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Description
Title of Invention: METHOD AND APPARATUS FOR DE-

TERMINING RESOURCE POOL
Technical Field

The present disclosure relates to a wireless communication system, and more par-
ticularly, to a method and apparatus for determining a resource pool for vehicle-to-X

(V2X) communication.

Background Art

The term Vehicle-to-X (V2X: vehicle-to-everything) communication refers to a com-
munication scheme that exchanges or shares information (e.g., traffic conditions or the
like) through communication with roadway infrastructures and other vehicles during
driving.

Control information, such as scheduling assignment (SA), needs to be transmitted
from a transmission user equipment (Tx UE) to a reception UE (Rx UE) for V2X com-
munication, and data may be transmitted/received based on the control information. A
set of resource candidates to be used for the transmission of control information and
data for V2X may be defined; this set is referred to as a resource pool. The resource
pool for V2X communication may be defined in the time domain and in the frequency
domain. The time-domain resource pool for V2X communication may be defined in
units of subframes. However, there is an ever-present need for a detailed scheme for

determining the time-domain resource pool for V2X communication.
Disclosure of Invention

Technical Problem

The present disclosure provides a method and apparatus for determining a resource
pool for V2X communication.

The present disclosure provides a method and apparatus for determining a subframe
pool for V2X communication.

The present disclosure provides a method and apparatus for determining a subframe
pool for V2X communication using a bitmap which is repeated integer-multiple times
within a predetermined period.

Solution to Problem

A method may include receiving, at a mobile device, resource pool configuration in-
formation, the resource pool configuration information comprising a bitmap to
determine the resource pool and determining, for a period having a plurality of con-
secutive subframes, a first subset of subframes by excluding, from the plurality of con-

secutive subframes, subframes in which a sidelink synchronization signal (SLSS)
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resource is configured and subframes other than uplink subframes. The method also
includes determining, for the period, a second subset of subframes by excluding, from
the first subset of subframes, one or more subframes, wherein a quantity of the second
subset of subframes corresponds to an integer multiple of a length of the bitmap, and
determining, based on a plurality of repetitions of the bitmap, the resource pool for a
sidelink transmission from the second subset of subframes.
Advantageous Effects of Invention

According to the present disclosure, there is provided a method and apparatus for de-
termining a subframe pool for V2X communication such that control information and
data are efficiently transmitted, while avoiding collision with other transmissions.
Brief Description of Drawings

FIGs. 1A, 1B, 1C, 2A, 2B, 2C, 3A, and 3B are diagrams illustrating a V2X scenario.

FIGs. 4 and 5 are diagrams illustrating an example of a resource pool from the per-
spective of the time domain.

FIG. 6 is a diagram illustrating an example of a resource pool from the perspective of
the frequency domain.

FIG. 7 is a diagram illustrating a process for determining an SA and Data
transmission subframe in a UE autonomous resource selection mode.

FIG. 8 is a diagram illustrating DCI and SCI in an eNodeB resource scheduling
mode.

FIG. 9 is a diagram illustrating SCI in the UE autonomous resource selection mode.

FIG. 10 is a diagram illustrating the configuration of a subframe pool within a prede-
termined period.

FIG. 11 is a flowchart illustrating a method for determining a resource pool.

FIG. 12 is a flowchart illustrating a method for determining a resource pool.

FIG. 13 is a diagram illustrating the configuration of a wireless device.

Best Mode for Carrying out the Invention

Exemplary embodiments of the present invention will be described more fully
hereinafter with reference to the accompanying drawings, in which exemplary em-
bodiments of the invention are shown. Throughout the drawings and the detailed de-
scription, unless otherwise noted, the same drawing reference numerals are understood
to refer to the same elements, features, and structures. In describing the exemplary em-
bodiments, detailed description of known configurations or functions may be omitted
for clarity and conciseness.

The description herein is related to a wireless communication network. An operation
completed in a wireless communication network may be performed through a process

of controlling a network and transmitting data through a system that controls the
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wireless communication network (e.g., a base station [BS]), or may be performed in a
user equipment (UE) connected to the wireless communication network.

That is, it is apparent that various operations may be performed for communicating
with a terminal in a network composed of a plurality of network nodes including a base
station (BS); these operations are executable by the BS or by other network nodes
excluding the BS. '‘Base station' may be replaced with terms such as a fixed station, a
Node B, an evolved Node B (eNB), an access point (AP), and the like. Also, 'terminal’
may be replaced with terms such as a User Equipment (UE), a Mobile Station (MS), a
Mobile Subscriber Station (MSS), a Subscriber Station (SS), a non-AP station (non-AP
STA), and the like.

While the present invention has been shown and described in connection with the
embodiments, it will be apparent to those skilled in the art that modifications and
variations can be made without departing from the spirit and scope of the invention as
defined by the appended claims. Thus, the present invention is not limited to the em-
bodiments herein and may include all embodiments within the scope of the appended
claims. For example, various exemplary embodiments will be described with respect to
3GPP LTE or LTE-A systems; however, aspects of the illustrated embodiments may
be applied to other mobile communication systems.

Terminologies and abbreviations used in the present disclosure are defined as
provided below.

D2D: Device to Device (communication)

ProSe: (Device to Device) Proximity Services

SL: Sidelink

SCI: Sidelink Control Information

PSSCH: Physical Sidelink Shared Channel

PSBCH: Physical Sidelink Broadcast Channel

PSCCH: Physical Sidelink Control Channel

PSDCH: Physical Sidelink Discovery Channel

SLSS: Sidelink Synchronization Signal (= D2DSS (D2D Synchronization Signal))

SA: Scheduling Assignment

TB: Transport Block

TTI: Transmission Time Interval

RB: Resource Block

In V2X communication, control information transmitted from a user equipment (UE)
to another UE may be referred to as scheduling assignment (SA). When a sidelink (SL)
is used as a communication link between UEs, the control information may be referred
to as sidelink control information (SCI); in this case, the control information may be
transmitted through a PSCCH.
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In V2X communication, data that a UE transmits to another UE may be configured in
units of TBs; in this case, the data may be transmitted through a PSSCH.

The present disclosure also defines an operation mode according to a resource as-
signment scheme for transmitting control information and data for V2X commu-
nication or for direct link (e.g., D2D, ProSe, or SL) communication.

An eNodeB resource scheduling mode is a mode in which an eNodeB or a relay node
schedules resources that a UE uses for transmitting V2X (or direct link) control in-
formation and/or data, and the UE transmits the V2X (or direct link) control in-
formation and/or data through the scheduled resources. For example, the eNodeB or
relay node provides scheduling information associated with resources for V2X (or
direct link) transmission control information and/or data to a V2X (or direct link) Tx
UE through Downlink Control Information (DCI). Accordingly, the V2X (or direct
link) Tx UE transmits the V2X (or direct link) control information and data to a V2X
(or direct link) Rx UE; the V2X (or direct link) Rx UE may then receive V2X (or
direct link) data based on the V2X (or direct link) control information.

A UE autonomous resource selection mode is a mode in which a UE autonomously
selects resources to be used for transmitting control information and data, then
transmits the control information and data. Here, the resource is selected from a
resource pool (i.e., a set of resource candidates) through sensing or the like. For
example, the V2X (or direct link) Tx UE transmits the V2X (or direct link) control in-
formation and data to a V2X (or direct link) Rx UE, and the V2X (or direct link) Rx
UE may receive V2X (or direct link) data based on the V2X (or direct link) control in-
formation.

For the following examples, the eNodeB resource scheduling mode may be referred
to as mode 1 in direct link communication, and may be referred to as mode 3 in V2X
communication. The UE autonomous resource selection mode may be referred to as
mode 2 in direct link communication, and may be referred to as mode 4 in V2X com-
munication.

Hereinafter, although embodiments of the present disclosure are described from the
perspective of V2X communication, the scope of the present disclosure is not limited
to V2X communication. Rather, the embodiments may also be applied to direct link-
based communication, such as D2D, ProSe, SL communication, or the like.

V2Xis a term that generally indicates V2V, V2P, and V2I/N. When used in as-
sociation with LTE communication, V2V, V2P, and V2I/N may be defined as shown
in Table 1.
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[45] [Table 1]
V2v - covering LTE-based communication between vehicles
V2p - covering LTE-based communication between a vehicle and a device

carried by an individual (e.g. handheld terminal carried by a pedestrian,

cyclist, driver or passenger)

V2I/N |- covering LTE-based communication between a vehicle and a roadside
unit/network- A roadside unit (RSU) is a stationary infrastructure entity
supporting V2X applications that can exchange messages with other entities
supporting V2X applications. - Note: RSU is a term frequently used in
existing I'TS specifications, and the reason for introducing the term in the
3GPP specifications is to make the documents easier to read for the ITS
industry. RSU is a logical entity that combines V2X application logic with
the functionality of an eNB (referred to as eNB-type RSU) or UE (referred
to as UE-type RSU).

[46] V2X communication may include communication based on PCS5, which is a D2D
communication link (i.e., a direct interface between two devices supporting ProSe).
For V2X operation, various scenarios described in Table 2, Table 3, and Table 4 are
taken into consideration with reference to FIGs. 1A, 1B, 1C, 2A, 2B, 2C, 3A, and 3B.
Hereinafter, FIGS. 1A-C may be collectively referred to as FIG. 1. FIGS. 2A-C may be
collectively referred to as FIG. 2. FIGS. 3A and 3B may be collectively referred to as

FIG. 3.
[47] FIGs. 1, 2, and 3 are diagrams illustrating a V2X scenario.
[48] Table 2 and FIG. 1 illustrate a scenario that supports a V2X operation based only on

a PCS interface (i.e., an SL interface or D2D interface). FIG. 1A illustrates a V2V
operation. FIG. 1B illustrates a V2I operation. FIG. 1C illustrates a V2P operation.
[49] [Table 2]

- This scenario supports V2X operation only based on PCS5.- In this scenario, a UE
transmits a V2X message to multiple UEs at a local area in sidelink.- For V2I, either
transmitter UE or receiver UE(s) are UE-type RSU.- For V2P, either transmitter UE

or receiver UE(s) are pedestrian UE.

[50] Table 3 and FIG. 2 illustrate a scenario that supports a V2X operation based only on
a Uu interface (i.e., an interface between a UE and an eNodeB). FIG. 2A illustrates a
V2V operation. FIG. 2B illustrates a V2I operation. FIG. 2C illustrates a V2P

operation.
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[Table 3]

- This scenario supports V2X operation only based on Uu.- In this scenario, For V2V
and V2P, a UE transmits a V2X message to E-UTRAN in uplink and E-UTRAN
transmits it to multiple UEs at a local area in downlink. For V2I, when receiver is
eNB type RSU, a UE transmits a V2I message to E-UTRAN(eNB type RSU) in
uplink; when transmitter is eNB type RSU, E-UTRAN(eNB type RSU) transmits a
12V message to multiple UEs at a local area in downlink.- For V2P, either transmitter
UE or receiver UE(s) are pedestrian UE.- To support this scenario, E-UTRAN

performs uplink reception and downlink transmission of V2X messages. For

downlink, E-UTRAN may use a broadcast mechanism.

Table 4 and FIG. 3 illustrate a scenario that supports a V2X operation that uses both
a Uu interface and a PCS5 interface (i.e., an SL interface or a D2D interface). FIG. 3A
illustrates scenario 3A from Table 4 and FIG. 3B illustrates scenario 3B from Table 4.
[Table 4]

- This scenario supports V2V operation using both Uu and PCS5.

Scenario3A - In this scenario, a UE transmits a V2X message to
other UEs in sidelink. One of the receiving UEs is a
UE type RSU which receives the V2X message in
sidelink and transmits it to E-UTRAN in uplink. E-
UTRAN receives the V2X message from the UE type
RSU and then transmits it to multiple UEs at a local
area in downlink. - To support this scenario, E-
UTRAN performs uplink reception and downlink
transmission of V2X messages. For downlink, E-

UTRAN may use a broadcast mechanism.

Scenario3B - In this scenario, a UE transmits a V2X message to E-
UTRAN in uplink and E-UTRAN transmits it to one
or more UE type RSUs. Then, the UE type RSU
transmits the V2X message to other UEs in sidelink.-
To support this scenario, E-UTRAN performs uplink
reception and downlink transmission of V2X
messages. For downlink, E-UTRAN may use a

broadcast mechanism.

Referring to FIGs. 4 through 6, descriptions will be provided in association with the
configuration of a Scheduling Assignment (SA) pool for a control channel (PSCCH) in

which SA is transmitted, and in association with the configuration of a data pool for a
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data channel (PSSCH) in which data associated with SA is transmitted in V2X.

[55] Here, the SA pool may be a set of resource candidates that are available for SA
transmission; the data pool may be a set of resource candidates that are available for
data transmission. That is, the SA pool is a resource pool for SA, and the data pool is a
resource pool for data. Each resource pool may be referred to as a subframe pool from
the perspective of the time domain, and may be referred to as a resource block pool
from the perspective of the frequency domain.

[56] The SA pool and the data pool which will be described in FIGs. 4 through 6 may be
defined in the UE autonomous resource selection mode (mode 4).

[57] In the eNodeB resource scheduling mode (mode 3), resources corresponding to all
sidelink subframes in the time domain (i.e., all uplink subframes in LTE) and resources
corresponding to all resource blocks in a V2X carrier (i.e., a band, or a component
carrier or a cell in the case of carrier aggregation) in the frequency domain may
become a set of resource candidates available for SA and/or data transmission. Alter-
natively, in the eNodeB resource scheduling mode (mode 3), an SA pool and a data
pool may be separately defined; the sets of resource candidates available for the SA
and/or data transmission may thus be configured in the same manner as in the UE au-
tonomous resource selection mode (mode 4).

[58] That is, the SA pool and the data pool which will be described with reference to
FIGs. 4 through 6 may be defined in the UE autonomous resource selection mode
(mode 4) and/or the eNodeB resource scheduling mode (mode 3).

[59] Also, in the examples of FIGs. 4 through 6, a D2D Frame Number (DFN) period is
merely an example for illustrative purposes. A period may correspond to a set of
subframes, having the same number of subframes as the number of subframes in a
System Frame Number (SFN) period and having a starting point which is the same as
or different from the SFN period. For example, a single SFN period or a single DFN
period may each correspond to 10240 subframes, which in turn correspond to
10240ms.

[60] FIGs. 4 and 5 are diagrams illustrating an example of a resource pool from the per-
spective of the time domain.

[61] With respect to an SA pool and a data pool, a subframe resource pool configured in
the time domain is as shown in FIG. 4. As illustrated in FIG. 4, the subframes for the
SA pool and the data pool for V2X may be defined by a bitmap (e.g., 1100111011 in
FIG. 4) which is repeated for all subframes excluding predetermined subframes. For
example, the value of 1 in the bitmap indicates a subframe for the SA pool and the data
pool, and the value of O in the bitmap indicates a subframe which does not belong to
the SA pool and the data pool. The subframes for the SA pool and the data pool for

V2X may be allowed to perform transmission and/or reception of SA and/or data for a
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resource pool in V2X.

Here, "all subframes excluding predetermined subframes" may indicate the set of
subframes remaining after excluding predetermined subframes from all subframes
belonging to a SEN or a DFN period, wherein the predetermined subframes are, for
example, subframes in which V2X or direct link transmission in not allowed, or
subframes used for other purposes beyond control information and/or data transmission
in V2X (or in direct link transmission). For example, the predetermined subframes may
correspond to subframes used for the transmission of a Sidelink Synchronization
Signal (SLSS), and/or may correspond to DL subframes or special subframes in Time
Division Duplex (TDD), but the predetermined subframes are not limited to these
types of subframe correspondences. However, an uplink (UL) subframe may be used
as a sidelink (SL) subframe in TDD.

Also, the repeatedly applied bitmap may be indicated by higher layer signaling such
as Radio Resource Control (RRC) or the like. The length may be 16, 20, or 100, but is
not limited thereto. The subframe indication of resource pool information illustrated in
FIG. 4 may be an example of a field included in the higher layer signaling.

FIG. 4 illustrates an example assuming that the subframes for the SA pool and the
data pool in a V2X transmission share the same subframes and assuming that the
"subframe indication or resource pool” signaling field of FIG. 4 is configured for both
the SA pool and the data pool by taking into consideration that SA and data are
transmitted in the same subframe in V2X.

When V2X allows SA and data to be transmitted in different subframes, the
subframes for the SA pool and the data pool for V2X may be different from each other.
This does not mean that SA and data are always transmitted in different subframes, but
rather that SA and data may be transmitted in the same subframe or may be transmitted
in different subframes. To this end, the "subframe indication of resource pool”
signaling field shown in FIG. 4 may be configured for the SA pool and the data pool
respectively, as shown in FIG. 5.

FIG. 6 is a diagram illustrating an example of a resource pool from the perspective of
the frequency domain.

The example of FIG. 6 will describe a resource pool from the perspective of the
frequency domain when SA and data are transmitted in the same subframe.

With respect to an SA pool and a data pool, a subframe resource pool configured in
the frequency domain is as shown in FIG. 6. As illustrated in FIG. 6, the configuration
may be different based on whether a PSCCH transmitted in the SA pool and a PSSCH
transmitted in the data pool are or are not adjacent in the frequency domain (Adjacent
between PSCCH/PSSCH state or Non-adjacent between PSCCH/PSSCH state). In this
instance, whether or not a PSCCH and a PSSCH are adjacent may be indicated by
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higher layer signaling such as RRC or the like, using a signaling field that indicates
whether PSCCH and PSSCH RBs are adjacent to each other.

The cases in which a PSCCH transmitted in the SA pool and a PSSCH transmitted in
the data pool are adjacent in the frequency domain may be described as follows.

As illustrated in FIG. 4, in a subframe of a resource pool configured in the time
domain for V2X, a "Starting RB of sub-channels" signaling field corresponding to the
starting RB of sub-channels may be defined based on a single RB unit (or granularity)
with respect to all RBs in the frequency domain (from RB#0 to RB#(NUY'p-1)). Here,
NUlgg denotes the total number of RBs corresponding to a system bandwidth. V2X for
a sidelink is defined in a UL band, and thus SL can be substituted for UL. The
"Starting RB of sub-channels" signaling field may be indicated by higher layer
signaling, such as an RRC or the like. From an RB indicated by "Starting RB of sub-
channels", consecutive RBs corresponding to a total of K sub-channels belong to the
data pool. In this instance, the number of RBs included in a single sub-channel may be
indicated by a "Sub-channel size" signaling field indicating the size of a sub-channel.
The number of sub-channels, K, may be indicated by a "Number of sub-channels"
signaling field, and may be included in higher layer signaling (e.g., an RRC or the
like).

Here, RBs with the lowest RB index in each sub-channel may belong to the SA pool
and to the data pool, and one or more of them may be used for PSCCH transmission.
For example, SA may be transmitted in an RB with the lowest index among the RBs
that belong to the data pool.

The cases in which a PSCCH transmitted in the SA pool and a PSSCH transmitted in
the data pool are not adjacent in the frequency domain may be described as follows.

As illustrated in FIG. 4, in a subframe of a resource pool configured in the time
domain for V2X, a "Starting RB of sub-channels" corresponding to the starting RB of
sub-channels may be defined based on a single RB unit (or granularity) with respect to
all RBs in the frequency domain (from RB#0 to RB#(NUg-1)). Here, NVl denotes
the total number of RBs corresponding to a system bandwidth. V2X for a sidelink is
defined in a UL band; thus UL can be replaced with SL. The "Starting RB of sub-
channels" signaling field may be indicated by higher layer signaling, such as an RRC
or the like. Consecutive RBs corresponding to a total of K sub-channels starting from
an RB indicated as a "Starting RB of sub-channels" may belong to the data pool. In
this instance, the number of RBs included in a single sub-channel may be indicated by
a "Sub-channel size" signaling field indicating the size of a sub-channel. The number
of sub-channels, K, may be indicated by a "Number of sub-channels" signaling field,
and may be included in higher layer signaling, such as an RRC or the like.

As illustrated in FIG. 4, in a subframe of a resource pool configured in the time
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domain for V2X, a "Starting RB of PSCCH pool" corresponding to a starting RB of the
SA pool may be defined based on a single RB unit (or granularity) with respect to all
RBs in the frequency domain (from RB#0 to RB#(NUlg-1)). Here, NV denotes the
total number of RBs corresponding to a system bandwidth. V2X for a sidelink is
defined in a UL band, and thus UL can be replaced with SL. The "Starting RB of
PSCCH pool" signaling field may be indicated by higher layer signaling, such as an
RRC or the like. A total of K consecutive RBs starting from an RB indicates as a
"Starting RB of PSCCH pool" may belong to the SA pool. Here, K is the same value as

the number of sub-channels, K, in the data pool.

[75] In the present disclosure, a subframe where SA is transmitted may be determined as
follows.
[76] A subframe in which SA is transmitted in the eNodeB resource scheduling mode

(mode 3) is the first subframe included in a set of resource candidates. This subframe
may be used for V2X on a V2X carrier or band from among subframes existing 4ms
(or 4 subframes) away from a subframe in which an eNodeB transmits downlink
control information (DCI). When SA and data are transmitted in the same subframe,
the subframe in which the SA is transmitted may be a subframe in which data is
transmitted.

[77] In the UE autonomous resource selection mode (mode 4), a UE may use sensing to
autonomously determine a subframe in which SA is to be transmitted within the SA
pool. When SA and data are transmitted in the same subframe, the subframe in which
the SA is transmitted may be a subframe where data is transmitted.

[78] FIG. 7 is a diagram illustrating an example of determining an SA and data
transmission subframe in the UE autonomous resource selection mode (mode 4).

[79] FIG. 7 illustrates an example of selecting a subframe, through sensing, for the
transmission of a control channel and a data channel, from an SA pool for a control
channel (PSCCH) and a data pool for a data channel associated with the SA pool.

[80] A UE may select a resource for control channel and data channel transmission by
inferring a time resource that has a low probability of being occupied by another UE.
The UE achieves this by considering the result of sensing during a predetermined
period of time prior to the point in time ("TTI m" of FIG. 7) when data to be
transmitted occurs while sensing is performed in the SA pool and/or data pool. As an
example, the point in time may indicate the point in time when data arrives from a
higher layer to a lower layer (e.g., PHY layer). In this instance, the data is provided
based on a MAC PDU unit from the perspective of the higher layer, and is provided
based on a TB unit from the perspective of the lower layer. That is, "TTI m" indicates
the point in time that is used as a reference point for when a UE selects/reselects a

resource.
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As another example, the UE may recognize a resource that is occupied by another
UE through sensing performed in a sensing window which corresponds to an interval
from "TTI m-a" to "TTI m-b". The UE may perform the transmission of a control
channel and a data channel in a resource selected from among the resources remaining
after excluding the resource that is occupied and used by the other UE from the
resources in the resource pool.

Here, the values of a and b may be set (e.g., a=b+1000, b=1) to provide an interval
corresponding to a DFN period prior to TTI m to be a sensing window, but this is
merely an example and the values are not limited thereto.

Subsequently, "TTI m+c" may correspond to a TTI in which SA#1 (the first SA) is
transmitted (the subframe in which SA#I is transmitted when a single TTI corresponds
to a single subframe). "TTI m+d" may correspond to a TTI in which initial
transmission of TB#1 (the first TB), which is indicated by SA#1 and is transmitted, is
performed (e.g., a subframe in which the initial transmission of TB#1 is performed
when a single TTI corresponds to a single subframe). "TTI m+e" may correspond to a
TTI in which retransmission of TB#1, which is indicated by SA#1 and is transmitted,
is performed (e.g., a subframe in which retransmission of TB#1 is performed when a
single TTI corresponds to a single subframe).

FIG. 7 illustrates the example of taking into consideration that SA and data are also
transmitted in the same subframe, and thus, c=d.

"TTI m+c" may correspond to a TTI in which SA#2 (the second SA) is transmitted (a
subframe in which SA#2 is transmitted when a single TTI corresponds to a single
subframe). "TTI m+d" may correspond to a TTI in which initial transmission of TB#2
(the second TB), which is indicated by SA#2 and is transmitted, is performed (or a
subframe in which initial transmission of TB#2 is performed when a single TTI cor-
responds to a single subframe). "TTI m+e" may correspond to a TTI in which re-
transmission of TB#2, which is indicated by SA#2 and is transmitted, is performed (or
a subframe in which retransmission of TB#2 is performed when a single TTI cor-
responds to a single subframe).

FIG. 7 illustrates the example of taking into consideration that SA and data may be
transmitted also in the same subframe, and thus, ¢'=d'.

Further, a point in time after P,,,*j elapses from the initial transmission of TB#1 may
be reserved for the initial transmission of TB#2. In this instance, d'=d+P,,,*]. For
example, P, may equal 100 and j may be signaled as a value from among values
selected through carrier-specific (or band-specific) network configuration or throuth
V2X pre-configuration within the range of {0, 1, ..., 10}. For example, the value of j
may be indicated by being selected through a "Resource reservation” signaling field of
SCI included in SA. In this instance, when j=0, this indicates that the value of d' does
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not exist. That is, this means that a resource for TB#2 transmission is not reserved after
a TTI corresponding "P,,,*]" elapses from "TTI m+d".

Although the example of FIG. 7 has been described with the assumption of the UE
autonomous resource selection mode (mode 4), the description associated with the re-
lationship of TTIs subsequent to "TTI m", excluding a sensing window, may also be
applicable to the case of the eNodeB resource scheduling mode (mode 3). That is,
excluding the sensing window in the example of FIG. 7, "TTI m+c" may correspond to
the first subframe included in a set of resource candidates that may be used for V2X in
a V2X carrier or band, selected from among subframes existing 4ms (4 subframes)
away from a subframe in which an eNodeB transmits downlink control information.

FIG. 8 is a diagram illustrating DCI and SCI in the eNodeB resource scheduling
mode.

A subframe in which SA is transmitted in the eNodeB resource scheduling mode
(mode 3) is the first subframe included in a set of the resource candidates which may
be used for V2X on a V2X carrier or band, selected from among subframes existing
4ms (4 subframes) away from a subframe in which an eNodeB transmits downlink
control information (DCI).

In this instance, the information required when a V2X (or direct link) Tx UE (UE A
of FIG. 8) transmits SA and data to a V2X (or direct link) Rx UE (UE B of FIG. 8)
may be indicated by an eNodeB to the UE A through DCI. For example, the DCI may
include information as listed in Table 5.

[Table 5]

DCI for V2X- CIF: 3 bits- Lowest index of sub-channel allocation: ceil(log2(K)): O to
5 bits- SA contents- Time gap between transmission and retransmission: 4 bits-
Frequency resource of initial and last transmission : ceil(log2(K*(K+1)/2) =0 to 8
bits

The information associated with a resource block, which is a resource in the
frequency domain used when UE A transmits SA to UE B in the subframe in which the
SA is transmitted, may be indicated by "CIF" corresponding to a carrier indication
field in Table 5 and a "Lowest index of sub-channel allocation” signaling field corre-
sponding to the lowest index of sub-channel allocation.

The DCI in the eNodeB resource scheduling mode (mode 3) may include content
related to Sidelink Control Information (SCI) as control information (Scheduling As-
signment (SA)) associated with data transmission from UE A to UE B. In this instance,
the content related to the SCI, which is indicated by being included in the DCI, may
include a "Time gap between transmission and retransmission" value corresponding to

the time gap between transmission and retransmission, and a "Frequency resource of
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initial and last transmission" signaling field indicating the frequency resource of a last
transmission, as shown in Table 5.

Also, in various embodiments of the present disclosure, values called "Time gap
between transmission and retransmission” and/or "Frequency resource of initial and
last transmission" are merely examples, and the names do not limit the scope of the
present invention. For example, the information indicated by "Time gap between
transmission and retransmission"” and/or "Frequency resource of initial and last
transmission" may be changed based on a predetermined condition. In the present
disclosure, the "Time gap between transmission and retransmission” field may be
referred to as the first field, and the "Frequency resource of initial and last
transmission" field may be referred to as the second field.

FIG. 9 is a diagram illustrating SCI in the UE autonomous resource selection mode.
In the UE autonomous resource selection mode (mode 4), a UE may autonomously
determine the subframe in which SA is to be transmitted from a SA pool (in particular,
a subframe pool for SA), through sensing. Also, the UE may autonomously determine

a resource block from the SA pool (particularly, a resource block pool for SA); this
resource block is a resource in the frequency domain used for the transmission of the
SA in the subframe where the SA is transmitted. Therefore, unlike the eNodeB
resource scheduling mode (mode 3), the UE may not receive the "CIF" and "Lowest
index of sub-channel allocation" signaling field from an eNodeB through DCI, but may
autonomously determine the same.

In addition, in the UE autonomous resource selection mode (mode 4), the UE may
autonomously determine content related to Sidelink Control information (SCI) as in-
formation (Scheduling Assignment (SA)) required when the UE transmits data in V2X.
Therefore, unlike in the eNodeB resource scheduling mode (mode 3), the UE does not
receive a first field (e.g., "Time gap between transmission and retransmission") and a
second field (e.g., "Frequency resource of initial and last transmission") from an
eNodeB through DCI, but may autonomously determine the same.

That is, the Sidelink Control information (SCI), which corresponds to the in-
formation (Scheduling Assignment (SA)) required when the UE transmits data, is de-
termined based on information that the eNodeB transmits to the UE in the eNodeB
resource scheduling mode (mode 3), and that is autonomously determined by the UE in
the UE autonomous resource selection mode (mode 4).

In both the eNodeB resource scheduling mode (mode 3) and the UE autonomous
resource selection mode (mode 4), a UE (UE B) that receives data needs SCI corre-
sponding to control information (Scheduling Assignment (SA)) in order to decode the
data transmitted from the UE (UE A) that transmits the data. Therefore, a UE A is

required to transmit the SCI corresponding to the control information SA to the UE
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(UE B) that receives the data. As an example, the SCI may include information as
listed in Table 6.
[Table 6]

SCI for V2X- Priority: 3 bits- Resource reservation : 4 bits- MCS: 5 bits- CRC: 16

bits- Retransmission index : 1 bit- Time gap between transmission and retransmission:

4 bits- Frequency resource of initial and last transmission: § bits- Reserved bits: 7 bits

Next, information included in DCI of Table 5 and SCI of Table 6 will be described in
detail.

As described above, information associated with a resource block that is a resource in
the frequency domain used for SA transmission in the eNodeB resource scheduling
mode (mode 3) may be indicated by being included in DCI, and the information may
be the "CIF" and the "Lowest index of sub-channel allocation" signaling field
mentioned in Table 5.

The "CIF" signaling field may have a size of 3 bits, and indicates a carrier (band) to
be used for V2X. As an example, when a total of 5 carriers are allowed for the UE, an
indicator distinguishing between each carrier may have the size of 3 bits (i.e.,
ceil(log2(5))=3, here, ceil(x) is the minimum integer which is greater than or equal to
x). The indicator may indicate which of the 5 carrier should be used for SA
transmission.

The "Lowest index of sub-channel allocation" signaling field may indicate a resource
block in a carrier (or band) for V2X, which is to be used for SA transmission, in a
subframe in which SA is transmitted.

The "Lowest index of sub-channel allocation" signaling field may indicate the sub-
channel with the lowest index in sub-channels used for the transmission of data related
to the SA, from among a total of K sub-channels having indices O to K-1. To this end,
ceil(log2(K)) bits may be needed. The value of K is variable based on the size of a
system bandwidth. For example, the maximum value of K may be 20. Accordingly, a
minimum of 0 bits to a maximum of 5 bits may be used for the "Lowest index of sub-
channel allocation" field.

For example, when a total of six sub-channels having indices O to 5 exist, and a
PSSCH is allocated to a total of four sub-channels corresponding to indices 2 to 5 from
among the six sub-channels and when the PSSCH is used for the transmission of data
related to the SA, the value indicated by "Lowest index of sub-channel allocation" may
be index 2. To indicate this value, a total of 3 (ceil(log2(6))) bits are needed.

In this instance, when a PSCCH for transmitting SA is adjacent to a PSSCH for
transmitting data in the frequency domain, the PSCCH for transmitting SA may be
allocated in the RB with the lowest RB index in the sub-channel indicated by "Lowest
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index of sub-channel allocation". When a PSCCH for transmitting SA is not adjacent
to a PSSCH for transmitting data in the frequency domain, the PSCCH for transmitting
SA may be allocated in an RB that one-to-one matches the sub-channel indicated by
"Lowest index of sub-channel allocation" (see the diagram on the right of FIG. 6).

As an example, it is assumed that the index value indicated by "Lowest index of sub-
channel allocation" is index 2. In this instance, when a PSCCH for transmitting SA and
a PSSCH for transmitting data are adjacent in the frequency domain, the PSCCH for
transmitting SA may be allocated to the RB with the lowest RB index in a sub-channel
corresponding to index 2 (e.g., an RB corresponding to r+2*"sub-channel size" when
an RB index corresponding to "Starting RB of sub-channels"” is r as shown in the
diagram on the left of FIG. 6). Alternatively, when a PSCCH for transmitting SA and a
PSSCH for transmitting data are not adjacent in the frequency domain, the PSCCH for
transmitting SA may be allocated to an RB that one-to-one matches a sub-channel cor-
responding to index 2 (e.g., an RB corresponding to s+2 when an RB index corre-
sponding to "Starting RB of PSCCH pool" is s as shown in the diagram on the right of
FIG. 6).

Subsequently, a first field (e.g., "Time gap between transmission and re-
transmission") and a second field (e.g., "Frequency resource of initial and last
transmission") for indicating a resource used for a PSSCH for transmitting data among
the SA contents in Table 5, may be included in DCI in the eNodeB resource scheduling
mode (mode 3). Also, in the case of a first field (e.g., "Time gap between transmission
and retransmission") and a second field (e.g., "Frequency resource of initial and last
transmission") taken from Table 6, a value indicated through DCI is included in SCI in
the eNodeB resource scheduling mode (mode 3). However, in the UE autonomous
resource selection mode (mode 4), the UE determines the values based on a resource
that the UE autonomously selects through sensing.

The first field (e.g., "Time gap between transmission and retransmission") may
indicate a gap between a subframe in which TB-unit-based data related to SA is
initially transmitted and a subframe in which TB-unit-based data is retransmitted, or
the first field may indicate a gap between a subframe in which TB-unit-based data
related to the SA is initially transmitted and a subframe in which the SA is re-
transmitted. The value may be a value in the range of 0 to 15. A value of O indicates
that the retransmission of a TB does not exist, which is indicated through SA including
the SCI and is transmitted. When the value is in the range of 1 to 15, this indicates that
a TB, which has been indicated through SA including the SCI and has been initially
transmitted, should be retransmitted after 1 to 15 subframes elapses. For example, in
the UE autonomous resource selection mode (mode 4), the first field (e.g., "Time gap

between transmission and retransmission"”) may indicate a gap between a subframe
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corresponding to "TTI m+d (= TTI m+c)" and a subframe corresponding to "TTI m+e"
as shown in FIG. 7.

Subsequently, the second field (e.g., "Frequency resource of initial and last
transmission") may indicate RBs in the frequency domain, which are used for
transmission in a subframe in which the TB-unit-based data is initially transmitting and
in a subframe in which the TB-unit-based data is retransmitted. Additionally, the
second field (e.g., "Frequency resource of initial and last transmission") may indicate
information associated with sub-channels used for the initial transmission of data (the
number of sub-channels used for the retransmission of data is equal to the number of
sub-channels used for the initial transmission), and may indicate information as-
sociated with the lowest index among sub-channels used for the retransmission of data.

More particularly, when a TB is indicated through SA including the SCI and is
initially transmitted, the lowest index among indices of sub-channels used for the
initial transmission may be indicated by the "Lowest index of sub-channel allocation”
signaling field in the eNodeB resource scheduling mode (mode 3), and may be au-
tonomously determined by an UE in the UE autonomous resource selection mode
(mode 4). Here, information indicating the number of sub-channels to be used for the
transmission may be included in the second field (e.g., "Frequency resource of initial
and last transmission").

In addition, when a TB is indicated through SA including the SCI and is re-
transmitted, the lowest index among indices of the sub-channels used for the re-
transmission may also be included in the second field (e.g., "Frequency resource of
initial and last transmission"). Information indicating the number of sub-channels to be
used for TB retransmission may be indicated by the second field (e.g., "Frequency
resource of initial and last transmission"), and as many sub-channels as the number of
sub-channels which have been used for the initial transmission of the TB may be used.

For example, in the UE autonomous resource selection mode (mode 4), RBs for
transmitting a PSSCH in a subframe corresponding to "TTI m+d (= TTI m+c)" and a
subframe corresponding to "TTI m+e" may be indicated by the second field (e.g.,
"Frequency resource of initial and last transmission").

For the second field (e.g., "Frequency resource of initial and last transmission"), a
total of ceil(log2(K*(K+1)/2) bits may be used on the assumption of K sub-channels.
For example, because the maximum value of K is 20, a minimum of 0 bit to a
maximum of 8 bits may be needed.

Among other signaling fields included in the SCI of Table 6, "Priority" may indicate
the priority of TB-unit-based data which is desired to be transmitted.

As described above, "Resource reservation” may indicate je{0, 1, 2, ..., 10}, which is

a parameter used for indicating a reserved resource in the UE autonomous resource
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selection mode (mode 4).

"Modulation and Coding Scheme" (MCS) may indicate the modulation scheme and
coding scheme of TB-unit-based data which should be transmitted.

"Retransmission index" may indicate whether the retransmission of TB-unit-based
data exists.

"Cyclical Redundancy Check (CRC)" may be added to SCI and may be used for
detecting an error when the SCI is transmitted and/or for distinguishing the SCI from
another SCIL.

Next, examples of the present disclosure associated with a resource pool for V2X
communication will be described. More specifically, in the eNodeB resource
scheduling mode (mode 3) or in the UE autonomous resource selection mode (mode
4), the process whereby a UE determines a subframe pool, and information
(configuration) which is provided from an eNodeB to a UE for the determination of the
subframe pool, will be described.

FIG. 10 is a diagram illustrating the configuration of a subframe pool within a prede-
termined period.

FIG. 10 illustrates a set of all subframes belonging to a predetermined period. For
example, the predetermined period may be an SFN period or a DFN period (10240
ms). Because the time length of one subframe is 1ms, a total of 10240 subframes (i.e.,
subframe indices #0 to #10239) may be included in the predetermined period.

The subframes remaining after excluding or skipping predetermined subframe(s)
from the universal set of the subframes in the predetermined period may be expressed
as 5% (0<i<Tmax). That is, the subframes corresponding to {tS;, t5, ..., 34, } may
be a set of subframes which may belong to a resource pool for V2X communication. In
the set of subframes {t5%, tSt, ..., tS5..1}, subframes may be arranged in ascending
order of the subframe indices from subframe #0 of a radio frame corresponding to SFN
0 (in mode 3) or DFN 0 (in mode 4) of a serving cell.

That is, the subframes corresponding to {t5%, tSt, ..., tSt3,..1} may be a set of
subframes which may belong to a resource pool for V2X communication. Here, the
subframes themselves, which correspond to {tS%, t5%, ..., t3%,,,, 1 }, do not indicate a
resource pool, but a part or all of them may be configured as a resource pool.

The universal set of the subframes in the predetermined period may be referred to as
a target subframe set to which a bitmap indicating a resource pool is applied
(specifically, a subframe pool corresponding to the time domain of the resource pool).
Here, the predetermined subframe(s) may correspond to, for example, a subframe in
which an SLSS resource is configured, a TDD DL subframe, a special subframe, and/
or a bitmap-non-applied-subframe (which will be described in detail later), and the
like.
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The bitmap associated with the resource pool may be expressed as {by, by, ..., Broimap 1
}. Here, Liumsp denotes the length of the bitmap, which is set by a higher layer. The
value of Ly, may be 16, 20, or 100, but is not limited thereto. If Ly, 1S set to a
value smaller than the number of subframes belonging to the predetermined period, the
bitmap may be repeatedly applied within the predetermined period.

A subframe pool may be configured with subframes corresponding to a value of 1
indicated by the bitmap. That is, subframes corresponding to t5' (here,
0<k<(10240-x-y)) may belong to a subframe pool when by=1 (here, k'=k mod Li;pap;
mod indicates a modulo operation). That is, the subframe pool may include subframes
that satisfy by=1 among t5x when k'=k mod Li;pap-

Here, x may correspond to the number of subframes in which an SLSS is configured
within the predetermined period. For example, the value of x may be O or 64. When a
period for configuring an SLSS is 160ms, 64 SLSS subframes may exist in a prede-
termined period having a length of 10240ms; therefore, x=64. Alternatively, when an
SLSS is not configured, x=0. In the present disclosure, x SL.SS-configured-subframes
may be referred to as first-type-excluded-subframes.

In addition, y corresponds to the number of bitmap-non-applied-subframes in the pre-
determined period. As an example, the value of y may be 0, 16, 40, or 76. Here, the
bitmap-non-applied-subframe may be determined based on the length of a prede-
termined period, the length of the bitmap, a subframe in which V2X transmission is
reserved, or the like. Detailed examples for these cases will be described later. In the
present disclosure, y bitmap-non-applied-subframes may be referred to as second-
type-excluded-subframes.

When SA and/or data transmission is scheduled (or granted) in a subframe 5, in the
resource pool determined as described above, SA and/or data transmission may be
reserved in a subframe tS%,,p+ after P, *j elapses from tSt,,. Here, it is defined that
J=1, 2, ..., Cee- 1. In this instance, C,.;may be Ci.
=A*SL. RESOURCE_RESELECTION COUNTER related to a resource reselection
counter.

For example, A=6 or 10, and the maximum value of
SL_RESOURCE_RESELECTION_COUNTER may be 15. P, is a resource
reservation interval set by a higher layer. For example, 100 may be fixedly used as P,
or one selected from among 100 and one or more other values may be selected and
used as Py,

For example, there is a scenario where P,,,=100, Tmax=10240, and j=1, 2, ..., 149.
Also, the length of a bitmap is 100, the value of a first bit is 1, and the value of a 61"
bit is O (i.e., a subframe pool includes subframe #0 but does not include subframe #60).

Also, the index of a first subframe in which SA and/or data transmission is scheduled,
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in the subframe pool, is #0. In this instance, subframe indices #0, #100, #200, ..., and
#10200 of a first period and subframe indices #60, #160, ..., and #4760 of a second
period may be reserved. Here, one period includes indices up to #10239, a subframe
corresponding to #10300, which is reserved after #10200, may be #60 of the second
period.

As described above, the case in which a resource is reserved beyond one prede-
termined period (e.g., an SFN period or a DFN period) may be expressed as an SFN
(or DFN) wrap-around situation in resource reservation. When Tmax is indivisible by
Liitmap (1-€., when the number of subframes included in the set of subframes to which a
bitmap is to be applied is not an integer multiple of the length of the bitmap), only a
part of the bitmap (i.e., only a front part of the bitmap) is applied in the last part of the
first period, and the bitmap is newly and repeatedly applied in the second period. In
this instance, in the second period, the subframes #60, #160, #260, ... and the like may
not be included in a subframe pool according to the bitmap. However, SA and/or data
transmission/reception is reserved. Accordingly, there may be ambiguity. This may be
called ambiguity attributable to SEN (or DFN) wrap-around.

To avoid ambiguity attributable to SEN (or DFN) wrap-around, tone or more of: the
number of bitmap-non-applied-subframes y (or the number of second-
type-excluded-subframes) and the pattern of bitmap-non-applied-subframes, a resource
reservation interval P, configuration, and/or restriction on the maximum value of a
resource reservation multiple parameter j may be applied in the system described
above. Next, detailed examples of the present disclosure will be described.

FIG. 11 is a flowchart illustrating a method of determining a resource pool.

In the example of FIG. 11, a first UE and a second UE correspond to UEs that join in
V2X communication or direct link communication, wherein the first UE corresponds
to an SA and data transmission (Tx) UE, and the second UE corresponds to an SA and
data reception (Rx) UE.

In operation S1110, an eNodeB may transmit, to the first UE, resource pool con-
figuration information for V2X communication, SLSS configuration information, and
the like. For example, the eNodeB may transmit the information through higher layer
signaling. Here, the resource pool configuration information may correspond to
"subframe indication of resource pool" information including a bitmap having a length
Of Liimap- In addition, the SLSS configuration information may correspond to "SL V2V
synchronization configuration" information (i.e., configuration information associated
with whether a UE transmits and receives synchronization information associated with
a sidelink for V2V),

In operation S1120, the first UE may determine x first-type-exclude-subframes (i.e.,

subframes in which an SLSS resource is configured) based on the SLSS configuration
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information. Accordingly, the x first-type-exclude-subframes may be excluded from a
set of all subframes belonging to a predetermined period (e.g., 10240 subframes which
correspond to all subframes in a single SFN (or DFN) period). Here, the set of
subframes remaining after excluding the x first-type-exclude-subframes from the set of
all subframes may be referred to as a first subset. For example, x=0 or 64.

In operation S1130, the first UE may determine a second-type-exclude-subframe
(i.e., an additional bitmap-non-applied-subframe) by taking into consideration the first
subset, Lijumap, and the like determined in operation S1120. Particularly, the first UE
may determine whether to additionally exclude the second-type-exclude-subframe.
When needed, the UE may determine the number of second-type-exclude-subframes.
Accordingly, y second-type-exclude-subframes may be excluded from the first subset,
and the result may be referred to as a second subset. For example, y=0, 16, 40, or 76.

In operation S1140, the first UE may repeatedly apply the bitmap having a length of
Limap to the second subset which has been determined by taking into consideration the
first-type-exclude-subframes and the second-type-exclude-subframes. According to the
present disclosure, the number of subframes of the second subset may be a multiple of
Lyimap» Whereby ambiguity attributable to the above described SEN (or DEN) wrap-
around may not occur.

Operation S1145 is performed when the first UE is set to operate in the eNodeB
resource scheduling mode (mode 3), and is omitted when the first UE is set to operate
in the UE autonomous resource selection mode (mode 4). In operation S1145, the first
UE receives, from the eNodeB, DCI including scheduling information (or grant in-
formation) of SA and/or data transmission.

In operation S1150, when the first UE is set to operate in the eNodeB resource
scheduling mode (mode 3), the first UE may determine a resource (e.g., a subframe
and a sub-channel) to be used for transmitting SA and/or data to the second UE, based
on the DCI received from the eNodeB. When the first UE is set to operate in the UE
autonomous resource selection mode (mode 4), the first UE may autonomously
determine a resource to be used for transmitting SA and/or data to the second UE. For
example, the first UE may determine a resource through which SA and/or data is to be
transmitted, by taking into consideration the state of channel occupancy by a sensing
window in a predetermined period prior to the point in time when a TB to be
transmitted to the second UE has been generated.

In operation S1160, the first UE determines a resource reservation interval (P.,,) and
a resource reservation multiple parameter (j), and may determine transmission-
reservation-subframes based thereon.

For example, a fixed value (e.g., P.,,=100) may be used as P,,,, or one selected from

among a plurality of values may be used as P,,. In this instance, when a value selected
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from among the plurality of values is used, P,,,, may be directly indicated by higher
layer signaling. P,,,, may be determined in connection with Ly, Or Py, may be de-
termined based on information associated with whether a short resource reservation
period is used and Lipap,

When one fixed value is always used as P, P, may always be 100 irrespective of
the value of Ly, (16, 20, or 100).

When one value selected from among a plurality of values is used as P,,,, and P, is
indicated directly by higher layer signaling, one value may be selected from among the
plurality of values as P,,,, irrespective of the value of Ly, (16, 20, or 100). For
example, although either 25 (if the reservation period is short) or 100 may be selected
as the value, the value is not limited thereto.

When one value selected from among a plurality of values is used as P,,,, and P, is
determined in connection with L., the first UE may directly receive, from an
eNodeB, the value of P, which is determined in connection with Lym,p (Or a value in-
dicating a combination of Py, and Luimap), or the first UE may autonomously determine
the value of P, associated with the value of Ly;m., based on the value of Liimap
received in operation S1110.

As an example, the value of P, associated with the value of Ly, may be de-
termined as shown in Table 7 provided below. In this instance, when the value of Py,
is one of the values corresponding to multiples of 16 in Table 7, the value may be 16,
32,96, or 112, wherein 16 and 32 are multiples of 16 that are close to 25 (if the
reservation period is short), and 96 and 112 are multiples of 16 that are close to 100.

However, the value is not limited thereto.

[Table 7]

Lbitmap PTSVP

100 100

20 100

16 One of values corresponding to multiples
of 16

In this instance, one value selected from among a plurality of values is used as Py,
and P, is determined based on L., and on information associated with whether a
short resource reservation period is used. Then, the first UE may directly receive, from
an eNodeB, the value of P, which is determined based on Ly, (or a value indicating
the combination of the information associated with whether a short resource
reservation period is used and Ly;,,) and on the information associated with whether a

short resource reservation period is used and Liy,,. Alternatively, the first UE may au-
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tonomously determine the value of P, in association with information of whether a
short resource reservation period is used and Ly, based on the information associated
with whether a short resource reservation period is used (information whether a short
reservation period is used or not may be indicated by the eNodeB through higher layer
signaling such as RRC or the like) and Ly, received from the eNodeB in operation
S1110. For example, the value of P,,, in association with information of whether a
short reservation period is used and the value of Ly, may be determined as shown in
Table 8 provided below. When the value of P, is one of the values corresponding to
multiples of 16 in Table 8, the value may be one of 16 and 32 which are multiples of
16 that are close to 25 when a short reservation period is used, and the value may be
one of 96 and 112 which are multiples of 16 that are close to 100 when a short
reservation period is not used. However, the value is not limited thereto.

[Table 8]

Short reservation period Lbitmap Py

Not used 100 100

Not used 20 100

Not used 16 One of values corresponding to
multiples of 16

Used 100 25

Used 20 25

Used 16 One of values corresponding to
multiples of 16

As described above, even when Li;,,=16, 100 may be used as the value of Py,
However, in the case of Lyimy=16, when a bitmap having a length of 16 bits is (by, by, b
25 «ees D15), Proyp=100. Accordingly, subframes in units of multiples of 100 may or may
not belong to a subframe pool together. That is, the bit values of (by, bs, bs, b;,) need to
always be the same. In the same manner, the bit values of (b, bs, bs, b;3) need to
always be the same, the bit values of (b, bs, byg, bi4) need to always be the same, and
the bit values of (b, b;, by, bys) need to always be the same. This is merely a four-bit
bitmap repeated four times, as opposed to a 16-bit bitmap. Therefore, the configuration
of a bitmap may be under restrictions.

Even if there are restrictions, in order to set the resource reservation interval Py, to
be the same in all cases, the value of P,,,, which is the same as the value of P, (e.g., P
wsvp =100) when Ly;n,,=20 or 100, may be used when Liy,,=16.

Alternatively, to overcome the restrictions, with respect to 100 subframes corre-
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sponding to P,,,=100, a bitmap (b, b, b,, ..., b;5) having a length of 16 in the case of L
pirmap=10, 18 applied six times and only a part (by, by, b,, b;) is applied with respect to the
last four subframes. With respect to the subsequent 100 subframes, the bitmap (b, b;, b
25 ..., D1s) having a length of 16 is applied six times; only the front four bits (b, by, b,, bs
) of the bitmap are applied with respect to the last four subframes, in the same manner
as described above. In this manner, when a bitmap having a length of 16 is applied
with respect to 10240 subframes included in a single SFN (or DFN) period based on a
100-subframe unit, as described above, the above restriction may not exist. However, it
is the same as the case in which a bit value is applied based on a 100-subframe period.
Therefore, ambiguity attributable to SFN (or DFN) wrap-around may occur, as in the
case Of Lijm,p=20 or 100.

Therefore, in the case of Lyim,,=16, one of the multiples of 16 may be set as P,,,, as
described above, to overcome the above restriction. In this instance, the restriction
caused when Py, 1s indivisible by Lym, may be overcome. At the same time,
ambiguity attributable to SFN (or DFN) wrap-around may not be generated because
the value10240 (corresponding to the total number of subframes in a single SFN (or
DFN) period) is divisible by the value 16 corresponding to Lum. However, in this
instance, the resource reservation interval P,,,, must be set to be different from the case
Of Liimap=20 or 100. Therefore, the number of events, which must be taken into con-
sideration in a resource reservation process, may be increased.

In operations S1170 and S1180, the first UE may map SA and data to the resource
determined in operation S1150, and may transmit the same to the second UE. For
example, in operation S1170, the first UE may transmit SA corresponding to SCI to the
second UE. Then in operation S1180, the first UE may transmit data to the second UE
in a resource indicated by the SCI transmitted in operation S1170.

In operation S1190, the second UE may attempt to receive the SA from the first UE
according to a blind decoding scheme. The blind decoding scheme may include
monitoring the locations of candidate resources through which SA may be received.
Also, the second UE may determine a resource in which data is to be received based on
the SCI received from the first UE, and may attempt to decode the data transmitted
from the first UE.

Although the above described illustrative methods of FIG. 11 are expressed as a
series of operations, they do not limit the order of operations executed; the operations
may be executed in parallel or in a different order. In order to implement the system
described above, another operation may be added to the described operations, only the
operations remaining after excluding one or more operations may be included, or one
or more operations may be excluded and additional other operations may be included.

Next, more detailed examples associated with FIG. 11 will be described.
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One feature in FIG. 11 is that the number of second-type-exclude-subframes (y) is
taken into consideration. In addition, in the case of Lym,=16, one of the multiples of
16 (e.g., 96) may be set as the value of P,,. Although above described restrictions may
exist, 100 may be used as the value of Py, in the case of Ly,=16 (like the case of L
pimap= 20 0T 100.) When P, is set as described above, ambiguity may be removed if an
SEN (or DFN) wrap-around situation occurs, or the SFN (or DFN) wrap-around
situation may not occur.

X, Liitmap, and y according to the example of FIG. 11 may be set as shown in Table 9

provided below.

[Table 9]

X Lvitmap y
0 100 40
0 20 0
0 16 0
64 100 76
64 20 16
64 16 0

Referring to Table 9, concrete embodiments of the method of FIG. 11 will be
described.

Embodiment 1

This embodiment relates to the case in which Li,,,=100 and x=0.

In this instance, y=40, as shown in Table 9. Accordingly, a subframe pool is de-
termined to be t54 (here, 0<k<(10240-0-40)). That is, a bitmap may be repeatedly
applied to subframes (i.e., a second subset) remaining after excluding 40 subframes
(y=40). In this instance, a bitmap having a length of 100 is repeatedly applied to 10200
subframes, and thus, the number of target subframes to which the bitmap is to be
applied (i.e., Tmax) may be an integer multiple of the length of the bitmap (or the
number of target subframes to which the bitmap is to be applied is divisible by the
length of the bitmap).

Next, examples of the pattern of 40 second-type-exclude-subframes (y=40) will be
described.

Embodiment 1-1

40 second-type-exclude-subframes may exist at intervals of 256(=10240/40)
subframes. For example, subframe indices #2535, #511, ...., and #10239 may

correspond to second-type-exclude-subframes.
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That is, subframes corresponding to subframe indices y,in a single SFN (or DFN)
period may be the second-type-exclude-subframes. Here, it is defined that y,
=256*(n+1)-1 and, n=0, 1, ..., 39.

Embodiment 1-2

40 second-type-exclude-subframes may be the last 40 subframes in 10240 subframes
in a single SFN (or DEN) period. For example, subframe indices #10201, #10202, ....,
and #10240 may correspond to the second-type-exclude-subframes.

That is, subframes corresponding to subframe indices y,in a single SFN (or DFN)
period may be the second-type-exclude-subframes. Here, it is defined that y,=10240-n
and, n=0, 1, ..., 39.

Embodiment 2

This embodiment relates to the case in which Li,,,=100 and x=64. In this instance, it
is determined that y=76, as shown in Table 9. Accordingly, a subframe pool is de-
termined to be t% (here, 0<k<(10240-64-76)). That is, a bitmap may be repeatedly
applied to subframes (i.e., a second subset) remaining after excluding subframes corre-
sponding to x=64 and y=76. In this instance, a bitmap having a length of 100 is re-
peatedly applied to 10100 subframes, and thus, the number of target subframes to
which the bitmap is to be applied (i.e., Tmax) may be an integer multiple of the length
of the bitmap (or the number of target subframes to which the bitmap is to be applied is
divisible by the length of the bitmap).

Next, examples of the pattern of 72 second-type-exclude-subframes (y=72) will be
described.

Embodiment 2-1

76 second-type-exclude-subframes may be one or two subframes following after
first-type-exclude-subframes (i.e., SLSS transmission subframes).

For example, 64 second-type-exclude-subframes among the 76 second-
type-exclude-subframes (y=76) may be determined to be subframes immediately after
the 64 first-type-exclude-subframes (x=64) among 10240 subframes included in a
single SEN (or DFN) period. Additionally, the 12 remaining second-
type-exclude-subframes out of the 76 subframes (y=76 ) may be determined to be
second following subframes which respectively follow after 1%, 6%, 11%, 16™, 215, 26,
31, 36%, 41, 46®, 51+, and 56™ first-type-exclude-subframes of the 64 first-
type-exclude-subframes (x=64) among the 10240 subframes in a single SFN (or DFN)
period.

That is, subframes corresponding to subframe indices y,and y,, in a single SFN (or
DFN) period may be the second-type-exclude-subframes.

Here, it is defined that y,;=x¢+160*n,+1 and, n=0, 1, ..., 63. Here, x,corresponds to

an index of a first first-type-exclude-subframe (i.e., a subframe which an SLSS is
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initially transmitted) in a single SFN (or DFN) period.

Here, it is defined that y ,=x+800%n,+2 and, n=0, 1, ..., 11.

Embodiment 2-2

76 second-type-exclude-subframes may be the last 76 subframes of 10240 subframes
in a single SFN (or DFN) period.

When a first-type-exclude-subframe (i.e., an SLSS transmission subframe) does not
exist between subframe index #10165 and subframe index #10240, subframe indices
#10165, #10166, ..., and #10240 may correspond to second-type-exclude-subframes.

That is, subframes corresponding to subframe indices y,in a single SFN (or DFN)
period may be second-type-exclude-subframes. Here, it is defined that y,=10240-n and
that n=0, 1, ..., 75.

When a first-type-exclude-subframe (i.e., an SLSS transmission subframe) exists
between subframe index #10165 and subframe index #10240, subframe indices
#10164, #10165, ..., and #10240 may correspond to second-type-exclude-subframes.

That is, subframes corresponding to subframe indices y,in a single SFN (or DFN)
period may be second-type-exclude-subframes. Here, when 10240-n>xg;, y,=10240-n.
Otherwise (i.e., when 10240-n<xe;), y,=10239-n and n=0, 1, ..., 75. Here, x, indicates a
first-type-exclude-subframe, and xq; corresponds to a 64" first-type-exclude-subframe.

Embodiment 2-3

76 second-type-exclude-subframes may be 64 subframes, which respectively follow
immediately after first-type-exclude-subframes (i.e., SLSS transmission subframes)
and the last 12 subframes of 10240 subframes in a single SFN (or DFN) period.

For example, 64 second-type-exclude-subframes among 76 subframes (y=76) may be
determined to be subframes which respectively follow immediately after 64 first-
type-exclude-subframes (x=64) of 10240 subframes in a single SFN (or DFN) period.
The second-type-exclude-subframes may be expressed as subframe index y,;.

Additionally, when a first-type-exclude-subframe (i.e., an SLSS transmission
subframe) does not exist between subframe index #10229 and subframe index #10240,
the remaining 12 second-type-exclude-subframes of the 76 subframes (y=76) may
correspond to subframes corresponding to indices #10229, #10230, ..., and #10240 in a
single SEN (or DFN) period. When a first-type-exclude-subframe (i.e., an SLSS
transmission subframe) exists between subframe index #10229 and subframe index
#10240, subframe indices #10227, #10228, ..., and #10240 may correspond to second-
type-exclude-subframes. The second-type-exclude-subframes may be expressed as a
subframe index y,;.

That is, subframes corresponding to subframe indices y,and y,, in a single SFN (or
DFN) period may be the second-type-exclude-subframes.

Here, y,=x¢+160*n,+1, and n=0, 1, ..., 63, where x,corresponds to an index of a first
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first-type-exclude-subframe (i.e., a subframe in which an SLSS is initially transmitted)
in a single SFN (or DFN) period.

Also, subframes corresponding to subframe indices y,,in a single SFN (or DFN)
period may be the second-type-exclude-subframes. Here, it is defined that y,,=10240-n
,and, n=0, 1, ..., 11.

Alternatively, subframes corresponding to subframe indices y,in a single SFN (or
DFN) period may be second-type-exclude-subframes. Here, when 10240-n,>X;, v,
=10240-n,. Otherwise (i.e., when 10240-n,<x¢;), y,=10238-n, and n,=0, 1, ..., 11. Here,
X, indicates a first-type-exclude-subframe, and x¢; corresponds to a 64% first-
type-exclude-subframe.

Embodiment 3

The present embodiment relates to the case in which Liy,,,=20 and x=0. In this
instance, y=0, as shown in Table 9. Accordingly, a subframe pool is determined to be t
SLy (here, 0=k<(10240-0-0)). That is, a first-type-exclude-subframe and a second-
type-exclude-subframe may not exist, and a bitmap may be repeatedly applied to all
subframes in a predetermined period. In this instance, a bitmap having a length of 20 is
repeatedly applied to 10240 subframes, and thus, the number of target subframes to
which the bitmap is to be applied (i.e., Tmax) may be an integer multiple of the length
of the bitmap (e.g., the number of target subframes to which the bitmap is to be applied
is divisible by the length of the bitmap).

Embodiment 4

The present embodiment relates to the case in which Liu,,=20 and x=64. In this
instance, y=16, as shown in Table 9. Accordingly, a subframe pool is determined to be
Sty (here, 0<k<(10240-64-16)). That is, a bitmap may be repeatedly applied to
subframes (i.e., a second subset) remaining after excluding subframes corresponding to
x=64 and y=16. In this instance, a bitmap having a length of 20 is repeatedly applied to
10160 subframes, and thus, the number of target subframes to which the bitmap is to
be applied (i.e., Tmax) may be an integer multiple of the length of the bitmap (e.g., the
number of target subframes to which the bitmap is to be applied is divisible by the
length of the bitmap).

Next, examples of a pattern of 16 second-type-exclude-subframes (y=16) will be
described.

Embodiment 4-1

16 second-type-exclude-subframes may be subframes that respectively follow after
some of first-type-exclude-subframes (i.e., SLSS transmission subframes).

For example, the 16 remaining second-type-exclude-subframes (y=16) may be de-
termined to be subframes which respectively follow immediately after the 1%, 5%, 9%,
13, 17t 2], 25, 29® 33t 37t 4]st 45% 49t 53t 570 and 61+ first-
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type-exclude-subframes among 64 first-type-exclude-subframes (x=64) of the 10240
subframes in a single SFN (or DFN) period.

That is, subframes corresponding to subframe indices y,in a single SFN (or DFN)
period may be second-type-exclude-subframes. Here, it is defined that y,=x,+640*n+1
and, n=0, 1, ..., 15. Here, x,corresponds to an index of the first first-
type-exclude-subframe (i.e., a subframe in which an SLSS is initially transmitted) in a
single SEN (or DFN) period.

Embodiment 4-2

16 second-type-exclude-subframes may be the last 16 subframes of 10240 subframes
in a single SFN (or DFN) period.

When a first-type-exclude-subframe (i.e., an SLSS transmission subframe) does not
exist between subframe index #10225 and subframe index #10240, subframe indices
#10225, #10226, ..., and #10240 may correspond to second-type-exclude-subframes.

That is, the subframes corresponding to subframe indices y,in a single SFN (or DFN)
period may be second-type-exclude-subframes. Here, it is defined that y,=10240-n and
n=0, 1, ..., 15.

When a first-type-exclude-subframe (i.e., an SLSS transmission subframe) exists
between subframe index #10225 and subframe index #10240, subframe indices
#10224, #10225, ..., and #10240 may correspond to second-type-exclude-subframes.

That is, the subframes corresponding to subframe indices y,in a single SFN (or DFN)
period may be second-type-exclude-subframes. Here, when 10240-n>x¢;, y,=10240-n.
Otherwise (i.e., when 10240-n<xg;), y,=10239-n and n=0, 1, ..., 15. Here, x, indicates a
first-type-exclude-subframe, and x¢; indicates a 64® first-type-exclude-subframe.

The embodiments 1 through 4 which are detailed embodiments of the method of FIG.
11 may additionally include features described in the following embodiments A or B,
or the features corresponding to the embodiments 1 through 4 may be replaced with the
features described in embodiments A or B.

Embodiment A

As described above, in operation S1120, the first UE may determine x first-
type-exclude-subframes (i.e., subframes in which an SLSS resource is configured)
based on the SLSS configuration information. Accordingly, the x first-
type-exclude-subframes may be excluded from a set of all subframes belonging to a
predetermined period (e.g., 10240 subframes which correspond to all subframes in a
single SEN (or DFN) period). Here, the set of subframes remaining after excluding the
x first-type-exclude-subframes from the set of all subframes may be referred to as a
first subset. For example, x=0 or 64.

Subsequently, in operation S1130, the first UE may determine a second-

type-exclude-subframe (i.e., an additional bitmap-non-applied-subframe) by taking
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into consideration the first subset, Ly;m,p, and the like which have been determined in
operation S1120. More specifically, the first UE determines whether to additionally
exclude the second-type-exclude-subframe. When needed, the UE may determine the
number of second-type-exclude-subframes. Accordingly, y second-
type-exclude-subframes may be excluded from the first subset, and the result may be
referred to as a second subset. For example, y=0, 16, 40, or 76.

Embodiment A-1

In the case of y=0 (in this instance, (X, Lyjmap) 18 (0, 20), (0, 16) or (64, 16) as shown
in Table 9), y second-type-exclude-subframes (which are additionally reserved
subframes that are not included in a subframe pool or that are not considered to be a
subframe pool) do not exist when a subframe pool is configured by repeatedly
applying a bitmap having a length of Ly, in operation S1140. Accordingly, the
locations of the y second-type-exclude-subframes may need to be defined.

Embodiment A-2

In the case of y=40 (in this instance, (X, Limap) 1S (0, 100) as shown in Table 9),
when a subframe pool is configured by repeatedly applying a bitmap having a length of
Limap in Operation 1140, 40 subframes may need to be defined as 'y second-
type-exclude subframes, which are additionally reserved (i.e., subframes that are not
included in a subframe pool or subframes that are not considered to be a subframe
pool).

In this instance, the 40 second-type-exclude-subframes may exist at intervals of
256(=10240/40) subframes. For example, subframe indices #d, #(d+256), #(d+512),
..., and #(d+9984) may correspond to the second-type-exclude-subframes. In this
instance, d is an integer that satisfies 0<d<256.

That is, subframes corresponding to subframe indices y,in a single SFN (or DFN)
period may be second-type-exclude-subframes. Here, it is defined that y,=d+256*n and
n=0, 1, ..., 39. One of the integer values that satisfies 0<d<256 may be selected as d.
For example, d may be 255 (d=255), but it is not limited thereto.

Embodiment A-3

In the case of y=76 (in this instance, (X, Luimp) 15 (64, 100) as shown in Table 9),
when a subframe pool is configured by repeatedly applying a bitmap having a length of
Liiumap i Operation 1140, 76 subframes may need to be defined as y second-
type-exclude-subframes, which are additionally reserved (i.e., subframes that are not
included in a subframe pool or subframes that are not considered to be a subframe
pool).

In this instance, the 76 second-type-exclude-subframes may exist at intervals of D
subframes. For example, subframe indices #d, #(d+D), #(d+2D), ...., and #(d+75*D)

may correspond to the second-type-exclude-subframes. In this instance, d is an integer
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that satisfies 0<d<D. In this instance, the interval D may be 134, which is obtained by
dividing 10240 by 76 (i.e., int(10240/76)), whereby 76 second-type-exclude-subframes
are evenly distributed over a total of 10240 subframes. However, the value is not
limited thereto.

In this instance, when a second-type-exclude-subframe which is determined as
described above overlaps a first-type-exclude-subframe (i.e., a subframe in which an
SLSS is transmitted), that is, when the second-type-exclude-subframe has the same
subframe index as that of the first-type-exclude-subframe, only with respect to the
second-type-exclude-subframe that overlaps the first-type-exclude-subframe (the
subframe in which SLSS transmission is performed), a subframe which is d' distant
away from the subframe corresponding to the subframe index determined as described
above may be determined to be a second-type-exclude-subframe. In this instance,
1<d'<D. That is, in the case of d'=1, a subframe that overlaps a first-
type-exclude-subframe (i.e., a subframe in which SLSS transmission is performed)
may not be defined as a second-type-exclude-subframe; however, a subsequent
subframe may be defined as a second-type-exclude-subframe.

In other words, subframes corresponding to subframe indices y,in a single SFN (or
DFN) period may be second-type-exclude-subframes. Here, it is defined that y,
=d+D*n and n=0, 1, ..., 75. One of the integer values that satisfy 0<d<D may be
selected as d. For example, d may be 133 (d=133), but it is not limited thereto. Also, D
may be int(10240/76)=134, but it is not limited thereto. When a second-
type-exclude-subframe defined by y,=d+D*n overlaps a first-type-exclude-subframe (a
subframe in which SLSS transmission is performed), a subframe that is d' subframes
away from the corresponding second-type-exclude-subframe may be a second-
type-exclude subframe, and 1<d'<D. In this instance, d' may be 1 (d'=1), but it is not
limited thereto.

Embodiment A-4

In the case of y=16 (in this instance, (X, Luimp) 1S (64, 20) as shown in Table 9),
when a subframe pool is configured by repeatedly applying a bitmap having a length of
Liyiumap i Operation 1140, 16 subframes may need to be defined as y second-
type-exclude-subframes, which are additionally reserved subframes (i.e., subframes
that are not included in a subframe pool or subframes that are not considered to be a
subframe pool).

In this instance, the 16 second-type-exclude-subframes may exist at intervals of
640(=10240/16) subframes. For example, subframe indices #d, #(d+640), #(d+1280),
..., and #(d+9600) may correspond to the second-type-exclude-subframes. In this
instance, d is an integer that satisfies 0<d<640.

In this instance, when a second-type-exclude-subframe determined as described
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above overlaps a first-type-exclude-subframe (i.e., a subframe in which an SLSS is
transmitted), that is, when the second-type-exclude-subframe has the same subframe
index as that of the first-type-exclude-subframe, only with respect to the second-
type-exclude-subframe that overlaps the first-type-exclude-subframe (i.e., a subframe
in which SLSS transmission is performed), a subframe which is d' distant away from
the subframe corresponding to the subframe index determined as described above may
be determined to be a second-type-exclude-subframe. In this instance, 1<d'<640. That
is, in the case of d'=1, when a subframe overlaps a first-type-exclude-subframe (i.e., a
subframe in which SLSS transmission is performed), it may not be defined as a
second-type-exclude-subframe; however, a subsequent subframe may be defined as a
second-type-exclude-subframe.

In other words, subframes corresponding to subframe indices y,in a single SFN (or
DFN) period may be second-type-exclude-subframes. Here, it is defined that y,
=d+640%*n and n=0, 1, ..., 15. One of the integer values that satisfies 0<d<640 may be
selected as d. For example, d may be 639 (d=639), but it is not limited thereto. When a
second-type-exclude-subframe defined by y,=d+D*n overlaps a first-
type-exclude-subframe (i.e., a subframe in which SLSS transmission is performed), a
subframe that is d' subframes away from the corresponding second-
type-exclude-subframe may be a second-type-exclude subframe, and 1<d'<640. In this
instance, d' may be 1 (d'=1), but it is not limited thereto.

According to the above described embodiments A-2 to A-4, when y is different from
0 and when y second-type-exclude-subframes therefore need to be defined, the
locations of the second-type-exclude-subframes may be determined as follows.

The y second-type-exclude-subframes may exist at intervals of D subframes. For
example, subframe indices #d, #(d+D), #(d+2D), ...., and #(d+(y-1)*D) may
correspond to the second-type-exclude-subframes. In this instance, d is an integer that
satisfies 0<d<D, where the interval D is a value which is obtained by dividing 10240
by y (i.e., int(10240/y)), whereby the y second-type-exclude-subframes are evenly dis-
tributed over a total of 10240 subframes.

In this instance, when a second-type-exclude-subframe which is determined as
described above overlaps a first-type-exclude-subframe (i.e., a subframe in which an
SLSS is transmitted), that is, when the second-type-exclude-subframe has the same
subframe index as that of the first-type-exclude-subframe), only with respect to the
second-type-exclude-subframe that overlaps the first-type-exclude-subframe (i.e., a
subframe in which SLSS transmission is performed), a subframe which is d' distant
away from the subframe corresponding to the subframe index determined as described
above may be determined to be a second-type-exclude-subframe. In this instance,

1<d'<D. That is, in the case of d'=1, when a subframe overlaps a first-
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type-exclude-subframe (i.e., a subframe in which SLSS transmission is performed), it
may not be defined as a second-type-exclude-subframe, but a subsequent subframe
may be defined as a second-type-exclude-subframe.

In other words, subframes corresponding to subframe indices y,in a single SFN (or
DFN) period may be second-type-exclude-subframes. Here, it is defined that y,
=d+D*n and n=0, 1, ..., y-1. One of the integer values that satisfies 0<d<D may be
selected as d. For example, d may be D-1 (d=D-1), but it is not limited thereto. Also, D
may be int(10240/y), but it is not limited thereto. When a second-
type-exclude-subframe defined by y,=d+D*n overlaps a first-type-exclude-subframe
(i.e., a subframe in which SLSS transmission is performed), a subframe that is d'
subframes away from the corresponding second-type-exclude-subframe may be a
second-type-exclude subframe, and 1<d'<D. In this instance, d' may be 1 (d'=1), but it
is not limited thereto.

Embodiment B

In addition to Frequency Division Duplexing (FDD), embodiment B takes Time
Division Duplexing (TDD) into consideration as a duplexing scheme.

When using TDD, Table 9 may be replaced with Table 10 as shown below.

[Table 10]

Duplexing Z X Lbitnap y

0 100 40

0 20 0

0 16 0

FDD 10240 ol 100 76

64 20 16

64 16 0

0 100 44

D 0 20 4
UL-DL 0 16 0
configuration 6144 64 100 80
0 64 20 0

64 16 0

0 100 96

TOD 0 20 16
UL-DL 0 16 0
configuration 409 64 100 32
1 64 20 12

64 16 0

0 100 48

TOD 0 20 8
UL-DL 0 16 0
configuration 2048 64 100 84
2 64 20 4

64 16 0
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0 100 72
TDD 0 20 12
UL-DL 0 16 0
configuration 3072 64 100 8
3 64 20 8
64 16 0
0 100 48
TDD 0 20 8
UL-DL 0 16 0
configuration 2048 64 100 84
4 64 20 4
64 16 0
0 100 24
TDD 0 20 4
UL-DL 0 16 0
configuration 1024 64 100 60
5 64 20 0
64 16 0
0 100 20
TDD 0 20 0
UL-DL 0 16 0
configuration 5120 64 100 56
6 64 20 16
64 16 0

In operation S1120, as described above, a first UE may determine x first-
type-exclude-subframes (i.e., subframes in which an SLSS resource is configured)
based on the SLSS configuration information. Accordingly, x first-
type-exclude-subframes may be excluded from a set of all uplink subframes included
in a predetermined period (e.g., z subframes corresponding to all uplink subframes
included in a single SFN (or DEN) period (z may change according to the FDD and
TDD UL-DL configuration as shown in Table 10)). Here, the set of subframes
remaining after excluding the x first-type-exclude-subframes from the set of all
subframes may be referred to as a first subset. For example, x=0 or 64.

Subsequently, in operation S1130, the first UE may determine a second-
type-exclude-subframe (i.e., an additional bitmap-non-applied-subframe) by taking
into consideration the first subset, L.y, and the like determined in operation S1120.
Here, the first UE determines whether to additionally exclude the second-
type-exclude-subframe. When needed, the first UE may determine the number of
second-type-exclude-subframes. Accordingly, y second-type-exclude-subframes may
be excluded from the first subset, and the result may be referred to as a second subset.
For example, y may be a value corresponding to each case of Table 10.

In the case of y=0, when a subframe pool is configured by repeatedly applying a
bitmap having a length of Ly, in operation 1140, y second-type-exclude-subframes,
which in this case are additionally reserved subframes (i.e., subframes that are not
included in a subframe pool or subframes that are not considered to be a subframe
pool), do not exist. Thus, there is no need to define the locations of the y second-

type-exclude-subframes.



WO 2018/062967 PCT/KR2017/011054

[246]

[247]

[248]

[249]

[250]
[251]

[252]

34

When y is different from 0 and y second-type-exclude-subframes need to be defined,
the locations of the y second-type-exclude-subframes may be determined as follows.

The y second-type-exclude-subframes may exist at intervals of D subframes. For
example, subframe indices #d, #(d+D), #(d+2D), ...., and #(d+(y-1)*D) may
correspond to the second-type-exclude-subframes. In this instance, d is an integer that
satisfies 0<d<D. In this instance, the interval D may be a value which is obtained by
dividing 10240 by y (i.e., int(10240/y)), whereby the y second-type-exclude-subframes
are evenly distributed over a total of 10240 subframes.

In this instance, when a second-type-exclude-subframe determined as described
above overlaps a first-type-exclude-subframe (that is, when the second-
type-exclude-subframe has the same subframe index as that of the first-
type-exclude-subframe) or when the determined second-type-exclude subframe is not
an uplink subframe, only with respect to the second-type-exclude-subframe that
overlaps the first-type-exclude-subframe (the subframe in which SLSS transmission is
performed) or the second-type-exclude subframe that is not an uplink subframe, a
subframe, which is not the first-type-exclude-subframe, but is an uplink subframe and
is the closest subframe from among subframes subsequent to the subframe determined
as described above, may be determined to be a second-type-exclude-subframe.

In other words, subframes corresponding to subframe indices y,in a single SFN (or
DFN) period may be second-type-exclude-subframes. Here, it is defined that y,
=d+D*n and n=0, 1, ..., y-1. One of the integer values that satisfies 0<d<D may be
selected as d. For example, d may be an uplink subframe which is the closest to a
subframe having a subframe index value of D, from among subframes prior to the
subframe having the subframe index value of D. However, the value is not limited
thereto. Similarly, D may be int(10240/y), but it is not limited thereto. When a second-
type-exclude-subframe defined by the equation y,=d+D*n overlaps a first-type-exclude
subframe (i.e., a subframe in which SLSS transmission is performed) or is not an
uplink subframe, a subframe, which is different from a first-type-exclude subframe, is
an uplink subframe, and is the closest subframe from among subframes subsequent to
the second-type-exclude-subframe defined by the equation y,=d+D*n may be defined
as a second-type-exclude-subframe.

FIG. 12 is a flowchart illustrating a method of determining a resource pool.

In the example of FIG. 12, a first UE and a second UE correspond to UEs that join in
V2X communication or direct link communication, wherein the first UE corresponds
to an SA and data Tx UE, and the second UE corresponds to an SA and data Rx UE.

In operation S1210, an eNodeB may transmit resource pool configuration in-
formation for V2X communication, SLSS configuration information, and the like to

the first UE. If the eNodeB transmits the information through higher layer signaling,
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the resource pool configuration information may correspond to "subframe indication of
resource pool"” information including a bitmap having a length of Ly;,. Also, the
SLSS configuration information may correspond to "SL V2V synchronization con-
figuration" information (i.e., configuration information associated with whether a UE
transmits and receives synchronization information associated with a sidelink for
V2V).

In operation S1220, the first UE may determine x first-type-exclude-subframes (i.e.,
subframes in which an SLSS resource is configured) based on the SLSS configuration
information. Accordingly, the x first-type-exclude-subframes may be excluded from a
set of all subframes belonging to a predetermined period (e.g., 10240 subframes which
correspond to all subframes in a single SFN (or DFN) period). Here, the set of
subframes remaining after excluding the x first-type-exclude-subframe from the set of
all subframes may be referred to as a first subset. For example, x=0 or 64.

In operation S1230, the first UE may repeatedly apply a bitmap having the length of
Liimap received in operation S1210 to the set of subframes (i.e., a first subset)
remaining after excluding the x first-type-exclude-subframes from the set of all
subframes determined in operation S1220. That is, unlike the example shown in FIG.
11 which takes into consideration a second-type-exclude-subframe, the example shown
in FIG. 12 does not take into consideration a second-type-exclude-subframe (e.g., it
does not define a second-type-exclude-subframe or assumes that the number of
second-type-exclude-subframes is O (y=0)), and applies a bitmap after excluding a
first-type-exclude-subframe.

Operation S1235 may be performed when the first UE is set to operate in the eNodeB
resource scheduling mode (mode 3), and may be omitted when the first UE is set to
operate in the UE autonomous resource selection mode (mode 4). In operation S1235,
the eNobeB may transmit DCI to the first UE, including scheduling information (or
grant information) of SA and/or data transmission.

In operation S1240, when the first UE is set to operate in the eNodeB resource
scheduling mode (mode 3), the first UE may determine a resource (e.g., a subframe
and a sub-channel) to be used for transmitting SA and/or data to the second UE based
on the DCI received from the eNodeB. When the first UE is set to operate in the UE
autonomous resource selection mode (mode 4), the UE may autonomously determine a
resource to be used for transmitting SA and/or data to the second UE. As an example,
the first UE may determine a resource through which SA and/or data is to be
transmitted by taking into consideration the state of channel occupancy by a sensing
window in a predetermined interval prior to the point in time when a TB to be
transmitted to the second UE has been generated.

In operation S1250, the first UE determines a resource reservation interval (P.,,) and
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a resource reservation multiple parameter (j), and may determine transmission
reservation subframes based thereon.

A fixed value (e.g., P,,,,=100) may always be used as P, in operation S1250, or one
selected from among a plurality of values may be used as P,

When one fixed value is always used as P, P, may always be 100 irrespective of
the value of Ly, (16, 20, or 100).

When a value selected from among the plurality of values is used as Py, P.,, may be
directly indicated by higher layer signaling. P,,,, may be determined in connection with
Liiumap- Further, P, may be determined based on Ly, and on information associated
with whether a short resource reservation period is used.

When one value selected from among a plurality of values is used as P,,,, and when P
vp 18 indicated directly by higher layer signaling, either 25 (if the reservation period is
short) or 100 may be selected as P,,,, irrespective of the value of Ly, (16, 20, or
100).

When one value selected from among a plurality of values is used as P,,,, and when P
rsvp 18 determined in connection with Ly, an eNodeB may directly transmit the value
of P, determined in connection with L., (or a value indicating a combination of P,
and Liyimsp) to the first UE. Further, the first UE may autonomously determine the value
of Py, associated with the value of Li;ma, based on the value of Liima, received from the
eNodeB in operation S1210. The value of P, associated with the value of Ly, may
be determined as shown in Table 11 below. In this instance, when the value of P, 1s a
multiple of 16, the value may be 16, 32, 96, or 112, wherein 16 and 32 are multiples of
16 that are close to 25 (if the reservation period is short), and 96 and 112 are multiples
of 16 that are close to 100. However, the value is not limited thereto.

[Table 11]

Limap -

100 100

20 100

16 One of values corresponding to multiples
of 16

When one value selected from among a plurality of values is used as P,,,, and when
P.p1s determined based on Ly, and on information associated with whether a short
resource reservation period is used, the eNodeB may directly transmit the value of Py,
which is determined based on Ly, and on information associated with whether a
short resource reservation period is used, to the first UE. As a second option, the

eNodeB may directly transmit a value indicating the combination of the information
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associated with whether a short resource reservation period is used and Lym,. Further,
the first UE may autonomously determine the value of P, in association with the in-
formation associated with whether a short resource reservation period is used and L
pimap DAs€d on the information associated with whether a short resource reservation
period is used (information whether a short reservation period is used or not may be
indicated by the eNodeB through higher layer signaling such as RRC or the like) and L
pirmap T€CE1VEd from the eNodeB in operation S1110.

To provide one example, the value of P, in association with the value of Ly, and
with whether a short reservation period is used may be determined as shown in Table
12. In this instance, when the value of P, is one of the values corresponding to
multiples of 16 in Table 12, the value may be either 16 or 32, which are multiples of 16
that are close to 25, when a short reservation period is used, or the value may be either
96 or 112, which are multiples of 16 that are close to 100, when a short reservation

period is not used. However, the value is not limited thereto.

[Table 12]

Short reservation period Loitmap Prop

Not used 100 100

Not used 20 100

Not used 16 One of values corresponding to
multiples of 16

Used 100 25

Used 20 25

Used 16 One of values corresponding to
multiples of 16

As described above, even when Liimayp=16, 100 may be used as the value of Py,
However, in the case of Lyimy=16, when a bitmap having a length of 16 bits is (by, by, b
25 «ees D15), Proyp=100. Accordingly, subframes in units of multiples of 100 may or may
not belong to a single subframe pool. The bit values of (by, bs, bs, b;2) need to always
be the same. In the same manner, the bit values of (b, bs, by, b;3) needs to always be
the same. The bit values of (b,, bs, byg, bis) need to always be the same. The bit values
of (bs, b;, by, bys) need to always be the same. This is merely a four-bit bitmap
repeated four times, as opposed to a 16-bit bitmap. Therefore, the configuration of a
bitmap may have restrictions.

Even there are restrictions, in order to set the resource reservation interval Py, to be

the same in all cases, the value of P,,,, which is the same as the value of Py, (P,
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=100) when Ly;,,=20 or 100, may be used when Li;u,,=16.

Alternatively, to overcome restrictions: when 100 subframes correspond to P,,,=100,
a bitmap (by, by, b,, ..., bys) having a length of 16 in the case of Li;m,,=16, is applied six
times and only a part (by, by, by, b;) is applied with respect to the last four subframes.
With respect to subsequent sets of 100 subframes, the bitmap (by, by, b, ..., bys) having
a length of 16 is applied six times and only front four bits (by, by, b, b;) of the bitmap
are applied with respect to the last four subframes, in the same manner as described
above. In this manner, when the bitmap having a length of 16 is applied with respect to
10240 subframes included in a single SFN (or DEN) period for every 100 subframes,
as described above, the above restriction may not exist. However, it is the same as the
case in which a bit value is applied based on a 100-subframe period. Therefore,
ambiguity attributable to SFN (or DFN) wrap-around may occur, as in the case of L
piemap=20 0Or 100.

Therefore, in the case of Lyimap=16, one of the multiples of 16 may be set as P, as
described above to overcome the above restriction. In this instance, the restriction
caused when P, 1s indivisible by Lyim, may be overcome, and at the same time,
ambiguity attributable to SFN (or DFN) wrap-around may not be generated because
the the total number of subframes in a single SFN (or DFN) period (10240) is divisible
by the value of Lymsp (16) However, in this instance, the resource reservation interval P
vp Must be set to be different from the case of Lyjmayy=20 or 100. Therefore, the number
of events, which are needed to be taken into consideration in a resource reservation
process, may be increased.

Also, the first UE may determine a resource reservation multiple parameter j based
on the length L., 0f a bitmap and/or on the number of first-type-exclude-subframes
(x). Here, whether a resource will be reserved beyond a single predetermined period
(e.g., a SFN period or a DEN period) may be determined based on j (=1, 2, ..., Crya-1).
That is, whether an SFN (or DFN) wrap-around situation will occur may be de-
termined. The maximum value (upper limit) of j associated with the value of Ly, may

be determined as shown in Table 13 or Table 14.
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[Table 13]

Loitmap X Cresel

100 0 6*SL_RESOURCE_RESELECTION_CO
UNTER

100 64 6*SL_RESOURCE_RESELECTION_CO
UNTER

20 0 10*SL._RESOURCE_RESELECTION_CO
UNTER

20 64 6*SL_RESOURCE_RESELECTION_CO
UNTER

16 0 10*SL._RESOURCE_RESELECTION_CO
UNTER

16 64 10*SL._RESOURCE_RESELECTION_CO
UNTER

[Table 14]

Lbimap Cresel

100 6*SL_RESOURCE_RESELECTION_COUNTER

20 6*SL_RESOURCE_RESELECTION_COUNTER

16 10*SL._RESOURCE_RESELECTION_COUNTER

In the examples described in Table 13 and Table 14, when the value of Ly, 1s 100,
the upper limit of j may be lowered to j=1, 2, ...,
6*SL_RESOURCE_RESELECTION_COUNTER-1 because an SFN (or DFN) wrap-
around situation needs to be avoided irrespective of x.

In the example described in Table 13, when the value of Ly, 1S 20 and when x=64,
the upper limit of j may be lowered to j=1, 2, ...,
6*SL_RESOURCE_RESELECTION_COUNTER-1 because an SFN (or DFN) wrap-
around situation needs to be avoided.

In the example described in Table 13, when the value of Ly, is 20 and x=0,
ambiguity does not exist even though an SEN (or DFN) wrap-around situation does
occur, and the sequence j=1, 2, ...,
10*SL_RESOURCE_RESELECTION_COUNTER-1 may be applied.

Alternatively, as shown in Table 14, when the value of Liyjmap 15 20, it is assumed that
an SFN (or DFN) wrap-around situation does not occur irrespective of x. In this
instance, the sequence j=1, 2, ..., 6*SL_RESOURCE_RESELECTION_COUNTER-1
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may be applied.

In the examples of Table 13 and Table 14, when the value of Ly, 1s 16, ambiguity
does not exist even though an SFN (or DFN) wrap-around situation does occur,
whereby j=1, 2, ..., 10*SL_RESOURCE_RESELECTION_COUNTER-1 may be
applied.

In operations S1260 and S1270, the first UE may map SA and data to the resource
determined in operation S1240, and may transmit the same to the second UE. For
example, in operation S1260, the first UE may transmit SA corresponding to SCI to the
second UE. In operation S1270, the first UE may transmit data to the second UE in a
resource indicated by the SCI transmitted in operation S1260.

In operation S1280, the second UE may attempt to receive the SA from the first UE
according to a blind decoding scheme. The blind decoding scheme may include
monitoring the locations of candidate resources through which SA may be received. In
addition, the second UE may determine the resource in which data is to be received
based on the SCI received from the first UE, and may attempt to decode the data
transmitted from the first UE.

Although the above described illustrative methods of FIG. 12 are expressed as a
series of operations, the order of operations executed is not limited to those described.
The operations may additionally be executed in parallel or in a different order. In order
to implement the system described above, other operations may be added to the
described operations, only some operations may be performed while excluding others,
or some operations may be excluded while additional other operations may be
included.

Next, more detailed examples associated with FIG. 12 will be described.

According to a feature of the example shown in FIG. 12, the selection of a com-
bination of L., and P, may be restricted, and the upper limit of a resource
reservation multiple parameter j may be set, by taking into consideration whether an
SEN (or DFN) wrap-around occurs.

Embodiment 5

The present embodiment relates to the case in which Li,,,=16 and x=0. In this
instance, a subframe pool is determined to be t5 (here,0<k<(10240-0)). That is, a
first-type-exclude-subframe and a second-type-exclude-subframe may not exist, and a
bitmap may be repeatedly applied to all subframes in a predetermined period. In this
instance, a bitmap having a length of 16 is repeatedly applied to 10240 subframes, and
thus, the number of target subframes to which the bitmap is to be applied (i.e., Tmax)
may be an integer multiple of the length of the bitmap (i.e., the number of target
subframes to which the bitmap is to be applied is divisible by the length of the bitmap).

In addition, the value of P, may be set to an appropriate value for controlling a
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resource reservation period. As described above, a fixed value (e.g., Py,,=100) may
always be used as P, or one selected from among a plurality of values may be used as
P.p- When a value selected from among the plurality of values is used, P,,,, may be
directly indicated by higher layer signaling. Otherwise, P,,,, may be determined in
connection with Ly, or Py, may be determined based on Ly, and on information
associated with whether a short resource reservation period is used.

Embodiment 6

The present embodiment relates to the case in which Liju,,=16 and x=64. In this
instance, a subframe pool is determined to be t54 (here,0<k<(10240-64)). That is, a
bitmap may be repeatedly applied to a first subset that takes into consideration 64 first-
type-exclude-subframes (x=64) (here, a second-type-exclude-subframe does not exist).
In this example, a bitmap having a length of 16 is repeatedly applied to 10176
subframes, and thus, the number of target subframes to which the bitmap is to be
applied (i.e., Tmax) may be an integer multiple of the length of the bitmap (i.e., the
number of target subframes to which the bitmap is to be applied is divisible by the
length of the bitmap).

Here too, the value of P,,,, may be set to an appropriate value for controlling a
resource reservation period. As described above, a fixed value (e.g., Py,,=100) may
always be used as P,,or one selected from among a plurality of values may be used as
P.wp- When a value selected from among the plurality of values is used, P,,,, may be
directly indicated by higher layer signaling. Otherwise, P,,,, may be determined in
connection with Ly, or Py, may be determined based on Ly, and on information
associated with whether a short resource reservation period is used.

The various embodiments of the present disclosure are not described here merely for
enumerating all possible combinations. Rather, they describe representative aspects of
the present disclosure, and subjects described in the various embodiments may be
applied independently or in combination of two or more subjects.

In addition, the various embodiments of the present disclosure may be implemented
by hardware, firmware, software, a combination thereof, or the like. In the case of
hardware, the various embodiments of the present disclosure may be implemented by
one or more of Application Specific Integrated Circuits (ASICs), Digital Signal
Processors (DSPs), Digital Signal Processing Devices (DSPDs), Programmable Logic
Devices (PLDs), Field Programmable Gate Arrays (FPGAs), a general processor, a
controller, a micro-controller, a micro-processor, and the like.

The scope of the present disclosure includes software or machine-executable in-
structions (e.g., an operating system, an application, firmware, a program, and the like)
which enable operations according to the methods of various embodiments to be

performed in a device or a computer. The scope also includes a device that stores such
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software, instructions, or the like, or a non-transitory computer-readable medium
which is executable on a computer.

FIG. 13 is a diagram illustrating the configuration of a wireless device.

FIG. 13 illustrates a UE 100 that transmits control information and data for V2X
communication or direct link (e.g., D2D, ProSe, or SL) communication to another UE,
and an eNodeB 200 that provides control information to the UE 100 for the purpose of
supporting V2X communication or direct link (e.g., D2D, ProSe, or SL) commu-
nication.

The UE 100 may include a processor 110, an antenna unit 120, a transceiver 130, and
a memory 140.

The processor 110 processes signals related to a baseband, and may include a higher
layer processing unit 111 and a physical layer processing unit 112. The higher layer
processing unit 111 may process the operations of a Medium Access Control (MAC)
layer, a Radio Resource Control (RRC) layer, or a higher layer. The physical layer
processing unit 112 may process the operations of a PHY layer (e.g., processing an
uplink transmission signal or processing a downlink reception signal). The processor
110 may control operation of the UE 100 in addition to processing signals related to a
baseband.

The antenna unit 120 may include one or more physical antennas, and may support
Multiple Input Multiple Output (MIMO) transmission/reception when a plurality of
antennas is included. The transceiver 130 may include a Radio Frequency (RF)
transmitter and an RF receiver. The memory 140 may store information processed by
the processor 110 as well as software, an operating system (OS), applications, or the
like associated with the operations of the UE 100; the memory may additionally
include elements such as a buffer or the like.

The eNodeB 200 may include a processor 210, an antenna unit 220, a transceiver
230, and a memory 240.

The processor 210 processes signals related to a baseband, and may include a higher
layer processing unit 211 and a physical layer processing unit 212. The higher layer
processing unit 211 may process the operations of an MAC layer, an RRC layer, or a
higher layer. The physical layer processing unit 212 may process the operations of a
PHY layer (e.g., processing a downlink transmission signal or processing an uplink
reception signal). The processor 210 may control operation of the eNodeB 200 in
addition to processing signals related to a baseband.

The antenna unit 220 may include one or more physical antennas, and may support
MIMO transmission/reception when a plurality of antennas is included. The
transceiver 230 may include an RF transmitter and an RF receiver. The memory 240

may store information processed by the processor 210 as well as software, an OS, ap-
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plications, or the like associated with the operations of the eNodeB 200; the memory
may additionally include elements such as a buffer or the like.

The processor 110 of the UE 100 may be configured to implement the operations of a
UE, which have been described in all of the embodiments of the present disclosure.

For example, the higher layer processing unit 111 of the processor 110 of the UE 100
may include a first/second-type-exclude-subframe determining unit 1310, a resource
pool determining unit 1230, and a transmission reservation subframe determining unit
1330.

The first/second-type-exclude-subframe determining unit 1310 may determine a first-
type-exclude-subframe based on predetermined subframe configuration information
(e.g., SLSS configuration information) received from an eNodeB. The first/
second-type-exclude-subframe determining unit 1310 may also determine whether a
second-type-exclude-subframe is needed, and may determine the number of second-
type-exclude-subframes and the locations thereof (or a pattern thereof) when a second-
type-exclude-subframe is needed.

The resource pool determining unit 1320 may determine a subframe pool by re-
peatedly applying bitmap information to the subframes (e.g., a second sub-set)
remaining after excluding first/second-type-exclude-subframes from all subframes
included in a predetermined period (e.g., a SFN period or DEN period). The prede-
termined period is based on resource pool configuration information (e.g., bitmap in-
formation) received from an eNodeB.

When SA and/or data to be transmitted to another UE exists, one UE 100 may
transmit that SA and/or data to another UE in one or more subframes of the subframe
pool through the physical layer processing unit 112.

A transmission reservation subframe determining unit 1330 may determine a
subframe having an index value of m+P,,,*], based on index m of a subframe where
SA and/or data transmission is performed.

Herein, as described in the various embodiments of the present disclosure, the
number of second-type-exclude-subframes, the pattern of second-
type-exclude-subframes, a resource reservation multiple parameter (j), and the like
may be determined by taking into consideration the length of a bitmap, the number of
first-type-exclude-subframes, a resource reservation interval (P,,,), and the like.

The physical layer processing unit 112 of the processor 110 of the UE 100 may
receive information from the eNodeB 200, such as DCI or the like, and may deliver the
same to the higher layer processing unit 111, or may transmit control information and
data to another UE (not illustrated).

The processor 210 of the eNodeB 200 may be configured to implement operations of

the eNodeB which have been described in the embodiments of the present disclosure.
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For example, the higher layer processing unit 211 of the processor 210 in the
eNodeB 200 may include a resource pool configuration information generating unit
1350, a predetermined-subframe configuration information generating unit 1360, and a
resource reservation interval and resource reservation multiple parameter configuration
information generating unit 1370.

The resource pool configuration information generating unit 1350 may generate in-
formation including bitmap information and the like.

The predetermined-subframe configuration information generating unit 1360 may
generate information associated with an SL.SS configuration subframe, which the UE
100 regards as a first-type-exclude-subframe.

The resource reservation interval and resource reservation multiple parameter con-
figuration information generating unit 1370 may generate information required for
setting a resource reservation interval (P,,,), a resource reservation multiple parameter
(j), and the like, which are required when the UE 100 determines a transmission
reservation subframe m+Py,,*j.

As described above, the information generated by the higher layer processing unit
211 may be transferred in the form of higher layer signaling to the UE 100 through the
physical layer processing unit 212.

A mobile device, e.g., a V2X UE, may perform a process of determining a resource
pool for a sidelink transmission. For example, the mobile device may receive, from an
eNB, resource pool configuration information, the resource pool configuration in-
formation comprising a bitmap to determine the resource pool, determine, for a period
having a plurality of consecutive subframes, a first subset of subframes by excluding,
from the plurality of consecutive subframes, subframes in which a sidelink synchro-
nization signal (SLSS) resource is configured; and subframes other than uplink
subframes. The mobile device may determine, for the period, a second subset of
subframes by excluding, from the first subset of subframes, one or more subframes,
wherein a quantity of the second subset of subframes corresponds to an integer
multiple of a length of the bitmap, and determine, based on a plurality of repetitions of
the bitmap, the resource pool for a sidelink transmission from the second subset of
subframes.

The mobile device may receive, from the eNB, a downlink control information (DCI)
indicating the sidelink transmission, determine, based on the DCI, a data transmission
subframe, among the resource pool, for transmitting sidelink data, and transmit, to
another mobile device and in the determined data transmission subframe, the sidelink
data.

The mobile device may receive, from the eNB, information of a resource reservation

interval, determine, based on the determined data transmission subframe and the
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resource reservation interval, one or more transmission reservation subframes, and
reserve a transmission of the sidelink data in the one or more transmission reservation
subframes.

In TDD cell, the subframes other than uplink subframes may be Time Division
Duplex (TDD) downlink subframes and TDD special subframes. The mobile device
may receive, from the eNB, SLSS configuration information indicating the SLSS
resource.

The mobile device may determine the period based on a system frame number (SFN)
reset period or a direct frame number (DFN) reset period. For example, the period may
be 10240 subframes because the SFN and DFN each has indexes from O to 1023, and
each system frame or direct frame has ten subframes.

The mobile device may include one or more of: a vehicle-to-everything (V2X)
device or a vehicle-to-vehicle (V2V) device. The resource pool for a sidelink
transmission may correspond to one or more of: a resource pool for a V2X sidelink
communication or a resource pool for a V2V sidelink communication.

The determining the second subset of subframes may include determining a quantity
of the first subset of subframes, performing a modulo operation based on the quantity
of the first subset of subframes and a quantity of bits in the bitmap, and determining
the one or more subframes based on the modulo operation.

Further, a mobile device may perform a process of determining a resource pool for a
sidelink transmission by: receiving, from an evolved NodeB (eNB), resource pool con-
figuration information, the resource pool configuration information comprising a
bitmap to determine the resource pool; determining, for a period having a plurality of
Frequency Division Duplex (FDD) subframes, a first subset of subframes by
excluding, from the plurality of FDD subframes, subframes in which a sidelink syn-
chronization signal (SLSS) resource is configured; determining, for the period, a
second subset of subframes by excluding, from the first subset of subframes, one or
more subframes, wherein a quantity of the second subset of subframes corresponds to
an integer multiple of a length of the bitmap; and determining, based on a plurality of
repetitions of the bitmap, the resource pool for a sidelink transmission from the second
subset of subframes.

Further, a mobile device may perform a process of determining a resource pool for a
sidelink transmission by: receiving, from an evolved NodeB (eNB), resource pool con-
figuration information, the resource pool configuration information comprising a
bitmap to determine the resource pool; determining, for a period having a plurality of
consecutive subframes, a first subset of subframes by excluding, from the plurality of
consecutive subframes: subframes in which a sidelink synchronization signal (SLSS)

resource is configured; and subframes other than uplink subframes; performing a
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modulo operation based on a quantity of the first subset of subframes and a length of
the bitmap to determine one or more subframes to be excluded from the first subset of
subframes; determining, for the period, a second subset of subframes by excluding,
from the first subset of subframes, the one or more subframes, wherein a quantity of
the second subset of subframes corresponds to an integer multiple of the length of the
bitmap; and determining, based on a plurality of repetitions of the bitmap, the resource
pool for a sidelink transmission from the second subset of subframes.

The above description is to explain the technical aspects of exemplary embodiments
of the present invention, and it will be apparent to those skills in the art that modi-
fications and variations can be made without departing from the spirit and scope of the
present invention. Thus, it is intended that the present invention cover the modi-
fications and variations of this invention provided they come within the scope of the

appended claims and their equivalents.
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Claims

A method of determining a resource pool for a sidelink transmission,
the method comprising:

receiving, at a mobile device and from an evolved NodeB (eNB),
resource pool configuration information, the resource pool con-
figuration information comprising a bitmap to determine the resource
pool;

determining, for a period having a plurality of consecutive subframes, a
first subset of subframes by excluding, from the plurality of con-
secutive subframes:

subframes in which a sidelink synchronization signal (SLSS) resource
is configured; and

subframes other than uplink subframes;

determining, for the period, a second subset of subframes by excluding,
from the first subset of subframes, one or more subframes, wherein a
quantity of the second subset of subframes corresponds to an integer
multiple of a length of the bitmap; and

determining, based on a plurality of repetitions of the bitmap, the
resource pool for a sidelink transmission from the second subset of
subframes.

The method of claim 1, further comprising:

receiving, at the mobile device and from the eNB, a downlink control
information (DCI) indicating the sidelink transmission;

determining, based on the DCI, a data transmission subframe, among
the resource pool, for transmitting sidelink data; and

transmitting, to another mobile device and in the determined data
transmission subframe, the sidelink data.

The method of claim 2, further comprising:

receiving, from the eNB, information of a resource reservation interval;
determining, based on the determined data transmission subframe and
the resource reservation interval, one or more transmission reservation
subframes; and

reserving a transmission of the sidelink data in the one or more
transmission reservation subframes.

The method of claim 1, wherein the subframes other than uplink
subframes are Time Division Duplex (TDD) downlink subframes and

TDD special subframes.
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The method of claim 1, further comprising receiving, at the mobile
device and from the eNB, SLSS configuration information indicating
the SLSS resource.

The method of claim 1, further comprising determining the period
based on a system frame number (SFN) reset period or a direct frame
number (DFN) reset period.

The method of claim 1, wherein the mobile device comprises one or
more of: a vehicle-to-everything (V2X) device or a vehicle-to-vehicle
(V2V) device, and

wherein the resource pool for a sidelink transmission corresponds to
one or more of: a resource pool for a V2X sidelink communication or a
resource pool for a V2V sidelink communication.

The method of claim 1, wherein the determining the second subset of
subframes comprises:

determining a quantity of the first subset of subframes;

performing a modulo operation based on the quantity of the first subset
of subframes and a quantity of bits in the bitmap; and

determining the one or more subframes based on the modulo operation.
A method of determining a resource pool for a sidelink transmission,
the method comprising:

receiving, at a mobile device and from an evolved NodeB (eNB),
resource pool configuration information, the resource pool con-
figuration information comprising a bitmap to determine the resource
pool;

determining, for a period having a plurality of Frequency Division
Duplex (FDD) subframes, a first subset of subframes by excluding,
from the plurality of FDD subframes, subframes in which a sidelink
synchronization signal (SLSS) resource is configured;

determining, for the period, a second subset of subframes by excluding,
from the first subset of subframes, one or more subframes, wherein a
quantity of the second subset of subframes corresponds to an integer
multiple of a length of the bitmap; and

determining, based on a plurality of repetitions of the bitmap, the
resource pool for a sidelink transmission from the second subset of
subframes.

The method of claim 9, further comprising:

receiving, at the mobile device and from the eNB, a downlink control

information (DCI) indicating the sidelink transmission;
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determining, based on the DCI, a data transmission subframe, among
the resource pool, for transmitting sidelink data; and

transmitting, to another mobile device and in the determined data
transmission subframe, the sidelink data.

The method of claim 10, further comprising:

receiving, from the eNB, information of a resource reservation interval;
determining, based on the determined data transmission subframe and
the resource reservation interval, one or more transmission reservation
subframes; and

reserving a transmission of the sidelink data in the one or more
transmission reservation subframes.

The method of claim 9, further comprising receiving, at the mobile
device and from the eNB, SLSS configuration information indicating
the SLSS resource.

The method of claim 9, further comprising determining the period
based on a system frame number (SFN) reset period or a direct frame
number (DFN) reset period.

The method of claim 9, wherein the mobile device comprises one or
more of: a vehicle-to-everything (V2X) device or a vehicle-to-vehicle
(V2V) device, and

wherein the resource pool for a sidelink transmission corresponds to
one or more of: a resource pool for a V2X sidelink communication or a
resource pool for a V2V sidelink communication.

The method of claim 9, wherein the determining the second subset of
subframes comprises:

determining a quantity of the first subset of subframes;

performing a modulo operation based on the quantity of the first subset
of subframes and a quantity of bits in the bitmap; and

determining the one or more subframes based on the modulo operation.
A method of determining a resource pool for a sidelink transmission,
the method comprising:

receiving, at a mobile device and from an evolved NodeB (eNB),
resource pool configuration information, the resource pool con-
figuration information comprising a bitmap to determine the resource
pool;

determining, for a period having a plurality of consecutive subframes, a
first subset of subframes by excluding, from the plurality of con-

secutive subframes:
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subframes in which a sidelink synchronization signal (SLSS) resource
is configured; and

subframes other than uplink subframes;

performing a modulo operation based on a quantity of the first subset of
subframes and a length of the bitmap to determine one or more
subframes to be excluded from the first subset of subframes;
determining, for the period, a second subset of subframes by excluding,
from the first subset of subframes, the one or more subframes, wherein
a quantity of the second subset of subframes corresponds to an integer
multiple of the length of the bitmap; and

determining, based on a plurality of repetitions of the bitmap, the
resource pool for a sidelink transmission from the second subset of
subframes.

The method of claim 16, wherein the subframes other than uplink
subframes are Time Division Duplex (TDD) downlink subframes and
TDD special subframes.

The method of claim 16, further comprising receiving, at the mobile
device and from the eNB, SLSS configuration information indicating
the SLSS resource.

The method of claim 16, further comprising determining the period
based on a system frame number (SFN) reset period or a direct frame
number (DFN) reset period.

The method of claim 16, wherein the mobile device comprises one or
more of: a vehicle-to-everything (V2X) device or a vehicle-to-vehicle
(V2V) device, and

wherein the resource pool for a sidelink transmission corresponds to
one or more of: a resource pool for a V2X sidelink communication or a

resource pool for a V2V sidelink communication.
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