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Description
TECHNICAL FIELD

[0001] The invention generally relates to digital com-
munications and in particular to a devices and methods
for sidelink communication.

BACKGROUND

[0002] Due to the growing demand for wireless com-
munications in terms of real-time services and applica-
tions with higher capacities, mobile communication sys-
tems have known major advances.

[0003] Mobile communication systems are rapidly pro-
gressing from a 4th generation (4G) mobile communica-
tion system to the future 5th generation (5G) mobile com-
munication systems which are being standardized to pro-
vide rich, reliable and hyper-connected communications.
In particular, 5G New Radio (NR) presents significant
challenges. Next generation NR networks are in partic-
ular expected to increase throughput, coverage, and ro-
bustness and reduce latency.

[0004] A mobile communication system comprises a
mobile communication network, one or more user termi-
nals (also referred to as User Equipments UEs, according
to 3GPP standard), and one or more base stations (also
referred to as a Node, designated by a derivative of the
term 'NodeB’ such as gNodeB node or gNB in 5G NR).
The base station is associated with a cell defining a ge-
ographical cell area. The cell associated with the base
station is served by the base station.

[0005] While frequency bands were strictly limited to
particular technologies (like TV and radio bands) or re-
stricted to cell phone bands, unlicensed spectrum have
been rendered available to foster innovation in the com-
munication field. Unlicensed spectrum refers to radio fre-
quencies that are open to any use and by anyone, as
long as the devices fulfil technical rules.

[0006] In particular, in unlicensed spectrum, a trans-
mitter is required to do Listen Before Talk (LBT) in order
to acquire a channel prior to a transmission. There are
two channel access mechanisms in LTE and 5G called:

- The load based equipment (LBE), and

- The frame based equipment (FBE) as described in
"ETSIEN 301893, 5 GHzRLAN; Harmonised Stand-
ard covering the essential requirements of article 3.2
of Directive 2014/53/EU (v2.1.1)," May 2017.

[0007] In LBE, a transmitter attempts to access to a
channel whenever it has data to transmit. While in FBE,
a transmitter attempts to access to a channel and starts
a transmission at the fixed occasions.

[0008] In LBE, there are two types of channel access
procedures comprising:

- Type 1channel access procedures used for the User
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Equipment (UE)/base station (gNB) to acquire a
channel and initiate a new channel occupancy time
(COT), and

- Type2channelaccess procedures used to allow the
UE/gNB to transmit in a COT thatis already initiated
("3GPP TS 37.213 v17.2.0, Physical layer proce-
dures for shared spectrum channel access," 2022).

[0009] LBT Type 1 channel access procedures are
done by the transmitter to obtain a new Channel Occu-
pancy Time or COT. After obtaining a channel, the trans-
mitter transmits data within COT.

[0010] LBT Type 1 channel access procedures com-
prise two steps:

- Inthe first step called initial Clear Channel Assess-
ment (iCCA), the transmitter senses the channel in
adefer duration containing a slot oft1 duration (t1=16
ws for example) and m, slots of t2 duration (t2=9 ps
for example).

- In the second step, after sensing the channel to be
idle during a defer duration, the transmitter performs
an extended Clear Channel Assessment (eCCA).

[0011] The transmitter senses the channel in N addi-
tional sensing slots where the duration of each sensing
slot is t2. The counter N is a random number uniformly
distributed between 0 and CWp where CWp is the value
of Contention Window Size. The size of CWp is set to be
the smallest allowed value in a priority channel access
class and might be increased to a next higher allowed
value depending on the percentage of ACK feedback cor-
responding to the latest transmission burst that ACK
feedback is available.

[0012] In each sensing slot, if the transmitter senses
an idle channel, it decrements the counter by 1. If the
transmitter senses a busy channel in a sensing slot, it
goes to a defer stage. In this stage, it senses the channel
in an additional defer duration. The transmitter exits this
stage and decrements the counter by 1 if the channel is
sensed to be idle during all sensing slots of the additional
defer duration. Otherwise, the transmitter is still in the
deferring stage and has to sense the channel in another
defer duration. When the counter reaches 0, the trans-
mitter can transmit the packet and occupy channel in a
duration of MCOT (maximum COT).

[0013] In a COT that is already initiated, the UE/gNB
must do another LBT called Type 2 channel procedures
before a transmission, if there is a gap between the cur-
rent transmission and the last transmission. There are
three types of Type 2 channel access procedures:

- Type 2A is done when the gap between two trans-
missions in an initiated COT is bigger than 25 ps. In
Type 2A, the UE/gNB senses the channel in an in-
terval of 25 ps and transmits data if the channel is
sensed idle.
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- Type 2B is done when the gap between two trans-
missions in an initiated COT is between 16 s and
25 ps. In Type 2B, the UE/gNB senses the channel
in aninterval of 16 s and transmits data if the chan-
nel is sensed idle.

- Type 2C is done when the gap between two trans-
missions in an initiated COT is smaller than 16 ps.
In Type 2C, the UE/gNB does not sense the channel
before the transmission.

[0014] In FBE, a transmitter attempts to access to a
channel and starts a transmission at the fixed occasions.
The period of these occasions is called fixed frame period
(FFP) with a durationof 1, 2, 2.5, 4, 5 or 10 ms consisting
of a COT and an idle period. The duration of idle period
is at least 5% of the duration of fixed frame period but
not smaller than 100 ws. The transmitter does channel
sensing within 9 ps in a single observation slot of 25 ps
within the idle period. If the channel is busy, the trans-
mitter waits until the observation slot in the next FFP to
attempt to access to the channel. If the channel is idle,
the transmitter occupies the channelin a COT and stops
the transmission before the idle period.

[0015] UserEquipments (UEs)thatsenddatamustad-
vertise the upcoming transmission by broadcasting sig-
naling messages over the Physical Sidelink Control
Channel (PSCCH).

[0016] The Third Generation Partnership Project
(3GPP) in its Release 16 introduces the Vehicle to-Eve-
rything (V2X) standard based on the 5G New Radio (NR)
air interface. 5G NR V2X introduces advanced function-
alities to support connected and automated driving use
cases and is in particular focused on sidelink communi-
cation.

[0017] InNRV2X,the physical channels and slot struc-
ture have been standardized to support the direct com-
munication between the devices ("3GPP TS 38.211:
Physical channel and modulation V17.2.0," 2022).
[0018] In Release 16 and Release 17, sidelink com-
munication is standardized for communication in li-
censed spectrum.

[0019] According to the slot structure with physical
channels, there are a number of symbols in a slot, includ-

ing:

- the first symbol called Automatic gain control (AGC)
is a copy of the second symbol. It is used to adjust
the power of the received signal to reduce quantiza-
tion error or the clipping of the signal at the analog
to digital converter.

- The physical sidelink control channel (PSCCH) is in
the next two or three symbols after AGC symbol.
PSCCH contains the first stage sidelink control in-
formation (SCI) to indicate, among other parame-
ters, the resources of the physical sidelink shared
channel (PSSCH) carrying the transmission of a
transport block. In prior art approaches, the receiver
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device 5 does not know the position of PSCCH in
the PSCCH resource so it has to decode blindly the
PSCCH candidates in the PSCCH resource to find
PSCCH using a blind algorithm (to search among
possible SCI formats and resource allocations). In
the symbols with PSCCH, PSSCH is multiplexed
with PSCCH in frequency division multiplexing
(FDM). The rest of the symbols except the last one
is used for PSSCH and DMRS (DeModulation Ref-
erence Signal) of PSSCH.

- PSSCH carries the second stage of SCI and data
payload. The second stage of SCI contains the in-
formation used to decode PSSCH, transmit HARQ
feedback, etc. The last symbol is a gap to ensure
enough time for switching between transmission and
reception and vice versa.

[0020] A slot generally further comprises the Physical
Sidelink Feedback Channel (PSFCH) that carries feed-
back related to the successful or failed reception of a
sidelink transmission (HARQ feedback).

[0021] In Release 16 and Release 17, sidelink com-
munication is standardized for communication in li-
censed spectrum.

[0022] In aslot, PSCCH has only one occasion (called
'PSCCH occasion’) configured at the beginning of a slot,
starting from the second symbol with a duration of two
or three symbols, so that a UE only can start a transmis-
sion at the beginning of a slot.

[0023] In Release 18, the operation of sidelink com-
munication is extended to unlicensed spectrum to sup-
port the commercial use cases such as interactive gam-
ing, Internet of Everything, etc. with an increase of data
rate. In unlicensed spectrum, the UE has to do a LBT
(Listen Before Talk) procedure before a transmission.
Due to the uncertainty of LBT, the UE might acquire the
channel and initiate a COT in the middle of a slot after
the start of the PSCCH occasion. In a first scenario, the
UE succeeds in acquiring a channel after the start of the
PSCCH occasion in the current slot. Therefore, it cannot
transmit PSCCH in the current slot and has to wait until
the next slot. Due to the gap between the successful LBT
and the next slot, the UE has to do an additional LBT
before the transmission. This causes latency in transmis-
sion.

[0024] The situation might become worse if another
device obtains the transmission opportunity before the
UE of interest transmits. The UE succeeds in acquiring
a channel after the start of the PSCCH occasion in the
current slot so that it must wait until the next slot for the
transmission. At that time, because the UE does not
transmit, another WIFI| device senses an idle channel
and initiates its own COT to transmit data. As a result,
when the UE does an additional LBT before the next slot,
it senses a busy channel and cannot transmit so it must
continue to wait after the end of the WIFI transmission.
[0025] Therefore, prior art slot structure and transmis-
sion scheme impede an efficient transmission in unli-
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censed spectrum.

[0026] There is accordingly a need for devices and
methods enabling and improved sidelink transmissions,
in particular in unlicensed spectrum.

Summary of the invention

[0027] In order to address these and other problems,
there is provided a transmitter device connected to a re-
ceiver device through a wireless communication net-
work, the transmitter device being configured to send a
sidelink transmission within one or more time slots to the
receiver device, the sidelink transmission comprising
performing a Listen-Before-Talk procedure during a cur-
rent time slot, a time slot comprising a PSCCH occasion
with a number of PSCCH candidates corresponding to
time-frequency resources. Advantageously, the trans-
mitter device comprises:

- a PSSCH transmitting unit configured to send a
PSSCH transmission to the receiver at a starting
point within the current time slot and before the next
time slotis reached, ifthe LBT procedure is success-
ful after the start of a PSCCH occasion;

- a PSCCH transmission unit configured to send a
PSCCH transmission, after the start of the PSSCH
transmission, the PSCCH transmission back indicat-
ing the PSSCH, the PSCCH carrying Sidelink Con-
trol Information SCI, the PSSCH being associated
with the PSCCH.

[0028] The transmitter device may comprise a starting
point configuration unit adapted to configure the trans-
mitter device with a plurality of starting points in a given
time slot, the period of the starting points depending on
data requirements and a data rate, the PSSCH transmit-
ting unitbeing configured to start transmitting the PSSCH
at one of the starting points.

[0029] The Sidelink Control Information may comprise
information related to PSSCH resources, to a modulation
and coding scheme, and/or to a DMRS pattern.

[0030] The PSCCH transmission may be sent in the
next slot n+1 after the current slot n in which the associ-
ated PSSCH is transmitted.

[0031] Alternatively, the PSCCH transmission may be
sent in the current slot.

[0032] The PSCCH is associated with a PSCCH re-
source (also referred to as a main PSCCH resource) and
the PSSCH is associated with a PSSCH resource. In one
embodiment, the transmitter device may be configured
to provide a back-up PSCCH resource for the associated
PSSCH resource, at the end of a slot. The PSCCH trans-
mission unit may be configured to use the back-up re-
source for the PSCCH transmission if the transmitter de-
vice cannot transmit the PSCCH in the PSCCH resource
in order to indicate an associated PSSCH transmission
in the same slot, the PSCCH resource and the back-up
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PSCCH resource starting in the same subchannel.
[0033] In one embodiment, the back-up resource may
be further used for PSSCH transmission if the transmitter
device already transmits the PSCCH in the PSCCH re-
source to indicate the PSSCH in the same slot.

[0034] The back-up resource may be configured by a
base station in the communication network.

[0035] If the PSSCH is transmitted on the back-up re-
source at the end of the current slot, then an AGC symbol
may be transmitted in the symbol before the back-up re-
sources. The AGC symbol may be a copy of the symbol
immediately preceding it.

[0036] In some embodiments, the transmitter device
may use an auxiliary PSCCH resource separated from
the PSSCH, the auxiliary PSCCH resource being only
used for PSCCH transmission and being configured at
the end of a slot, the PSCCH resource and the auxiliary
PSCCH resource starting in the same subchannel.
[0037] The transmitter device may use the auxiliary
PSCCH resource to transmit PSCCH to back indicate
PSSCH in the same slot if it cannot transmit the PSCCH
in the PSCCH resource.

[0038] The transmitter device may comprise perform-
ing power tuning for PSSCH decoding based on an AGC
symbol in the slot where PSCCH is transmitted if there
is a correspondence between two slots, and wherein the
PSSCH transmission is not preceded by an AGC symbol.
[0039] The transmitter device may be configured to
transmit PSCCH data in a guard symbol of the slot that
it is transmitting or use a cyclic prefix having a selected
length for the AGC symbol before PSCCH transmission,
the length of the cyclic prefix being selected to fill the gap
corresponding to the guard symbol between two slots.
[0040] There is also provided a wireless communica-
tion system comprising a transmitter device according to
any of the following features and a receiver device con-
figured to receive the sidelink transmission, the receiver
device being configured to monitor a current slot to detect
a sidelink transmission, the receiver device comprising
a slot storing unit, the slot storing unit being configured
to store the previous slot before the monitored current
slot if no sidelink transmission is detected.

[0041] The receiver device may be configured to apply
a blind decoding algorithm to decode a PSCCH trans-
mission received in the current slot, in response to the
detection of a PSCCH transmission, and to find the
PSSCH transmission in the previous slot stored in the
slot storing unit based on PSSCH resource information
comprised in the associated PSCCH transmission car-
rying the SCI.

[0042] Inone embodiment, the receiver device may be
configured to, if it does not detect PSCCH and PSSCH
transmissions in a given slot, store the slot before the
current slot it is monitoring.

[0043] The receiver device may only monitor the aux-
iliary PSCCH resource if it does not receive PSCCH in
the PSCCH resource.

[0044] The receiver device may only monitor the back-
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up PSCCH resource if it does not find PSCCH carrying
SCl in the PSCCH resource.

[0045] There is further provided a method of sending
a sidelink transmission from a wireless transmitter device
to a receiver device, connected through a wireless com-
munication network, through one or more time slots, the
sidelink transmission comprising performing a Listen-Be-
fore-Talk (LBT) procedure during a current time slot, a
time slot comprising a PSCCH occasion with a number
of PSCCH candidates corresponding to time-frequency
resources, a time slotcomprisinga PSCCH occasion with
a number of PSCCH candidates corresponding to time-
frequency resources. The sidelink transmission compris-
es:

- sending a PSSCH transmission to the receiver de-
vice at a starting point within the current time slot
and before the next time slot is reached, if the LBT
procedure is successful after the starting of a
PSCCH occasion; and then

- sending a PSCCH transmission to the receiver de-
vice, after the start of the PSSCH transmission, the
PSCCH transmission back indicating the PSSCH,
the PSCCH carrying Sidelink Control Information
SCI.

[0046] Advantageously, the embodiments of the in-
stant disclosure enable transmission of PSCCH that in-
dicates PSSCH resources that have already been trans-
mitted, thereby allowing for PSSCH transmission directly
after a successful Listen Before Talk (LBT). They further
provide signaling mechanisms to support indication of
past PSSCH resources and mechanisms to avoid the
guard period between two slots thereby avoiding the loss
of channel access.

Brief description of the drawings

[0047] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate various embodiments of the invention together
with the general description of the invention given above,
and the detailed description of the embodiments given
below.

Figure 1 illustrates an exemplary communication
system in which embodiments of the instant disclo-
sure may be implemented

Figure 2 represents a sidelink communication be-
tween a transmitter device and a receiver device.

Figure 3 depicts a back-scheduling scheme for side-
link transmission, according to an exemplary embod-
iment of the invention.

Figure 4 represents an exemplary back-scheduling
scheme in a slot with physical sidelink feedback
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channel (PSFCH) resource.

Figure 5 represents a back-up PSCCH resource
used for PSCCH transmission to indicate PSSCH
transmission in the same slot, according to an alter-
native embodiment.

Figure 6 represents a back-up PSCCH resource
used for PSSCH transmission, according to another
embodiment.

Figure 1A depicts an exemplary implementation of
the back-scheduling for sidelink communication, ac-
cording to one embodiment.

Figure 7B represents an exemplary implementation
of one-bit flag to back indicates PSSCH in the pre-
vious slot and indicate PSSCH in the current slot.

Figure 8 represents an exemplary back-scheduling
scheme without an AGC symbol before PSSCH
transmission, according to some embodiments.

Figure 9 is a flowchart representing a method of
sending sidelink transmissions, at the transmitter de-
vice 1, according to some embodiments.

Figure 10 is a flowchart representing a method of
receiving sidelink transmissions, at the receiver de-
vice, according to some embodiments.

Detailed description

[0048] Embodiments of the present invention provide
devices and methods forimproved sidelink transmission.
[0049] According to the slot structure with physical
channels, there are a number of Figure 1 illustrates an
exemplary communication system 100 in which embod-
iments of the instant disclosure may be implemented.
[0050] The communication system 10 may be for ex-
ample a wireless communication system. The following
description of embodiments of the invention will be made
mainly with reference to a wireless communication sys-
tem for illustration purpose although the skilled person
will readily understand that the invention can also apply
to other types of communication systems such as a wired
system (for example optical fiber communication sys-
tem).

[0051] The communication system 100 may comprise
at least one transmitter device 1 (also referred to here-
inafter as a "transmitter") configured to transmit a plurality
of information symbols to at least one receiver device 5
(hereinafter referred to as "receiver") through a wireless
communication network 3 using a communication chan-
nel 6.

[0052] The receiver 5 may be configured to receive a
signal transmitted by the transmitter 1 and decode the
received signal to recover the original data.
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[0053] Thetransmitter 1is configured to transmitdigital
data comprising information symbols to one or more re-
ceivers 5 through the communication channel. Areceiver
5 receives and decodes the signal transmitted by the
transmitter 1 using a reverse processing that is the re-
verse to the processing implemented at the transmitter.
The digital data transmitted by the transmitter 1 may com-
prise user data bits and control data bits.

[0054] The transmission channel may be any trans-
mission channel adapted to transmit information symbols
from the transmitter device 1 to the receiver device 5,
depending on the type of the communication system,
such as for example a wireless medium or any wireless
propagation medium adapted to communication be-
tween the wireless devices 1 and 5.

[0055] Insome applications of the invention to wireless
communication systems such as ad-hoc wireless net-
works used in local area communications, wireless sen-
sor networks and radio communication systems (e.g.
LTE, LTE-advanced, 5G and beyond), the transmitter 1
and/or the receiver 5 may be any type of fixed or mobile
wireless devices configured to operate in a wireless en-
vironment.

[0056] The transmitter 1 and/or the receiver 5 may be
fixed or mobile and/or may be remotely monitored and/or
controlled. The transmitter 1 and/or the receiver 5 may
be equipped with power sources that provide power to
the different components ensuring the operation of these
devices (e.g. dry cell batteries, solar cells, and fuel cells).
[0057] The communication network 3 may represent
any wireless network enabling loT. Exemplary wireless
networks comprise low-power short range networks and
LPWANSs. Exemplary LPWAN technologies comprise
LTE-NB1 and NB-loT.

[0058] Further, the communication network 3 may ac-
commodate several pairs of transmitters 1 and receivers
5. In such embodiments, multiple access techniques
and/or network coding techniques may be used in com-
bination with error correction codes and modulation. Ex-
emplary multiple access techniques comprise Time Di-
vision Multiple Access (TDMA), Frequency Division Mul-
tiple Access (FDMA), Code Division Multiple Access
(CDMA), and Space Division Multiple Access (SDMA).
[0059] The communication channel 6 between the
transmitter 1 and the receiver 5 may be a noisy channel.
For example, the noise may result from the thermal noise
of the system components and/or the intercepted inter-
fering radiation by antennas. Other exemplary sources
of noise comprise switching, manual interruptions, elec-
trical sparks and lightning. In some embodiments, the
total noise may be modeled by an additive white Gaus-
sian noise (AWGN).

[0060] The communication channel 6 may be a multi-
path channel using single-carrier or multi-carrier modu-
lation formats such as OFDM (Orthogonal Frequency Di-
vision Multiplexing) for mitigating frequency-selectivity,
interference and delays.

[0061] Insome embodiments, data transmission in the
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communication system 100 may correspond to an uplink
communication scenario during which the receiver 5 is
configured to receive data from the transmitter 1 in the
wireless environment.

[0062] The transmitter 1 and/or the receiver 5 may be
equipped with a plurality of transmit and/or receive an-
tennas. In such embodiments, space-time coding and/or
space-time decoding techniques may be used in combi-
nation with coded modulations for encoding data both in
the time and space dimensions, thereby exploiting space
and time diversities of multiple antennas.

[0063] The transmitter 1 and the receiver 5 may be
each implemented as a wireless user device, such as a
User Equipment, each capable of transmitting and re-
ceiving user data and control data such as sidelink data.
In such case, the wireless user device comprises both a
transmission unit to act as a transmitter device and a
reception unit to act as a receiver device.

[0064] A User Equipment may be, without limitation, a
mobile phone, a computer, a laptop, a tablet, a drone, an
loT device etc.

[0065] To facilitate the understanding of the present
disclosure, the following description of some embodi-
ments of the invention will be made with reference to a
transmitter device 1 and a receiver device 5 both imple-
mented as User Equipments, where the transmitter de-
vice 1 transmits sidelink transmission to the receiver de-
vice 5 and the receiver device 5 is configured to receive
the sidelink transmissions from the transmitter device 1,
although the skilled person will readily understand that
the two devices 1 and 5 can act in the reverse direction
when implemented as user equipments.

[0066] Referring to Figure 2, there is shown a sidelink
communication 200 between a transmitter device 1 and
a receiver device 5.

[0067] The transmitter 1 is configured to transmit side-
link control information 200 used in a physical sidelink
control channel to the receiver 5 through the communi-
cation network 3.

[0068] In some aspects of the present disclosure, the
sidelink control information transmitted by the transmitter
1 corresponds to the transmission of Physical Sidelink
channelsincluding the Physical Sidelink Control Channel
(PSCCH) and the PSSCH (Physical Sidelink Shared
Channel).

[0069] The Physical Sidelink Shared Channel
(PSSCH) carries data payload in the sidelink and addi-
tional control information.

[0070] The embodiments of the instant disclosure pro-
vide an improved sidelink transmission scheme allowing
a user equipment to cope with the uncertainty of the Lis-
ten Before Talk procedure.

[0071] Every PSSCH is associated with a PSCCH. A
PSSCH may for example comprise transport blocks such
as user data traffic, in a V2X application of the disclosure.
[0072] The radio resources in NR are defined in time
and frequency domains. Sidelink has the same structure
for radio frames, sub- frames, and slots as NR up-
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link/downlink. Each slot (also referred to as a time slot)
may include on top of PSSCH and PSCCH additional
data such as PSFCH, AGC (Automatic Gain control) and
guard symbols. AGC and guard symbols are sent as spe-
cific symbols. AGC symbols may be used for level control
in a Sidelink receiver. Guard symbols may be used as
guard periods for switching between Sidelink reception
and transmission.

[0073] The PSCCH carries Sidelink Control Informa-
tion (SCI) messages, which describe the dynamic trans-
mission properties of the PSSCH.

[0074] A UE A may search all configured PSCCH oc-
casion in the configured resource pools for SCI transmis-
sions of interest to it.

[0075] The transmission and reception ofa UE 1 or 5
in sidelink may take place within a single Sidelink Band-
Width Part (BWP). A BandWidth Part (BWP) is defined
for NR as a contiguous set of physical resource blocks,
selected from a contiguous subset of the common re-
source blocks for a given numerology on a given carrier.
[0076] A Radioresource poollimits the radio resources
for PSCCH and PSSCH as they cannot be transmitted
in all Resource Blocks (RBs) and slots of NR.

[0077] In the frequency domain, a resource pool is di-
vided into sub-channels which are consecutive and non-
overlapping Physical Resource Blocks (PRBs).

[0078] A sidelink direct communication resource pool
is configured on a semi-static basis. The layer 1 physical
resources (subframes and resource blocks) associated
with the pool are partitioned into a sequence of repeating
PSCCH periods (also referred to as scheduling assign-
ment SA period or sidelink control SC period). Within a
PSCCH period, there are separate subframe pools and
resource block pools for control (PSCCH) and data
(PSSCH).

[0079] Thetransmitterdevice 1 andthereceiverdevice
5 may exchange sidelink communications based on a
resource allocation scheme. According to the resource
allocation scheme, the resources are mapped intime and
frequency domains. The smallest unit in a sidelink (SL)
communication is the Resource Element (RE). A RE is
composed by a subcarrier, and a modulation symbol (for
example OFDM symbol if OFDM modulation is used). N
subcarriers (SC) form a Resource Block, and a time slot
are associated with to subcarrier spacing and P modu-
lation symbols. The frequency domain comprises K
subchannels with M RBs in each one.

[0080] A PSSCH transmission is made within a slot. A
slot comprises a PSCCH occasion with a number of
PSCCH candidates, the PSCCH transmission being sent
using a PSCCH occasion.

[0081] The transmitter device 1 is configured to imple-
ment a Listen Before Talk LBT procedure before sending
a sidelink transmission, in a given slot.

[0082] In unlicensed spectrum, the transmitter 1 may
implement the Listen-Before-Talk LBT procedure to ac-
quire a channel and initiate a Channel Occupancy Time
(COT) before the sidelink transmission.
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[0083] More specifically, the transmitter 1 may perform
an LBT procedure, when attempting a sidelink commu-
nication, to determine availability of a data channel and
transmit via the data channel if available or perform an-
other LBT procedure on another data channel if the data
channel is unavailable.

[0084] The Listen Before Talk (LBT) may use any suit-
able channelaccess mechanisms such as the load based
equipment (LBE) according to Type 1 or Type 2 proce-
dures (Type 1 being used to acquire achannel and initiate
anew channel occupancy time (COT), and Type 2 being
used to allow the UE/gNB to transmit in a COT that is
already initiated).

[0085] According to the embodiments of the invention,
the transmitter 1 comprises a PSSCH transmission unit
12 configured to transmit the PSSCH information at a
starting time within the given a slot n, and before the next
time slot n+1 is reached, if the LBT is successful after
the start of a PSCCH occasion, so that the transmitter 1
is capable of transmitting immediately after the success-
ful LBT. The transmitter 1 further comprises a PSCCH
transmission unit 14 configured to then transmit a
PSCCH transmission associated with the transmitted
PSSCH in a same slot n or in the next slot n+1, after the
PSSCH transmission, the PSCCH transmission back in-
dicating the PSSCH, the PSCCH carrying Sidelink Con-
trol Information SCI. As used herein, a LBT procedure
performed by the transmitter device 1 is referred to as
"successful" is the transmitter device succeeds in acquir-
ing a channel.

[0086] As used herein, the expression "PSCCH back
indicating PSSCH" means that the start of a PSSCH
transmission happens before the start of the associated
PSCCH transmission to indicate the information about
PSSCH such as for example time and frequency re-
source assignment, data priority, modulation and coding
scheme of PSSCH in the stored signal, the number of
DMRS ports, second-stage SCI format transmitted in
PSSCH.

[0087] While in the prior art, the PSCCH and PSSCH
may be FDMed (Frequency Division Multiplexed) and
transmitted in the symbols, the transmitter device 1 ac-
cording to the embodiments of the disclosure transmits,
if the LBT is successful after the start of a PSCCH occa-
sion at an instant time of the slot PSSCH and then
PSCCH to back indicate PSSCH.

[0088] Accordingly, the transmitter device 1 does not
have to wait until the next slot, so that latency is de-
creased.

[0089] Such scheme prevents that another wireless
device in the communication system 100 steals the trans-
mission opportunity and transmits while the UE 1 is wait-
ing for the next slot.

[0090] Although the invention has particular advantag-
es for unlicensed spectrum, aspects described herein
can be used more generally in the context of any spec-
trum management scheme including, for example, ded-
icated licensed spectrum, unlicensed spectrum, (li-
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censed) shared spectrum. The following description of
some embodiments of the invention will be made mainly
with reference to the unlicensed spectrum for illustration
purpose.

[0091] Figure 2 depicts a Back-scheduling scheme,
according to an exemplary embodiment of the invention.
[0092] In the example of Figure 3, a type 1 Listen Be-
fore Talk (LBT) procedure is implemented and succeeds
in the first slot and a type 2 Listen Before Talk (LBT)
procedure isimplemented and succeeds at the beginning
of the second slot.

[0093] While in the prior art, due to the uncertainty of
LBT, a User Equipment succeeded in accessing the
channel after the start of the PSCCH occasion in a slot
so that it cannot transmit in that slot but has to wait until
the next slot. To avoid the waiting time, the embodiments
of the instant disclosure provide an improved back-
scheduling scheme for sidelink communications, in
which the transmitter 1 may be configured with a plurality
of starting points so that it can start a transmission of
sidelink data information at an instant time within the slot
before the next slot is reached, such as for example an
instant time corresponding to the middle of a time slot.
In particular, the PSSCH transmitting unit 12 may be con-
figured to start transmitting the PSSCH at one of the start-
ing points. The starting point may be transmitted at the
first possible starting point after successful LBT.

[0094] According to the embodiments of the present
dislosure, the period of the starting points at which a
transmission of sidelink control information is to be start-
ed may depend on the data requirements (for example,
the data requirements may be the latency requirement
in Ultra-reliable low-latency communication of 1 ms that
requires a starting point period of 1 symbol) and/or on
the data rate of the UEs (such as the number of the UEs
in the system is bigger than a threshold, a small period
(even a period of 1) of the starting points is required to
avoid the channel being taken by other UEs in the system
100. The starting points may be configured for every sym-
bol so that the transmitter UE 1 may transmitimmediately
after a successful Listen-Before-Talk procedure.

[0095] Inoneembodiment, the base station 2 may con-
figure the starting points to a User Equiment 1 through
DCI (Downlink Control Information) or RRC. A UE such
as transmitter 1 may configure the starting points to an-
other User Equipment through SCI or RRC signaling.
[0096] The period between the starting points may
range between 1 and 13 symbols in a slot. In a cell with
a large number of user devices, the period of starting
points may be configured to be small (even 1 symbol for
example) to avoid the channel being taken by another
device after a successful LBT.

[0097] After a successful LBT, the transmitter device
1 may start to transmit at one starting point among the
set of starting points provided in the slot. If such starting
point is after the start of the PSCCH occasion in a slot,
the UE may transmit PSSCH carrying the transmission
of atransport block without the associated PSCCH trans-
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mitted before, as shown in Figure 3.

[0098] After the transmission of the PSSCH, the UE
10 may transmit the associated PSCCH carrying SCI
(sidelink controlinformation) in the next PSCCH occasion
to back indicate PSSCH transmitted before.

[0099] In particular, in the next slot, in the PSCCH oc-
casion, the transmitter device 1 may transmit PSCCH
carrying SCI with the information about PSSCH resourc-
es to back indicate the location of PSSCH carrying data
in the previous slot.

[0100] Besides PSSCHresources, SClinPSCCH may
comprise auxiliary information such as for example and
without limitation data priority information, DMRS pattern
information, modulation and coding scheme of PSSCH,
and/or the number of DMRS ports, etc.

[0101] At the receiver side, the receiver device 5 is
configured to monitor a current slot to detect a sidelink
transmission (PSCCH and PSSCH transmissions).
[0102] Asshownin Figure 2, the receiver device 5 may
comprise a slot storage unit 51 configured to store the
previous slot n-1 before the current slot n that it is mon-
itoring if PSCCH and PSSCH transmissions are not de-
tected. In other words, after the receiver device 5 moni-
tors aslotand does notdetect PSCCH and PSSCH trans-
missions, it stores that slot for a potential back indication
in the next slot. If the back-up PSCCH resource is used
in the same slot, the receiver device 5 may store the
current slot. The storage unit may store the signals of the
slot containing the resources that a receiver UE is sup-
posed to monitor to receive PSCCH and PSSCH. The
signals of the slot containing the resources may be the
RF (Radio Frequency) samples or the base-band signal.
If there is a PSSCH transmission, the resources contain
the PSSCH transmission. If there is no transmission, the
resources only contain noise. Based on PSCCH trans-
mitted in the next slotto back indicate PSSCH transmitted
before, the receiving UE can find PSSCH in the stored
signal. In some embodiments, there may be alsoan AGC
symbol transmitted before PSSCH so that the receiver
can adjust the gains of the stored signal for improved
PSSCH detection. If no PSCCH is found in the next slot,
the stored signal is discarded. In particular, in the em-
bodiments using a back-up PSCCH resource, an AGC
symbol may be used (symbol before the start of the back-
up resources). This AGC symbol may be a copy of the
first symbol with the back-up resources.

[0103] The receiver device 5 may comprise a PSCCH
detection unit 52 configured to apply a blind decoding
algorithm to blind decode the PSCCH in a PSCCH oc-
casion. If the receiver device 5 successfully decodes the
PSCCH, based on PSSCH resource information, the re-
ceiver device 5 may find PSSCH in the slot stored in the
storage unit51 and decode it. InPSCCH resources, there
may be several PSCCH candidates with different re-
source locations and configurations. The receiver device
5 does not know the exact location of a transmitted
PSCCH so that the decoder of the receiver device 5 runs
to decode each PSCCH candidate. PSCCH may be en-
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coded for example by Polar code. In this case, the de-
coder at the receiver device 5 may be a Polar decoder
configured to decode PSCCH. The receiving device 5
may run an algorithm such as for example a "for" loop
algorithm to try all PSCCH candidates in PSCCH re-
sources and all SCI formats. If the receiver device 5 de-
codes correctly PSCCH in a PSCCH candidate, the re-
ceiver device 5 may obtain the information such as for
example information about time and frequency resource
assignment, data priority, modulation and coding
scheme of PSSCH in the stored signal, the number of
DMRS ports, and/or second-stage SCI format transmit-
ted in the stored PSSCH. From that information, the re-
ceiving device 5 can determine the location ofthe PSSCH
transmission. Subsequently, the receiving device 5 may
use DMRS to estimate the channel and then decodes
the second stage of SCI to obtain additional information
such as for example and without limitation information
about HARQ process ID, new data indicator, redundancy
version, source |D, destination ID, etc. In another exam-
ple, if PSSCH is encoded by a LDPC code, the receiver
device 5 may use a LDPC decoder to decode PSSCH
based on channel estimation from information obtained
from SC such as DMRS, modulation and coding scheme,
and/or redundancy version.

[0104] The receiver device may comprise a PSSCH
detection unit 54 configured to find, after successful de-
coding of the PSCCH by the PSCCH detection unit 52,
the PSSCH in the previous slot stored in the slot storage
unit 51 based on PSSCH resource information in PSCCH
carrying SCI.

[0105] Turning back to Figure 3, in this example, the
receiver device 5 decodes blindly PSCCH in slot 2 using
a blind decoding algorithm. The decoded PSCCH carry-
ing SCI in slot 2 indicates the UE 5 that this SCI back
indicates PSSCH in the previous slot. From the informa-
tion about PSSCH resource in SCI, the UE may find
PSSCH in the previous slot and decode it.

[0106] Figure 4 depicts an exemplary back-scheduling
scheme in a slot with physical sidelink feedback channel
(PSFCH) resource denoted by reference 41. The PSFCH
may be used to communicate sidelink feedback, such as
hybrid automatic repeat request HARD feedback, trans-
mit power control TPC, and/or a scheduling request SR.
In Figure 4, the transmitter device 1 succeeds in acquiring
a channel after the PSCCH resource so that it transmits
PSSCH and stops before PSFCH resource. Due to the
guard symbol or the absence of feedback transmission
in PSFCHresource, the transmitter device 1 may perform
another Listen Before Talk LBT procedure (LBT Type 2)
before transmitting PSCCH in the next slot to back indi-
cate PSSCH in the previous slot. The receiver device 5
will then decode this PSCCH to find PSSCH transmitted
before in the slot stored in the slot storage unit 51.
[0107] Figure 5 depicts a back-up PSCCH resource
used for PSCCH transmission to indicate PSSCH trans-
mission in the same slot, according to an alternative em-
bodiment.
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[0108] In such alternative embodiment of the back-
scheduling scheme, PSCCH may be transmitted in the
same slot with PSSCH instead of being transmitted in
the next slot. A back-up resource for PSCCH may be
then configured in the PSSCH resource at the end of a
slot, in the same subchannel as the PSCCH resource,
at the beginning of a slot (this location in the slot may be
configurable and subject to processing time require-
ments of the receiver device 5). In this case, the starting
subchannel of the PSCCH and the associated PSSCH
are assumed to be the same to indicate the start sub-
channel of associated PSSCH. If a transmitter device 1
succeeds in acquiring a channel after the the start of
PSCCH occasion atthe beginning of a slot (main PSCCH
resource), it may still transmit PSSCH. Subsequently, in
the same slot, PSCCH may be transmitted in the back-
up PSCCH resource to back indicate time and frequency
resources of PSSCH. In other words, the transmitter de-
vice 1 may puncture PSSCH data to transmit PSCCH as
shown in Figure 5.

[0109] Figure 3 depict a back-up PSCCH resource
used for PSSCH transmission, according to another em-
bodiment.

[0110] According to such embodiment, if the transmit-
ter device 1 succeeds in acquiring the channel at the
beginning of a slot and transmits PSCCH in the PSCCH
resource (also called hereinafter "main PSCCH re-
source"), a back-up PSCCH resource may be used for
PSSCH transmission so that PSSCH resource is not
punctured by PSCCH as depicted in Figure 3.

[0111] Therefore, in some embodiments, the transmit-
ter device 1 may be configured to provide a back-up
PSCCH resource in the PSSCH resource at the end of
a slot, in the same subchannel as the main PSCCH re-
source, the provided resource being used for PSCCH
transmission if the UE cannot transmit PSCCH in the
main PSCCH resource toindicate aPSSCH transmission
in the same slot. This resource may be also used for
PSSCH if the transmitter device 1 already transmits
PSCCH in the main resource to indicate PSSCH in the
same slot. In other words, in such embodiment, the re-
ceiver device 5 may only search in the backup PSCCH
occasion if it does not detect a PSCCH in the main oc-
casion at the beginning. If PSCCH is detected at the be-
ginning, the back-up PSCCH resources are ignored and
used for PSSCH.

[0112] The serving base station gNB 2 may configure
the back-up PSCCH resource to the transmitter device
1 and indicate the receiver device 5 to monitor this re-
source.

[0113] The receiver device 5 may not be required to
continuously monitor and do blind decoding in the back-
up resource. If the receiver device 5 detects PSCCH in
the main PSCCH resource, it knows that PSCCH is al-
ready transmitted so that the back-up resource will be
used for PSSCH. In such case, the receiver device 5 may
not perform blind decoding in the back-up resource to
look for PSCCH. This alleviates blind decoding burden
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at the receiver side (receiver 5). If the receiver device 5
does not detect PSCCH in the main PSCCH resource, it
may look for PSCCH in the back-up resource. In case
the receiver device 5 finds PSCCH carrying SCI, it de-
rives that a part of PSSCH scheduled by this SCl is punc-
tured for the PSCCH transmission. The receiver device
5 may then exclude the punctured resource in PSSCH
decoding.

[0114] Therefore, the receiver device 5 may only mon-
itor the back-up PSCCH resource if it does not find
PSCCH carrying SCI in the main PSCCH resource.
[0115] In one embodiment, to reduce an increase of
PSCCH blind decoding, only a small number of PSCCH
candidates may be configured in the back-up PSCCH
resource.

[0116] In an alternative embodiment, an auxiliary
PSCCH resource may be configured at the end of a slot,
in the same subchannel as the main PSCCH resource,
the auxiliary PSCCH resource being separated from the
PSSCH resource. The auxiliary PSCCH resource may
only be used for PSCCH and not shared with PSSCH.
[0117] The transmitter device may use the auxiliary
PSCCH resource to transmit PSCCH to back indicate
PSSCH in the same slot if it cannot transmit PSCCH in
the main PSCCH resource.

[0118] Therefore, if the transmitter device 1 starts to
transmit PSSCH at an instant time in a slot (for example
middle of a slot) and cannot transmit PSCCH in the main
PSCCH at the beginning of a slot, it may transmit PSCCH
in the auxiliary PSCCH resource to back indicate PSSCH
in the same slot. The receiver device 5 may only monitor
the auxiliary PSCCH resource if it does not detect
PSCCH in the main resource.

[0119] Figure 4A depicts an exemplary implementation
of the back-scheduling for sidelink communication, ac-
cording to one embodiment where back-up resources
are used.

[0120] In the example of Figure 7A, LBT succeeds in
the symbols with PSCCH occasion. The transmitter can
transmit PSSCH immediately and use the resource orig-
inally allocated to PSCCH since PSCCH cannot be trans-
mitted. The PSSCH transmission may possibly include
an AGC symbol which is a copy of the symbol immedi-
ately succeeding it. PSCCH resources are used to
PSSCH.

[0121] In particular, in order to decode PSCCH in the
back-up resource, the receiver device 5 may need to do
AGC. Hence, the symbol immediately preceding the
PSCCH resources is used for AGC. The symbol imme-
diately preceding the PSCCH resources may be for ex-
ample a PSSCH symbol or a copy of the symbol imme-
diately following the AGC (not depicted in Figure 7A).
[0122] In some embodiments, the transmitter device 1
may use signaling such as an indicator flag to support
the back-scheduling scheme for sidelink communication.
[0123] In one embodiment, in the back-scheduling
scheme where PSSCH and associated PSCCH are
transmitted in two different slots, a specific parameter in
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the SCI of the PSCCH may be used to indicate the
PSSCH resource in the previous slot or in the current
slot. In one embodiment, the SCI may for example com-
prise a PSSCH slot indicator flag which may be a one-
bit flag, the flag being used to indicate to the receiver
device 5 whether the SCI back indicates PSSCH in the
previous slot or indicates PSSCH in the current slot.
[0124] Such slot indicator flag of the SCI can accord-
ingly be used to inform the receiver device 5 that SCI
back indicates PSSCH in the previous slot or indicates
PSSCH in the current slot. A reserved bit in an existing
SCI format can be used for that purpose.

[0125] Figure 5B depicts an exemplary implementation
of one-bit flag to back indicates PSSCH in the previous
slot and indicate PSSCH in the current slot.

[0126] Inthe example of Figure 7B, the one-bit indica-
tor flag is one bit of the PSCCH SCI and is used to back
indicate PSSCH in the previous slot and indicate PSSCH
in the current slot at the same time.

[0127] To indicate the starting symbol of PSSCH in a
slot, a new field may be added in SCI called Starting
symbol index and a new Radio resource control (RRC)
parameter StartingSymbolValue (SSV) may be used.
The resulting SCI may constitute a new SCI Format or
alternatively reserved bits may be used in an existing
format. The SSV depends on what possible starting val-
ues have been configured.

[0128] The starting values may be configured through
higher layers, depending on whether PSCCH is trans-
mitted in the same slot or in the next slot n+1. If the
PSCCH is transmitted in slot n+1, more values are need-
ed than when a back-up PSCCH is used.

[0129] Example configurations are given in the follow-
ing table Table 1°, in which each configuration index is
associated with one or more starting symbols:

Table 1
Configuration Index | Starting symbols
0 1,2,3,4,5,6,7,8,9,10,11
1 1,2,3,4,5,6,7
2 2,4,6,8
[0130] The more possible starting symbols, the more

bits are required for signaling the starting symbol.
[0131] In the new RRC parameter, a starting symbol
table, such as the following exemplary table 2, may be
configured with the value representing the starting sym-
bol of PSSCH including the potential AGC symbol. The
new field in the SCI may indicate the index in the starting
symbol table so that the receiver device 5 can determine
the starting symbol of PSSCH. In table 2, SSVi refers to
the (i+1)-th starting symbol configured (for example
SSVO0 refers to the first starting symbol configured).
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Table 2:
Index Starting symbol value (SSV)
0 SSV 0
1 SSV 1

[0132] One SCI may indicate PSSCH in the previous
slot, PSSCH in the same slot, or PSSCH in the next slots
at the same time. One index in the table may contain
multiple values of starting symbols. In one embodiment,
the value of the starting symbol is negative in case of
PSSCH back scheduling in the previous slot and the val-
ue of the starting symbol is positive in case PSCCH in-
dicates PSSCH in the same slot or in the next slots.
[0133] Alternatively, a new RRC parameter called
OffsetValue_PSSCH may be used. In relation with the
RRC parameter OffsetValue PSSCH, an offset value ta-
ble may be configured to associate each table index to
an offset value SSV representing an offset from the start-
ing of PSCCH to the starting of PSSCH. The new field in
SCI may then indicate the index in the offset value table
so that the receiver device 5 may determine the starting
symbol of PSSCH using the offset value table. The fol-
lowing table 3 is an exemplary offset value table:

Index Offset value (SSV)
1 Offset1
2 Offset2

[0134] Oneindexinthe offset value table might contain
multiple values of starting symbols to indicate multiple
PSSCH. In one embodiment, the offset value is negative
if PSCCH indicates PSSCH started before that PSCCH,
and the offset value is positive if PSCCH indicates
PSSCH started after that PSCCH.

[0135] PSSCH may be multiplexed with PSCCH in the
frequency domain.

[0136] In case PSSCH is not multiplexed with PSCCH
in frequency domain, PSCCH is not transmitted in the
symbols containing the main and auxiliary/back-up re-
sources, and the number of PSSCH starting points de-
creases. Fewer entries are required in the Starting sym-
bol value table or in the Offset value table so that fewer
bits are required for the new field in SCI.

[0137] Inthe back-schedulingscheme accordingtothe
embodiments of the disclosure, when PSCCH and
PSSCH are transmitted in two slots, the power of trans-
missions might change from slot to slot so the default
gain at the receiver device 5 might not be appropriate. If
the gain is too high, it may cause saturation of the low
noise amplifier. If the gain is too low, it may not be suffi-
cient to amplify PSCCH and PSSCH for decoding. In

10

15

20

25

30

35

40

45

50

55

1"

some embodiments, the transmitter device 1 may be
adapted to prevent such gain related problems by using
two AGC symbols in two slots in the back-scheduling
scheme, when PSSCH and PSCCH are transmitted to
adjust the gain, as depicted in Figure 8.

[0138] Figure 8depicts an exemplary back-scheduling
scheme without an AGC symbol before PSSCH trans-
mission, according to some embodiments.

[0139] Such back-scheduling scheme enable power
tuning for PSSCH decoding based on using an AGC sym-
bol in the slot where PSCCH is transmitted if there is a
correspondence between two slots. In this case, PSSCH
transmission is not preceded by an AGC symbol.
[0140] If there is a correspondence (for example, a
temporal correlation, a spatial correlation or both) be-
tween the slot where PSSCH is transmitted and the slot
where PSCCH is transmitted, only one AGC symbol at
the beginning of the slot where PSCCH is transmitted
may be used to adjust the gain. This gain may also be
used for PSSCH decoding. Therefore, AGC symbol may
not be transmitted before PSSCH transmission as illus-
trated by Erreur ! Source du renvoi introuvable..
[0141] In some embodiments, the transmitter device
may be adapted to provide a back-scheduling scheme
for sidelink transmission that avoids the gap between
PSSCH and PSCCH transmissions in back-scheduling
scheme.

[0142] When PSSCH and PSCCH are transmitted in
two slots in the back-scheduling scheme, the gap be-
tween PSSCH and PSCCH due to the guard symbol at
the end of a slot might lead to an additional LBT before
PSCCH transmission, as shown in Figure 2. To avoid the
gap and an additional LBT procedure, the transmitter de-
vice may transmit PSSCH data in the guard symbol of
the slot that it is transmitting PSSCH carrying the trans-
mission of the transport block. The transmitter device 1
may then transmit PSCCH in the next slot without doing
another LBT procedure. Alternatively, the UE 1 may use
a longer cyclic prefix for AGC symbol before PSCCH
transmission, the length of the cyclic prefix being selected
to fill the gap in the guard symbol between the PSSCH
and PSCCH transmissions.

[0143] Figure 9 is a flowchart representing a method
of sending sidelink transmissions, at the transmitter de-
vice 1, according to some embodiments.

[0144] In step 900, a Listen-Before-Talk procedure is
performed by the transmitter device, in a given time slot,
to acquire a channel

[0145] In step 904, if the LBT procedure is successful
(block 902), the PSSCH is transmitted to the receiver
device (5) at a starting point within the given time slot
after the start of a PSCCH occasion and before the next
time slot is reached,

[0146] In step 906, the PSCCH is transmitted in the
same slot or the next slot to back indicate the PSSCH,
the PSCCH carrying sidelink Control Information.
[0147] Figure 10 is a flowchart representing a method
of receiving sidelink transmissions, atthe receiver device
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5, according to some embodiments.

[0148] In step 950, a current slot is monitored.

[0149] In step 953, if no PSSCH and PSCCH trans-
mission is detected (block 952), the previous slot is
stored.

[0150] Instep 954, is a PSCCH transmission is detect-
ed, the PSCCH transmission is decoded.

[0151] In step 956, the PSSCH transmission is found
in the stored previous slot based on PSSCH resource
information comprised in the PSCCH transmission.
[0152] Advantageously, the transmission device and
method according to the embodiments of the disclosure
provide an improved sidelink transmission scheme ena-
bling efficient transmission of Physical Sidelink channels,
in particular in unlicensed spectrum. Such scheme ena-
bles the user equipments 1 and 5 to cope with the un-
certainty of the Listen Before Talk procedure.

[0153] The invention allows the UE 1 acting as a trans-
mitter device to start transmit immediately after a suc-
cessful LBT so that latency decreases, an additional LBT
is eliminated and while preventing the channelto be taken
by other devices.

[0154] The embodiments of the invention may be used
in various applications such as Machine-To-Machine
(M2M), Web-of-Things (WoT), and Internet of Things
(loT) (for example vehicle-to-everything V2X communi-
cations) involving networks of physical devices, ma-
chines, vehicles, home alliances and many other objects
connected to each other and provided with a connectivity
to the Internet and the ability to collect and exchange
data without requiring human-to-human or human-to-
computer interactions.

[0155] Forexample, inloT applications, the communi-
cation system 10 may be a wireless l0T/M2M network
representing low energy power-consumption/long bat-
tery life/llow-latency/low hardware and operating
cost/high connection density constraints such as low-
power wide area networks and low-power short-range
loT networks. Exemplary technologies used in such ap-
plications may comprise 5G, LTE-NB1 (Long Term Ev-
olution-Machine to Machine, Narrow Band) and NB-loT
(NarrowBand loT).

[0156] The embodiments of the disclosure have par-
ticular advantages for V2X applications and in particular
5G NR V2X, where the sidelink transmissions may be
used to exchange transport blocks, such as user data
traffic, between two vehicles, in the unlicensed spectrum.
[0157] The communication system 100 may be used
in various consumer, commercial, industrial, and infra-
structure applications. Exemplary consumer applications
comprise connected vehicles (Internet of Vehicles loV),
home automation/smart home, smart cities, wearable
technology, and connected health. Exemplary commer-
cial applications comprise medical and healthcare and
transportation. In the medical field, a digitized healthcare
system connecting medical resources and healthcare
services may be used in which special monitors and sen-
sors are used to enable remote health monitoring and
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emergency notification. Exemplary industrial applica-
tions comprise applications in agriculture, for example in
farming using sensors, to collect data on temperature,
rainfall, humidity, wind speed, and soil content. Exem-
plary infrastructure applications may comprise the use
of loT devices to perform monitoring and controlling op-
erations of urban and rural infrastructures such as bridg-
es and railway tracks.

[0158] The transmitter 1 and/or the receiver 5 may be
any physical internet-enabled device/object provided
with required hardware and/or software technologies en-
abling communication over Internet. The transmitter 1
and/or the receiver 5 may be any standard internet con-
nected-devices such as desktop computers, servers, vir-
tual machines laptops, smart-phones, tablets. In some
applications, the transmitter 1 and/or the receiver 5 may
be any loT/M2M device or connected device operating
in an loT/M2M network such as medical devices, tem-
perature and weather monitors, connected cards, ther-
mostats, appliances, security devices, drones, smart
clothes, eHealth devices, robots, and smart outlets.
[0159] Embodiments of the presentinvention can take
the form of an embodiment containing software only,
hardware only or both hardware and software elements.
[0160] Furthermore, the methods described herein can
be implemented by computer program instructions sup-
plied to the processor of any type of computer to produce
amachine with a processor that executes the instructions
to implement the functions/acts specified herein. These
computer program instructions may also be stored in a
computer-readable medium that can direct a computer
to function in a particular manner. To that end, the com-
puter program instructions may be loaded onto a com-
puter to cause the performance of a series of operational
steps and thereby produce a computer implemented
process such that the executed instructions provide proc-
esses for implementing the functions specified herein.
[0161] It should be noted that the functions, acts,
and/or operations specified in the flow charts, sequence
diagrams, and/or block diagrams may be re-ordered,
processed serially, and/or processed concurrently con-
sistent with embodiments of the invention. Moreover, any
of the flow charts, sequence diagrams, and/or block di-
agrams may include more or fewer blocks than those
illustrated consistent with embodiments of the invention.
[0162] While embodiments of the invention have been
illustrated by a description of various examples, and while
these embodiments have been described in considera-
ble detail, it is not the intent of the applicant to restrict or
in any way limit the scope of the appended claims to such
detail.

[0163] In particular, although the invention has partic-
ular advantages in embodiments using OFDM modula-
tion, the invention also applies to other type of single-
carrier and multi-carrier modulation.

[0164] Additional advantages and modifications will
readily appear to those skilled in the art. The invention
in its broader aspects is therefore not limited to the spe-
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cific details, representative methods, and illustrative ex-
amples shown and described.

Claims

1. A transmitter device connected to a receiver device
through a wireless communication network, the
transmitter device (1) being configured to send a
sidelink transmission within one or more time slots
to said receiver device (5), the sidelink transmission
comprising performing a Listen-Before-Talk proce-
dure during a current time slot, a time slot comprising
a PSCCH occasion with a number of PSCCH can-
didates corresponding to time-frequency resources,
wherein the transmitter device comprises:

- a PSSCH transmitting unit (12) configured to
send a PSSCH transmission to the receiver (5)
at a starting point within said current time slot
and before the next time slot is reached, if the
LBT procedure is successful after the start of a
PSCCH occasion;

- a PSCCH transmission unit (14) configured to
send a PSCCH transmission, after the start of
the PSSCH transmission, said PSCCH trans-
mission backindicatingthe PSSCH, the PSCCH
carrying Sidelink Control Information SCI, the
PSSCH being associated with the PSCCH.

2. The transmitter device of claim 1, wherein the trans-
mitter device comprises a starting point configuration
unit adapted to configure the transmitter device with
a plurality of starting points in a given time slot, the
period of the starting points depending on data re-
quirements and a data rate, wherein the PSSCH
transmitting unit (12) is configured to start transmit-
ting said PSSCH at one of said starting points.

3. The transmitter device of any preceding claim,
wherein the PSCCH transmission is sent in the next
slot after said current slot in which the associated
PSSCH is transmitted.

4. The transmitter device of any preceding claim 2 and
3, wherein the PSCCH transmission is sent in the
current slot.

5. The transmitter device of claim 4, wherein the
PSCCH is associated with a PSCCH resource and
the PSSCH is associated with a PSSCH resource,
and wherein the transmitter device (1) is configured
to provide a back-up PSCCH resource for the asso-
ciated PSSCH resource, at the end of a slot, wherein
the PSCCH transmission unit (14) is configured to
use said back-up resource for the PSCCH transmis-
sion if the transmitter device cannot transmit the
PSCCH in said PSCCH resource in order to indicate
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10.

1.

12.

an associated PSSCH transmission in the same slot,
the PSCCH resource and the back-up PSCCH re-
source starting in the same subchannel.

The transmitter device of claim 5, wherein the back-
up resource is further used for PSSCH transmission
if the transmitter device already transmits the
PSCCH in the PSCCH resource to indicate the
PSSCH in the same slot.

The transmitter device of any preceding claim 5 and
6, wherein if PSSCH is transmitted on the back-up
resource at the end of the current slot, then an AGC
symbol is transmitted in the symbol before the back-
up resources.

The transmitter device of any preceding claim 1 to
3, wherein the transmitter device uses an auxiliary
PSCCH resource separated from the PSSCH, the
auxiliary PSCCH resource being only used for
PSCCH transmission and being configured at the
end of a slot, the PSCCH resource and the auxiliary
PSCCH resource starting in the same subchannel.

The transmitter device of claim 8, wherein the trans-
mitter device (5) uses the auxiliary PSCCH resource
to transmit PSCCH to back indicate PSSCH in the
same slot if it cannot transmit the PSCCH in the
PSCCH resource.

The transmitter device of any preceding claim,
wherein it comprises performing power tuning for
PSSCH decoding based on an AGC symbol in the
slot where PSCCH is transmitted if there is a corre-
spondence between two slots, and wherein the
PSSCH transmission is not preceded by an AGC
symbol.

The transmitter device of any preceding claim,
wherein the transmitter device is configured to trans-
mit PSCCH data in a guard symbol of the slot that it
is transmitting or use a cyclic prefix having a selected
length for the AGC symbol before PSCCH transmis-
sion, the length of the cyclic prefix being selected to
fill the gap corresponding to the guard symbol be-
tween two slots.

A wireless communication system comprising a
transmitter device (1) according to any preceding
claim and areceiver device configured to receive the
sidelink transmission, wherein the receiver device
(5) is configured to monitor a current slot to detect a
sidelink transmission, the receiver device compris-
ing a slot storing unit (51), the slot storing unit (51)
being configured to store the previous slot before the
monitored current slot if no sidelink transmission is
detected.
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The wireless communication system according to
claim 12, wherein the receiver device (5) is config-
ured to apply a blind decoding algorithm to decode
a PSCCH transmission received in the current slot,
in response to the detection of a PSCCH transmis-
sion, and to find the PSSCH transmission in said
previous slot stored in the slot storing unit (51) based
on PSSCH resource information comprised in the
associated PSCCH transmission carrying the SCI.

The wireless communication system according to
any preceding claim 12 and 13, wherein the receiver
device (5) is configured to, if it does not detect
PSCCH and PSSCH transmissions in a given slot,
store said slot before the current slot it is monitoring.

The wireless communication system according to
claim 8 and 12, wherein the receiver device (5) only
monitors the auxiliary PSCCH resource if it does not
receive PSCCH in the PSCCH resource.

The wireless communication system according to
claim 5 and 12, wherein the receiver device (5) only
monitors the back-up PSCCH resource if it does not
find PSCCH carrying SCI in the PSCCH resource.

A method of sending a sidelink transmission from a
wireless transmitter device to a receiver device (5),
connected through a wireless communication net-
work, through one or more time slots, the sidelink
transmission comprising performing a Listen-Be-
fore-Talk (LBT) procedure during a current time slot,
a time slot comprising a PSCCH occasion with a
number of PSCCH candidates corresponding to
time-frequency resources, a time slot comprising a
PSCCH occasion with a number of PSCCH candi-
dates corresponding to time-frequency resources,
wherein the sidelink transmission comprises:

- sending a PSSCH transmission to the receiver
device (5) at a starting point within said current
time slot and before the next time slotis reached,
ifthe LBT procedure is successful after the start-
ing of a PSCCH occasion; and then

- sending a PSCCH transmission to the receiver
device (5), after the start of the PSSCH trans-
mission, said PSCCH transmission back indi-
catingthe PSSCH, the PSCCH carrying Sidelink
Control Information SCI.
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