranged in a certain manner. In an example, circuits may
be arranged (e.g., internally or with respect to external entities such as other
circuits) in a specified manner as a module. In an example, the whole or part of
one or more computer systems (e.g., a standalone, client or server computer
system) or one or more hardware processors may be configured by firmware or
software (e.g., instructions, an application portion, or an application) as a

module that operates to perform specified operations. In an example, the
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software may reside on a communication device readable medium. In an
example, the software, when executed by the underlying hardware of the
module, causes the hardware to perform the specified operations.

[00116] Accordingly, the term “module” is understood to encompass a
tangible entity, be that an entity that is physically constructed, specifically
configured (e.g., hardwired), or temporarily (e.g., transitorily) configured (e.g.,
programmed) to operate in a specified manner or to perform part or all of any
operation described herein. Considering examples in which modules are
temporarily configured, each of the modules need not be instantiated at any one
moment in time. For example, where the modules comprise a general-purpose
hardware processor configured using software, the general-purpose hardware
processor may be configured as respective different modules at different times.
Software may accordingly configure a hardware processor, for example, to
constitute a particular module at one instance of time and to constitute a different
module at a different instance of time.

[00117] Communication device (e.g., computer system) 900 may include
a hardware processor 902 (e.g., a central processing unit (CPU), a graphics
processing unit (GPU), a hardware processor core, or any combination thereof),
a main memory 904 and a static memory 906, some or all of which may
communicate with each other via an interlink (e.g., bus) 908. The
communication device 900 may further include a display unit 910, an
alphanumeric input device 912 (e.g., a keyboard), and a user interface (UI)
navigation device 914 (e.g., a mouse). In an example, the display unit 910, input
device 912 and Ul navigation device 914 may be a touch screen display. The
communication device 900 may additionally include a storage device (e.g., drive
unit) 916, a signal generation device 918 (e.g., a speaker), a network interface
device 920, and one or more sensors 921, such as a global positioning system
(GPS) sensor, compass, accelerometer, or other sensor. The communication
device 900 may include an output controller 928, such as a serial (e.g., universal
serial bus (USB), parallel, or other wired or wireless (e.g., infrared (IR), near
field communication (NFC), etc.) connection to communicate or control one or

more peripheral devices (e.g., a printer, card reader, etc.).
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[00118] The storage device 916 may include a communication device
readable medium 922 on which is stored one or more sets of data structures or
instructions 924 (e.g., software) embodying or utilized by any one or more of the
techniques or functions described herein. The instructions 924 may also reside,
completely or at least partially, within the main memory 904, within static
memory 906, or within the hardware processor 902 during execution thereof by
the communication device 900. In an example, one or any combination of the
hardware processor 902, the main memory 904, the static memory 906, or the
storage device 916 may constitute communication device readable media.
[00119] While the communication device readable medium 922 is
illustrated as a single medium, the term "communication device readable
medium" may include a single medium or multiple media (e.g., a centralized or
distributed database, and/or associated caches and servers) configured to store
the one or more instructions 924.

[00120] The term “communication device readable medium” may include
any medium that is capable of storing, encoding, or carrying instructions for
execution by the communication device 900 and that cause the communication
device 900 to perform any one or more of the techniques of the present
disclosure, or that is capable of storing, encoding or carrying data structures used
by or associated with such instructions. Non-limiting communication device
readable medium examples may include solid-state memories, and optical and
magnetic media. Specific examples of communication device readable media
may include: non-volatile memory, such as semiconductor memory devices
(e.g., Electrically Programmable Read-Only Memory (EPROM), Electrically
Erasable Programmable Read-Only Memory (EEPROM)) and flash memory
devices; magnetic disks, such as internal hard disks and removable disks;
magneto-optical disks, Random Access Memory (RAM); and CD-ROM and
DVD-ROM disks. In some examples, communication device readable media
may include non-transitory communication device readable media. In some
examples, communication device readable media may include communication
device readable media that is not a transitory propagating signal.

[00121] The instructions 924 may further be transmitted or received over

a communications network 926 using a transmission medium via the network
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interface device 920 utilizing any one of a number of transfer protocols (e.g.,
frame relay, internet protocol (IP), transmission control protocol (TCP), user
datagram protocol (UDP), hypertext transfer protocol (HTTP), etc.). Example
communication networks may include a local area network (LAN), a wide area
network (WAN), a packet data network (e.g., the Internet), mobile telephone
networks (e.g., cellular networks), Plain Old Telephone (POTS) networks, and
wireless data networks (e.g., Institute of Electrical and Electronics Engineers
(IEEE) 802.11 family of standards known as Wi-Fi®, IEEE 802.16 family of
standards known as WiMax®), IEEE 802.15.4 family of standards, a Long Term
Evolution (LTE) family of standards, a Universal Mobile Telecommunications
System (UMTS) family of standards, peer-to-peer (P2P) networks, among
others. In an example, the network interface device 920 may include one or more
physical jacks (e.g., Ethernet, coaxial, or phone jacks) or one or more antennas
to connect to the communications network 926. In an example, the network
interface device 920 may include a plurality of antennas to wirelessly
communicate using at least one of single-input multiple-output (SIMO), MIMO,
or multiple-input single-output (MISO) techniques. In some examples, the
network interface device 920 may wirelessly communicate using Multiple User
MIMO techniques. The term “transmission medium” shall be taken to include
any intangible medium that is capable of storing, encoding or carrying
instructions for execution by the communication device 900, and includes digital
or analog communications signals or other intangible medium to facilitate
communication of such software.

[00122] The subject technology is described below in conjunction with
various examples.

[00123] Example 1 is an apparatus of an evolved NodeB (eNB), the
apparatus comprising: processing circuitry and memory; the processing circuitry
to: configure channel resources dedicated for sensing-based vehicular collision
avoidance using vehicle-to-vehicle (V2V) sidelink communication, the channel
resources being configured for semi-persistent scheduling (SPS) within sidelink
control information (SCI) periods; and encode for transmission, using system
information block (SIB) signaling, of an indication of the channel resources to

enable SPS transmission within SCI periods at a user equipment (UE).
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[00124] Example 2 is the apparatus of Example 1, wherein the processing
circuitry comprises a baseband processor.

[00125] Example 3 is the apparatus of any of Examples 1-2, wherein the
processing circuitry is to configure sensing-based collision avoidance parameters
by a Mode-2a, and wherein a random resource selection rule is replaced by
sensing-based resource selection.

[00126] Example 4 is the apparatus of any of Examples 1-2, wherein the
processing circuitry is to configure the SPS period using multiple resource pools
with shifted physical sidelink control channel (PSCCH) resources.

[00127] Example 5 is the apparatus of any of Examples 1-2, wherein the
processing circuitry is to enable SPS by encoding a SPS transmission which
carries a field indicating in how many SCI periods new indicia of the SPS period
will be provided.

[00128] Example 6 is the apparatus of any of Examples 1-2, wherein the
processing circuitry is to encode for transmission of packets of different sizes
inside a SPS period, supported by signaling of additional modulation and coding
schemes (MCS), signaling of additional physical resource block (PRB)
allocation, transmitting additional SCI with new parameters, or running multiple
SPS processes for different packet sizes.

[00129] Example 7 is the apparatus of any of Examples 1-2, wherein the
processing circuitry is to configure sensing based collision avoidance parameters
by common or dedicated signaling, including one or more of: SPS period,
number of retransmissions, randomization degree, and sensing threshold.
[00130] Example 8 is the apparatus of any of Examples 1-2, wherein the
processing circuitry is to decode metrics, reported by the UE, to aid sensing-
based collision avoidance, the decoded metrics including one or more of: a
received power map, a number of unique signal sources in proximity, and a
traffic pattern.

[00131] Example 9 is the apparatus of any of Examples 1-2, wherein the
processing circuitry is to configure same subframe control and data transmission
resources by a bitmap that indicates activated physical resource blocks (PRBs) in

a bandwidth or by start offset, period, and number signaling.
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[00132] Example 10 is the apparatus of any of Examples 1-2, further
comprising transceiver circuitry to: transmit the indicia of the SPS SCI to enable
SPS transmission at the UE; and transmit the multiple process SPS for the
packets of different sizes.

[00133] Example 11 is the apparatus of Example 10, further comprising
an antenna coupled to the transceiver circuitry.

[00134] Example 12 is an apparatus of a user equipment (UE) the
apparatus comprising: processing circuitry and memory; the processing circuitry
to: perform resource reselection every semi-persistent scheduling (SPS) period
by monitoring physical sidelink control channel (PSCCH) transmission within
the SPS period; decode the PSCCH to extract information about occupied
physical sidelink shared channel (PSSCH) resources for a next SPS period; and
measure PSCCH received (RX) power to construct a PSSCH RX power map for
PSSCH time-frequency resources for the next SPS period; and encode for
transmission of the PSSCH RX power map to an evolved NodeB (eNB) to to aid
sensing-based collision avoidance at the eNB.

[00135] Example 13 is the apparatus of Example 12, wherein the
processing circuitry is to construct the PSSCH RX power map by foregoing
taking into account PSCCH transmissions that are successfully decoded.

[00136] Example 14 is the apparatus of Example 12, wherein each SPS
period is divided into packet transmission segments, wherein TDM-CD (time
division multiplexing of sidelink control and data) is applied, and wherein each
packet transmission segment is divided into a control transmission interval and a
data transmission interval.

[00137] Example 15 is the apparatus of Example 12, wherein each SPS
period is divided into packet transmission segments, wherein SSF-CD (same
subframe transmission of control and data) is applied, and wherein each packet
transmission segment is divided into a control transmission interval and a data
transmission interval, the control transmission interval and the data transmission
interval being equal or overlapping.

[00138] Example 16 is the apparatus of Example 12, further comprising
transceiver circuitry to: transmit the PSSCH RX power map to the eNB.

37

PCT/US2016/047213



WO 2017/135998 PCT/US2016/047213

10

15

20

25

30

[00139] Example 17 is the apparatus of Example 16, further comprising
an antenna coupled to the transceiver circuitry.

[00140] Example 18 is a machine-readable medium storing instructions
for execution by processing circuitry of an evolved NodeB (eNB) to cause the
eNB to configure vehicle-to-vehicle (V2V) communication, the instructions
causing the processing circuitry to: configure channel resources dedicated for
sensing-based vehicular collision avoidance using V2V sidelink communication,
the channel resources being configured for semi-persistent scheduling (SPS)
within sidelink control information (SCI) periods; and encode for transmission,
using system information block (SIB) signaling, of an indication of the channel
resources to enable SPS transmission within SCI periods at a user equipment
(UE).

[00141] Example 19 is the machine-readable medium of Example 18, the
instructions causing the processing circuitry to configure the sensing-based
collision avoidance parameters by a Mode-2a, and wherein a random resource
selection rule is replaced by sensing-based resource selection.

[00142] Example 20 is the machine-readable medium of Example 18, the
instructions causing the processing circuitry to configure the indicia of the SPS
period using multiple resource pools with shifted physical sidelink control
channel (PSCCH) resources.

[00143] Example 21 is the machine-readable medium of Example 18, the
instructions causing the processing circuitry to enable SPS by encoding a SPS
SCI transmission which carries a field indicating in how many SCI periods new
indicia of the SPS period will be provided.

[00144] Example 22 is the machine-readable medium of Example 18, the
instructions causing the processing circuitry to encode for transmission of
packets of different sizes inside a SPS period, supported by signaling of
additional modulation and coding schemes (MCS), signaling of additional
physical resource block (PRB) allocation, transmitting additional SCI with new
parameters, or running multiple SPS processes for different packet sizes.
[00145] Example 23 is the machine-readable medium of Example 18, the
instructions causing the processing circuitry to configure sensing based collision

avoidance parameters by common or dedicated signaling, including one or more

38



WO 2017/135998 PCT/US2016/047213

10

15

20

25

30

of: SPS period, number of retransmissions, randomization degree, and sensing
threshold.

[00146] Example 24 is an apparatus of an evolved NodeB (eNB), the
apparatus comprising: means for configuring channel resources dedicated for
sensing-based vehicular collision avoidance using vehicle-to-vehicle (V2V)
sidelink communication, the channel resources being configured for semi-
persistent scheduling (SPS) within sidelink control information (SCI) periods;
and means for encoding for transmission, using system information block (SIB)
signaling, of an indication of the channel resources to enable SPS transmission
within SCI periods at a user equipment (UE).

[00147] Although an embodiment has been described with reference to
specific example embodiments, it will be evident that various modifications and
changes may be made to these embodiments. Accordingly, the specification and
drawings are to be regarded in an illustrative rather than a restrictive sense. The
accompanying drawings that form a part hereof show, by way of illustration, and
not of limitation, specific embodiments in which the subject matter may be
practiced. The embodiments illustrated are described in sufficient detail to
enable those skilled in the art to practice the teachings disclosed herein. Other
embodiments may be utilized and derived therefrom, such that structural and
logical substitutions and changes may be made without departing from the scope
of this disclosure. This Detailed Description, therefore, is not to be taken in a
limiting sense, and the scope of various embodiments is defined only by the
appended claims, along with the full range of equivalents to which such claims
are entitled.

[00148] Although specific embodiments have been illustrated and
described herein, it should be appreciated that any arrangement calculated to
achieve the same purpose may be substituted for the specific embodiments
shown. This disclosure is intended to cover any and all adaptations or variations
of various embodiments. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be apparent to those of skill
in the art upon reviewing the above description.

[00149] In this document, the terms "a" or "an" are used, as is common in

patent documents, to include one or more than one, independent of any other
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instances or usages of "at least one" or "one or more." In this document, the
term "or" is used to refer to a nonexclusive or, such that "A or B" includes "A
but not B," "B but not A," and "A and B," unless otherwise indicated. In this
document, the terms "including" and "in which" are used as the plain-English
equivalents of the respective terms "comprising" and "wherein." Also, in the
following claims, the terms "including" and "comprising" are open-ended, that
is, a system, UE, article, composition, formulation, or process that includes
elements in addition to those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the following claims, the
terms "first," "second," and "third," etc. are used merely as labels, and are not
intended to impose numerical requirements on their objects.

[00150] The following claims are hereby incorporated into the detailed

description, with each claim standing on its own as a separate embodiment.
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CLAIMS

What is claimed is:

1. An apparatus of an evolved NodeB (eNB), the apparatus
comprising:

processing circuitry and memory; the processing circuitry to:

configure channel resources dedicated for sensing-based vehicular
collision avoidance using vehicle-to-vehicle (V2V) sidelink communication, the
channel resources being configured for semi-persistent scheduling (SPS) within
sidelink control information (SCI) periods; and

encode for transmission, using system information block (SIB) signaling,
of an indication of the channel resources to enable SPS transmission within SCI

periods at a user equipment (UE).

2. The apparatus of claim 1, wherein the processing circuitry

comprises a baseband processor.

3. The apparatus of any of claims 1-2, wherein the processing
circuitry is to configure sensing-based collision avoidance parameters by a
Mode-2a, and wherein a random resource selection rule is replaced by sensing-

based resource selection.

4. The apparatus of any of claims 1-2, wherein the processing
circuitry is to configure the SPS period using multiple resource pools with

shifted physical sidelink control channel (PSCCH) resources.

5. The apparatus of any of claims 1-2, wherein the processing
circuitry is to enable SPS by encoding a SPS transmission which carries a field
indicating in how many SCI periods new indicia of the SPS period will be

provided.

6. The apparatus of any of claims 1-2, wherein the processing

circuitry is to encode for transmission of packets of different sizes inside a SPS
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period, supported by signaling of additional modulation and coding schemes
(MCS), signaling of additional physical resource block (PRB) allocation,
transmitting additional SCI with new parameters, or running multiple SPS

processes for different packet sizes.

7. The apparatus of any of claims 1-2, wherein the processing
circuitry is to configure sensing based collision avoidance parameters by
common or dedicated signaling, including one or more of: SPS period, number

of retransmissions, randomization degree, and sensing threshold.

8. The apparatus of any of claims 1-2, wherein the processing
circuitry is to decode metrics, reported by the UE, to aid sensing-based collision
avoidance, the decoded metrics including one or more of’ a received power map,

a number of unique signal sources in proximity, and a traffic pattern.

9. The apparatus of any of claims 1-2, wherein the processing
circuitry is to configure same subframe control and data transmission resources
by a bitmap that indicates activated physical resource blocks (PRBs) in a
bandwidth or by start offset, period, and number signaling.

10. The apparatus of any of claims 1-2, further comprising
transceiver circuitry to:

transmit the indicia of the SPS SCI to enable SPS transmission at the UE;
and

transmit the multiple process SPS for the packets of different sizes.

11. The apparatus of claim 10, further comprising an antenna coupled

to the transceiver circuitry.

12. An apparatus of a user equipment (UE) the apparatus comprising:

processing circuitry and memory; the processing circuitry to:
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perform resource reselection every semi-persistent scheduling (SPS)
period by monitoring physical sidelink control channel (PSCCH) transmission
within the SPS period;

decode the PSCCH to extract information about occupied physical
sidelink shared channel (PSSCH) resources for a next SPS period; and

measure PSCCH received (RX) power to construct a PSSCH RX power
map for PSSCH time-frequency resources for the next SPS period; and

encode for transmission of the PSSCH RX power map to an evolved

NodeB (eNB) to to aid sensing-based collision avoidance at the eNB.

13. The apparatus of claim 12, wherein the processing circuitry is to
construct the PSSCH RX power map by foregoing taking into account PSCCH

transmissions that are successfully decoded.

14.  The apparatus of claim 12, wherein each SPS period is divided
into packet transmission segments, wherein TDM-CD (time division
multiplexing of sidelink control and data) is applied, and wherein each packet
transmission segment is divided into a control transmission interval and a data

transmission interval.

15.  The apparatus of claim 12, wherein each SPS period is divided
into packet transmission segments, wherein SSF-CD (same subframe
transmission of control and data) is applied, and wherein each packet
transmission segment is divided into a control transmission interval and a data
transmission interval, the control transmission interval and the data transmission

interval being equal or overlapping.

16.  The apparatus of claim 12, further comprising transceiver
circuitry to:

transmit the PSSCH RX power map to the eNB.

17. The apparatus of claim 16, further comprising an antenna coupled

to the transceiver circuitry.
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18. A machine-readable medium storing instructions for execution by
processing circuitry of an evolved NodeB (eNB) to cause the eNB to configure
vehicle-to-vehicle (V2V) communication, the instructions causing the processing
circuitry to:

configure channel resources dedicated for sensing-based vehicular
collision avoidance using V2V sidelink communication, the channel resources
being configured for semi-persistent scheduling (SPS) within sidelink control
information (SCI) periods; and

encode for transmission, using system information block (SIB) signaling,
of an indication of the channel resources to enable SPS transmission within SCI

periods at a user equipment (UE).

19. The machine-readable medium of claim 18, the instructions
causing the processing circuitry to configure the sensing-based collision
avoidance parameters by a Mode-2a, and wherein a random resource selection

rule is replaced by sensing-based resource selection.

20. The machine-readable medium of claim 18, the instructions
causing the processing circuitry to configure the indicia of the SPS period using
multiple resource pools with shifted physical sidelink control channel (PSCCH)

resources.

21. The machine-readable medium of claim 18, the instructions
causing the processing circuitry to enable SPS by encoding a SPS SCI
transmission which carries a field indicating in how many SCI periods new

indicia of the SPS period will be provided.

22. The machine-readable medium of claim 18, the instructions
causing the processing circuitry to encode for transmission of packets of
different sizes inside a SPS period, supported by signaling of additional
modulation and coding schemes (MCS), signaling of additional physical
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resource block (PRB) allocation, transmitting additional SCI with new

parameters, or running multiple SPS processes for different packet sizes.

23. The machine-readable medium of claim 18, the instructions
causing the processing circuitry to configure sensing based collision avoidance
parameters by common or dedicated signaling, including one or more of: SPS

period, number of retransmissions, randomization degree, and sensing threshold.

24, An apparatus of an evolved NodeB (eNB), the apparatus
comprising:

means for configuring channel resources dedicated for sensing-based
vehicular collision avoidance using vehicle-to-vehicle (V2V) sidelink
communication, the channel resources being configured for semi-persistent
scheduling (SPS) within sidelink control information (SCI) periods; and

means for encoding for transmission, using system information block
(SIB) signaling, of an indication of the channel resources to enable SPS

transmission within SCI periods at a user equipment (UE).
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