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METHOD AND APPARATUS FOR DTX DETECTION FOR SIDELINK
GROUPCAST TRANSMISSION

TECHNICAL FIELD

[0001] The subject application generally relates to NR sidelink communication, and

more specifically to NR sidelink communication through groupcast transmission.

BACKGROUND

[0002] Device-to-device (D2D) communication is expected to play a prominent role
in upcoming cellular networks as it provides ultra-low latency for communication
among users. Vehicle to everything (V2X) is introduced into 5G wireless
communication technique. D2D is applicable to public safety and commercial

communication use-cases, and also to V2X scenario.

[0003] D2D communication allows user equipments (UEs) in close proximity to
communicate using a direct link rather than having their radio signal travel all the way
through a base station (BS) or core network. In terms of a channel structure, the
direct link between two UEs is called a sidelink. Sidelink is an LTE feature
introduced in 3GPP (3rd Generation Partnership Project) Release 12, and enables a
direct communication between proximal UEs, and data does not need to go through

the BS.

[0004] In order to meet the requirements of providing relatively good performance
on D2D communication, sidelink, or NR sidelink (e.g. advanced 3GPP NR (New
radio) V2X service), communication techniques, e.g. sidelink unicast transmission,
sidelink groupcast transmission, sidelink broadcast transmission, or the like, are

developed.

SUMMARY

[0005] Some embodiments of the subject application provide a method for
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transmitting groupcast. The method includes: transmitting a reference signal which
can be received by a user equipment (UE) within a group, transmitting another
reference signal which can be received by the UE and another UE outside of the
group, transmitting a signal, and monitoring appearance of a hybrid automatic repeat
request (HARQ) feedback signal on a HARQ feedback resource, wherein the HARQ

feedback signal comprises feedback information corresponding to the signal.

[0006] Some embodiments of the subject application provide an apparatus. The
apparatus includes: a non-transitory computer-readable medium having stored thereon
computer-executable instructions, a receiving circuitry; a transmitting circuitry; and a
processor coupled to the non-transitory computer-readable medium, the receiving
circuitry and the transmitting circuitry, wherein the computer-executable instructions
cause the processor to implement methods for DTX detection for sidelink groupcast

transmission.

[0007] Some embodiments of the subject application provide a method for receiving
groupcast. 'The method includes: receiving a reference signal which can be received
by a UE within a group, receiving a second reference signal which can be received by
the UE and another UE outside of the group, receiving a signal, and transmitting a
HARQ feedback signal on a HARQ feedback resource according to a result of

receiving the signal.

[0008] Some embodiments of the subject application also provide an apparatus.
The apparatus includes: a non-transitory computer-readable medium having stored
thereon computer-executable instructions; a receiving circuitry; a (transmitting
circuitry; and a processor coupled to the non-transitory computer-readable medium,
the receiving circuitry and the transmitting circuitry, wherein the computer-executable
instructions cause the processor to implement methods for DTX detection for sidelink

groupcast transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In order to describe the manner in which advantages and features of the

subject application can be obtained, a description of the subject application is
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rendered by reference to specific embodiments thereof which are illustrated in the
appended drawings. These drawings depict only example embodiments of the

subject application and are not therefore to be considered as limiting of its scope.

[0010] FIG. 1 illustrates an exemplary sidelink groupcast system in accordance with

some embodiments of the subject application;

[0011] FIG. 2 illustrates a flow chart of method for performing sidelink groupcast

transmission in accordance with some embodiments of the subject application;

[0012] FIG. 3 illustrates a flow chart of method for performing sidelink groupcast

transmission in accordance with some embodiments of the subject application;

[0013] FIG. 4 illustrates an exemplary structure of sidelink groupcast transmission

in accordance with some embodiments of the subject application;

[0014] FIG. 5 illustrates another exemplary structure of sidelink groupcast

transmission in accordance with some embodiments of the subject application;

[0015] FIG. 6 illustrates another exemplary structure of sidelink groupcast

transmission in accordance with some embodiments of the subject application;

[0016] FIG. 7 illustrates another exemplary structure of sidelink groupcast

transmission in accordance with some embodiments of the subject application;

[0017] FIG. 8 illustrates another exemplary sidelink groupcast system in accordance

with some embodiments of the subject application;

[0018] FIG. 9 illustrates a block diagram of an exemplary apparatus in accordance

with some embodiments of the subject application.

DETAILED DESCRIPTION

[0019] The detailed description of the appended drawings is intended as a

description of the currently preferred embodiments of the subject application, and is



WO 2020/093327 PCT/CN2018/114629

not intended to represent the only form in which the subject application may be
practiced. It should be understood that the same or equivalent functions may be
accomplished by different embodiments that are intended to be encompassed within

the spirit and scope of the subject application.

[0020] Groupcast transmission, which may provide a relatively good performance
(e.g. relatively good reliability), may be used to achieve a relatively good reliability of
D2D communication (or sidelink) in various scenarios (e.g. 3GPP NR V2X scenario,

etc.).

[0021] The HARQ feedback technique is used in wireless communication to indicate
or represent whether data was correctly (or successfully) received (or decoded) during
data transmission (e.g. downlink (DL) transmission or uplink (UL) transmission).
HARQ may provide feedback, for example but is not limited to, Positive
Acknowledgement (ACK) or Negative Acknowledgement (NACK). ACK may refer
to a correct or successful data reception (or decoding). NACK may refer to an

erroneously data reception (or decoding).

[0022] Particularly, during sidelink groupcast transmission, one case is that all
devices within a groupcast group share the same feedback resource (i.e.. a common
feedback resource), and the shared HARQ feedback resource only carries NACK
feedback signals from some devices within a groupcast group, but does not carry any
ACK feedback signal, in order to minimize or relieve overhead of the sidelink
groupcast system. In other words, under this case, once a receiver identifies that it
does not correctly receive (decode) a groupcast message, the receiver transmits
NACK feedback signal on the same feedback resource; rather, in response to correctly
receiving a groupcast message, the receiver does not transmit any feedback signal on

the same feedback resource.

[0023] In the case of using the same feedback resource between devices within a
groupcast group, after a transmitter transmits a groupcast message (packet), a receiver
may not receive any control information related to the groupcast message, and thus
does not know to receive the transmitted groupcast message. Accordingly, the
receiver does not correctly receive (decode) the groupcast message, and will not

transmit any feedback signal on the shared HARQ feedback resource. However,
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from the transmitter's perspective, since no feedback signal is transmitted on the
shared HARQ feedback resource, the transmitter may determine or decide that the
receiver has correctly received the groupcast message. As a result, Discontinuous
Transmission (DTX) happens during sidelink groupcast transmission, and the
transmitter and the receiver have misunderstanding about the sidelink groupcast
transmission. Given this, the transmitter cannot recognize the DTX issue and will
not perform any operation to solve the DTX issue. A DTX issue may also arise in

other communication scenarios and also needs to be solved.

[0024] Some embodiments of the subject application provide a mechanism using the
HARQ feedback technique for detecting DTX during communication techniques (e.g.

the sidelink groupcast transmission).

[0025] Some embodiments of the subject application provide a method for detecting
DTX during sidelink groupcast transmission. Some embodiments of the subject
application provide a method for detecting DTX during sidelink groupcast

transmission using the HARQ feedback technique.

[0026] Some embodiments of the subject application provide an apparatus for
detecting DTX during sidelink groupcast transmission. Some embodiments of the
subject application provide an apparatus for detecting DTX during sidelink groupcast

transmission using the HARQ feedback technique.

[0027] Embodiments of the subject application may be provided in a network
architecture that adopt various service scenarios, for example but is not limited to,
3GPP 5G NR (new radio), 3GPP LTE (Long Term Evolution) Release 12 and

onwards, etc.

[0028] FIG. 1 illustrates an exemplary sidelink groupcast system in accordance with

some embodiments of the subject application.

[0029] Referring to FIG. 1, the sidelink groupcast system includes some UEs, e.g.
UEL, UE2, UE3, UE4, and UES. UEI, UE2, UE3, UE4, and UES are configured to
perform groupcast transmission. It is contemplated that the sidelink groupcast

system may include more or less UEs in accordance with some other embodiments of
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the subject application. Although each of the UEs in FIG. 1 is shown in the shape of
a car, it is contemplated that a sidelink groupcast system may include any type of UE
(e.g. a cell phone, a computer, a laptop, IoT (internet of things) device or other type of

device) in accordance with some other embodiments of the subject application.

[0030] A group of UEs which are configured to perform groupcast transmission may
be referred to as a groupcast group of UEs or a sidelink groupcast group of UEs.

UE(s) under NR V2X scenario may be referred to as V2X UEC(s).

[0031] Still referring to FIG. 1, UE1, UE2, UE3, UE4, and UES together form a
groupcast group of UEs. UEI may function as a source UE. Each of UE2, UE3,
UE4, and UES may function as a member UE.

[0032] A source UE within a groupcast group may transmit a groupcast message or
a groupcast packet to all member UEs within the same groupcast group. Some or all
member UEs may receive the groupcast message (packet) from a source UE. A
groupcast message may include scheduling assignment (SA) and groupcast data. SA
in a groupcast message may indicate transmitting information associated with

groupcast data in the groupcast message.

[0033] In some embodiments of the subject application, SA of a groupcast message
is carried in Physical Sidelink Control Channel (PSCCH), and groupcast data of the
groupcast message is carried in Physical Sidelink Share Channel (PSSCH). PSCCH
may further carry a reference signal. For example, PSCCH may carry a

demodulation reference signal (DMRS).

[0034] HARQ technique (e.g. the physical layer HARQ feedback technique) used in
the subject application may provide a relatively good reliability of sidelink groupcast

transmission under various scenarios (e.g. NR V2X scenario).

[0035] In some embodiments of the subject application, a HARQ feedback
resource(s) is shared between UEs within a groupcast group (e.g. UE2, UE3, UE4,
and UES as shown in FIG. 1). A HARQ feedback resource(s) may be a time
resource, a frequency resource, a code resource, or a combination thereof. A HARQ

feedback resource(s) may be shared only between some UEs within a groupcast group.
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A HARQ feedback resource(s) may be shared between all UEs within a groupcast
group. Each of UEs within a groupcast group is configured to aware of information
associated with HARQ feedback resource(s) shared between the UEs within a
groupcast group. Each of UEs within a groupcast group may add information on the
shared HARQ feedback resource(s). Each of UEs within a groupcast group may
monitor the shared HARQ feedback resource(s). The shared HARQ feedback
resource(s) may be detectable to each of UEs within a groupcast group. Each of UEs
within a groupcast group may read information from the shared HARQ feedback

resource(s).

[0036] A shared HARQ feedback resource(s) may carry one HARQ feedback signal
of a single UE within a groupcast group. A shared HARQ feedback resource(s) may
carry a HARQ feedback signal which is an accumulation, combination, or sum of
various feedback signals associated with two or more UEs within a groupcast group.
For example, a HARQ feedback signal may be generated by accumulating, combining,
or summing one HARQ feedback signal of one UE with another HARQ feedback
signal of another UE within a groupcast group. For a further example, a HARQ
feedback signal may be generated by accumulating, combining, or summing one
HARQ feedback signal of one UE with other HARQ feedback signals of other UEs
within a groupcast group. A HARQ feedback signal may indicate HARQ feedback

results for groupcast data transmission from two or more UEs within a groupcast

group.

[0037] According to some embodiments of the subject application, UEs within a
groupcast group share a HARQ feedback resource. The shared HARQ feedback
resource may carry only an NACK feedback signal from a UE within a groupcast
group. The shared HARQ feedback resource may carry only NACK feedback
signals from some UEs within a groupcast group. The shared HARQ feedback
resource may carry only NACK feedback signals from all the UEs within a groupcast
group. In other words, the shared HARQ feedback resource does not carry ACK,
and therefore the amount of HARQ feedback resources is reduced, such that overhead

of the sidelink groupcast system as shown in FIG. 1 is minimized or relieved.

[0038] FIG. 2 illustrates a flow chart of method for performing sidelink groupcast
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transmission in accordance with some embodiments of the subject application.
Referring to FIG. 2, method 200 is performed by a UE transmitting groupcast
message (packet) (i.e. a source UE, e.g. UE1l as illustrated and described with

reference to FIG. 1) in some embodiments of the subject application.

[0039] In operation 201, a source UE (e.g. UE1 as shown in FIG. 1) transmits a
reference signal. In operation 202, the source UE transmits another reference signal.
In some embodiments, the reference signal may only be received by a UE within a
groupcast group, and the transmitted another reference signal may be received by both
a UE within a groupcast group and a UE outside of the groupcast group. In another
some embodiments, the reference signal may be received by both a UE within a
groupcast group and a UE outside of the groupcast group, and the transmitted another

reference signal may only be received by a UE within a groupcast group.

[0040] In some embodiments of the subject application, each of the reference signal
and the transmitted another reference signal is a demodulation reference signal
(DMRS). The reference signal, the transmitted another reference signal, or a

combination thereof may be used to perform channel estimation.

[0041] In some embodiments of the subject application, the reference signal is one
of a common DMRS and a group specified DMRS; and the transmitted another
reference signal is the rest one of the common DMRS and the group specified DMRS.
A group specified DMRS may be referred to as a group dedicated DMRS or like.

[0042] A common DMRS may be used by some or all UEs within and outside of a
groupcast group, in order to perform channel estimation. After channel estimation
using a common DMRS, a UE within or outside of a groupcast group may receive an
SA signal, which indicates transmitting information in a groupcast message, from a

source UE with higher accuracy and efficiency.

[0043] In particular, after receiving a common DMRS, a UE outside of a groupcast
group may perform channel estimation, and then receive SA. From the received SA,
the UE outside of a groupcast group may identify sidelink resource(s) occupied by
groupcast data that is associated with the SA, and then not use the occupied sidelink

resource(s), in order to avoid any resource confliction.
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[0044] After receiving a common DMRS, a UE within a groupcast group may
perform channel estimation, receive SA, identify occupied sidelink resource(s) from
the received SA, and then receive groupcast data that is associated with the SA

correspondingly.

[0045] In other words, by transmitting a common DMRS and SA, a source UE may
notify occupied sidelink resource(s) to UEs outside of a groupcast group, so as to
avoid resource confliction, and may notify occupied sidelink resource(s) to UEs

within a groupcast group, so as to transmit a groupcast message.

[0046] A group specified DMRS may only be used by one or more UEs (e.g.
members UEs) within a groupcast group, in order to perform channel estimation.
Based on the channel estimation result(s) by using a group specified DMRS, a UE

within a groupcast group may receive a signal (e.g. SA) from a source UE.

[0047] Alternatively, a UE within a groupcast group may use both a common
DMRS and a group specified DMRS to perform channel estimation, in order to
increase a decoding probability or correctness during receiving SA. For example,
during performing channel estimation, by using both a common DMRS and a group
specified DMRS, a UE within a groupcast group may obtain more precise results of
channel estimation and thus may receive SA more easily and efficiently. Based on
the received SA, UEs within a groupcast group may receive groupcast data that is

associated with the SA.

[0048] In operation 203, the source UE transmits a signal (e.g. SA signal). The
signal may be any control signal that may schedule the following data transmission.
In operation 204, the source UE monitors appearance of a HARQ feedback signal on
a HARQ feedback resource, wherein the HARQ feedback signal comprises feedback
information corresponding to the signal transmitted in operation 203. The HARQ
feedback signal may include a signal from one UE (e.g. one of UE2, UE3, UE4, and
UES as illustrated and described with reference to FIG. 1). The HARQ feedback
signal may include a signal accumulated by signal(s) from some or all UEs within the
groupcast group (e.g. some or all of UE2, UE3, UE4, and UES as illustrated and
described with reference to FIG. 1).
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[0049] In some embodiments of the subject application, in the case that a UE within
the groupcast group successfully receives the transmitted another reference signal but
does not successfully receive the transmitted signal (e.g. SA signal), a HARQ
feedback signal on a HARQ feedback resource comprising NACK or information
indicating DTX is transmitted. A source UE (e.g. UE1 as shown in FIG. 1) knows
that the signal is unsuccessfully transmitted to a member UE within the groupcast
group, if the HARQ feedback signal, comprising NACK or information indicating
DTX, appears on the HARQ feedback resource. After that, the source UE may
transmit the same signal (e.g. SA signal transmitted in operation 203) again, to
enhance transmission reliability. Through these embodiments, a source UE may
rapidly and precisely detect DTX which happens during the sidelink groupcast

transmission and thus adopt corresponding operations to solve the DTX issue.

[0050] In some embodiments of the subject application, in the case that the HARQ
feedback signal monitored in operation 204 does not carry DTX or NACK feedback
information corresponding to the signal (e.g. SA signal) which transmitted in
operation 203, a source UE may determine that the signal has been correctly received
by member UE(s) within the groupcast group. In other words, in the case that the
signal transmitted in operation 203 is successfully received by member UEs within
the groupcast group, a source UE receives no HARQ feedback signal on the HARQ

feedback resource.

[0051] In some embodiments of the subject application, in response to receiving no
HARQ feedback signal on the HARQ feedback resource, a source UE may transmit
another signal (e.g. groupcast data related to the transmitted SA) in a following
operation of the sidelink groupcast transmission. Then, the source UE may monitor
appearance of another HARQ feedback signal on another HARQ feedback resource.
The abovementioned another HARQ feedback signal comprises feedback information
corresponding to the transmitted another signal. The abovementioned another
HARQ feedback resource is different from the HARQ feedback resource, which

carries the HARQ feedback signal monitored in operation 204.

[0052] In some embodiments of the subject application, each of the HARQ feedback

resource and another HARQ feedback resource is a HARQ feedback resource shared

10
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between some or all UEs within a groupcast group. All details about a shared
HARQ feedback resource described in the subject application are applicable for the

HARQ feedback resource and the abovementioned another HARQ feedback resource.

[0053] For example, in the case that a UE within the groupcast group successfully
receives the SA signal but does not successfully receive groupcast data related to the
transmitted SA, the UE within the groupcast group may transmits NACK in another
HARQ feedback signal on another HARQ feedback resource. A source UE (e.g.
UE1 as shown in FIG. 1) knows that groupcast data is not successfully transmitted to
the UE within the groupcast group if the abovementioned another HARQ feedback
signal comprising NACK appears on the abovementioned another HARQ feedback
resource. After that, the source UE may transmit the same groupcast data related to

the transmitted SA again, in order to enhance transmission reliability.

[0054] In the case that a UE within the groupcast group successfully receives both
the SA signal and groupcast data related to the transmitted SA, the UE within the
groupcast group does not transmit any feedback information in another HARQ
feedback signal on another HARQ feedback resource. In other words, under this
case, a source UE (e.g. UEI as shown in FIG. 1) will receive no HARQ feedback
signal on the abovementioned another HARQ feedback resource. Then, the source
UE may determine that groupcast data has been correctly received by UEs within the
groupcast group. In other words, in the case that the abovementioned another
HARQ feedback resource is shared between some or all UEs within a groupcast group,
when UEs within the groupcast group successfully receive the transmitted another
signal, the source UE receives no HARQ feedback signal on the abovementioned

another HARQ feedback resource.

[0055] In some embodiments of the subject application, the HARQ feedback
resource is a HARQ feedback resource shared between some or all UEs within a
groupcast group, whereas another HARQ feedback resource is a dedicated HARQ
feedback resource for each UE within a groupcast group (e.g. each of UE2, UE3, UE4
or UES as shown in FIG. 1). By adopting a dedicated HARQ feedback resource as
another HARQ feedback resource, each UE within a groupcast group use its own

dedicated HARQ feedback resource to include HARQ feedback signal "NACK" or

11
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HARQ feedback signal "ACK," for reporting, to a source UE, the feedback
information corresponding to groupcast data which is scheduled by SA and

transmitted by the source UE.

[0056] In response receiving another feedback signal comprising NACK on another
HARQ feedback resource, the source UE determines that the groupcast data is not
correctly received by UEs within the groupcast group. Then, the source UE may
again transmit the same groupcast data related to the transmitted SA, in order to

enhance transmission reliability and efficiency.

[0057] In response receiving another feedback signal comprising ACK on another
HARQ feedback resource, the source UE determines that the groupcast data has been
correctly received by UEs within the groupcast group. Then, the source UE may

perform subsequent operations in the sidelink groupcast transmission.

[0058] FIG. 3 illustrates a flow chart of method for performing sidelink groupcast
transmission in accordance with some embodiments of the subject application.
Referring to FIG. 3, method 300 is performed by a UE within a groupcast group (e.g.
a member UE2, UE3, UE4 or UES5 as illustrated and described with reference to FIG.

1) in accordance with some embodiments of the subject application.

[0059] In operation 301, a member UE (e.g. UE2 as shown in FIG. 1) receives a
reference signal. In operation 302, the member UE receives another reference signal.
For example, one of the reference signal and the abovementioned another reference
signal is received by both a UE within a groupcast group and a UE outside of the

groupcast group, while the other one is only received by a UE within a groupcast

group.

[0060] In some embodiments of the subject application, each of the reference signal
and another reference signal is a demodulation reference signal (DMRS). The
reference signal, the abovementioned another reference signal, or a combination
thereof may be used to perform channel estimation. In some embodiments of the
subject application, the reference signal is one of a common DMRS and a group
specified DMRS; and the abovementioned another reference signal is the rest one of

the common DMRS and the group specified DMRS.

12
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[0061] In operation 303, the member UE receives a signal (e.g. SA signal). The
signal may be any signal that schedules the following data transmission. After
receiving the reference signal and the abovementioned another reference signal, the
member UE may perform channel estimation. By performing channel estimation
based on both the reference signal and the abovementioned another reference signal, a

member UE may receive the signal more efficiently and precisely.

[0062] In operation 304, the member UE transmits a HARQ feedback signal on a
HARQ feedback resource according to a result of whether successfully receiving the
signal. In the embodiments that a HARQ feedback resource(s) is shared between
UEs within a groupcast group (e.g. UE2, UE3, UE4, and UES as shown in FIG. 1), if
the signal (e.g. SA signal) is unsuccessfully received in operation 303, the member
UE (e.g. UE2 as shown in FIG. 1) sends NACK or information indicating DTX in the
HARQ feedback signal on the HARQ feedback resource, to notify the source UE this
result; whereas if the signal (e.g. SA signal) is successfully received in operation 303,
the member UE does not send ACK in the HARQ feedback signal on a HARQ
feedback resource. In the case that the signal is successfully received by all UEs
within a groupcast group, a source UE receives no HARQ feedback signal on the

HARQ feedback resource.

[0063] In following operations of the sidelink groupcast transmission after operation
303, the member UE may receive another signal (e.g. groupcast data related to SA),
and transmits another HARQ feedback signal on another HARQ feedback resource
according to a result of receiving the abovementioned another signal. For example,
in response to successfully receiving the SA signal in operation 303, the member UE
may identify, from the SA signal, transmitting information associated with groupcast
data in the groupcast message (packet), and then receive the corresponding groupcast
data associated with the SA. Then, the member UE will transmit feedback
information corresponding to the groupcast data in another HARQ feedback resource

according to a result of receiving the groupcast data.

[0064] Another HARQ feedback resource is different from the HARQ feedback
resource carrying the HARQ feedback signal which is transmitted in operation 304.

Each of the HARQ feedback resource and the abovementioned another HARQ

13
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feedback resource may be a HARQ feedback resource shared between some UEs or
all UEs within a groupcast group. In some embodiments, another HARQ feedback
resource may be a dedicated HARQ feedback resource for a UE within a groupcast
group. All details about a shared HARQ feedback resource and a dedicated HARQ
feedback resource described in the subject application are applicable for the HARQ

feedback resource and the abovementioned another HARQ feedback resource.

[0065] For example, in the case that another HARQ feedback resource is shared
between some UEs or all UEs within a groupcast group, if the member UE
successfully receives the SA signal but unsuccessfully receive the groupcast data
scheduled by the SA signal, the member UE transmits NACK in another HARQ
feedback signal on another HARQ feedback resource; whereas if the member UE
successfully receives both the SA signal and the groupcast data scheduled by the SA
signal, the member UE does not transmit the another HARQ feedback signal on
another HARQ feedback resource.

[0066] In the case that another HARQ feedback resource is a dedicated HARQ
feedback resource for a member UE, if the member UE successfully receives the SA
signal but unsuccessfully receive the groupcast data, the member UE transmits NACK
in another HARQ feedback signal on another HARQ feedback resource; whereas if
the member UE successfully receives both the SA signal and the groupcast data, the
member UE transmits ACK in another HARQ feedback signal on another HARQ

feedback resource.

[0067] In some embodiments of the subject application, the reference signal is group
specified reference signal generated according to a value related to a group identifier
of a groupcast group, and another reference signal is a common reference signal
generated according to a value which is known by UEs within and outside of a

groupcast group.

[0068] For example, a common DMRS may be generated by a pseudo-random
sequence generator, wherein the pseudo-random sequence generator is initialized with
a value (e.g. an integer) which is known by all UEs within and outside of a groupcast
group. A group specified DMRS may be generated by a pseudo-random sequence

generator, wherein the pseudo-random sequence generator is initialized with a value
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(e.g. an integer) of Group Destination ID or a value that is derived or obtained from

Group Destination ID.

[0069] Being initialized with different values, a pseudo-random sequence generator
will generate different pseudo-random sequences. Only a UE that knows the initial
value may identify and receive the generated pseudo-random sequence. As a result,
all UEs within and outside of a groupcast group may receive a common DMRS, and

only UEs within a groupcast group may receive a group specified DMRS.

[0070] In some embodiments of the subject application, sequence generation of a

common DMRS or a group specified DMRS may be as below:

A UE assumes a reference-signal sequence d (m) for OFDM symbol l is defined
by

1

rz(m)=\/§

1

V2

(1-2-c2m)+ j——=(1-2-c2m+1))

c(i)

sequence generator shall be initialized with

wherein the pseudo-random sequence is a PN sequence. The pseudo-random

Cinie = (27 (N34, + 1+ 1)(2Np + 1) + 2Npp)mod23?

ml

slot
wherein N symb 1is the number of symbols per slot, l is the OFDM symbol

number within the slot, and nf ¢ 1s the slot number within a frame, and

- N;p may be an integer for the common DMRS, and can be configured by a

base station (e.g. gNB) or preconfigured by a user device (e.g. a UE); or

- N;p may be Group Destination ID or an integer derived from Group

Destination ID

Generic pseudo-random sequences are defined by a length-31 Gold sequence. The

n= 0,1,..., MPN _1

output sequence c(n) of length Mpy , where , 1s defined by
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c(n) = (x,(n+N.)+x,(n+N_,))mod2
x, (n+31) = (x,(n+3) + x,(n))mod 2
x,(n+31) = (x,(n+3)+ x,(n+2) + x,(n+1) + x, (n))mod 2

wherein N = 1600 and the first m-sequence ¥| (n) is initialized with

x(0)=Lx;(n)=0,n=12,..,30 | The initialization of the second m-sequence,

30

Xy(n) | is denoted by Cinit = Zizo X2 (8) 2" with the value depending on the

application of the sequence.

[0071] FIG. 4 illustrates an exemplary structure of sidelink groupcast transmission
in accordance with some embodiments of the subject application. Specifically, FIG.
4 shows a structure of PSCCH, which carries both a common DMRS and a group

specified DMRS that are marked by lines of different directions.

[0072] Referring to FIG. 4, PSCCH includes two Physical resource blocks (PRBs)
separated by the middle dashed line, each PRB includes twelve sub-carriers and  two
symbols. In other words, PSCCH shown in FIG. 4 includes twenty-four sub-carriers

in total for each symbol.

[0073] In addition to some symbols in PSCCH carrying common DMRSs and group
specified DMRSs, other symbols in the sub-carriers may carry other type of data or
signals (e.g. SA signal). Arrangements of data on symbols in PSCCH may vary in

different embodiments.

[0074] According to the embodiments of FIG. 4, the third, seventh, eleventh, fifth,
nineteenth, and twenty-third sub-carriers in PSCCH carry common DMRSs on the left
symbols and carry group specified DMRSs on the right symbols, respectively; while
other sub-carriers in PSCCH carry other type of data or signals (e.g. SA signal).

[0075] FIG. 5 illustrates an exemplary structure of sidelink groupcast transmission
in accordance with some embodiments of the subject application. FIG. 5 shows a

similar structure of PSCCH to FIG. 4, which carries common DMRSs, group
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specified DMRSs, and other type of data or signals (e.g. SA signal). According to
the embodiments of FIG. 5, the third, seventh, eleventh, fifth, nineteenth, and
twenty-third sub-carriers in PSCCH carry group specified DMRSs on the left symbols

and carry common DMRSs on the right symbols, respectively.

[0076] FIG. 6 illustrates another exemplary structure of sidelink groupcast
transmission in accordance with some embodiments of the subject application.
Specifically, FIG. 6 shows a structure of PSCCH, which includes two Physical
resource blocks (PRBs) separated by the middle dashed line, each PRB includes
twelve sub-carriers and three symbols. In other words, PSCCH shown in FIG. 6

includes twenty-four sub-carriers in total for each symbol.

[0077] According to the embodiments of FIG. 6, the third, seventh, eleventh, fifth,
nineteenth, and twenty-third sub-carriers in PSCCH carry common DMRSs on both
the left and middle symbols and carry group specified DMRSs on the right symbols,
respectively; while other sub-carriers in PSCCH carry other type of data or signals

(e.g. SA signal).

[0078] FIG. 7 illustrates another exemplary structure of sidelink groupcast system in
accordance with some embodiments of the subject application. FIG. 7 shows a
similar structure of PSCCH to FIG. 6, which carries common DMRS, group specified
DMRS, and other type of data or signals (e.g. SA signal). According to the
embodiments of FIG. 7, the third, seventh, eleventh, fifth, nineteenth, and
twenty-third sub-carriers in PSCCH carry group specified DMRSs on the left symbols
and carry common DMRSs on both the middles and right symbols, respectively.

[0079] Although FIGS. 4-7 show that PSCCH carry group specified DMRS and
common DMRS in similar sub-carriers, it can be contemplated that each of group
specified DMRS and common DMRS may be carried in different sub-carriers or

different symbols of sub-carriers in PSCCH.

[0080] In some embodiments of the subject application, after receiving PSCCH, a
UE within a groupcast group may decode all of common DMRSs, group specified
DMRSs, and SA, and then, the UE may receive groupcast data associated with the
SA.
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[0081] In some embodiments of the subject application, after receiving PSCCH, a
UE outside of a groupcast group may decode common DMRSs and SA, and then
identify the occupied sidelink resource(s) indicated by the SA and avoid using such

sidelink resource(s), in order to avoid any resource confliction.

[0082] In some embodiments of the subject application, after acquiring channel state
information or channel measurement result(s) regarding a groupcast group, a source
UE may determine to distribute dedicated resource(s), instead of common resource(s),
to some UEs within a groupcast group, in order to prevent DTX issue or reduce the
probability of happening DTX. For example, a source UE may, according to
channel state information, distribute shared HARQ feedback resource(s) (i.e. common
HARQ feedback resource(s)) to some UEs within a groupcast group and distribute
dedicated HARQ feedback resource(s) to some other UEs within the same groupcast

group.

[0083] A source UE may acquire channel state information or channel measurement
result(s) of member UEs in a groupcast group by several manners. One possible
manner is that a source UE initiates channel measurement and obtains Reference
Signal Receiving Power (RSRP) or Reference Signal Receiving Quality (RSRQ).
One possible manner is that a member UE initiates channel measurement and
feedbacks Channel State Information (CSI), e.g. Channel Quality Information (CQI),

to a source UE.

[0084] According some embodiments of the subject application, by considering the
channel measurement result(s), a source UE may determine whether shared HARQ
feedback resource(s) or dedicated HARQ feedback resource(s) is distributed to a
certain UE. For instance, , a source UE may distribute dedicated HARQ feedback
resource(s) to some UEs within a groupcast group having low RSRP or RSRQ; and
a source UE may distribute shared HARQ feedback resource(s) to some UEs within a

groupcast group having high RSRP or RSRQ.

[0085] According to specific receiving result(s) of data within a groupcast message,
a UE may transmit ACK or NACK feedback signal on dedicated HARQ feedback
resource(s), and a UE may only transmit NACK feedback signal on shared HARQ
feedback resource(s). Through this mechanism, the probability of happening DTX
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may be reduced, without causing too much overhead of HARQ feedback resource(s).

[0086] Specifically, in the case of assigning dedicated HARQ feedback resource(s)
to a UE within a groupcast group, if the UE receives SA but does not receive the
groupcast data associated with the SA, the UE transmits NACK feedback signal on
dedicated HARQ feedback resource(s); and if the UE receives both SA and the
groupcast data associated with the SA, the UE transmits ACK feedback signal on
dedicated HARQ feedback resource(s).

[0087] In the case of assigning shared HARQ feedback resource(s) to a UE within a
groupcast group, if the UE receives SA but does not receive the groupcast data
associated with the SA, the UE transmits NACK feedback signal on shared HARQ
feedback resource(s); however, if the UE receives both SA and the groupcast data

associated with the SA, the UE does not transmit any feedback signal on shared

HARQ feedback resource(s).

[0088] FIG. 8 illustrates another exemplary sidelink groupcast system in accordance

with some embodiments of the subject application.

[0089] FIG. 8 shows a sidelink groupcast system similar to that of FIG. 1 and
includes seven UEs in total (i.e. UE1 which functions as a source UE, and UE2, UE3,
UE4, UE5, UE6, and UE7 which functions as a source member UEs). It is
contemplated that the sidelink groupcast system in FIG. 8 may include more or less
UEs and UEs in the sidelink groupcast system may be any type of UEs in accordance

with some other embodiments of the subject application.

[0090] In some embodiments of the subject application, a source UE (i.e. UE1) in
FIG. 8 performs channel measurement and acquires RSRPs from each group member.
For instance, if UE1 determines that RSRPs of UE2-UES5 are above a threshold and
RSRPs of UE6 and UE7 are below a threshold, which means that the probability of
happening DTX in UE2-UES is low whereas the probability of happening DTX in
UE6 and UE7 is high, UEl may assign a shared HARQ feedback resource "1" as
shown in FIG. 8 in to UE2-UES and assign two dedicated HARQ feedback resources
"2" and "3" as shown in FIG. 8 to UE6 and UE7, respectively. Through such
assignments, DTX issues of UEs in the sidelink groupcast system of FIG. 8 will be

19



WO 2020/093327 PCT/CN2018/114629

avoided.

[0091] Since shared HARQ feedback resource(s) is assigned to UE2-UES, if one UE
of UE2-UES receives SA but does not receive the groupcast data associated with the
SA, the UE transmits NACK feedback signal on shared HARQ feedback resource(s);
however, if one UE of UE2-UES receives both SA and the groupcast data associated
with the SA, the UE does not transmit any feedback signal on shared HARQ feedback
resource(s). A HARQ feedback signal on shared HARQ feedback resource(s)
assigned to UE2-UES may be generated by accumulating, combining, or summing
one HARQ feedback signal of one UE of UE2-UES with one or more other HARQ
feedback signals of one or more other UEs of UE2-UES.

[0092] Since dedicated HARQ feedback resource(s) is assigned to UE6 and UE7, if
UE6 or UE7 receives SA but does not receive the groupcast data associated with the
SA, UE6 or UE7 transmits NACK feedback signal on dedicated HARQ feedback
resource(s); and if UE6 or UE7 receives both SA and the groupcast data associated
with the SA, UE6 or UE7 transmits ACK feedback signal on dedicated HARQ

feedback resource(s).

[0093] FIG. 9 illustrates a block diagram of an exemplary apparatus in accordance

with some embodiments of the subject application.

[0094] Referring to FIG. 9, the apparatus 900 may include a non-transitory
computer-readable medium 908, a receiving circuitry 902, a transmitting circuitry 904,
and a processor 906 coupled to the non-transitory computer-readable medium 908, the
receiving circuitry and the transmitting circuitry. The apparatus 900 may include a
UE, a source UE, a member UE, a V2X UE or other device that supports D2D

communication or sidelink transmission.

[0095] Itis contemplated that some components are omitted in FIG. 9 for simplicity.
In some embodiments, the receiving circuitry 902 and the transmitting circuitry 904

may be integrated into a single component (e.g. a transceiver).

[0096] In some embodiments, the non-transitory computer-readable medium 908

may have stored thereon computer-executable instructions to cause a processor to
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implement the operations with respect to the UE(s) as described above. For example,
the computer-executable instructions may be executed to cause the processor 906 to
control the receiving circuitry 902 and transmitting circuitry 904 to perform the
operations with respect to the UE(s) as described and illustrated with respect to FIGS.
2-8.

[0097] The method of the subject application can be implemented on a programmed
processor.  However, the controllers, flowcharts, and modules may also be
implemented on a general purpose or special purpose computer, a programmed
microprocessor or microcontroller and peripheral integrated circuit elements, an
integrated circuit, a hardware electronic or logic circuit such as a discrete element
circuit, a programmable logic device, or the like. In general, any device on which
there resides a finite state machine capable of implementing the flowcharts shown in
the figures may be used to implement the processor functions of the subject

application.

[0098] Those having ordinary skills in the art would understand that the steps of a
method described in connection with the aspects disclosed herein may be embodied
directly in hardware, in a software module executed by a processor, or in a
combination of the two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory, registers, a hard disk,
a removable disk, a CD-ROM, or any other form of storage medium known in the art.
Additionally, in some aspects, the steps of a method may reside as one or any
combination or set of codes and/or instructions on a non-transitory computer-readable

medium, which may be incorporated into a computer program product.

[0099] While this disclosure has been described with specific embodiments thereof,
it is evident that many alternatives, modifications, and variations may be apparent to
those skilled in the art. For example, various components of the embodiments may
be interchanged, added, or substituted in the other embodiments. Also, all of the
elements of each figure are not necessary for operation of the disclosed embodiments.
For example, one of ordinary skill in the art of the disclosed embodiments would be
enabled to make and use the teachings of the disclosure by simply employing the

elements of the independent claims. Accordingly, embodiments of the disclosure as
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set forth herein are intended to be illustrative, not limiting. Various changes may be

made without departing from the spirit and scope of the disclosure.

nn

[00100] In this document, the terms "comprises,” "comprising," or any other variation
thereof, are intended to cover a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises a list of elements does not include only those
elements but may include other elements not expressly listed or inherent to such

nn

process, method, article, or apparatus. An element proceeded by "a," "an," or the
like does not, without more constraints, preclude the existence of additional identical
elements in the process, method, article, or apparatus that comprises the element.
Also, the term "another" is defined as at least a second or more. The terms

"including,” "having,"” and the like, as used herein, are defined as "comprising."
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WHAT IS CLAIMED:

1. A method for transmitting groupcast comprising:

transmitting a first reference signal which can be received by a first user
equipment (UE) within a group;

transmitting a second reference signal which can be received by the first UE and
a second UE outside of the group;

transmitting a first signal; and

monitoring appearance of a first hybrid automatic repeat request (HARQ)
feedback signal on a first HARQ feedback resource,

wherein the first HARQ feedback signal comprises feedback information

corresponding to the first signal.

2. The method of Claim 1, wherein:

a Negative Acknowledgement (NACK) or Discontinuous Transmission (DTX) in
the first HARQ feedback signal is received in the case that the first reference signal is
successfully received but the transmitted first signal is not successfully received by
the first UE, and

no first HARQ feedback signal is received in the case that the first signal is

successfully received by the first UE.

3. The method of Claim 1, wherein the first HARQ feedback resource is a first

common HARQ feedback resource for a plurality of UEs in the group.

4. The method of Claim 1, wherein each of the first reference signal and the second

reference signal is a demodulation reference signal (DMRS).

5. The method of Claim 1, wherein the first reference signal and the second

reference signal are both used for performing channel estimation.
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6. The method of Claim 1, wherein the first reference signal is generated according

to a value related to a group identifier of the group.

7. The method of Claim 1, wherein the second reference signal is generated

according to a value which is known by the first UE and the second UE.

8. The method of Claim 1, further comprising:

transmitting a second signal; and

monitoring appearance of a second HARQ feedback signal on a second HARQ
feedback resource,

wherein the second HARQ feedback signal comprises feedback information

corresponding to the second signal.

9. The method of Claim 8, wherein the second HARQ feedback resource is a second

common HARQ feedback resource for a plurality of UEs in the group.

10. The method of Claim 8, wherein the second HARQ feedback resource is a

dedicated HARQ feedback resource for the first UE.

11. The method of Claim 8, wherein the first signal is transmitted in Physical
Sidelink Control Channel (PSCCH), and the second signal is transmitted in Physical
Sidelink Share Channel (PSSCH).

12. The method of Claim 8, further comprising:

a Negative Acknowledgement (NACK) in the second HARQ feedback signal is
received in the case that the first signal is successfully received but the transmitted
second signal is not successfully received by the first UE, and

no second HARQ feedback signal is received in the case that the second signal is

successfully received by the first UE.
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13. A method for receiving groupcast comprising:

receiving a first reference signal which can be received by a first user equipment
(UE) within a group;

receiving a second reference signal which can be received by the first UE and a
second UE outside of the group;

receiving a first signal; and

transmitting a first hybrid automatic repeat request (HARQ) feedback signal on a

first HARQ feedback resource according to a result of receiving the first signal.

14. The method of Claim 13, wherein transmitting the first HARQ feedback signal
comprises:

transmitting a Negative Acknowledgement (NACK) or Discontinuous
Transmission (DTX) in the first HARQ feedback signal in the case that the first
reference signal is successfully received but the first signal is not successfully
received by the first UE,

wherein no first HARQ feedback signal is transmitted in the case that the first

signal is successfully received by the first UE.

15. The method of Claim 13, wherein the first HARQ feedback resource is a first

common HARQ feedback resource for a plurality of UEs in the group.

16. The method of Claim 13, wherein each of the first reference signal and the second

reference signal is a demodulation reference signal (DMRS).

17. The method of Claim 13, wherein the first reference signal and the second

reference signal are used for performing channel estimation.

18. The method of Claim 13, wherein the first reference signal is generated according

to a value related to a group identifier of the group.
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19. The method of Claim 13, wherein the second reference signal is generated

according to a value which is known by the first UE and the second UE.

20. The method of Claim 13, wherein the first signal is received based on both the

first reference signal and the second reference signal.

21. The method of Claim 13, further comprising:
receiving a second signal; and
transmitting a second HARQ feedback signal on a second HARQ feedback

resource according to a result of receiving the second signal.

22. The method of Claim 21, wherein the second HARQ feedback resource is a

second common HARQ feedback resource for a plurality of UEs in the group.

23. The method of Claim 21, wherein the second HARQ feedback resource is a
dedicated HARQ feedback resource for the first UE.

24. The method of Claim 21, wherein the first signal is received in Physical Sidelink
Control Channel (PSCCH), and the second signal is received in Physical Sidelink
Share Channel (PSSCH).

25. The method of Claim 21, wherein transmitting a second HARQ feedback signal
comprises:

transmitting a Negative Acknowledgement (NACK) in the second HARQ
feedback signal in the case that the first signal is successfully received but the second
signal is not successfully received by the first UE,

wherein no second HARQ feedback signal is transmitted in the case that the

second signal is successfully received by the first UE.

26. An apparatus, comprising:
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a non-transitory computer-readable medium having stored thereon
computer-executable instructions;

a receiving circuitry;

a transmitting circuitry; and

a processor coupled to the non-transitory computer-readable medium, the
receiving circuitry and the transmitting circuitry,

wherein the computer-executable instructions cause the processor to implement

the method of any of Claims 1-12.

27. An apparatus, comprising:

a non-transitory computer-readable medium having stored thereon
computer-executable instructions;

a receiving circuitry;

a transmitting circuitry; and

a processor coupled to the non-transitory computer-readable medium, the
receiving circuitry and the transmitting circuitry,

wherein the computer-executable instructions cause the processor to implement

the method of any of Claims 13-25.
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