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WIRELESS DEVICE AND WIRELESS COMMUNICATION METHOD

BACKGROUND

1. Technical Field

The present disclosure relates to the field of wireless communication, and in particular,

to a wireless device and a wireless communication method.

2. Description of the Related Art

V2X means a communication between vehicles (V2V), a communication between
vehicle and pedestrian (V2P), a communication between vehicle and infrastructure (V2I)
or a communication between vehicle and network (V2N). Compared with D2D (Device
to Device) scenario, V2X has two different properties: 1) relatively higher speed, up to
120km/h or even larger; 2) relatively higher UE (User Equipment) density within the
group. Due to the above properties, especially the second property, resource
allocation has become one of critical issues discussed in 3GPP (the 3rd Generation

Partner Project) so far.

SUMMARY

One non-limiting and exemplary embodiment provides a resource allocation

mechanism in a wireless communication network comprising multiple wireless devices

capable of communicating with each other directly, such as in a V2X network.

In a first general aspect of the present disclosure, there is provided a wireless device in

a wireless communication network comprising multiple wireless devices capable of



10

15

20

25

WO 2017/075783 PCT/CN2015/093894

communicating with each other directly, comprising: a processing circuitry operative to
multiplex data with a scheduling assignment message, into transmission information;
and a transmitter operative to transmit the transmission information in a scheduling
assignment period, to another wireless device in the wireless communication network,
wherein the scheduling assignment message is used for indicating data transmission
resource in the scheduling assignment period or in a previous scheduling assignment

period.

In a second general aspect of the present disclosure, there is provided a wireless
device in a communication network comprising multiple wireless devices capable of
communicating with each other directly, comprising: a receiver operative to receive
transmission information in a scheduling assignment period, from another wireless
device in the communication network; and a processing circuitry operative to de-
multiplex a scheduling assignment message from the transmission information, and to
decode data from the transmission information based on the scheduling assignment
message, wherein the scheduling assignment message is used for indicating data
transmission resource in the scheduling assignment period or in a previous scheduling

assignment period.

In a third general aspect of the present disclosure, there is provided a wireless
communication method of a wireless device in a wireless communication network
comprising multiple wireless devices capable of communicating with each other directly,
the communication method comprising: multiplexing data with a scheduling assignment
message, into transmission information; and transmitting the transmission information
in a scheduling assignment period, to another wireless device in the communication
network, wherein the scheduling assignment message is used for indicating data
transmission resource in the scheduling assignment period or in a previous scheduling

assignment period.
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In a fourth general aspect of the present disclosure, there is provided a wireless
communication method of a wireless device in a wireless communication network
comprising multiple wireless devices capable of communicating with each other directly,
the communication method comprising: receiving transmission information in a
scheduling assignment period, from another wireless device in the communication
network; de-multiplexing a scheduling assignment message from the transmission
information, and decoding data from the transmission information based on the
scheduling assignment message, wherein the scheduling assignment message is used
for indicating data transmission resource in the scheduling assignment period or in a

previous scheduling assignment period.

It should be noted that general or specific embodiments may be implemented as a
system, a method, an integrated circuit, a computer program, a storage medium, or any

selective combination thereof.

Additional benefits and advantages of the disclosed embodiments will become
apparent from the specification and drawings. The benefits and/or advantages may be
individually obtained by the various embodiments and features of the specification and
drawings, which need not all be provided in order to obtain one or more of such

benefits and/or advantages.

BRIEF DESCRIPTION OF DRAWINGS

The foregoing and other features of the present disclosure will become more fully
apparent from the following description and appended claims, taken in conjunction with
the accompanying drawings. Understanding that these drawings depict only several
embodiments in accordance with the disclosure and are, therefore, not to be
considered as a limitation to its scope, the disclosure will be described with additional
specificity and detail through use of the accompanying drawings, in which:
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FIG. 1 is a schematic diagram illustrating a resource allocation mechanism in a
wireless device according to an embodiment of the present disclosure;

FIG. 2 is a block diagram schematically illustrating a wireless device according to an
embodiment of the present disclosure;

FIG. 3 is a schematic diagram illustrating another resource allocation mechanism in
a wireless device according to an embodiment of the present disclosure;

FIG. 4 is a schematic diagram illustrating a further resource allocation mechanism in
a wireless device according to an embodiment of the present disclosure;

FIG. 5 is a schematic diagram illustrating a position of a multiplexed SA message in
time domain according to an embodiment of the present disclosure;

FIG. 6 is a schematic diagram illustrating a position of a multiplexed SA message in
frequency domain according to an embodiment of the present disclosure;

FIG. 7 is a block diagram schematically illustrating a wireless device according to
another embodiment of the present disclosure;

FIG. 8 is a flowchart schematically illustrating a wireless communication method
according to an embodiment of the present disclosure; and

FIG. 9 is a flowchart schematically illustrating a wireless communication method

according to another embodiment of the present disclosure.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying drawings,
which form a part thereof. In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. It will be readily understood that the
aspects of the present disclosure can be arranged, substituted, combined, and
designed in a wide variety of different configurations, all of which are explicitly

contemplated and make part of this disclosure.
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In a V2X communication network, as described above, there may be many wireless
devices having relatively faster speed, such as vehicles or the like, within a group,
therefore, on one hand, many vehicles may collide in the same resource pool, and on
the other hand, they cannot listen to others due to half duplex restriction.

In an embodiment of the present disclosure, a wireless device is provided, which is
applied in a wireless communication network comprising multiple wireless devices
capable of communicating with each other directly, such as in the V2X communication
network or the D2D communication network. Considering the potentially crowded
scheduling assignment (SA) resource pool, the wireless device according to the
embodiment of the present disclosure adopts a mechanism similar to a semi-static or
semi-persistent scheduling (SPS) mechanism in LTE (Long-Time Evolution), which is
referred to as a SPS like mechanism throughout the specification. Hereinafter, the

details of the SPS like mechanism will be described with reference to FIG. 1.

FIG. 1 is a schematic diagram illustrating the resource allocation mechanism in the
wireless device according to the embodiment of the present disclosure. As shown in
FIG. 1, there are multiple SA periods. In the first SA period, a SA message, which is
indicated by a block in dots, is transmitted, and associated data, which is indicated by a
block in slash, is transmitted accordingly. The SA message is used for indicating
initiation of SPS like transmission. In middle SA periods such as the second SA period,
there is no SA message transmitted. In the last SA period, a SA message is transmitted
to indicate the termination of the SPS like transmission. Further, the SA message
transmitted in the first SA period is used to indicate data transmission resource in each

of the multiple SA periods.

FIG. 1 shows a first example of the resource allocation mechanism, in which a SA
message is transmitted in the first SA period to indicate the start of the SPS like
transmission, another SA message is transmitted in the last SA period to indicate the
termination of the SPS like transmission, and no SA messages are transmitted in the
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middle SA periods. In a second example not shown, a SA message is transmitted in
the first SA period to indicate information related to the SPS like transmission, such as
the time period or the like, and no SA messages are transmitted in the SA periods other
than the first SA period. The SA message transmitted in the first SA period is further

used to indicate data transmission resource in each of the multiple SA periods.

In either of the above examples, since no SA messages are transmitted in some of the
SA periods (the middle SA periods in the first example, and the SA periods other than
the first SA period in the second example), generally, quite a lot of SA messages may
be saved during the SPS like transmission, thereby the SA collision may be reduced
and the half duplex issue may be relaxed in SA resource pool, which means UE or

vehicle has more chances to receive messages from other UEs or vehicles.

However, since a topology of the network may change often and the wireless devices
may often join or leave the network, especially in the V2X scenario, in the SPS like
transmission as shown in FIG. 1, the wireless device newly joining in the network
during the SA periods in which no SA messages are transmitted, cannot decode the

data due to a lack of SA messages.

To further solve the above problem, in another embodiment of the present disclosure, a
wireless device is provided, which is applied in a wireless communication network
comprising multiple wireless devices capable of communicating with each other directly,
such as in the V2X communication network or the like.

FIG. 2 is a block diagram schematically illustrating the wireless device according to the

embodiment of the present disclosure.

The wireless device 200 can comprise a processing circuitry 210 operative to multiplex
data with a scheduling assignment message, into transmission information; and a

transmitter 220 operative to transmit the transmission information in a scheduling
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assignment period, to another wireless device in the wireless communication network.
The scheduling assignment message may be used for indicating data transmission
resource in the scheduling assignment period. Alternatively, the scheduling
assignment message may also be used for indicating data transmission resource in a
previous scheduling assignment period. That means receiving wireless device needs to
buffer the data and decode it after such device has successfully received scheduling
assignment message in the next scheduling assignment period, which will be described

in detail with reference to FIG. 3.

The wireless device 200 according to the present disclosure may optionally include a
CPU (Central Processing Unit) 230 for executing related programs to process various
data and control operations of respective units in the wireless device 200, a ROM
(Read Only Memory) 240 for storing various programs required for performing various
process and control by the CPU 230, a RAM (Random Access Memory) 250 for storing
intermediate data temporarily produced in the procedure of process and control by the
CPU 230, and/or a storage unit 260 for storing various programs, data and so on. The
above processing circuitry 210, transmitter 220, CPU 230, ROM 240, RAM 250 and/or
storage unit 260 etc. may be interconnected via data and/or command bus 270 and

transfer signals between one another.

Respective components as described above do not limit the scope of the present
disclosure. According to one implementation of the disclosure, the functions of the
above processing circuitry 210 and transmitter 220 may be implemented by hardware,
and the above CPU 230, ROM 240, RAM 250 and/or storage unit 260 may not be
necessary. Alternatively, the functions of the above processing circuitry 210 and
transmitter 220 may also be implemented by functional software in combination with
the above CPU 230, ROM 240, RAM 250 and/or storage unit 260 etc.

Hereinafter, the scheduling assignment mechanism adopted by the wireless device 200
will be described with reference to FIG. 3. FIG. 3 is a schematic diagram illustrating
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another resource allocation mechanism in a wireless device according to an

embodiment of the present disclosure.

As shown in FIG. 3, there are multiple SA periods, similar to those in FIG. 1. The
difference between the present embodiment and the embodiment shown in FIG. 1 lies
in that, there is a dedicated SA region in FIG. 1 for transmitting the SA message; while
there may not be a dedicated SA region in the present embodiment as shown in FIG. 3,

in which all subframes in a scheduling assignment period can potentially transmit data.

Further, the difference between the present embodiment and the embodiment shown in
FIG. 1 lies in that, in FIG. 3, the SA message is multiplexed with the data into
transmission information, which is indicated by blocks filled with dark squares. The
transmission information is transmitted in a SA period, for example, the second SA
period as shown in FIG.3, to another wireless device.

The multiplexing of the SA message and the data may be indicated by a wireless
device through a broadcast channel, such as Physical Sidelink Broadcast Channel
(PSBCH) or the like. The wireless device may be the present wireless device or other
wireless devices in the communication network, as long as it may function as a

synchronizing source.

In a possible implementation, the SA message is used for indicating data transmission
resource in the present SA period, when the current data transmission resource (e.g.,

subframe) is allowed to transmit the transmission information.

In another possible implementation, when the current subframe is not allowed to
transmit the transmission information, data may be transmitted first, for example, in a
previous SA period such as the first SA period in FIG. 3, and then the multiplexed SA
message is transmitted, for example, in a following SA period such as the second SA
period in FIG. 3. In such a case, the SA message is used for indicating data
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transmission resource in the previous SA period. For the receiving wireless device,
some subframes may be buffered, and the data may be decoded after the multiplexed
SA message is detected. The start of the data may be indicated by the multiplexed SA
message. In such implementation, the wireless device may transmit data quickly and

the latency may be reduced.

FIG. 4 is a schematic diagram illustrating a further scheduling assignment mechanism
according to an embodiment of the present disclosure. The scheduling assignment
mechanism in FIG. 4 also adopts the SPS like mechanism, as described with reference
to FIG. 1. The difference between the present embodiment and the embodiment
shown in FIG. 1 lies in that, there is no SA message transmitted in middle SA periods in
FIG. 1; while the SA message multiplexed with the data is transmitted in the middle SA
periods in the present embodiment. It should be noted that although the transmission
information is transmitted in the middle SA periods as shown in FIG. 4, in another
example not shown, it may be transmitted in both the middle SA periods and the last
SA period. That is, the SA message is multiplexed with data into transmission
information as shown, and the transmission information is transmitted in the data
transmission resource of at least one SA period other than the first SA period. Each of
the multiple SA periods comprises a data region. The data transmission resource in

each data region is indicated by the SA message.

The SA message may be multiplexed with the data in various ways. For example, the
processing circuitry may embed the resource elements of SA message into the data
resource in a physical layer, to form the transmission information, in which relevant
resource elements of data resource is punctured. For another example, the processing
circuitry may map the SA message into a part of the data transmission resource, such
as one slot of a subframe, and map the data into the other part of the data transmission
resource, such as the other slot of the subframe, to form the transmission information,
in which a coding rate of the data is matched within the other part, such as the other
slot, transmitting the data.
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Further, as shown in FIG. 4, the first SA period comprises a SA region in which another
SA message for indicating the data transmission resource is transmitted. Particularly, a
field or a combination of several fields may be added into said another SA message to
indicate parameters related to the SPS like transmission, for example, to indicate the
start of the SPS like transmission, the time period of the SPS like transmission, the
time/frequency resource of SPS or the like. Alternatively, a different RNTI (Radio

Network Temporary Identity) may be used to indicate the SPS like transmission.

Regarding the format of the SA message multiplexed with the data in the data region,
which may be referred to as the multiplexed SA message hereinafter, there may be
several options. In a first option, the format of the multiplexed SA message may be the
same as that of said another SA message transmitted in the first SA period, which may
be referred to as the normal SA message hereinafter. For example, the Sidelink

Control Information (SCI) format 0 may be reused.

In a second option, the format of the multiplexed SA message may be more simplified
as compared to that of the normal SA message. For example, a resource allocation
field in the normal SA message may be removed or reduced in size, since the position

of the multiplexed SA message may reflect the position of the data.

For another example, a timing advance field in the normal SA message may be
removed, since the data and the multiplexed SA message are operated in the same
data resource, that is, they use the same timing advance. Particularly, the transmitter
may be operative to transmit the transmission information using a downlink timing
which is based on reception timing from another wireless device and has not timing
advance, in both an eNode B scheduling transmission, like the mode 1 transmission in
the D2D network, and a UE autonomous scheduling transmission, like the mode 2

transmission in the D2D network. Alternatively, in case of the eNode B scheduling

10
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transmission and V2X is operated in cellular carrier, a timing advance may be applied
to the first SA period.

For a further example, a time resource pattern (T-RPT) field in the normal SA message
may be removed or reduced in size, since the multiplexed SA message may reflect

certain T-RPT index, as described later with reference to FIG. 5.

The SPS like transmission may be enabled or disabled by a wireless device, and may
be indicated through a broadcast channel, such as PSBCH or the like. The wireless
device may be the present wireless device or other wireless devices in the

communication network, as long as it may function as a synchronizing source.

Additionally, by an indication of the multiplexed SA message, transmission properties,

such as MCS (modulation and coding scheme) or the like, may be adapted.

Further, in the SPS like transmission, the data transmission resource may be selected
by the wireless device once in the first SA period, when the transmission from the
wireless device to the other wireless device is scheduled by the wireless device
autonomously. That is, in a case of the UE autonomous scheduling transmission, the
wireless device may transmit the normal SA message in the first SA period and the
multiplexed SA message in the following SA periods, and the wireless device just
selects resource (SA or data) once in the first SA period. The resource will be repeated
in the following SA periods.

Alternatively, the data transmission resource may be selected by a base station when
the transmission from the wireless device to the other wireless device is scheduled by
the base station. That is, in a case of the eNode B based scheduling transmission,
similarly, the wireless device may transmit the normal SA message in the first SA
period and the multiplexed SA message in the following SA periods. However, different
from that in the above case, the resource selection will follow the eNode B’s guidance.

11
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Further, in an embodiment, the time position to transmit the multiplexed SA message in
a SA period may be limited. FIG. 5 is a diagram schematically showing a position of a
multiplexed SA message in time domain according to an embodiment of the present
disclosure. As shown in FIG. 5, the time position of the multiplexed SA message may
be limited to first few “1” subframes the second T-RPT bitmap indicates. Particularly, in
FIG. 5, the value of the bitmap is, for example, “11100100” which means subframes #1,
#2, #3 and #6 in slash are available for transmission. Such bitmap is repeated to the
end of the SA period and a truncated bitmap is used for the last few subframes, as
shown in FIG. 5. The usage of the bitmap is common for all UEs so that the receiving
wireless device and the transmitting wireless device know when to apply the first
bitmap, the second bitmap, and so on. Those skilled in the art shall understand that
the value of the bitmap shown in FIG. 5 is only an example, and other values of the

bitmap are also possible.

As shown in FIG. 5, the starting subframe to apply the T-RPT pattern is aligned
between the multiplexed SA message and the data. As the timing to apply T-RPT
pattern is cell-specific or group-specific, the transmitting wireless device and the
receiving wireless device have the same understanding on the time to transmit the
multiplexed SA message. The transmitter may be operative to transmit the
transmission information in part of subframes applying time resource pattern (T-PRT) in
a SA period. The part of subframes may be specified, predefined or configured
depending on resource allocation mode (eNode B scheduled or UE autonomous
selection). The receiver does not know the value of the bitmap in advance, so it will
presume one value of bitmap (time resource pattern), for example “11100100”, and
attempt to detect the multiplexed SA message. In order to reduce the decoding
complexity, it is possible to restrict part of the T-RPT patterns to transmit the

multiplexed SA message.

12



10

15

20

25

30

WO 2017/075783 PCT/CN2015/093894

Additionally, in frequency domain, the multiplexed SA message may be transmitted in
various ways. As an example, the multiplexed SA message may be transmitted in one
PRB in a subframe. As another example, the multiplexed SA message may be
transmitted repeatedly in all allocated PRBs in a subframe. As a further example, the

same multiplexed SA message may be transmitted cross several PRBs in a subframe.

Further, in an embodiment, the frequency position to transmit the multiplexed SA
message in a SA period may be also limited. FIG. 6 is a diagram schematically
showing a position of a multiplexed SA message in frequency domain according to an
embodiment of the present disclosure. As an example, the frequency position of the
multiplexed SA message may be linked with the T-RPT pattern. For example, if the T-
RPT pattern is “11100100”, the first PRB (Physical Resource Block) is used for
transmitting the multiplexed SA message. If the T-RPT pattern is “11000000”, the third
PRB is used for transmitting the multiplexed SA message. That is, different T-RPT
pattern is linked with different frequency position of the multiplexed SA message.
Therefore, the transmitter may be operative to transmit the transmission information in
a PRB of the data transmission resource, an index of the PRB being associated with a

T-RPT index of the data transmission resource.

For the receiving wireless device, it may presume certain T-RPT pattern and attempt to
detect the multiplexed SA message. If the multiplexed SA message is detected, the T-
RPT pattern is also known accordingly. In FIG. 6, a candidate 1 is linked with the T-
RPT pattern 1 and a candidate 2 is linked with the T-RPT pattern 2. For the
transmitting wireless device, the frequency resource allocation should include
corresponding linked PRB to transmit the multiplexed SA message. Therefore, in such
example, the complexity of the receiving wireless device may be reduced, but there

may be some restriction on resource allocation in frequency domain.

As another example, the frequency position of the multiplexed SA message may be
fixed regardless of the T-RPT pattern. That is, the transmitter may be operative to

13
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transmit the transmission information in a fixed PRB of the data transmission resource.
For example, PRBs 1 and 13 may always be the possible candidates to transmit the
multiplexed SA message. In such a case, the data resource should include one of the
candidate PRBs.

It is to be noted that although the multiplexed SA message is described in a SPS like
resource allocation scenario in the present embodiment, the present disclosure is not
limited thereto, and may be applied to a dynamic resource allocation or even in a

scenario without a SA resource pool as shown in FIG. 3.

Further, it is to be noted that, in any of the above figures, the SA channel used for
transmitting one SA message or the data channel used for transmitting one transport
block is repeated. Between or among the repeated SA channels or the repeated data
channels, a certain hopping rule may be applied. For example, in FIG. 4, the SA
channel is repeated twice, the data channel is repeated four times, and the multiplexed
SA message is transmitted in four repeated data channels. However, it is just an
example, and the present disclosure is not limited thereto. Those skilled in the art shall
understand that the SA channel and the data channel may be repeated other times
than those shown in the figures, and the multiplexed SA message may be transmitted

in any one or more of the repeated data channels.

The resource allocation mechanisms, which have been described above with reference
to FIGS. 3-6, may be applied to both the eNode B scheduled transmission, like the
mode 1 transmission in the D2D network, and the UE autonomous transmission, like
the mode 2 transmission in the D2D network. By multiplexing the SA message with the
data and transmitting the SA message multiplexed with the data together in the data
channel, the SA resource pool may be relaxed, and the newly joined UE will not miss

any data transmitted in any SA period other than the first SA period.

14
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FIG. 7 is a block diagram schematically illustrating a wireless device according to an

embodiment of the present disclosure.

The wireless device 700 can comprise a receiver 710 operative to receive transmission
information in a scheduling assignment period, from another wireless device in the
communication network; and a processing circuitry 720 operative to de-multiplex a
scheduling assignment message from the transmission information, and to decode data
from the transmission information based on the scheduling assignment message. The
scheduling assignment message may be used for indicating data transmission
resource in the scheduling assignment period. Alternatively, the scheduling
assignment message may also be used for indicating data transmission resource in a

previous scheduling assignment period.

The wireless device 700 according to the present disclosure may optionally include a
CPU (Central Processing Unit) 730 for executing related programs to process various
data and control operations of respective units in the wireless device 700, a ROM
(Read Only Memory) 740 for storing various programs required for performing various
process and control by the CPU 730, a RAM (Random Access Memory) 750 for storing
intermediate data temporarily produced in the procedure of process and control by the
CPU 730, and/or a storage unit 760 for storing various programs, data and so on. The
above receiver 710, processing circuitry 720, CPU 730, ROM 740, RAM 750 and/or
storage unit 760 etc. may be interconnected via data and/or command bus 770 and

transfer signals between one another.

Respective components as described above do not limit the scope of the present
disclosure. According to one implementation of the disclosure, the functions of the
above receiver 710 and processing circuitry 720 may be implemented by hardware,
and the above CPU 730, ROM 740, RAM 750 and/or storage unit 760 may not be

necessary. Alternatively, the functions of the above receiver 710, processing circuitry

15
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720 may also be implemented by functional software in combination with the above
CPU 730, ROM 740, RAM 750 and/or storage unit 760 etc.

In an embodiment, the data transmission resource is in a data region of a scheduling
assignment period including a SA region and the data region. The processing circuitry
may be operative to try to blindly decode the scheduling assignment message from the
SA region first. Then the processing circuitry may be operative to blindly decode the
SA message from the data region. After decoding the SA message, the data is

decoded accordingly.

In another embodiment, the data transmission resource is in at least one SA period
other than the first SA period. Each SA period comprises a data region, the data
transmission resource in each data region is indicated by the SA message. That is, the

SPS like resource allocation as described above is applied.

In a further embodiment, the processing circuitry may be operative to decode the SA
message from the SA region, when it is indicated that the SA message and the data
are not multiplexed through a broadcast channel, such as the PSBCH or the like, or
when it is indicated that the SPS like resource allocation is not enabled through the

broadcast channel.

In a further embodiment, when the SPS like resource allocation is enabled, another SA
message (the normal SA message as described above) is transmitted in the first SA
period. For the wireless device which has already detected the normal SA message
indicating the SPS like resource allocation in the first SA period, it may not require to
detect or monitor the multiplexed SA message in the following SA periods, since it
already knows the SPS like transmission from beginning based on the normal SA
message in the SA resource pool. For the wireless device newly joining in the following
SA periods, it will firstly detect the normal SA message in the SA resource pool, and

then detect the multiplexed SA message in the data resource pool as described above.
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Therefore, with the wireless device according to the present embodiment, the new

joined wireless device can still decode data of the SPS like transmission correcily.

FIG. 8 is a flowchart illustrating a wireless communication method 800 according to an

embodiment of the present disclosure.

As shown in FIG. 8, first, at a block 810, data is multiplexed with a scheduling
assignment message, into transmission information. Then, at a block 820, the
transmission information is transmitted in a scheduling assignment period, to another

wireless device in the communication network.

The scheduling assignment message may be used for indicating data transmission
resource in the scheduling assignment period or in a previous scheduling assignment

period.

The details of the wireless communication method have been described above with

reference to the wireless device, and will not be repeated here.

FIG. 9 is a flowchart illustrating another wireless communication method 900 according

to an embodiment of the present disclosure.

As shown in FIG. 9, first, at a block 910, transmission information is received in a
scheduling assignment period, from another wireless device in the communication

network.
Then, at a block 920, a scheduling assignment message is de-multiplexed from the

transmission information, and data is decoded from the transmission information based

on the scheduling assignment message, at a block 930.
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The details of the wireless communication method have been described above with

reference to the wireless device, and will not be repeated here.

With the wireless communication method as shown in FIGS. 8 or 9, the newly joined

UE will not miss any data transmitted in any SA period other than the first SA period.

The present disclosure can be realized by software, hardware, or software in
cooperation with hardware. Each functional block used in the description of each
embodiment described above can be realized by an LS| as an integrated circuit, and
each process described in the each embodiment may be controlled by LSI. They may
be individually formed as chips, or one chip may be formed so as to include a part or all
of the functional blocks. They may include a data input and output coupled thereto.
The LSI here may be referred to as an IC, a system LSI, a super LSI, or an ultra LSI
depending on a difference in the degree of integration. However, the technique of
implementing an integrated circuit is not limited to the LS| and may be realized by using
a dedicated circuit or a general-purpose processor. In addition, a FPGA (Field
Programmable Gate Array) that can be programmed after the manufacture of the LSI or
a reconfigurable processor in which the connections and the settings of circuits cells

disposed inside the LS| can be reconfigured may be used.

In a first embodiment of the present disclosure, a wireless device is provided, which is
in a wireless communication network comprising multiple wireless devices capable of
communicating with each other directly, the wireless device comprising: a processing
circuitry operative to multiplex data with a scheduling assignment message, into
transmission information; and a transmitter operative to transmit the transmission
information in a scheduling assignment period, to another wireless device in the
wireless communication network, wherein the scheduling assignment message is used
for indicating data transmission resource in the scheduling assignment period or in a

previous scheduling assignment period.
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According to the wireless device in the first embodiment, the data transmission
resource may be in at least one scheduling assignment period other than the first
scheduling assignment period of multiple scheduling assignment periods, each of the
multiple scheduling assignment periods may comprise a data region, the data
transmission resource in each data region may be indicated by the scheduling

assignment message.

According to the wireless device in the first embodiment, the first scheduling
assignment period may comprise a scheduling assignment region in which another
scheduling assignment message for assigning the data transmission resource is

transmitted.

According to the wireless device in the first embodiment, said another scheduling
assignment message may include a resource allocation field, a timing advance field
and a time resource pattern (T-RPT) field, at least one of which is not included or is
reduced in size in the scheduling assignment message.

According to the wireless device in the first embodiment, the data transmission
resource may be selected by the wireless device once in the first scheduling
assignment period of the multiple scheduling assignment periods, when the
transmission from the wireless device to the other wireless device is scheduled by the
wireless device autonomously; and the data transmission resource may be selected by
a base station when the transmission from the wireless device to the other wireless

device is scheduled by the base station.
According to the wireless device in the first embodiment, the transmitter may be

operative to transmit the transmission information using a downlink timing which is

based on reception timing from another wireless device and has not timing advance.
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According to the wireless device in the first embodiment, the transmitter may be
operative to transmit the transmission information in part of subframes applying time
resource pattern in a scheduling assignment period, the part of subframes being
specified, predefined or configured.

According to the wireless device in the first embodiment, the transmitter may be
operative to transmit the transmission information in a Physical Resource Block (PRB)
of the data transmission resource, an index of the PRB being associated with a T-RPT
index of the data transmission resource; or the transmitter may be operative to transmit

the transmission information in a fixed PRB of the data transmission resource.

According to the wireless device in the first embodiment, the processing circuitry may
multiplex the scheduling assignment message with data into transmission information
in anyone of the following ways: the processing circuitry embeds the resource elements
of scheduling assignment message into the data resource in a physical layer, to form
the transmission information, in which relevant resource elements of data resource is
punctured; the processing circuitry maps the scheduling assignment message into a
part of the data transmission resource, and maps the data into the other part of the
data transmission resource, to form the transmission information, in which a coding rate

of the data is matched within the other part transmitting the data.

According to a second embodiment of the present disclosure, a wireless device is
provided, which is in a communication network comprising multiple wireless devices
capable of communicating with each other directly, the wireless device comprising: a
receiver operative to receive transmission information in a scheduling assignment
period, from another wireless device in the communication network; and a processing
circuitry operative to de-multiplex a scheduling assignment message from the
transmission information, and to decode data from the transmission information based

on the scheduling assignment message, wherein the scheduling assignment message
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is used for indicating data transmission resource in the scheduling assignment period

or in a previous scheduling assignment period.

According to the wireless device in the second embodiment, the data transmission
resource may be in a data region of a scheduling assignment period including a
scheduling assignment region and the data region; the processing circuitry may be
operative to try to blindly decode the scheduling assignment message from the
scheduling assignment region first; then the processing circuitry may be operative to

blindly decode the scheduling assignment message from the data region.

According to the wireless device in the second embodiment, the processing circuitry
may decode the scheduling assignment message from the scheduling assignment
region, when it is indicated that the scheduling assignment message and the data are
not multiplexed through a broadcast channel transmitted by another wireless device in

the wireless communication network.

According to the wireless device in the second embodiment, the data transmission
resource may be in at least one scheduling assignment period other than the first
scheduling assignment period of multiple scheduling assignment periods, each of the
multiple scheduling assignment periods may comprise a data region, the data
transmission resource in each data region may be indicated by the scheduling

assignment message.

According to a third embodiment of the present disclosure, a wireless communication
method is provided, which is applied to a wireless device in a wireless communication
network comprising multiple wireless devices capable of communicating with each
other directly, the communication method comprising: multiplexing data with a
scheduling assignment message, into transmission information; and transmitting the
transmission information in a scheduling assignment period, to another wireless device

in the communication network, wherein the scheduling assignment message is used for
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indicating data transmission resource in the scheduling assignment period or in a

previous scheduling assignment period.

According to a fourth embodiment of the present disclosure, a wireless communication
method is provided, which is applied to a wireless device in a wireless communication
network comprising multiple wireless devices capable of communicating with each
other directly, the communication method comprising: receiving transmission
information in a scheduling assignment period, from another wireless device in the
communication network; de-multiplexing a scheduling assignment message from the
transmission information, and decoding data from the transmission information based
on the scheduling assignment message, wherein the scheduling assignment message
is used for indicating data transmission resource in the scheduling assignment period

or in a previous scheduling assignment period.

According to a fifth embodiment of the present disclosure, a wireless device is provided,
which is in a wireless communication network comprising multiple wireless devices
capable of communicating with each other directly, the wireless device comprising: a
transmitter operative to transmit a scheduling assignment message in a scheduling
assignment region of a first scheduling assignment period of multiple scheduling
assignment periods, to another wireless device in the wireless communication network,
wherein the scheduling assignment message is used for indicating data transmission
resource in each scheduling assignment period.

According to a sixth embodiment of the present disclosure, a wireless device is
provided, which is in a wireless communication network comprising multiple wireless
devices capable of communicating with each other directly, the wireless device
comprising: a receiver operative to receive a scheduling assignment message in a
scheduling assignment region of a first scheduling assignment period of multiple

scheduling assignment periods, from another wireless device in the wireless
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communication network, wherein the scheduling assignment message is used for

indicating data transmission resource in each scheduling assignment period.

According to a seventh embodiment of the present disclosure, a wireless
communication method is provided, which is applied to a wireless device in a wireless
communication network comprising multiple wireless devices capable of
communicating with each other directly, the wireless communication method
comprising: transmitting a scheduling assignment message in a scheduling assignment
region of a first scheduling assignment period of multiple scheduling assignment
periods, to another wireless device in the wireless communication network, wherein the
scheduling assignment message is used for indicating data transmission resource in

each scheduling assignment period.

According to an eighth embodiment of the present disclosure, a wireless
communication method is provided, which is applied to a wireless device in a wireless
communication network comprising multiple wireless devices capable of
communicating with each other directly, the wireless communication method
comprising: receiving a scheduling assignment message in a scheduling assignment
region of a first scheduling assignment period of multiple scheduling assignment
periods, from another wireless device in the wireless communication network, wherein
the scheduling assignment message is used for indicating data transmission resource
in each scheduling assignment period.

In addition, embodiments of the present disclosure can also provide an integrated
circuit which comprises module(s) for performing the step(s) in the above respective
communication methods. Further, embodiments of the present can also provide a
computer readable storage medium having stored thereon a computer program
containing a program code which, when executed on a computing device, performs the
step(s) of the above respective communication methods.
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It is noted that the present disclosure intends to be variously changed or modified by
those skilled in the art based on the description presented in the specification and
known technologies without departing from the content and the scope of the present
disclosure, and such changes and applications fall within the scope that claimed to be
protected. Furthermore, in a range not departing from the content of the disclosure, the

constituent elements of the above-described embodiments may be arbitrarily combined.
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CLAIMS
WHAT IS CLAIMED IS:

1. A wireless device in a wireless communication network comprising multiple
wireless devices capable of communicating with each other directly, comprising:

a processing circuitry operative to multiplex data with a scheduling assignment
message, into transmission information; and

a transmitter operative to transmit the transmission information in a scheduling
assignment period, to another wireless device in the wireless communication network,

wherein the scheduling assignment message is used for indicating data
transmission resource in the scheduling assignment period or in a previous scheduling

assignment period.

2. The wireless device according to claim 1, wherein

the data transmission resource is in at least one scheduling assignment period
other than the first scheduling assignment period of multiple scheduling assignment
periods, each of the multiple scheduling assignment periods comprises a data region,
the data transmission resource in each data region is indicated by the scheduling

assignment message.

3. The wireless device according to claim 2, wherein
the first scheduling assignment period comprises a scheduling assignment region
in which another scheduling assignment message for assigning the data transmission

resource is transmitted.

4. The wireless device according to claim 3, wherein

said another scheduling assignment message includes a resource allocation field,
a timing advance field and a time resource pattern (T-RPT) field, at least one of which
is not included or is reduced in size in the scheduling assignment message.
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5. The wireless device according to claim 2, wherein

the data transmission resource is selected by the wireless device once in the first
scheduling assignment period of the multiple scheduling assignment periods, when the
transmission from the wireless device to the other wireless device is scheduled by the
wireless device autonomously; and

the data transmission resource is selected by a base station when the
transmission from the wireless device to the other wireless device is scheduled by the

base station.

6. The wireless device according to claim 1, wherein the transmitter is operative to
transmit the transmission information using a downlink timing which is based on

reception timing from another wireless device and has not timing advance.

7. The wireless device according to claim 1, wherein
the transmitter is operative to transmit the transmission information in part of
subframes applying time resource pattern in a scheduling assignment period, the part

of subframes being specified, predefined or configured.

8. The wireless device according to claim 1, wherein

the transmitter is operative to transmit the transmission information in a Physical
Resource Block (PRB) of the data transmission resource, an index of the PRB being
associated with a T-RPT index of the data transmission resource; or

the transmitter is operative to transmit the transmission information in a fixed PRB

of the data transmission resource.
9. The wireless device according to claim 1, wherein the processing circuitry

multiplexes the scheduling assignment message with data into transmission

information in anyone of the following ways:
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the processing circuitry embeds the resource elements of scheduling assignment
message into the data resource in a physical layer, to form the transmission information,
in which relevant resource elements of data resource is punctured;

the processing circuitry maps the scheduling assignment message into a part of
the data transmission resource, and maps the data into the other part of the data
transmission resource, to form the transmission information, in which a coding rate of

the data is matched within the other part transmitting the data.

10. A wireless device in a communication network comprising multiple wireless
devices capable of communicating with each other directly, comprising:

a receiver operative to receive transmission information in a scheduling
assignment period, from another wireless device in the communication network; and

a processing circuitry operative to de-multiplex a scheduling assignment message
from the transmission information, and to decode data from the transmission
information based on the scheduling assignment message,

wherein the scheduling assignment message is used for indicating data
transmission resource in the scheduling assignment period or in a previous scheduling

assignment period.

11. The wireless device according to claim 10, wherein

the data transmission resource is in a data region of a scheduling assignment
period including a scheduling assignment region and the data region;

the processing circuitry is operative to try to blindly decode the scheduling
assignment message from the scheduling assignment region first; then the processing
circuitry is operative to blindly decode the scheduling assignment message from the

data region.

12. The wireless device according to claim 11, wherein
the processing circuitry decodes the scheduling assignment message from the
scheduling assignment region, when it is indicated that the scheduling assignment
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message and the data are not multiplexed through a broadcast channel transmitted by

another wireless device in the wireless communication network.

13. The wireless device according to claim 10, wherein

the data transmission resource is in at least one scheduling assignment period
other than the first scheduling assignment period of multiple scheduling assignment
periods, each of the multiple scheduling assignment periods comprises a data region,
the data transmission resource in each data region is indicated by the scheduling

assignment message.

14. A wireless communication method of a wireless device in a wireless
communication network comprising multiple wireless devices capable of
communicating with each other directly, the communication method comprising:

multiplexing data with a scheduling assignment message, into transmission
information; and

transmitting the transmission information in a scheduling assignment period, to
another wireless device in the communication network,

wherein the scheduling assignment message is used for indicating data
transmission resource in the scheduling assignment period or in a previous scheduling

assignment period.

15. A wireless communication method of a wireless device in a wireless
communication network comprising multiple wireless devices capable of
communicating with each other directly, the communication method comprising:

receiving transmission information in a scheduling assignment period, from
another wireless device in the communication network;

de-multiplexing a scheduling assignment message from the transmission
information, and

decoding data from the transmission information based on the scheduling

assignment message,
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wherein the scheduling assignment message is used for indicating data
transmission resource in the scheduling assignment period or in a previous scheduling

assignment period.

29



WO 2017/075783 PCT/CN2015/093894

E Normal SA

1" SA peroid 2" SA peroid Last SA peroid

k2

Time domain

FI1G.1

command
f\.,/b”*s 270 230
210 cru
\"‘“\ Processing
circuitry ﬁ@
ROM
220 250
\-..\ transmitter RAM
260
storage |
unit
FIG.2

1/5



WO 2017/075783 PCT/CN2015/093894

Z Data only , SA multiplexed 1in data PRB
> — -
/ g / 7 4.9 _ | ..
i SA peroid 2 SA pemi(
< o o
Time domain
FIG.3
E Normal SA Z Data only SA multiplexed in data PRB

77

¥ SA peroid 2" S A peroid Last SA peroid
o} g B e g

.
[

Time domain

FiG.4

2/5



WO 2017/075783 PCT/CN2015/093894

Data only

SA multiplexed in data PRB

~ nd
L

SA subframes 1™ data bitmap
H A,

f”’””A""”’""'{r

data bitmap  Truncated bitmap
f A

F1G.5

% SA multiplexed in data PRB Data only

Candidate 1

1" data bitmap 2" data bitmap  Truncated bitmap
PN A N

Candidate 2

FIG.6

3/5



WO 2017/075783

PCT/CN2015/093894
/":jQ 0
command
.y, bus 770 730
710 CpPU "”J
\_\ receiver 740
ROM ~
720 750
\"‘\ processing RAM
circuitry 760
storage |/
unit
FIG.7
800

810
multiplexing data with a scheduling assignment message,
into transmission mformation

é 820

transmitting the transmission mformation in a scheduling (\j
assignment period, to another wireless device in the
communication network

FIG.S

4/5



WO 2017/075783 PCT/CN2015/093894

900
- T T : 910
receiving transimission information in a scheduling (\j
assignment period, from another wireless device m the
communication network
3 . ! % ! A N 920
de-multiplexing a scheduling assignment message from thejn /
transmission information

é 930

decoding data from the transmission information based on in/
the scheduling assignment message

FIG.9

5/5



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2015/093894

A, CLASSIFICATION OF SUBJECT MATTER
HO04W 72/04(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4W:; HO4L; HO4B

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

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

CNABS.CNKI: %, BUE, SAMETRES, PRB, AW, Hf%, U8, M. KA. D2D, V2v; VEN,
USTXT, 3GPP: scheduling, assignment, physical resource block, period, retransmission, data, multiplex, semi w persistent,
D2D, V2V

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

A US 2015271840 A1 (QUALCOMM INC) 24 September 2015 (2015-09-24) 1-15

the whole document

A CN 104811892 A (ZTE CORP) 29 July 2015 (2015-07-29) 1-15

the whole document

A CN 104883743 A (CREATIVE CO LTD) 02 September 2015 (2015-09-02) 1-15

the whole document

I:l Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents:

«p» document defining the general state of the art which is not considered <> later document published after the international filing date or priority
to be of particular relevance date and not in conflict with the application but cited to understand the

. L . . . rinciple or theory underlying the invention
“gr earlier application or patent but published on or after the international P P ry ying . . .
filing date e document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive step

“ document which may throw doubts on priority claim(s) or which is when the document is taken alone

cited to establish the publication date of another citation or other . . . .
special reason (as specified) wyn document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

“«o” document referring to an oral disclosure, use, exhibition or other
means

«p» document published prior to the international filing date but later than .., ,,
P P : &
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
13 July 2016 25 July 2016
Name and mailing address of the [SA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing JIANG,Yan
100088, China
Facsimile No. (86-10)62019451 Telephone No. (86-10)62411352

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/CN2015/093894
. Patf:nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
[N 2015271840 Al 24 September 2015 WO 2015142429 Al 24 September 2015
™ 201540111 A 16 October 2015
----- CN 104811892 A 29July2015 WO 2015113398 Al 06 August 2015
----- CN mmi-(-)-4883743 A 02 S-f-:-pu-tgu;ber 2015 US 2015245334 Al 27 August 2015

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report

