w0 2019/136626 A1 | NN 0000 000000 0 0 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
18 July 2019 (18.07.2019)

(10) International Publication Number

WO 2019/136626 Al

WIPO I PCT

(51) International Patent Classification:
Ho4W 72/00 (2009.01)

(21) International Application Number:
PCT/CN2018/072058

(22) International Filing Date:
10 January 2018 (10.01.2018)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant: ZTE CORPORATION [CN/CN]; ZTE Plaza,
Keji Road South, Hi-Tech Industrial Park, Nanshan, Shen-
zhen, Guangdong 518057 (CN).

(72) Inventors: HUANG, Shuanghong, ZTE Plaza, Keji
Road South, Hi-Tech Industrial Park, Nanshan, Shenzhen,
Guangdong 518057 (CN). LU, Youxiong; ZTE Plaza, Keji

(74)

@81)

Road South, Hi-Tech Industrial Park, Nanshan, Shenzhen,
Guangdong 518057 (CN). XING, Weimin; ZTE Plaza, Ke-
jiRoad South, Hi-Tech Industrial Park, Nanshan, Shenzhen,
Guangdong 518057 (CN).

Agent: BEYOND ATTORNEYS AT LAW,; F6, Xijin
Centre, 39 Lianhuachi East Road, Haidian District, Beijing
100036 (CN).

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

(54) Title: METHODS, APPARATUS AND SYSTEMS FOR DEVICE-TO-DEVICE COMMUNICATIONS

Relay UE determines a transmission resource in a
transmission resource pool

| ~302

!

300\

Relay UE broadcasts a first message comprising
information about a first resource pool using the
transmission resource on a first carrier

304

-

Relay UE transmits a second message indicating a
second carrier and a second resource pool to a remote
UE using a resource in the first resource pool

)

Relay UE transmits sidelink control and/or service
data to the remote UE using a resource in the second
resource pool on the second carrier

!

Relay UE determines a scheduling resource for the
remote UE

]

FIG.3

relay UE receives sidelink control and/or service data
from the remote UE using the scheduling resource

f312

(57) Abstract: Methods, apparatus and systems for device-to-device communications are disclosed. In one embodiment, a method
performed by a first wireless communication device is disclosed. The method comprises: broadcasting a first message on a first carrier,
wherein the first message comprises information about at least one of the following: a first resource pool set on the first carrier, a second
carrier, and a second resource pool set on the second carrier, wherein the first resource pool set comprises at least one first resource pool
and the second resource pool set comprises at least one second resource pool; transmitting a second message in the at least one first
resource pool on the first carrier, wherein the second message comprises information about a second carrier and the second resource
pool set on the second carrier; and communicating with at least one second wireless communication device in the at least one second

resource pool on the second carrier.

[Continued on next page]



WO 2019/136626 A1 |10} 00 000 00 O 0 0 O

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

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

Published:
—  with international search report (Art. 21(3))



WO 2019/136626 PCT/CN2018/072058

METHODS, APPARATUS AND SYSTEMS FOR DEVICE-TO-DEVICE
COMMUNICATIONS

TECHNICAL FIELD

The disclosure relates generally to wireless communications and, more particularly, to

methods, apparatus and systems for device-to-device communications.

BACKGROUND

Wireless networking systems have become a prevalent means by which a majority of
people worldwide have come to communicate, A typical wireless communication network (e.g.,
employing frequency, time, and/or code division techniques) includes one or more base stations
(typically known as a “BS”) that each provides a geographical radio coverage, and one or more
wireless user equipment devices (typically know as a “UE”) that can transmit and receive data
within the radio coverage. A device-to-device (D2D) communication can be realized based on
sidelink communications between two UEs.

A FeD2D (further enhancements to LTE D2D) network supports IoT (Internet of
Things) devices (UEs) and wearables devices (UEs), including narrow bandwidth (NB) remote
UEs with limited bandwidth. For example, a remote UE with a limited bandwidth of 1 physical
resource block (PRB) can work only within the bandwidth of 1 PRB at a time.

In existing Narrow Band Internet of Things (NB-IoT) based cellular networks, a
narrowband UE (NB UE) performs cell search on an anchor carrier to obtain downlink
synchronization, while the data transmission can be performed on a non-anchor carrier. The NB
UE may receive configuration signaling from the BS to obtain indication to determine the
non-anchor carriers and available resources on the non-anchor carriers.

In an existing D2D network, there is no solution to enable a remote UE with a limited
bandwidth (e.g. of 1 PRB) to obtain information about discovery and/or communication resource
pools, or to enable a sidelink communication between a relay UE and the remote UE with a limited
bandwidth. Thus, existing systems and methods for D2D communications are not entirely

satisfactory.
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SUMMARY OF THE INVENTION

The exemplary embodiments disclosed herein are directed to solving the issues relating
to one or more of the problems presented in the prior art, as well as providing additional features
that will become readily apparent by reference to the following detailed description when taken in
conjunction with the accompany drawings. In accordance with various embodiments, exemplary
systems, methods, devices and computer program products are disclosed herein. It is understood,
however, that these embodiments are presented by way of example and not limitation, and it will
be apparent to those of ordinary skill in the art who read the present disclosure that various
modifications to the disclosed embodiments can be made while remaining within the scope of the

present disclosure,

In one embodiment, a method performed by a first wireless communication device is
disclosed. The method comprises: broadcasting a first message on a first carrier, wherein the first
message comprises information about at least one of the following: a first resource pool set on the
first carrier, a second carrier, and a second resource pool set on the second carrier, wherein the first
resource pool set comprises at least one first resource pool and the second resource pool set
comprises at least one second resource pool; transmitting a second message in the at least one first
resource pool on the first carrier, wherein the second message comprises information about a second
carrier and the second resource pool set on the second carrier; and communicating with at least one
second wireless communication device in the at least one second resource pool on the second carrier.

In a further embodiment, a method performed by a first wireless communication device is
disclosed. The method comprises: receiving a first message on a first carrier from a second wireless
communication device, wherein the first message comprises information about at least one of the
following: a first resource pool set on the first carrier, a second carrier, and a second resource pool
set on the second carrier, wherein the first resource pool set comprises at least one first resource
pool and the second resource pool set comprises at least one second resource pool; receiving a
second message in the at least one first resource pool on the first carrier from the second wireless
communication device, wherein the second message indicates information about the second carrier
and the second resource pool set on the second carrier; and communicating with the second wireless
communication device using the at least one second resource pool on the second carrier.

In yet another embodiment, a wireless communication device configured to carry out a

disclosed method in some embodiment is disclosed.
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In still another embodiment, a non-transitory computer-readable medium having stored
thereon computer-executable instructions for carrying out a disclosed method in some embodiment

is disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

Various exemplary embodiments of the present disclosure are described in detail below
with reference to the following Figures. The drawings are provided for purposes of illustration only
and merely depict exemplary embodiments of the present disclosure to facilitate the reader's
understanding of the present disclosure. Therefore, the drawings should not be considered limiting
of the breadth, scope, or applicability of the present disclosure. It should be noted that for clarity
and ease of illustration these drawings are not necessarily drawn to scale.

FIG. 1 illustrates an exemplary communication network in which techniques disclosed
herein may be implemented, in accordance with an embodiment of the present disclosure.

FIG. 2 illustrates a block diagram of a relay user equipment (UE), in accordance with
some embodiments of the present disclosure.

FIG. 3 illustrates a flow chart for a method performed by a relay UE for device-to-device
(D2D) communications, in accordance with some embodiments of the present disclosure.

FIG. 4 illustrates a block diagram of a remote UE, in accordance with some embodiments
of the present disclosure.

FIG. 5 illustrates a flow chart for a method performed by a remote UE for D2D
communications, in accordance with some embodiments of the present disclosure.

FIG. 6 illustrates exemplary resource sequences on different carriers for a D2D
communication, in accordance with an embodiment of the present disclosure.

FIG. 7 illustrates an exemplary set of parameters indicated by a first indication message in
a D2D communication, in accordance with an embodiment of the present disclosure.

FIG. 8 illustrates another exemplary set of parameters indicated by a first indication
message in a D2D communication, in accordance with an embodiment of the present disclosure.

FIG. 9 illustrates an exemplary resource pool indicated by a second indication message in
a D2D communication, in accordance with an embodiment of the present disclosure.

FIG. 10 illustrates a method for indicating a transmission resource or a transmission
resource pool to be used for transmitting a first indication message, in accordance with an
embodiment of the present disclosure.

FIG. 11 illustrates an exemplary method for indicating a first resource pool on a first

carrier using a first indication message, in accordance with an embodiment of the present disclosure.
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FIG. 12 illustrates another exemplary method for indicating a first resource pool on a first
carrier using a first indication message, in accordance with an embodiment of the present disclosure.

FIG. 13 illustrates an exemplary method for indicating a second resource pool on a second
carrier using a second indication message, in accordance with an embodiment of the present
disclosure.

FIG. 14 illustrates an exemplary method for scheduling resources for a D2D unicast

communication, in accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Various exemplary embodiments of the present disclosure are described below with
reference to the accompanying figures to enable a person of ordinary skill in the art to make and use
the present disclosure. As would be apparent to those of ordinary skill in the art, after reading the
present disclosure, various changes or modifications to the examples described herein can be made
without departing from the scope of the present disclosure. Thus, the present disclosure is not
limited to the exemplary embodiments and applications described and illustrated herein.
Additionally, the specific order and/or hierarchy of steps in the methods disclosed herein are merely
exemplary approaches. Based upon design preferences, the specific order or hierarchy of steps of
the disclosed methods or processes can be re-arranged while remaining within the scope of the
present disclosure. Thus, those of ordinary skill in the art will understand that the methods and
techniques disclosed herein present various steps or acts in a sample order, and the present disclosure
is not limited to the specific order or hierarchy presented unless expressly stated otherwise.

In a FeD2D (further enhancements to D2D) network, the user equipment devices (UEs)
participating in the D2D sidelink communications include relay UEs and remote UEs. A remote UE
may be in the network coverage, or outside the network coverage but communicate with the cellular
network by the relaying of a relay UE, as shown in FIG. 1.

FIG. 1 illustrates an exemplary communication network 100 in which techniques
disclosed herein may be implemented, in accordance with an embodiment of the present disclosure.
The network 100 may be a D2D or FeD2D network that includes a base station (BS) 101, a relay
UE 102, and one or more remote UEs 103, 104. The relay UE 102 is within the network coverage

of the BS. FEach remote UE may be within or outside the network coverage of the BS. The
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remote UEs may be Internet of Things (IoT) devices and/or wearable devices. These devices may
include narrowband UEs, e.g. the remote UE2 104 having a limited bandwidth of 1 physical resource
block (PRB).

In existing Narrow Band Internet of Things (NB-1oT) based cellular networks, a
narrowband UE (NB UE) performs cell search on an anchor carrier to obtain downlink
synchronization, while the data transmission can be performed on a non-anchor carrier. The NB
UE may receive configuration signaling from the BS to obtain indication to determine the
non-anchor carriers. For the FeD2D technology, a remote UE may be a narrowband UE having
limited bandwidth. If the narrowband remote UE is within the network coverage of the BS, existing
methods are not entirely satisfactory for D2D communication and/or discovery. If the narrowband
remote UE is outside the network coverage of the BS, the narrowband remote UE cannot obtain
information of the non-anchor carriers or resource information of the non-anchor carriers by
receiving the configuration signaling from the BS. There is no corresponding solution in existing
FeD2D technology for that.

In view of the above problem, the present disclosure provides systems and methods for a
device-to-device (e.g. FeD2D) communication with limited bandwidth. The disclosed method can
enable a remote UE with a limited bandwidth (e.g. of 1 PRB) to obtain information about discovery
and/or communication resource pools, or to enable a sidelink communication between a relay UE

and the remote UE with a limited bandwidth.

The methods disclosed in the present teaching can be implemented in a wireless
communication network, where a BS and a UE can communicate with each other via a
communication link, e.g., via a downlink radio frame from the BS to the UE or via an uplink radio
frame from the UE to the BS. In various embodiments, a BS in the present disclosure can include,
or be implemented as, a next Generation Node B (gNB), an E-UTRAN Node B (eNB), a
Transmission/Reception Point (TRP), an Access Point (AP), etc.; while a UE in the present
disclosure can include, or be implemented as, a mobile station (MS), a station (STA), etc. A BS and
a UE may be described herein as non-limiting examples of “wireless communication nodes,” and
“wireless communication devices” respectively, which can practice the methods disclosed herein
and may be capable of wireless and/or wired communications, in accordance with various
embodiments of the present disclosure.

FIG. 2 illustrates a block diagram of a relay user equipment (UE) 200, in accordance with

some embodiments of the present disclosure. The relay UE 200 is an example of a device that can
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be configured to implement the various methods described herein. As shown in FIG. 2, the relay
UE 200 includes a housing 240 containing a system clock 202, a processor 204, a memory 206, a
transceiver 210 comprising a transmitter 212 and receiver 214, a power module 208, a radio signal
generator 220, a configuration determiner 221, an indication message generator 222, a carrier and
resource determiner 223, a sidelink scheduler 224, and a sidelink communicator 225.

In this embodiment, the system clock 202 provides the timing signals to the processor 204
for controlling the timing of all operations of the relay UE 200. The processor 204 controls the
general operation of the relay UE 200 and can include one or more processing circuits or modules
such as a central processing unit (CPU) and/or any combination of general-purpose microprocessors,
microcontrollers, digital signal processors (DSPs), field programmable gate array (FPGAs),
programmable logic devices (PLDs), controllers, state machines, gated logic, discrete hardware
components, dedicated hardware finite state machines, or any other suitable circuits, devices and/or
structures that can perform calculations or other manipulations of data.

The memory 206, which can include both read-only memory (ROM) and random access
memory (RAM), can provide instructions and data to the processor 204. A portion of the memory
206 can also include non-volatile random access memory (NVRAM). The processor 204 typically
performs logical and arithmetic operations based on program instructions stored within the memory
206. The instructions (a.k.a., software) stored in the memory 206 can be executed by the processor
204 to perform the methods described herein. The processor 204 and memory 206 together form a
processing system that stores and executes software. As used herein, “software” means any type of
instructions, whether referred to as software, firmware, middleware, microcode, etc. which can
configure a machine or device to perform one or more desired functions or processes. Instructions
can include code (e.g., in source code format, binary code format, executable code format, or any
other suitable format of code). The instructions, when executed by the one or more processors,
cause the processing system to perform the various functions described herein.

The transceiver 210, which includes the transmitter 212 and receiver 214, allows the relay
UE 200 to transmit and receive data to and from a remote device (e.g., a BS or another UE). An
antenna 250 is typically attached to the housing 240 and electrically coupled to the transceiver 210.
In various embodiments, the relay UE 200 includes (not shown) multiple transmitters, multiple
receivers, and multiple transceivers. In one embodiment, the antenna 250 is replaced with a
multi-antenna array 250 that can form a plurality of beams each of which points in a distinct direction.
The transmitter 212 can be configured to wirelessly transmit packets having different packet types or
functions, such packets being generated by the processor 204. Similarly, the receiver 214 is

configured to receive packets having different packet types or functions, and the processor 204 is
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configured to process packets of a plurality of different packet types. For example, the processor
204 can be configured to determine the type of packet and to process the packet and/or fields of the
packet accordingly.

In a wireless network, while the relay UE 200 is within a coverage of a base station, it can
communicate with a remote UE that is outside or within the coverage of the base station. In one
embodiment, the remote UE has a limited bandwidth of one physical resource block. The radio
signal generator 220 in this example may generate a radio signal, which may include a sidelink radio
signal used for synchronization between the relay UE 200 and the remote UE (e.g., sidelink
synchronization signal (SLSS)), and/or a physical sidelink broadcast channel (PSBCH) that carries
indication information for the remote UE. In one embodiment, the PSBCH may indicate a
transmission resource or a transmission resource pool to be used for the relay UE 200 to transmit an
anchor carrier resource pool indication message, referred to as a first message. The radio signal
generator 220 may broadcast, via the transmitter 212, the radio signal on a first carrier, which may be
an anchor carrier, such that any remote UE can receive the radio signal by searching. In one
embodiment, the radio signal comprises information about at least one of the following: a starting
offset of the transmission resource or the transmission resource pool relative to a resource used for
transmitting the radio signal; a length of the transmission resource pool in time domain; a quantity of
sub-frames included in the transmission resource pool; a bitmap corresponding to the sub-frames
included in the transmission resource pool; and a quantity of bitmap repetitions. In another
embodiment, the transmission resource or the transmission resource pool is determined based on at
least one of: a configuration; a pre-configuration; and a pre-definition. The pre-definition
comprises at least one of the following: the transmission resource used for the first message is fixed;
and the starting offset of the transmission resource used for the first message relative to the resource
used for transmitting the radio signal is fixed.

The indication message generator 222 in this example may generate a first message. The
first message comprises information about a first resource pool set on the first carrier, the first
resource pool set includes at least one first resource pool. In one embodiment, the first message
may also include a second carrier and/or a second resource pool set on the second carrier, wherein the
second resource pool set comprises at least one second resource pool. The information about the
first resource pool set comprises information about at least one of the following: a device-to-device
(D2D) discovery resource pool of the relay UE 200 on the first carrier; a D2D discovery resource
pool of the remote UE on the first carrier; a D2D communication resource pool of the relay UE 200
on the first carrier; and a D2D communication resource pool of the remote UE on the first carrier. In

one embodiment, the D2D discovery resource pool comprises at least one of the following: the D2D
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discovery transmission pool; and the D2D discovery reception pool; the D2D communication
resource pool comprises at least one of the following: the D2D communication transmission pool;
the D2D communication reception pool; the D2D communication control resource pool; and the
D2D communication data resource pool. In one embodiment, the first message is valid within a
resource period for transmitting the radio signal and comprises information about at least one of the
following: one or more starting offsets of one or more first resource pools relative to the resource
used for transmitting the radio signal; one or more lengths of one or more first resource pools in
time domain; one or more bitmaps corresponding to sub-frames included in one or more first
resource pools; and one or more numbers of bitmap repetitions. In another embodiment, the first
message is valid within a first carrier resource pool period and comprises information about at least
one of the following: the first carrier resource pool period; one or more starting offsets of one or
more first resource pools within the first carrier resource pool period; one or more starting offsets of
one or more first resource pools relative to System Frame Number 0 (SFN 0); one or more length of
one or more first resource pools in time domain; one or more bitmaps corresponding to sub-frames
included in one or more first resource pools; and one or more numbers of bitmap repetitions.

The indication message generator 222 in this example may also generate a second
message that comprises information about a second carrier and a second resource pool set on the
second carrier, the second resource pool set includes at least one second resource pool. In one
embodiment, the information about the second carrier comprises information about at least one of the
following: an index of the second carrier; an index of a physical resource block (PRB) corresponding
to the second carrier; and an offset value of a first PRB index corresponding to the second carrier
relative to a second PRB index corresponding to the first carrier. In another embodiment, the
information about the second resource pool set comprises information about at least one of the
following: a device-to-device (D2D) discovery resource pool of the relay UE; a D2D discovery
resource pool of the remote UE; a D2D communication resource pool of the relay UE; a D2D
communication resource pool of the remote UE; and a dedicated resource pool for scheduling request
of the remote UE on the second carrier. In one embodiment, a D2D discovery resource pool
comprises at least one of the following: a D2D discovery transmission pool; and the D2D discovery
reception pool; a D2D communication resource pool comprises at least one of the following: a D2D
communication transmission pool; a D2D communication reception pool; a D2D communication
control resource pool; and a D2D communication data resource pool. The second message
comprises information about at least one of the following: a second carrier resource pool period; one
or more starting offsets of one or more second resource pools within the second carrier resource pool

period; one or more starting offsets of one or more second resource pools relative to System Frame
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Number 0 (SFN 0); one or more lengths of one or more second resource pools in time domain; one or
more bitmaps corresponding to sub-frames included in one or more second resource pools; and one
or more numbers of bitmap repetitions. The indication message generator 222 may broadcast, via
the transmitter 212, the first message on the first carrier; and transmit, via the transmitter 212, the
second message using at least one resource in the first resource pool on the first carrier to the remote
UE.

In one embodiment, the configuration determiner 221 can determine configuration or
pre-configuration information, e.g. based on signaling and/or control information from the base
station, and send the configuration or pre-configuration information to the carrier and resource
determiner 223 for carrier and resource determination. In one example, the transmission resource or
the transmission resource pool is determined based on the configuration or pre-configuration
information. In another example, at least one of the first resource pool set and the second resource
pool set is configured and/or pre-configured based on the configuration and/or pre-configuration
information. In one embodiment, the configuration determiner 221 can determine a configured or
preconfigured physical resource block (PRB) or carrier list, and send the configured or preconfigured
PRB or carrier list to the carrier and resource determiner 223 for carrier and resource determination.

The carrier and resource determiner 223 in this example can determine the carriers and
resources used to transmit a message or signal. For example, the carrier and resource determiner
223 can determine the first carrier as an anchor carrier; and determine the second carrier as a
non-anchor carrier. In one embodiment, the carrier and resource determiner 223 can determine the
transmission resource or the transmission resource pool, information about the first resource pool set
and the second resource pool set, or information about the anchor carrier and non-anchor carriers,
based on the configuration or pre-configuration information determined by the configuration
determiner 221. In one embodiment, the carrier and resource determiner 223 can select, from the
configured or preconfigured carrier list determined by the configuration determiner 221, a carrier as
a working carrier for the remote UE. The carrier and resource determiner 223 may also measure a
channel busy ratio (CBR) value on a PRB corresponding to the working carrier; compare the CBR
value with a first threshold; and re-assign a new working carrier to the remote UE in response to the
CBR value is greater than the first threshold, wherein a CBR value measured on a PRB
corresponding to the new working carrier is less than a second threshold. In another embodiment,
the carrier and resource determiner 223 can select, from the configured or preconfigured PRB list
determined by the configuration determiner 221, a PRB as a working PRB for the remote UE. The
carrier and resource determiner 223 may measure a CBR value on the working PRB; compare the

CBR value with a first threshold; and re-assign a new working PRB to the remote UE in response to
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the CBR value is greater than the first threshold, wherein a CBR value measured on the new working
PRB is less than a second threshold. The carrier and resource determiner 223 may send the
determined resource and carrier corresponding to each transmission or reception of the relay UE 200
to the radio signal generator 220, the indication message generator 222, the sidelink scheduler 224,
and the sidelink communicator 225.

The sidelink scheduler 224 in this example can schedule the sidelink communication
between the relay UE 200 and the remote UE. For example, the sidelink scheduler 224 may
transmit, via the transmitter 212, a scheduling message on the second carrier to the remote UE. The
scheduling message indicates information about a scheduling resource for the remote UE. In
another example, the sidelink scheduler 224 can receive, via the receiver 214, a scheduling request
from the remote UE using at least one resource in a dedicated resource pool on the second carrier;
allocate a scheduling resource to the remote UE in response to the scheduling request; and transmit,
via the transmitter 212, information about the scheduling resource to the remote UE on the second
carrier.

The sidelink communicator 225 in this example may communicate with the remote UE
using at least one resource in at least one second resource pool on the second carrier. In one
embodiment, the sidelink communicator 225 can receive device-to-device communication control
and/or service data from the remote UE using the scheduling resource.

The power module 208 can include a power source such as one or more batteries, and a
power regulator, to provide regulated power to each of the above-described modules in FIG. 2. In
some embodiments, if the relay UE 200 is coupled to a dedicated external power source (e.g., a wall
electrical outlet), the power module 208 can include a transformer and a power regulator.

The various modules discussed above are coupled together by a bus system 230. The bus
system 230 can include a data bus and, for example, a power bus, a control signal bus, and/or a status
signal bus in addition to the data bus. It is understood that the modules of the relay UE 200 can be
operatively coupled to one another using any suitable techniques and mediums.

Although a number of separate modules or components are illustrated in FIG. 2, persons
of ordinary skill in the art will understand that one or more of the modules can be combined or
commonly implemented. For example, the processor 204 can implement not only the functionality
described above with respect to the processor 204, but also implement the functionality described
above with respect to the carrier and resource determiner 223.  Conversely, each of the modules
illustrated in FIG. 2 can be implemented using a plurality of separate components or elements.

FIG. 3 illustrates a flow chart for a method 300 performed by a UE, e.g. the relay UE 200

in FIG. 2, for device-to-device (D2D) communications, in accordance with some embodiments of
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the present disclosure. At operation 302, the relay UE determines a transmission resource in a
transmission resource pool. At operation 304, the relay UE broadcasts a first message comprising
information about a first resource pool set using the transmission resource on a first carrier, the first
resource pool set includes at least one first resource pool. The relay UE transmits at operation
306 a second message indicating a second carrier and a second resource pool set to one or more
remote UEs using a resource in one first resource pool, the second resource pool set includes at
least one second resource pool. At operation 308, the relay UE transmits sidelink control and/or
service data to the one or more remote UEs using a resource in one second resource pool on the
second carrier. The relay UE determines at operation 310 a scheduling resource for one or more
remote UEs. The relay UE receives at operation 312 sidelink control and/or service data from the
remote UE using the scheduling resource.

FIG. 4 illustrates a block diagram of a remote UE 400, in accordance with some
embodiments of the present disclosure. The remote UE 400 is an example of a device that can be
configured to implement the various methods described herein. As shown in FIG. 4, the remote UE
400 includes a housing 440 containing a system clock 402, a processor 404, a memory 406, a
transceiver 410 comprising a transmitter 412 and a receiver 414, a power module 408, a radio signal
analyzer 420, a configuration determiner 421, an indication message analyzer 422, a carrier and
resource determiner 423, a sidelink scheduling coordinator 424, and a sidelink communicator 425.

In this embodiment, the system clock 402, the processor 404, the memory 406, the
transceiver 410 and the power module 408 work similarly to the system clock 202, the processor 204,
the memory 206, the transceiver 210 and the power module 208 in the relay UE 200. An antenna
450 or a multi-antenna array 450 is typically attached to the housing 440 and electrically coupled to
the transceiver 410.

In a wireless network, the remote UE 400 may be outside or within a coverage of the base
station. In one embodiment, the remote UE 400 has a limited bandwidth, ¢.g. a bandwidth of one
physical resource block. The remote UE 400 may connect with the network coverage via the
sidelink communication with a relay UE, e.g. the relay UE 200 that is within a coverage of a base
station.

The radio signal analyzer 420 in this example may receive, via the receiver 414, a radio
signal from the relay UE 200. The radio signal may include a sidelink radio signal used for
synchronization (e.g., SLSS) between the relay UE 200 and the remote UE 400, and/or a physical
sidelink broadcast channel (PSBCH) that carries indication information for the remote UE 400. In
one embodiment, the PSBCH signal may indicate a transmission resource or a transmission resource

pool to be used for the relay UE 200 to transmit an anchor carrier resource pool indication message,
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referred to as a first message. The relay UE 200 may broadcast the radio signal on a first carrier,
which may be an anchor carrier, such that the remote UE 400 can receive the radio signal by
searching. In one embodiment, the radio signal comprises information about at least one of the
following: a starting offset of the transmission resource or the transmission resource pool relative to
a synchronization resource used for transmitting the radio signal; a length of the transmission
resource pool in time domain; a quantity of sub-frames included in the transmission resource pool; a
bitmap corresponding to the sub-frames included in the transmission resource pool; and a quantity of
bitmap repetitions.

The indication message analyzer 422 in this example may receive and analyze the first
message on the first carrier from the relay UE 200. The first message comprises information about
a first resource pool on the first carrier. The information about the first resource pool comprises
information about at least one of the following: a D2D discovery resource pool of the relay UE 200
on the first carrier; a D2D discovery resource pool of the remote UE 400 on the first carrier; a D2D
communication resource pool of the relay UE 200 on the first carrier; and a D2D communication
resource pool of the remote UE 400 on the first carrier. In one embodiment, the D2D discovery
resource pool comprises at least one of the following: a D2D discovery transmission pool; and a
D2D discovery reception pool; the D2D communication resource pool comprises at least one of the
following: a D2D communication transmission pool; a D2D communication reception pool; a D2D
communication control resource pool; and a D2D communication data resource pool. In one
embodiment, the first message is valid within a resource period for transmitting the radio signal and
comprises information about at least one of the following: one or more starting offsets of one or
more first resource pools relative to the resource used for transmitting the radio signal; one or more
lengths of one or more first resource pools in time domain; one or more bitmaps corresponding to
sub-frames included in one or more first resource pools; and one or more numbers of bitmap
repetitions. In another embodiment, the first message is valid within a first carrier resource pool
period and comprises information about at least one of the following: one or more starting offsets of
one or more first resource pools relative to the resource used for transmitting the radio signal; one or
more lengths of one or more first resource pools in time domain; one or more bitmaps corresponding
to sub-frames included in one or more first resource pools; and one or more numbers of bitmap
repetitions.

The indication message analyzer 422 in this example may also receive and analyze a
second message using at least one resource in one first resource pool on the first carrier from the
relay UE 200. In one embodiment, the information about the second carrier comprises information

about at least one of the following: an index of the second carrier; an index of a PRB corresponding
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to the second carrier; and an offset value of a first PRB index corresponding to the second carrier
relative to a second PRB index corresponding to the first carrier. In another embodiment, the
information about the second resource pool comprises information about at least one of the following;:
a D2D discovery resource pool of the relay UE 200; a D2D discovery resource pool of the remote UE
400; a D2D communication resource pool of the relay UE 200; a D2D communication resource pool
of the remote UE 400; and a dedicated resource pool for scheduling data transmission request of the
remote UE 400 on the second carrier. In one embodiment, the D2D discovery resource pool
comprises at least one of the following: a D2D discovery transmission pool; and a D2D discovery
reception pool; the D2D communication resource pool comprises at least one of the following: a
D2D communication transmission pool; a D2D communication reception pool; a D2D
communication control resource pool; and a D2D communication data resource pool. The second
message comprises information about at least one of the following: a second carrier resource pool
period; one or more starting offsets of one or more second resource pools within the second carrier
resource pool period; one or more starting offsets of one or more second resource pools relative to
System Frame Number 0 (SFN 0); one or more lengths of one or more second resource pools in time
domain; one or more bitmaps corresponding to sub-frames included in one or more second resource
pools; and one or more numbers of bitmap repetitions.

In one embodiment, the indication message analyzer 422 may receive and analyze one
message using a transmission resource on the first carrier from the relay UE 200. The message
comprises information about the first resource pool on the first carrier, information about the second
carrier, and information about the second resource pool on the second carrier.

In one embodiment, the configuration determiner 421 can determine configuration or
pre-configuration information, e.g. based on signaling and/or control information from the base
station or from the relay UE 200, and send the configuration or pre-configuration information to the
carrier and resource determiner 423 for carrier and resource determination. In one example, the
transmission resource or the transmission resource pool is determined based on the configuration or
pre-configuration information. In another example, at least one of the first resource pool set and the
second resource pool set is configured and/or pre-configured based on the configuration and/or
pre-configuration information. In one embodiment, the configuration determiner 421 can
determine a configured or preconfigured physical resource block (PRB) or carrier list, and send the
configured or preconfigured PRB or carrier list to the carrier and resource determiner 423 for carrier
and resource determination.

The carrier and resource determiner 423 in this example can determine the carriers and

resources used to receive a message or signal.  For example, the carrier and resource determiner 423
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can determine the first carrier as an anchor carrier; and determine the second carrier as a non-anchor
carrier. In one embodiment, the carrier and resource determiner 423 can determine the transmission
resource or the transmission resource pool, information about the first resource pool set and the
second resource pool set, or information about the anchor carrier and non-anchor carriers, based on
the configuration or pre-configuration information determined by the configuration determiner 421.
In one embodiment, the carrier and resource determiner 423 can select, from the configured or
preconfigured carrier list determined by the configuration determiner 421, a carrier as a working
carrier for the remote UE 400. The carrier and resource determiner 423 may also measure a channel
busy ratio (CBR) value on a PRB corresponding to the working carrier; compare the CBR value with
a first threshold; and request the relay UE 200 to re-assign a new working carrier to the remote UE
400 in response to the CBR value is greater than the first threshold, wherein a CBR value measured
on a PRB corresponding to the new working carrier needs to be less than a second threshold. In
another embodiment, the carrier and resource determiner 423 can select, from the configured or
preconfigured PRB list determined by the configuration determiner 421, a PRB as a working PRB for
the remote UE. The carrier and resource determiner 423 may measure a CBR value on the working
PRB; compare the CBR value with a first threshold; and request the relay UE 200 to re-assign a new
working PRB to the remote UE 400 in response to the CBR value is greater than the first threshold,
wherein a CBR value measured on the new working PRB needs to be less than a second threshold.
The carrier and resource determiner 423 may send the determined resource and carrier corresponding
to each transmission or reception of the remote UE 400 to the radio signal analyzer 420, the
indication message analyzer 422, the sidelink scheduling coordinator 424, and the sidelink
communicator 425.

The sidelink scheduling coordinator 424 in this example can coordinate with the relay UE
200 to schedule the sidelink communication between the relay UE 200 and the remote UE 400. For
example, the sidelink scheduling coordinator 424 may receive, via the receiver 414, a scheduling
message on the second carrier from the relay UE 200. The scheduling message indicates
information about a scheduling resource for the remote UE 400. In another example, the sidelink
scheduling coordinator 424 can transmit, via the transmitter 412, a scheduling request to the relay UE
200 using at least one resource in a dedicated resource pool on the second carrier; and receive, via the
receiver 414, information about a scheduling resource allocated by the relay UE 200 to the remote
UE 400 in response to the scheduling request.

The sidelink communicator 425 in this example may communicate with the relay UE 200

using at least one resource in one second resource pool on the second carrier. In one embodiment,
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the sidelink communicator 425 can transmit, via the transmitter 412, device-to-device
communication control and/or service data to the relay UE 200 based on the scheduling resource.

The various modules discussed above are coupled together by a bus system 430. The bus
system 430 can include a data bus and, for example, a power bus, a control signal bus, and/or a status
signal bus in addition to the data bus. It is understood that the modules of the remote UE 400 can be
operatively coupled to one another using any suitable techniques and mediums.

Although a number of separate modules or components are illustrated in FIG. 4, persons
of ordinary skill in the art will understand that one or more of the modules can be combined or
commonly implemented. For example, the processor 404 can implement not only the functionality
described above with respect to the processor 404, but also implement the functionality described
above with respect to the carrier and resource determiner 423. Conversely, each of the modules
illustrated in FIG. 4 can be implemented using a plurality of separate components or elements.

FIG. 5 illustrates a flow chart for a method 500 performed by a UE, e.g. the remote UE
400 in FIG. 4, for D2D communications, in accordance with some embodiments of the present
disclosure. At operation 502, the remote UE determines a transmission resource in a transmission
resource pool on a first carrier. At operation 504, the remote UE receives a first message
comprising information about a first resource pool set from a relay UE using the transmission
resource, the first resource pool set includes at least one first resource pool. The remote UE
receives at operation 506 a second message indicating a second carrier and a second resource pool
set from the relay UE using a resource in one first resource pool, the second resource pool set
includes at least one second resource pool. The remote UE receives at operation 508 sidelink
control and/or service data from the relay UE using a resource in one second resource pool on the
second carrier. At operation 510, the remote UE transmits sidelink control and/or service data to
the relay UE using a scheduling resource allocated to the remote UE. The scheduling resource

may be included in the sidelink control received by the remote UE at operation 508.

Different embodiments of the present disclosure will now be described in detail
hereinafter. It is noted that the features of the embodiments and examples in the present disclosure
may be combined with each other in any manner without conflict.

FIG. 6 illustrates exemplary resource sequences on different carriers for a D2D
communication, in accordance with an embodiment of the present disclosure. As shown in FIG. 6, a
relay UE (which is a relay user) can transmit a radio signal 601 on a first carrier 600. The radio
signal 601 may include a narrowband sidelink synchronization signal (NB-SLSS) and a narrowband

physical sidelink broadcast channel (NB-PSBCH). The first carrier 600 may be an anchor carrier.
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The NB-PSBCH carries indication to indicate information of a transmission resource or a
transmission resource pool for an anchor carrier resource pool indication message 603, which may be
referred to as a first indication message. The anchor carrier resource pool indication message 603
indicates information of a D2D discovery resource pool and/or a D2D communication resource pool
of a relay UE and/or a remote UE on an anchor carrier. The transmission resource pool information
is used for transmitting an anchor carrier resource indication message 603. As shown in FIG. 6, the
anchor carrier resource pool indication message 603 can indicate a first resource pool 608 on an
anchor carrier, where the first resource pool 608 includes a D2D discovery resource pool 604 of a
relay UE, a D2D discovery resource pool 605 of a remote UE, a D2D communication resource pool
606 of a relay UE, and a D2D communication resource pool 607 of a remote UE.

A resource disclosed herein refers to a radio resource occupied when a wireless message
or a wireless signal is transmitted. A resource pool disclosed herein refers to a set of radio resources,
including one or more radio resources that can be used for transmitting wireless messages and/or
signals, The NB-PSBCH signal may indicate a resource or a resource pool for transmitting the first
indication message 603. If the NB-PSBCH signal indicates a resource pool for transmitting the first
indication message 603, the relay UE may select a resource from the resource pool to transmit the
first indication message 603.

The NB-PSBCH signal may indicate a resource (or resource pool) based on at least one of
the following: a starting offset (in terms of time units like milliseconds or sub-frames) of a resource
(or resource pool), such as an offset 602 relative to a synchronization resource (i.e. offset ofa
starting position of a resource (or resource pool) in a synchronization resource period 609), a time
domain length of the resource pool (in terms of time units like milliseconds or sub-frames), the
number of sub-frames included in a resource pool, the bitmap corresponding to the sub-frames
included in the resource pool, and the number of bitmap repetitions. Here, the synchronization
resource refers to the resource for transmitting the NB-SLSS and/or NB-PSBCH.

The relay UE transmits, according to the resource (or resource pool) indicated in
NB-PSBCH as described above, an anchor carrier resource pool indication message 603 on the
resource (or in resource pool). The anchor carrier resource pool indication message is carried
through a D2D communication broadcast service channel, e.g. a physical sidelink shared channel

(PSSCH), or a dedicated channel, for indicating information of a D2D discovery resource pool
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and/or a D2D communication resource pool of the relay UE and/or the remote UE on the anchor
carrier. For example, assuming that the offset of the resource pool indicating the anchor carrier
resource pool indication message in NB-PSBCH is N sub-frames, the resource pool has a time
domain length of n sub-frames, the length of the bitmap is n, and the bits have values of 1, the relay
UE transmits the sidelink control information (SCI) and the data of the D2D communication by
select resource in consecutive n sub-frames subsequent to the delay of N sub-frames relative to the
synchronization resource, after transmitting the NB-SLSS / NB-PSBCH. The data carries
information indicating a D2D discovery resource pool and/or a D2D communication resource pool
on the anchor carrier of the relay UE and/or the remote UE. In another embodiment, the data also
carries information indicating a non-anchor carrier and/or a D2D discovery resource pool and/or a
D2D communication resource pool on the non-anchor carrier of the relay UE and/or the remote UE.
After obtaining the sidelink timing synchronization, the remote UE parses and analyzes the contents
of the NB-PSBCH to obtain the indicated offset values N and n, receives the SCI of the D2D
communication in consecutive n sub-frames subsequent to the delay of N sub-frames relative to the
synchronization resource according to the N value, and then obtains the information for parsing the
service data by solving the SCI, and parses the content of the corresponding service data to obtain the
information of discovery resource pool and/or the D2D communication resource pool of the relay UE
and/or the remote UE on the anchor carrier. Alternatively, the scheduling information (for example,
MCS, resource size, etc.) of the D2D communication data is a fixed value, and the relay UE directly
transmits the D2D communication data according to the resource corresponding to the offset value
indicated in the NB-PSBCH. The remote UE parses and analyzes the service data from the
corresponding resource according to the offset value indicated in the NB-PSBCH to obtain the
information of the discovery resource pool and/or the D2D communication resource pool of the relay
UE and/or the remote UE on the anchor carrier. In one embodiment, the delay value N may also be
configured, pre-configured, or fixed.

In one example, the information content carried in the anchor carrier resource pool set
indication message includes at least one of the following: the transmission resource pool information
of the D2D discovery signal of the relay UE at the anchor carrier, the transmission resource pool
information of the D2D discovery signal of the remote UE at the anchor carrier, the transmission

resource pool information of the D2D communication of the relay UE at the anchor carrier, the
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transmission resource pool information of the D2D communication of the remote UE at the anchor
carrier, the reception resource pool information of the D2D discovery signal of the relay UE at the
anchor carrier, the reception resource pool information of the D2D discovery signal of the remote UE
at the anchor carrier, the reception resource pool information of the D2D communication of the relay
UE at the anchor carrier, the reception resource pool information of the D2D communication of the
remote UE at the anchor carrier. The above mentioned resource pools may be overlapped to each
other.

In one embodiment of the present teaching, the indication manner of the anchor carrier
resource pool indication message includes: with the synchronization resource period 709 as the
resource indication period, the content of the anchor carrier resource pool indication message 703 is
valid within the current synchronization resource period 709 where the anchor carrier resource
indication message 703 is transmitted. FIG. 7 illustrates an exemplary set of indication parameters
indicated by a first indication message 703 in a D2D communication, in accordance with an
embodiment of the present disclosure. As shown in FIG. 7, the indication parameters may include
at least one of the following: an offset of the resource pool within the synchronization resource
period 709, bitmap content, and the number of bitmap repetitions.

In one embodiment of the present teaching, the indication manner of the anchor carrier
resource pool indication message further includes: taking the anchor carrier resource pool period 809
as the indication period, the anchor carrier resource pool indication message 803 is valid within the
anchor carrier resource pool period 809. FIG. 8 illustrates another exemplary set of parameters
indicated by a first indication message 803 in a D2D communication, in accordance with an
embodiment of the present disclosure. As shown in FIG. 8, the indication parameters include at
least one of the following: a resource pool period 809, an offset of a resource pool 808 starting
position relative to SFNO (sub-frame #0), bitmap content, and the number of bitmap repetitions
(which may also be obtained by calculation).

The relay UE may transmit an indication message (which may be referred to as a second
indication message) indicating non-anchor carrier resource pool in the D2D communication
transmission resource pool of the anchor carrier. The second indication message indicates
information of a non-anchor carrier (second carrier) available to at least one target remote UE and

resource pool information of a relay UE and/or a remote UE corresponding to the non-anchor carrier
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via a D2D communication with the target remote UE. As shown in FIG. 6, each second indication
message 606 indicates information of a non-anchor carrier 610, 620, and a resource pool set on the
non-anchor carrier. The resource pool set includes at least one resource pool.

A physical channel carrying the second indication message may be a physical sidelink
control channel (PSCCH), a physical sidelink shared channel (PSSCH), and/or a newly defined
physical channel. The information content carried in the D2D communication includes at least one
of the followings: the non-anchor carrier information 610, 620 corresponding to the target remote UE,
the resource pool information 616, 626 used by the relay UE for the D2D communication on the
corresponding non-anchor carrier, and the resource pool information 617, 627 used by the remote UE
for the D2D communication on the corresponding non-anchor carrier. For different remote UEs
allocated to a same non-anchor carrier, the resource pool information may the same or different.

In one embodiment of the present teaching, the content of the non-anchor carrier resource
pool indication message includes at least one of the following: an index of the non-anchor carrier, an
index of a PRB corresponding to the non-anchor carrier, or an offset value of a first PRB index
corresponding to the non-anchor carrier and a second PRB index corresponding to the anchor carrier,
where the PRB index refers to an index based on a granularity of PRB in the system bandwidth
corresponding to the PRB.

In one embodiment of the present teaching, the resource pool content indicated by the
non-anchor carrier resource pool indication message includes at least one of the following: the
control transmission resource pool of the relay UE on the non-anchor carrier, the data transmission
resource pool of the relay UE on the non-anchor carrier, the control transmission resource pool of the
remote UE on the non-anchor carrier, and the data transmission resource pool of the remote UE on

the non-anchor carrier.

In one embodiment of the present teaching, the resource pool content indicated by the
non-anchor carrier resource pool indication message includes at least one of the following: the
control transmission resource pool and the data transmission resource pool of the remote UE on the
non-anchor carrier, a dedicated resource pool for scheduling request of the remote UE. The
resources in the control transmission resource pool of the remote UE can be scheduled for
transmitting data, as shown in FIG. 9. The dedicated resource pool for remote UE scheduling
request can only be used to transmit the scheduling request when the remote UE actively transmits

data.
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FIG. 9 illustrates an exemplary resource pool indicated by a second indication message in
a D2D communication, in accordance with an embodiment of the present disclosure. As shown in
FIG. 9, the resource 901 is for relay UE control transmission, the resource 902 is for remote UE
control and/or data transmission, and the resource 903 is for remote UE data transmission.

In one embodiment of the present teaching, the indication parameters of the resource pool
on the non-anchor carrier may include at least one of the following: a length of the resource pool
period, an offset of the resource pool starting position relative to SFNO, bitmap content, and the
number of bitmap repetitions.

In one embodiment of the present teaching, the relay UE transmits a scheduling message
of the remote UE on the non-anchor carrier, indicating information of the scheduling resource of the
remote UE. The scheduling message is transmitted over a physical channel of the D2D
communication (e¢.g. PSCCH and/or PSSCH) or over a newly defined physical channel. The remote
UE transmits service data of a D2D communication on the indicated scheduling resource according
to the received scheduling message. This service data transmission may be based on broadcast,
unicast, or multicast. The scheduling resource may include resources used for re-transmission in the
D2D communication.

In one embodiment of the present teaching, when the remote UE needs to initiate data
transmission, the remote UE selects resources from the dedicated resource pool for remote UE
scheduling request to transmit a scheduling request on the non-anchor carrier. The scheduling
request is carried over a physical channel of the D2D communication (¢.g. PSCCH and/or PSSCH)
or over a newly defined physical channel.

In one embodiment of the present teaching, the anchor carrier resource pool indication
message, i.e. the first indication message, indicates information of the D2D discovery resource pool

and the D2D communication resource pool on both the anchor carriers and the non-anchor carriers.
In a first embodiment, the relay UE transmits NB-PSBCH on the radio resources on an
anchor carrier. The NB-PSBCH carries indication information to indicate transmission resource
information or resource pool information of the anchor carrier resource pool indication message, as
shown in FIG. 10. FIG. 10 illustrates a method for indicating a transmission resource or a
transmission resource pool to be used for transmitting a first indication message, in accordance with
an embodiment of the present disclosure. As shown in FIG. 10, the relay UE transmits the
NB-PSBCH on the radio resource 1001, where time period 1004 is a transmission period of the

NB-PSBCH. The NB-PSBCH carries indication information indicating the information of the radio
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resource 1002 that is used to transmit the anchor carrier resource pool indication message. The
radio resource 1002 includes one or more radio frames, sub-frames, or SC-FDMA symbols in the
time domain. In one embodiment, the radio resource 1002 is fixed in the frequency domain to a
frequency range of a PRB corresponding to an anchor carrier (referred to as anchor carrier PRB).
The anchor carrier resource pool indication message described in this embodiment is used for
indicating the information of resource pools available to the relay UE and/or the remote UE on the
anchor carrier, and is transmitted by the relay UE in the radio resource 1002. The radio resource
1002 may have a fixed size of a resource occupied for transmitting the anchor carrier resource pool
indication message, or have a size larger than that of the resource occupied for transmitting the
anchor carrier resource pool indication message. In one embodiment, the radio resource 1002 may
be a set of multiple resources occupied for transmitting the anchor carrier resource pool indication
messages. The relay UE may select a resource from the radio resource set 1002 for transmitting an
anchor carrier resource pool indication message. The resource may be selected randomly or may be

selected based on the identification information of the relay UE.

A manner of indicating a radio resource 1002 used for transmitting an anchor carrier
resource pool indication message includes: indicating a time-domain offset of the radio resource
1002 relative to a radio resource 1001 used for transmitting NB-PSBCH by the relay UE, as the
offset 1003 shown in FIG. 10. For example, in units of sub-frame, the offset between the radio
resource 1002 and the radio resource 1001 may be indicated by 5 bits (b4b3b2b1b0) in NB-PSBCH.
When the value of b4b3b2b1b0 is 00011, the indicated offsct is 3 sub-frames. That is, the time
offset of the sub-frame used for transmitting the anchor carrier resource pool indication message
relative to the sub-frame for transmitting NB-PSBCH is 3 sub-frames. After the remote UE is
synchronized on sidelink with the relay UE, the remote UE can read the content of the NB-PSBCH to
obtain the offset, and receive the anchor carrier resource pool indication message in a sub-frame
whose time-domain offset is 3 with respect to the sub-frame used for transmitting the NB-PSBCH.
If the indicated offset is 1, the relay UE transmits the anchor carrier resource pool indication message

in the next sub-frame of the sub-frame used for transmitting the NB-PSBCH.

The radio resource used for transmitting the anchor carrier resource indication message
can also be indicated by means of a resource pool. As shown in FIG. 10, 1002 may also be a
resource pool. The relay UE selects a resource from the resource pool 1002 to transmit the anchor
carrier resource indication message. The resource may be selected randomly or may be selected
based on the identification information of the relay UE. In this manner, the indication content in the

NB-PSBCH includes a time offset of the start position of the resource pool 1002 relative to the
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resource 1001 and sub-frames included in the resource pool 1002. For example, in units of
sub-frame, when the parameter N of the offset is 4, it means that the offset of the starting position of
the resource pool 1002 in the time domain relative to the NB-PSBCH sub-frame is 4 sub-frames, and
the time length of the resource pool is n consecutive sub-frames. In another example, the
NB-PSBCH indicates the offset value N of a starting position of the resource pool 1002 relative to an
NB-PSBCH sub-frame and a bitmap indicating valid sub-frames. The bits having a value of 1 in the
bitmap correspond to the sub-frames included in the resource pool 1002. The bitmap is repeated in
the transmission period 1004 of NB-PSBCH. In another example, the NB-PSBCH indicates the
offset value N of the starting position of the resource pool 1002 relative to the NB-PSBCH sub-frame
and the time-domain length m of the resource pool 1002, and a bitmap of an effective sub-frame.
The bits having a value of 1 in the bitmap correspond to the sub-frames included in the resource pool
1002. The bitmap is valid only in the time length m of the resource pool 1002, and is repeated if the
length of the bitmap is less than m.

Indicating a time-domain offset of the radio resource 1002 relative to a radio resource
1001 used for transmitting NB-PSBCH by the relay UE, as shown in 1003 in FIG. 10, may be in a
manner of combining an indication of a sub-frame offset and an indication of a SC-FDMA symbol
offset. For example, the anchor carrier resource pool indication message is transmitted on part of
the SC-FDMA symbols in a sub-frame, where the radio resource 1002 is an SC-FDMA symbol used
for transmitting the anchor carrier resource pool indication message. In the units of sub-frames and
the SC-FDMA symbols, the offset of the radio resource 1002 relative to the radio resource 1001 in
the NB-PSBCH is indicated by (m + n) bits, where m bit indicates the offset of the sub-frame in
which the radio resource 1002 is located with respect to the sub-frame in which the radio resource
1001 is located, where n bit indicates the index of the SC-FDMA symbol used for transmitting the
anchor carrier resource pool indication message or the index of the beginning SC-FDMA symbol,
that is, the index of the radio resource 1002 with respect to the SC-FDMA symbol or with respect to
the beginning SC-FDMA symbol within the current sub-frame.

In the first embodiment, the resource for transmitting the anchor carrier resource pool
indication message or a resource pool containing the radio resource for transmitting the anchor
carrier resource pool indication message may also be fixed or preconfigured. For example, the
anchor carrier resource pool indication message is transmitted at a fixed sub-frame after the
sub-frame used of transmitting the NB-PSBCH.

In a second embodiment, the relay UE transmits an anchor carrier resource pool
indication message on the radio resources of the anchor carrier to indicate information about a

discovery resource pool and/or a D2D communication resource pool of the relay UE and/or the
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remote UE on the anchor carrier. A manner for indicating an anchor carrier resource pool is using
the NB-PSBCH resource period or a time interval between two consecutive transmissions of two
anchor carrier resource pool indication messages as an indication period. That is, an anchor carrier
resource pool indication message indicates information of an anchor carrier resource pool within a
NB-PSBCH resource period or within the time interval 1104 between two consecutive transmissions
of two anchor carrier resource pool indication messages, as shown in FIG. 11.

FIG. 11 illustrates an exemplary method for indicating a first resource pool 1103 on a first
carrier using a first indication message 1102, in accordance with an embodiment of the present
disclosure. As shown in FIG. 11, 1104 is a resource period of the NB-PSBCH, which is also
referred to as a synchronization resource period. The anchor carrier resource pool indication
message is transmitted on the radio resource 1102. The indicated content is valid within the range
of 1103 or the range of 1104, where 1103 is a time interval between two resources used for
consecutively transmitting two anchor carrier resource pool indication messages, respectively.
After receiving the anchor carrier resource indication message, the remote UE determines resource
pool information on the anchor carrier according to the indicated content, and updates the resource
pool information on the anchor carrier after receiving the next anchor carrier resource indication
message.

The content indicated by the anchor carrier resource pool indication message includes at
least one of the following: the transmission resource pool information of the D2D discovery signal of
the relay UE, the transmission resource pool information of the D2D discovery signal of the remote
UE, the transmission resource pool information of the D2D communication of the remote UE, the
transmission resource pool information of the D2D communication of the relay UE, the number of
the remote UEs, remote UE identification information. The D2D communication resource pool
includes a D2D broadcast communication resource pool, and/or a D2D unicast communication
resource pool, and/or a D2D multicast communication resource pool.

The resource pool parameters indicated by the anchor carrier resource pool indication
message include at least one of the following: an offset of a starting position of the anchor carrier
resource pool, a bitmap, and a bitmap repetition count. In another embodiment, the resource pool
parameters indicated by the anchor carrier resource pool indication message may include multiple
offsets for the starting positions corresponding to multiple anchor carrier resource pools, and/or
multiple bitmaps and/or multiple counts for the bitmap repetitions. Here, the offset of the starting

position of the anchor carrier resource pool is with respect to a resource of the NB-PSBCH (or
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synchronization resource) or with respect to a resource used for transmitting the anchor carrier
resource pool indication message, ¢.g. a sub-frame used for transmitting the NB-PSBCH or a
sub-frame used for transmitting the anchor carrier resource pool indication message. The bits
having bit value of 1 in the bitmap indicates the resource of the anchor carrier resource pool. For
example, the sub-frame corresponding to the bit of value 1 is the sub-frame included in the resource
pool of the anchor carrier. The bitmap repeats and all bits with a value of 1 indicate all the resources
contained in the anchor carrier resource pool.

In this second embodiment, the offset of the starting position of the anchor carrier
resource pool includes the offset relative to the resource or sub-frame used for transmitting the
NB-PSBCH or the offset relative to the resource or sub-frame used for transmitting the anchor carrier
resource pool indication message. The offset value may also be a fixed value or a pre-configured
value. For example, the offset value may be fixed to be an offset of 2 sub-frames relative to the
sub-frame for transmitting the NB-PSBCH or be fixed to an offset of 1 sub-frame relative to the
sub-frame for transmitting the anchor carrier resource pool indication message.

In a third embodiment, the relay UE transmits an anchor carrier resource pool indication
message on the radio resources of the anchor carrier to indicate information about a discovery
resource pool and/or a D2D communication resource pool of the relay UE and/or the remote UE on
the anchor carrier.

A manner of indicating an anchor carrier resource pool is to indicate a resource belonging
to an anchor carrier resource pool within an anchor carrier resource pool period, and the resource
pools on the anchor carrier are distributed according to the period, as shown in FIG. 12. FIG. 12
illustrates another exemplary method for indicating a first resource pool 1203 on a first carrier using
a first indication message 1202, in accordance with an embodiment of the present disclosure. As
shown in FIG. 12, 1204 is a resource period of the NB-PSBCH, which is also referred to as a
synchronization resource period. The anchor carrier resource pool indication message is
transmitted on the radio resource 1202. The indicated content corresponds to one anchor carrier
resource pool period 1203. The anchor carrier resource pool has a period distribution from a

starting position, and is not associated with the synchronization resource period 1204.

The content indicated by the anchor carrier resource pool indication message includes at
least one of the following: the transmission resource pool information of the D2D discovery signal of
the relay UE, the transmission resource pool information of the D2D discovery signal of the remote
UE, the transmission resource pool information of the D2D communication of the remote UE, the

transmission resource pool information of the D2D communication of the relay UE, the number of
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the remote UEs, remote UE identification information. The D2D communication resource pool
includes a D2D broadcast communication resource pool, and/or a D2D unicast communication
resource pool, and/or a D2D multicast communication resource pool.

The resource pool parameters indicated by the anchor carrier resource pool indication
message include at least one of the following: an offset of a starting position of the anchor carrier
resource pool, a bitmap, and a bitmap repetition count. In another embodiment, the resource pool
parameters indicated by the anchor carrier resource pool indication message may include multiple
offsets for the starting positions corresponding to multiple anchor carrier resource pools, and/or
multiple bitmaps and/or multiple counts for the bitmap repetitions. Here, the offset of the starting
position of the anchor carrier resource pool is relative to the position of the sub-frame having a
system frame number O (SEN 0). The bits having bit value of 1 in the bitmap indicates the resource
of the anchor carrier resource pool. For example, the sub-frame corresponding to the bit of value 1
is the sub-frame included in the resource pool of the anchor carrier. The bitmap repeats and all bits

with a value of 1 indicate all the resources contained in the anchor carrier resource pool.

In a fourth embodiment, a method for indicating non-anchor carrier and non-anchor
carrier resource pool is disclosed. The relay UE transmits a non-anchor carrier resource pool
indication message on the anchor carrier to indicate information about non-anchor carrier and/or
non-anchor carrier resource pool for the remote UE.

FIG. 13 illustrates an exemplary method for indicating a second resource pool 1304 on a
second carrier using a second indication message, in accordance with an embodiment of the present
disclosure. As shown in FIG. 13, the relay UE transmits, using a resource 1303 on the anchor
carrier 1301, a non-anchor carrier resource pool indication message to indicate information of the
non-anchor carrier 1302 and/or the non-anchor carrier resource pool 1304.

The non-anchor carrier resource pool indication message indicates information of a D2D
discovery or communication resource pool on the non-anchor carrier 1302, and includes the
following: an index of the non-anchor carrier, an offset of the non-anchor carrier index relative to the
anchor carrier index, an index of PRBs corresponding to non-anchor carriers in the system
bandwidth based on a granularity of PRB, or an offset value between a PRB index corresponding to a
non-anchor carrier and a PRB index corresponding to an anchor carrier. For example, within a
system bandwidth of 10 MHz, a PRB index corresponding to an anchor carrier is 20, and an offset

indicated by the non-anchor carrier resource pool indication message is 3, which means an offset of a
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PRB index corresponding to a non-anchor carrier relative to a PRB index corresponding to an anchor
carrieris 3. Then the PRB index corresponding to the non-anchor carrier allocated to the remote UE
is 23.

The non-anchor carrier resource pool indication message indicates information of a D2D
discovery or communication resource pool on the non-anchor carrier 1302, and includes the
following: an offset of a starting position of the non-anchor carrier resource pool, a bitmap, and a
bitmap repetition count. In another embodiment, the resource pool parameters indicated by the
non-anchor carrier resource pool indication message may include multiple offsets for the starting
positions corresponding to multiple non-anchor carrier resource pools, and/or multiple bitmaps
and/or multiple counts for the bitmap repetitions. Here, the offset of the starting position of the
non-anchor carrier resource pool is relative to the position of the sub-frame having a system frame
number 0 (SFN 0).

The information content indicating the non-anchor carrier resource pool 1304 includes at
least one of the following: a D2D communication resource pool of the relay UE and a D2D
communication resource pool of the remote UE. Each D2D communication resource pool includes
a D2D broadcast communication resource pool, and/or a D2D unicast communication resource pool,
and/or a D2D multicast communication resource pool. For example, as shown in FIG. 13, the
resource 1305 is a resource included in the D2D communication resource pool of the relay UE; the
resource 1306 is a resource included in the D2D communication resource pool of the remote UE.
Further, the above D2D communication resource pool includes a resource pool for transmitting

control information and/or service data of the D2D communication.

In a fifth embodiment, a resource scheduling method is disclosed. The resource
scheduling method is applicable to D2D unicast communication on a non-anchor carrier.
Specifically, a D2D unicast communication resource pool on a non-anchor carrier includes a control
information transmission resource pool and a data transmission resource pool. The resources in the
control information transmission resource pool may be used to transmit control information, and may
also be used to transmit service data; and the resources in the data transmission resource pool can
only be used to transmit service data. When scheduling resources for service data, the resources in
the data transmission resource pool are preferentially allocated, although the resources in the control
information resource pool may also be allocated. The resources allocated to the service data
transmission in the control information transmission resource pool can no longer be used to transmit

the control information.
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FIG. 14 illustrates an exemplary method for scheduling resources for a D2D unicast
communication, in accordance with this embodiment. For example, on a non-anchor carrier, the
sub-frames included in the transmission resource pool period of the relay UE are {t0, t1, ..., tN-1},
where N is a positive integer. In the resource pool period, a sub-frame ¢, (0 <n < N/2) is a resource
in the control information transmission resource pool, and a sub-frame #5,+; (0 <n <(N-1)/2) isa
resource in the service data transmission resource pool. Asshown in FIG. 14, 1401 is a sub-frame in
the control information transmission resource pool, and 1402 is a sub-frame in the service data
transmission resource pool. When the control information of the relay UE is transmitted in
sub-frame i, the corresponding service data is transmitted in sub-frame i + 1; if the transport block
(TB) of the service data needs to occupy resources in two sub-frames, sub-frame i + 1 and sub-frame
1+ 2 are both used for transmitting service data, where 1 is an integer number in [0, N-2]. In this
case, the sub-frames indicating data transmission in the control information are sub-frame i + 1 and
sub-frame i + 2, where the sub-frame i + 2 is a sub-frame in the control information transmission
resource pool, but is used for transmitting the service data instead of transmitting the control

information.

A resource scheduling method is used for scheduling a remote UE on a non-anchor carrier.
When a remote UE has a service data transmission request, a scheduling request is transmitted in a
dedicated resource pool for remote UE scheduling request on a non-anchor carrier. The scheduling
request may be transmitted in the control information or service data of the D2D communication.
The scheduling request includes information of service data packet size, and/or remote UE
identification information. After receiving the scheduling request from the remote UE, the relay UE
allocates resources for the remote UE and transmits the resource allocation information in the
transmission resource pool of the D2D communication of the relay UE on the non-anchor carrier, to
indicate the allocated resources for the remote UE. The resource allocation information may be
transmitted in the control information or service data of the D2D communication. The transmission
resource pool of the D2D communication of the relay UE may include a D2D broadcast transmission
resource pool, and/or a D2D unicast transmission resource pool, and/or a D2D multicast

transmission resource pool.

In a sixth embodiment, a carrier list is configured or preconfigured for the relay UE
and/or the remote UE, including carrier position in the frequency domain (e.g. RB index, offset
relative to anchor carrier) and time domain indication of the resource pool corresponding to the

carrier (e.g. starting position, bitmap, bitmap mapping rules). The relay UE and/or the remote UE
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acquires resource pool configuration information on the carrier, e.g. from the BS. The relay UE
and/or the remote UE selects one of the carriers according to the service type or priority, the delay
requirement, the measured load of the carrier, etc. or randomly selects one of the carriers as its own
working carrier. On the selected working carrier, the relay UE and/or the remote UE sends a
discovery or communication signal in a corresponding resource pool. The relay UE and/or the
remote UE receives the discovery or communication signal in the corresponding resource pool on the
selected working carrier.

According to a first scenario of the sixth embodiment, a sidelink communication is
performed in the cellular band. When the sidelink communication is within the system bandwidth
of cellular communication, the base station can configure a carrier list of sidelink communication,
configure it based on PRB index in the bandwidth, and determine on which PRB the sidelink
communication can be performed. In this case, the remote UE has been synchronized to the base
station to obtain the PRB index in the cellular bandwidth, such that there is no need to configure the
anchor carrier and the PRB index may be directly configured.

The configuration information further includes information of a resource pool on a
sidelink communication carrier or a PRB, and specifically includes discovery resource pool
information and/or communication resource pool information. For example, the configuration
information may include one or more of the following resource pools: a discovery signal
transmission resource pool of a relay UE, a discovery signal transmission resource pool of a remote
UE, a communication signal transmission resource pool of a relay UE, a communication signal
transmission resource pool of a remote UE, a discovery signal reception resource pool of a relay UE,
a discovery signal reception resource pool of a remote UE, a communication signal reception
resource pool of a relay UE, and a communication signal reception resource pool of a remote UE.
Some of these resource pools may overlap. For example, the discovery signal transmission resource
pool of the relay UE and the discovery signal reception resource pool of the remote UE may overlap.
The configuration parameters of the resource pool include the period of the resource pool, and/or the
bitmap indicating the sub-frames included in the resource pool, and/or the number of times the
bitmap is repeated.

The remote UE determines a carrier or a PRB as a working carrier or a working PRB in
the configured carrier list or PRB list. The determination may be based on the following: a random

sclection by the remote UE and a calculation by the remote UE, ¢.g. taking modulo operation on the
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number of carriers in the carrier list according to the UE identification. The working carrier or
working PRB herein refers to the carrier or PRB where the remote UE performs service data
transmission. Through the D2D discovery process on the working carrier or working PRB, the
remote UE establishes a sidelink connection with the relay UE. During D2D discovery, the relay
UE selects a resource from a discovery resource pool of the relay UE, such as a discovery signal
transmission resource pool of the relay UE, to transmit a D2D discovery signal. The remote UE
selects a resource from a discovery resource pool of the remote UE, such as a discovery signal
transmission resource pool of the remote UE, to transmit a D2D discovery signal.

The remote UE autonomously selects a resource from a communication resource pool on
the determined working carrier or working PRB to transmit a D2D communication signal, or
transmits a D2D communication signal according to the resource allocated by the relay UE. For
example, the remote UE randomly selects a resource from a communication signal transmission
resource pool of the remote UE to transmit a D2D communication signal, or the relay UE allocates a
resource from a communication signal transmission resource pool of the remote UE for the remote
UE to transmit a D2D communication signal.

According to a second scenario of the sixth embodiment, a sidelink communication is
performed in a dedicated frequency band. When a sidelink communication is in the dedicated
frequency band, the base station configures bandwidth and the center frequency of the sidelink
communication of the relay UE. Alternatively, the relay UE obtains the bandwidth and the center
frequency of the sidelink communication through the configuration parameters. The base station
configures a carrier list that can be used by the remote UE for sidelink communications and
configures it by the PRB index in the bandwidth. The remote UE determines on which PRBs the
sidelink communications can be performed according to the configured carrier list.

The configuration information further includes information of a resource pool on a
sidelink communication carrier or a PRB, and specifically includes at least one of the following:
discovery resource pool information of the relay UE and/or the remote UE, and communication
resource pool information of the relay UE and/or the remote UE. For example, the configuration
information may include one or more of the following resource pools: a discovery signal
transmission resource pool of a relay UE, a discovery signal transmission resource pool of a remote

UE, a communication signal transmission resource pool of a relay UE, a communication signal
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transmission resource pool of a remote UE, a discovery signal reception resource pool of a relay UE,
a discovery signal reception resource pool of a remote UE, a communication signal reception
resource pool of a relay UE, and a communication signal reception resource pool of a remote UE.
Some of these resource pools may overlap. For example, the discovery signal transmission resource
pool of the relay UE and the discovery signal reception resource pool of the remote UE may overlap.
The configuration parameters of the resource pool include the period of the resource pool, and/or the
bitmap indicating the sub-frames included in the resource pool, and/or the number of times the
bitmap is repeated, and/or the time range of the sub-frames included in the resource pool.

The remote UE determines a carrier or a PRB as a working carrier or a working PRB in
the configured carrier list or PRB list. The determination may be based on the following: a random
selection by the remote UE and a calculation by the remote UE, e.g. taking modulo operation on the
number of carriers in the carrier list according to the UE identification. The working carrier or
working PRB herein refers to the carrier or PRB where the remote UE performs service data
transmission. Through the D2D discovery process on the working carrier or working PRB, the
remote UE establishes a sidelink connection with the relay UE. During D2D discovery, the relay
UE selects a resource from a discovery resource pool of the relay UE, such as a discovery signal
transmission resource pool of the relay UE, to transmit a D2D discovery signal. The remote UE
selects a resource from a discovery resource pool of the remote UE, such as a discovery signal
transmission resource pool of the remote UE, to transmit a D2D discovery signal.

The remote UE autonomously selects a resource from a communication resource pool on
the determined working carrier or working PRB to transmit a D2D communication signal, or
transmits a D2D communication signal according to the resource allocated by the relay UE. For
example, the remote UE randomly selects a resource from a communication signal transmission
resource pool of the remote UE to transmit a D2D communication signal, or the relay UE allocates a
resource from a communication signal transmission resource pool of the remote UE for the remote
UE to transmit a D2D communication signal.

In a seventh embodiment, only the discovery resource pool is configured or the
communication resource pool of a part of (a small number of) carriers is configured, compared to the

sixth embodiment. The relay UE reconfigures the working carrier of the remote UE and the
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corresponding resource pool information, based on the discovery or communication on a certain
carrier between the relay UE and the remote UE.

One or a group of carriers or PRBs are configured or pre-configured. In addition, the
system can configure or pre-configure D2D discovery resource pools and/or D2D communication
resource pools of relay UEs and/or remote UEs on the corresponding carriers or PRBs.  The D2D
discovery resource pool includes a discovery signal transmission resource pool and/or a discovery
signal reception resource pool; and the D2D communication resource pool includes a
communication signal transmission resource pool and/or a communication signal reception resource
pool. The discovery signal transmission resource pool of the relay UE may overlap the discovery
signal reception resource pool of the remote UE; the discovery signal transmission resource pool of
the remote UE may overlap the discovery signal reception resource pool of the relay UE. The
discovery signal transmission resource pool of the relay UE and the discovery signal reception
resource pool of the relay UE may or may not overlap; and the discovery signal transmission
resource pool of the remote UE and the discovery signal reception resource pool of the remote UE
may or may not overlap. The communication signal transmission resource pool of the relay UE
overlaps the communication signal reception resource pool of the remote UE; the communication
signal transmission resource pool of the remote UE overlaps the communication signal reception
resource pool of the relay UE. The communication signal transmission resource pool of the relay
UE and the communication signal reception resource pool of the relay UE may or may not overlap;
and the communication signal transmission resource pool of the remote UE and the communication
signal reception resource pool of the remote UE may or may not overlap. The configuration or
pre-configuration parameters of the resource pool include the period of the resource pool, and/or the
bitmap indicating the sub-frames included in the resource pool, and/or the number of repetitions of
the bitmap, and/or the time range of the resource pool including the sub-frame.

The relay UE and the remote UE establish a sidelink connection through the D2D
discovery process on the configured or preconfigured carrier or PRB. In the D2D discovery process,
the relay UE transmits a D2D discovery signal from a discovery signal transmission resource pool of
the relay UE, and the remote UE selects a resource from the discovery signal transmission resource
pool of the remote UE to transmit a D2D discovery signal. When the relay UE establishes a sidelink

connection with the remote UE, the relay UE may allocate a working carrier or a working PRB for
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the remote UE and resource pool information on the allocated working carrier or working PRB,
through the indication information. The working carrier or working PRB herein refers to the carrier
or PRB where the remote UE performs service data transmission. The indication information may
be transmitted through the control information of the D2D communication, such as PSCCH; and may
also be transmitted through data of the D2D communication, such as PSSCH; and may also be
transmitted over a newly defined physical channel bearer.

For example, by configuring or pre-configuring a carrier as an anchor carrier, the
configuration or pre-configuration information further includes resource pool information on the
anchor carrier, and the relay UE and/or the remote UE may determine the resource pools on the
anchor carrier through configuration or pre-configuration information. For example, the resource
pools on the anchor carrier may include: a resource pool where the relay UE transmits the D2D
discovery signal, a resource pool where the relay UE receives the D2D discovery signal, a resource
pool where the relay UE transmits the D2D communication signal, a resource pool where the relay
UE receives the D2D communication signal, a resource pool for transmitting a D2D discovery signal
by the remote UE, a resource pool for receiving a D2D discovery signal by the remote UE, a resource
pool for transmitting a D2D communication signal by the remote UE, and a resource pool for
receiving a D2D communication signal by the remote UE. After the relay UE discovers the remote
UE or the remote UE discovers the relay UE, the relay UE and the remote UE establishes the sidelink
connection. After establishing the sidelink connection, the relay UE selects a resource from the
communication signal transmission resource pool of the relay UE to transmit a communication
signal to indicate a working carrier or a working PRB of the remote UE. For example, the relay UE
transmits control information (carried by the PSCCH) and data (carried by the PSSCH) of the D2D
communication. The data includes indication information indicating a working carrier or a working
PRB of the remote UE and/or the resource pool information on the working carrier or working PRB.
The resource pool information includes resource pool information of the remote UE and/or the relay
UE on the working carrier or working PRB.

In an eighth embodiment, the relay UE detects the working carrier (RB) of the bandwidth
limited UE and measures its channel busy ratio (CBR). Depending on the CBR conditions, the relay
UE may indicate some remote UEs about other working carriers and/or the resource pool

configuration information of the other working carriers, and instruct them to switch carriers.  After
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the remote UE receives the carrier switching indication, the remote UE switches to work on other
carriers.

When the relay UE establishes a sidelink connection with the remote UE, the relay UE
may reassign a working carrier or a working PRB for the remote UE. Here, the working carrier or
the working PRB refers to the carrier or PRB where the remote UE performs service data
transmission. The relay UE measures a channel busy ratio (CBR) on a working PRB or a PRB
corresponding to a working carrier of the remote UE, and determines whether to reassign a working
carrier or a working PRB for the remote UE according to the value of the CBR. For example,
comparing the CBR value measured on the working PRB or the PRB corresponding to a working
carrier to a first decision threshold, if it is greater than the first decision threshold, the working carrier
or working PRB reassignment process is triggered to reassign a working carrier or a working PRB to
the remote UE on the corresponding working carrier or working PRB. For example, a part or all of
the remote UEs are selected and re-allocated to other working carriers or working PRBs.  The
selection method includes random selection or selection according to the size of the service data of
the remote UE, such as selecting one or more remote UEs with the largest amount of service data or
one or more remote UEs with the smallest amount of service data. If the CBR value is not greater
than the first decision threshold, no working carrier or working PRB is re-assigned.

The relay UE measures a channel busy ratio (CBR) on a working PRB or a PRB
corresponding to a working carrier of the remote UE, and determines whether the corresponding
working carrier or working PRB can be used for allocating or reallocating the working carrier or
working PRB of remote UEs according to the value of the CBR. For example, comparing the CBR
value measured on the working PRB or the PRB corresponding to a working carrier to a second
decision threshold, if it is less than the second decision threshold, it is determined that the
corresponding working carrier or working PRB can be used for the working carrier or working PRB
assignment or re-assignment of the remote UEs; and if it is not less than the second decision
threshold, it is determined that the corresponding working carrier or working PRB cannot be used for
assignment or re-assignment of the working carrier or working PRB of the remote UEs.

In one example, the pre-configuration information includes a list of D2D carriers of a
bandwidth-limited remote UE and discovery resource pools and/or communication resource pools on

cach carrier. A remote UE1 obtains the D2D carrier list and the resource pool information on each

33



WO 2019/136626 PCT/CN2018/072058

carrier according to the pre-configured parameters. The remote UE1 randomly selects one carrier
from the carrier list as a working carrier, and establishes a sidelink connection with a relay UE1 on
the carrier through the D2D discovery. Based on the communication resource pool preconfigured
on the corresponding working carrier, the remote UE1 performs D2D communication with the relay
UE1 to transmit the service data. The relay UE1 measures the CBR on the PRB corresponding to
the working carrier of the remote UE1 and determines whether the measured CBR value is greater
than the first decision threshold as described above. If yes, the relay UEI initiates the process of
reassigning the working carrier. Assuming that the remote UEI is selected as a UE for reassigning
the working carrier, the relay UE1 will reassign the working carrier for the remote UE1. The
working carrier newly assigned to the remote UE1 needs to meet the following conditions: the
measured CBR value on the PRB corresponding to the carrier is smaller than the second decision
threshold.

While various embodiments of the present disclosure have been described above, it
should be understood that they have been presented by way of example only, and not by way of
limitation. Likewise, the various diagrams may depict an example architectural or configuration,
which are provided to enable persons of ordinary skill in the art to understand exemplary features and
functions of the present disclosure. Such persons would understand, however, that the present
disclosure is not restricted to the illustrated example architectures or configurations, but can be
implemented using a variety of alternative architectures and configurations. Additionally, as would
be understood by persons of ordinary skill in the art, one or more features of one embodiment can be
combined with one or more features of another embodiment described herein. Thus, the breadth
and scope of the present disclosure should not be limited by any of the above-described exemplary
embodiments.

It is also understood that any reference to an element herein using a designation such as
"first," "second," and so forth does not generally limit the quantity or order of those elements.
Rather, these designations can be used herein as a convenient means of distinguishing between two
or more elements or instances of an element. Thus, a reference to first and second elements does not
mean that only two elements can be employed, or that the first element must precede the second
element in some manner.

Additionally, a person having ordinary skill in the art would understand that information
and signals can be represented using any of a variety of different technologies and techniques. For

example, data, instructions, commands, information, signals, bits and symbols, for example, which
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may be referenced in the above description can be represented by voltages, currents, electromagnetic
waves, magnetic fields or particles, optical fields or particles, or any combination thereof.

A person of ordinary skill in the art would further appreciate that any of the various
illustrative logical blocks, modules, processors, means, circuits, methods and functions described in
connection with the aspects disclosed herein can be implemented by electronic hardware (e.g., a
digital implementation, an analog implementation, or a combination of the two), firmware, various
forms of program or design code incorporating instructions (which can be referred to herein, for
convenience, as "software" or a "software module), or any combination of these techniques.

To clearly illustrate this interchangeability of hardware, firmware and software, various
illustrative components, blocks, modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as hardware, firmware or
software, or a combination of these techniques, depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans can implement the described
functionality in various ways for each particular application, but such implementation decisions do
not cause a departure from the scope of the present disclosure. In accordance with various
embodiments, a processor, device, component, circuit, structure, machine, module, etc. can be
configured to perform one or more of the functions described herein. The term “configured to” or
“configured for” as used herein with respect to a specified operation or function refers to a processor,
device, component, circuit, structure, machine, module, etc. that is physically constructed,
programmed and/or arranged to perform the specified operation or function.

Furthermore, a person of ordinary skill in the art would understand that various
illustrative logical blocks, modules, devices, components and circuits described herein can be
implemented within or performed by an integrated circuit (IC) that can include a general purpose
processor, a digital signal processor (DSP), an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programmable logic device, or any combination thereof.
The logical blocks, modules, and circuits can further include antennas and/or transceivers to
communicate with various components within the network or within the device. A general purpose
processor can be a microprocessor, but in the alternative, the processor can be any conventional
processor, controller, or state machine. A processor can also be implemented as a combination of
computing devices, e.g., a combination of a DSP and a microprocessor, a plurality of
Microprocessors, one or more microprocessors in conjunction with a DSP core, or any other suitable
configuration to perform the functions described herein.

If implemented in software, the functions can be stored as one or more instructions or

code on a computer-readable medium. Thus, the steps of a method or algorithm disclosed herein
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can be implemented as software stored on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium that can be
enabled to transfer a computer program or code from one place to another. A storage media can be
any available media that can be accessed by a computer. By way of example, and not limitation,
such computer-readable media can include RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other medium that can be
used to store desired program code in the form of instructions or data structures and that can be
accessed by a computer.

In this document, the term "module" as used herein, refers to software, firmware,
hardware, and any combination of these elements for performing the associated functions described
herein. Additionally, for purpose of discussion, the various modules are described as discrete
modules; however, as would be apparent to one of ordinary skill in the art, two or more modules may
be combined to form a single module that performs the associated functions according embodiments
of the present disclosure.

Additionally, memory or other storage, as well as communication components, may be
employed in embodiments of the present disclosure. It will be appreciated that, for clarity purposes,
the above description has described embodiments of the present disclosure with reference to
different functional units and processors. However, it will be apparent that any suitable distribution
of functionality between different functional units, processing logic elements or domains may be
used without detracting from the present disclosure. For example, functionality illustrated to be
performed by separate processing logic elements, or controllers, may be performed by the same
processing logic element, or controller. Hence, references to specific functional units are only
references to a suitable means for providing the described functionality, rather than indicative of a
strict logical or physical structure or organization.

Various modifications to the implementations described in this disclosure will be readily
apparent to those skilled in the art, and the general principles defined herein can be applied to other
implementations without departing from the scope of this disclosure. Thus, the disclosure is not
intended to be limited to the implementations shown herein, but is to be accorded the widest scope

consistent with the novel features and principles disclosed herein, as recited in the claims below.
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CLAIMS

1. A method performed by a first wireless communication device, the method comprising:
broadcasting a first message on a first carrier, wherein the first message comprises

information about at least one of the following: a first resource pool set on the first carrier, a
second carrier, and a second resource pool set on the second carrier, wherein the first resource
pool set comprises at least one first resource pool and the second resource pool set comprises
at least one second resource pool;

transmitting a second message in the at least one first resource pool on the first carrier,
wherein the second message comprises information about a second carrier and the second
resource pool set on the second carrier; and

communicating with at least one second wireless communication device in the at least

one second resource pool on the second carrier.

2. The method of claim 1, wherein:
the first carrier is an anchor carrier; and

the second carrier is a non-anchor carrier.

3. The method of claim 1, wherein:
the first wireless communication device is within a coverage area of a base station;
the at least one second wireless communication device is outside or within the
coverage area of the base station; and

the at least one second wireless communication device has a limited bandwidth.

4. The method of claim 1, wherein the first message is broadcasted using a transmission
resource that is determined based on at least one of:

a radio signal transmitted by the first wireless communication device on the first
carrier;

a configuration;

a pre-configuration; and

a pre-definition.
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5. The method of claim 1, wherein the first message is broadcasted using a transmission
resource in a transmission resource pool that is determined based on at least one of:

a radio signal transmitted by the first wireless communication device on the first
carrier;

a configuration; and

a pre-configuration.

6. The method of claim 4 or 5, wherein the radio signal comprises at least one of the
following:

a sidelink radio signal used for synchronization between the first wireless
communication device and the at least one second wireless communication device; and

a physical sidelink broadcast channel (PSBCH) that carries indication information for

the at least one second wireless communication device.

7. The method of claim 4 or 5, wherein the radio signal carries information about at least
one of the following:

a starting offset of the transmission resource and/or the transmission resource pool
relative to the resource used for transmitting the radio signal;

a length of the transmission resource and/or the transmission resource pool in time
domain;

a quantity of sub-frames included in the transmission resource and/or the transmission
resource pool;

a bitmap corresponding to the sub-frames included in the transmission resource and/or
the transmission resource pool; and

a quantity of bitmap repetitions.

8. The method of claim 4, wherein the pre-definition comprises at least one of the
following:
the transmission resource used for the first message is fixed; and

the starting offset of the transmission resource used for the first message relative to the
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resource used for transmitting the radio signal is fixed.

9. The method of claim 1, wherein the information about the first resource pool set
comprises information about at least one of the following:

a device-to-device (D2D) discovery resource pool of the first wireless communication
device on the first carrier;

a D2D discovery resource pool of the at least one second wireless communication
device on the first carrier;

a D2D communication resource pool of the first wireless communication device on the
first carrier; and

a D2D communication resource pool of the at least one second wireless communication

device on the first carrier.

10.  The method of claim 9, wherein:

the D2D discovery resource pool of the first wireless communication device or of the
at least one second wireless communication device comprises at least one of the following:

the D2D discovery transmission pool;

the D2D discovery reception pool;

the D2D communication resource pool of the first wireless communication device or
of the at least one second wireless communication device comprises at least one of the
following:

the D2D communication transmission pool;

the D2D communication reception pool;

the D2D communication control resource pool; and

the D2D communication data resource pool.

11. The method of claim 1, wherein the first message is valid within a resource period for
transmitting the radio signal and comprises information about at least one of the following:
one or more starting offsets of one or more first resource pools relative to the resource

used for transmitting the radio signal;
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one or more lengths of one or more first resource pools in time domain;
one or more bitmaps corresponding to sub-frames included in one or more first
resource pools; and

one or more numbers of bitmap repetitions.

12. The method of claim 1, wherein the first message is valid within a first carrier resource
pool period and comprises information about at least one of the following:

the first carrier resource pool period;

one or more starting offsets of one or more first resource pools within the first carrier
resource pool period,;

one or more starting offsets of one or more first resource pools relative to System
Frame Number 0 (SFN 0);

one or more length of one or more first resource pools in time domain;

one or more bitmaps corresponding to sub-frames included in one or more first
resource pools; and

one or more numbers of bitmap repetitions.

13.  The method of claim 1, wherein the information about the second carrier comprises
information about at least one of the following:
an index of the second carrier;
an index of a physical resource block (PRB) corresponding to the second carrier; and
an offset value of a first PRB index corresponding to the second carrier relative to a

second PRB index corresponding to the first carrier.

14.  The method of claim 1, wherein the information about the second resource pool set
comprises information about at least one of the following:

a device-to-device (D2D) discovery resource pool of the first wireless communication
device;

a D2D discovery resource pool of the at least one second wireless communication

device;
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a D2D communication resource pool of the first wireless communication device;

a D2D communication resource pool of the at least one second wireless communication
device; and

a dedicated resource pool for scheduling request transmission of the at least one second

wireless communication device on the second carrier.

15.  The method of claim 14, wherein:

the D2D discovery resource pool of the first wireless communication device or of the
at least one second wireless communication device comprises at least one of the following:

the D2D discovery transmission pool; and

the D2D discovery reception pool.

the D2D communication resource pool of the first wireless communication device or
of the at least one second wireless communication device comprises at least one of the
following:

the D2D communication transmission pool;

the D2D communication reception pool;

the D2D communication control resource pool; and

the D2D communication data resource pool.

16.  The method of claim 1, wherein the second message comprises information about at
least one of the following:

a second carrier resource pool period;

one or more starting offsets of one or more second resource pools within the second
carrier resource pool period;

one or more starting offsets of one or more second resource pools relative to System
Frame Number 0 (SFN 0);

one or more lengths of one or more second resource pools in time domain;

one or more bitmaps corresponding to sub-frames included in one or more second
resource pools; and

one or more numbers of bitmap repetitions.

41



WO 2019/136626 PCT/CN2018/072058

17.  The method of claim 1, further comprising:

transmitting a scheduling message on the second carrier to the at least one second
wireless communication device, wherein the scheduling message indicates information about a
scheduling resource for the at least one second wireless communication device; and

receiving device-to-device communication control and/or service data from the at least

one second wireless communication device using the scheduling resource.

18.  The method of claim 1, further comprising:

receiving a scheduling request from the at least one second wireless communication
device using at least one resource in a dedicated resource pool on the second carrier;

allocating a scheduling resource to the at least one second wireless communication
device in response to the scheduling request;

transmitting information about the scheduling resource to the at least one second
wireless communication device on the second carrier; and

receiving device-to-device communication control and/or service data from the at least

one second wireless communication device using the scheduling resource.

19.  The method of claim 1, wherein at least one of the first resource pool set and the second

resource pool set is configured and/or pre-configured.

20.  The method of claim 1, further comprising:

selecting, from a configured or preconfigured carrier list, a carrier as a working carrier
for the at least one second wireless communication device;

measuring a channel busy ratio (CBR) value corresponding to the working carrier;

comparing the CBR value with a first threshold; and

re-assigning a new working carrier to the at least one second wireless communication
device in response to the CBR value is greater than the first threshold, wherein a CBR value

measured corresponding to the new working carrier is less than a second threshold.

21.  The method of claim 1, further comprising:
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selecting, from a configured or preconfigured physical resource block (PRB) list, a
PRB as a working PRB for the at least one second wireless communication device;

measuring a channel busy ratio (CBR) value on the working PRB;

comparing the CBR value with a first threshold; and

re-assigning a new working PRB to the at least one second wireless communication
device in response to the CBR value is greater than the first threshold, wherein a CBR value

measured on the new working PRB is less than a second threshold.

22. A method performed by a first wireless communication device, the method comprising:

receiving a first message on a first carrier from a second wireless communication
device, wherein the first message comprises information about at least one of the following: a
first resource pool set on the first carrier, a second carrier, and a second resource pool set on
the second carrier, wherein the first resource pool set comprises at least one first resource
pool and the second resource pool set comprises at least one second resource pool;

receiving a second message in the at least one first resource pool on the first carrier
from the second wireless communication device, wherein the second message indicates
information about the second carrier and the second resource pool set on the second carrier;
and

communicating with the second wireless communication device in at least one second

resource pool on the second carrier.

23.  The method of claim 22, wherein:
the first carrier is an anchor carrier; and

the second carrier is a non-anchor carrier.

24.  The method of claim 22, wherein:

the first wireless communication device is within or outside a coverage arca of a base
station;

the first wireless communication device has a limited bandwidth; and

the second wireless communication device is within the coverage area of the base
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station.

25.  The method of claim 22, wherein the first message is broadcasted by the second wireless
communication device using a transmission resource that is determined based on at least one
of:

a radio signal transmitted by the second wireless communication device on the first
carrier;

a configuration;

a pre-configuration; and

a pre-definition.

26.  The method of claim 22, wherein the first message is broadcasted by the second wireless
communication device using a transmission resource in a transmission resource pool that is
determined based on at least one of:

a radio signal transmitted by the second wireless communication device on the first
carrier;

a configuration; and

a pre-configuration.

27.  The method of claim 25 or 26, wherein the radio signal comprises at least one of the
following:

a sidelink radio signal used for synchronization between the first wireless
communication device and the second wireless communication device; and

a physical sidelink broadcast channel (PSBCH) that carries indication information for

the first wireless communication device.

28.  The method of claim 25 or 26, wherein the radio signal carries information about at
least one of the following:
a starting offset of the transmission resource and/or the transmission resource pool

relative to the resource used for transmitting the radio signal;
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a length of the transmission resource and/or the transmission resource pool in time
domain;

a quantity of sub-frames included in the transmission resource and/or the transmission
resource pool;

a bitmap corresponding to the sub-frames included in the transmission resource and/or
the transmission resource pool; and

a quantity of bitmap repetitions.

29.  The method of claim 25, wherein the pre-definition comprises at least one of the
following:

the transmission resource used for the first message is fixed; and

the starting offset of the transmission resource used for the first message relative to the

resource used for transmitting the radio signal is fixed.

30.  The method of claim 22, wherein the information about the first resource pool set
comprises information about at least one of the following:

a device-to-device (D2D) discovery resource pool of the first wireless communication
device on the first carrier;

a D2D discovery resource pool of the second wireless communication device on the
first carrier;

a D2D communication resource pool of the first wireless communication device on the
first carrier; and

a D2D communication resource pool of the second wireless communication device on

the first carrier.

31.  The method of claim 30, wherein:

the D2D discovery resource pool of the first wireless communication device or of the
second wireless communication device comprises at least one of the following:

the D2D discovery transmission pool;

the D2D discovery reception pool.
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The D2D communication resource pool of the first wireless communication device or
of the second wireless communication device comprises at least one of the following:

the D2D communication transmission pool;

the D2D communication reception pool;

the D2D communication control resource pool; and

the D2D communication data resource pool.

32, The method of claim 22, wherein the first message is valid within a resource period for
transmitting the radio signal and comprises information about at least one of the following:

one or more starting offsets of one or more first resource pools relative to the resource
used for transmitting the radio signal;

one or more lengths of one or more first resource pools in time domain;

one or more bitmaps corresponding to sub-frames included in one or more first
resource pools; and

one or more numbers of bitmap repetitions.

33.  The method of claim 22, wherein the first message is valid within a first carrier resource
pool period and comprises information about at least one of the following:

the first carrier resource pool period;

one or more starting offsets of one or more first resource pools within the first carrier
resource pool period;

one or more starting offsets of one or more first resource pools relative to System
Frame Number 0 (SFN 0);

one or more lengths of one or more first resource pools in time domain;

one or more bitmaps corresponding to sub-frames included in one or more first
resource pools; and

one or more numbers of bitmap repetitions.

34.  The method of claim 22, further comprising:

receiving a scheduling message on the second carrier from the second wireless
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communication device, wherein the scheduling message indicates information about a
scheduling resource for the first wireless communication device; and
transmitting device-to-device communication control and/or service data to the second

wireless communication device based on the scheduling resource.

35.  The method of claim 22, further comprising:

transmitting a scheduling request to the second wireless communication device based
on a dedicated resource pool on the second carrier;

receiving, from the second wireless communication device on the second carrier,
information about a scheduling resource allocated by the second wireless communication
device in response to the scheduling request; and

transmitting device-to-device communication control and/or service data to the second

wireless communication device based on the scheduling resource.

36.  The method of claim 22, wherein at least one of the first resource pool set and the

second resource pool set is configured and/or pre-configured.

37.  Awireless communication device configured to carry out the method of any one of

claims 1 through 36.

38. A non-transitory computer-readable medium having stored thereon computer-executable

instructions for carrying out the method of any one of claims 1 through 36.
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