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The UE is {pre)configured to perform one or more sidelink transmissions on multiple carriers, wherein
the UE is able to transmit a first number of carriers among the multiple carriers at the same time.
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The UE selects a first resource for transmitting a first sidelink transmission in a first slot on a first
carrier.
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The UE derives a second resource for transmitting a PSFCH delivering a feedback in a second
slot on a second carrier, wherein the second slot is at least partly overlapping with the first siot in a
time domain.
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The UE determines whether to prioritize either the PSFCH or the first sidelink transmission on a rule
when the number of carriers which the UE identifies to transmit in the overlapped slot exceeds the
first number of carriers.
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METHOD AND APPARATUS FOR
HANDLING COLLISION BETWEEN
SIDELINK FEEDBACK AND SIDELINK
DATA IN A WIRELESS COMMUNICATION
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of U.S.
Provisional Patent Application Ser. No. 62/782,751 filed on
Dec. 20, 2018, the entire disclosure of which is incorporated
herein in its entirety by reference.

FIELD

[0002] This disclosure generally relates to wireless com-
munication networks, and more particularly, to a method and
apparatus for handling collision between sidelink feedback
and sidelink data in a wireless communication system.

BACKGROUND

[0003] With the rapid rise in demand for communication
of large amounts of data to and from mobile communication
devices, traditional mobile voice communication networks
are evolving into networks that communicate with Internet
Protocol (IP) data packets. Such IP data packet communi-
cation can provide users of mobile communication devices
with voice over IP, multimedia, multicast and on-demand
communication services.

[0004] An exemplary network structure is an Evolved
Universal Terrestrial Radio Access Network (E-UTRAN).
The E-UTRAN system can provide high data throughput in
order to realize the above-noted voice over IP and multi-
media services. A new radio technology for the next gen-
eration (e.g., 5G) is currently being discussed by the 3GPP
standards organization. Accordingly, changes to the current
body of 3GPP standard are currently being submitted and
considered to evolve and finalize the 3GPP standard.

SUMMARY

[0005] In one method, a User Equipment (UE) is (pre-)
configured to perform one or more sidelink transmissions on
multiple carriers, wherein the UE is able to transmit a first
number of carriers among the multiple carriers at the same
time. The UE selects a first resource for transmitting a first
sidelink transmission in a first slot on a first carrier. The UE
derives a second resource for transmitting a PSFCH deliv-
ering a feedback in a second slot on a second carrier,
wherein the second slot is at least partly overlapping with the
first slot in a time domain. The UE determines whether to
prioritize either the PSFCH or the first sidelink transmission
based on a rule when the number of carriers which the UE
identifies to transmit in the overlapped slot exceeds the first
number of carriers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 shows a diagram of a wireless communi-
cation system according to one exemplary embodiment.
[0007] FIG. 2 is a block diagram of a transmitter system
(also known as access network) and a receiver system (also
known as user equipment or UE) according to one exem-
plary embodiment.
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[0008] FIG. 3 is a functional block diagram of a commu-
nication system according to one exemplary embodiment.
[0009] FIG. 4 is a functional block diagram of the program
code of FIG. 3 according to one exemplary embodiment.
[0010] FIG. 5 is a reproduction of Table 4.2-1 showing
Supported transmission numerologies taken from 3GPP TS
38.211 V15.3.0.

[0011] FIG. 6 is a reproduction of FIG. 4.3.1-1 showing
Uplink-downlink timing relation taken from 3GPP TS
38.211 V15.3.0.

[0012] FIG. 7 is a reproduction of Table 4.3.2-1 showing
Number of OFDM symbols per slot, slots per frame, and
slots per subframe for normal cyclic prefix taken from 3GPP
TS 38.211 V15.3.0.

[0013] FIG. 8 is a reproduction of Table 4.3.2-2 showing
Number of OFDM symbols per slot, slots per frame, and
slots per subframe for extended cyclic prefix taken from
3GPP TS 38.211 V15.3.0.

[0014] FIG. 9 is a reproduction of Table 4.3.2-3 showing
Transition time Ny, . and N . taken from 3GPP TS
38.211 V15.3.0.

[0015] FIG. 10 is a reproduction of Table 14.1.1-2 show-
ing Modulation and TBS index table for 29<I, ,..=<31 taken
from 3GPP TS 36.213 V15.3.0.

[0016] FIG. 11 is a reproduction of Table 14.1.1-1 show-
ing Determination of P, , for sidelink transmission mode 3
and 4 taken from 3GPP TS 36.213 V15.3.0.

[0017] FIG. 12 is a reproduction of Table 14.2-1 showing
PDCCH/EPDCCH configured by SL-RNTI taken from
3GPP TS 36.213 V15.3.0.

[0018] FIG. 13 is a reproduction of Table 14.2-2 showing
PDCCH/EPDCCH configured by SL-V-RNTI or SL-SPS-
V-RNTT taken from 3GPP TS 36.213 V15.3.0.

[0019] FIG. 14 is a reproduction of Table 14.2.1-1 show-
ing Mapping of DCI format 5A offset field to indicated value
m taken from 3GPP TS 36.213 V15.3.0.

[0020] FIG. 15 is a reproduction of Table 14.2.1-2 show-
ing Determination of the Resource reservation field in SCI
format 1 taken from 3GPP TS 36.213 V15.3.0.

[0021] FIG. 16 is a reproduction of multiplexing options
taken from the Final Report of 3GPP TSG RAN WG1 #94
v1.0.0.

[0022] FIG. 17 is a reproduction of FIG. 4 showing
additional guard period and multiplexing of PSFCH and
PSSCH taken from 3GPP R1-1812364.

[0023] FIG. 18 illustrates one exemplary embodiment of a
sidelink slot configuration.

[0024] FIG. 19 illustrates one exemplary embodiment of a
sidelink slot configuration.

[0025] FIG. 20 illustrates one exemplary embodiment of a
sidelink slot configuration.

[0026] FIG. 21 illustrates one exemplary embodiment of a
sidelink slot configurations.

[0027] FIG. 22 illustrates one exemplary embodiment of a
sidelink slot configurations.

[0028] FIG. 23 illustrates one exemplary embodiment of a
sidelink slot configurations.

[0029] FIG. 24 is a flow diagram for one exemplary
embodiment from the perspective of a User Equipment

(UE).
DETAILED DESCRIPTION

[0030] The exemplary wireless communication systems
and devices described below employ a wireless communi-
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cation system, supporting a broadcast service. Wireless
communication systems are widely deployed to provide
various types of communication such as voice, data, and so
on. These systems may be based on code division multiple
access (CDMA), time division multiple access (TDMA),
orthogonal frequency division multiple access (OFDMA),
3GPP LTE (Long Term Evolution) wireless access, 3GPP
LTE-Aor LTE-Advanced (Long Term Evolution Advanced),
3GPP2 UMB (Ultra Mobile Broadband), WiMax, 3GPP NR
(New Radio) wireless access for 5G, or some other modu-
lation techniques.

[0031] In particular, the exemplary wireless communica-
tion systems devices described below may be designed to
support one or more standards such as the standard offered
by a consortium named “3rd Generation Partnership Proj-
ect” referred to herein as 3GPP, including: TS 38.211
V153.0, 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network; NR; Physical
channels and modulation (Release 15); R1-1814276, Cor-
rection on resource exclusion procedure for V2X Phase 2;
TS 36.213 V15.3.0, 3rd Generation Partnership Project;
Technical Specification Group Radio Access Network;
Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical layer procedure (Release 15); Final Report of 3GPP
TSG RAN WGI #94 v1.0.0 (Gothenburg, Sweden, 20-24
Aug. 2018); Final Report of 3GPP TSG RAN WG1 #94bis
v1.0.0 (Chengdu, China, 8-12 Oct. 2018); Draft Report of
3GPP TSG RAN WGI1 #95 v0.2.0 (Spokane, USA, 12-16
Nov. 2018); Final Report of 3GPP TSG RAN WGI1 #88
v1.0.0; Final Report of 3GPP TSG RAN WG1 #91 v1.0.0;
R1-1812364, Discussion on physical layer structure for NR
sidelink; and R1-1814265, Updated feature lead summary
for agenda item 7.2.4.1.2 Physical layer procedures. The
standards and documents listed above are hereby expressly
incorporated by reference in their entirety.

[0032] FIG. 1 shows a multiple access wireless commu-
nication system according to one embodiment of the inven-
tion. An access network 100 (AN) includes multiple antenna
groups, one including 104 and 106, another including 108
and 110, and an additional including 112 and 114. In FIG. 1,
only two antennas are shown for each antenna group,
however, more or fewer antennas may be utilized for each
antenna group. Access terminal 116 (AT) is in communica-
tion with antennas 112 and 114, where antennas 112 and 114
transmit information to access terminal 116 over forward
link 120 and receive information from access terminal 116
over reverse link 118. Access terminal (AT) 122 is in
communication with antennas 106 and 108, where antennas
106 and 108 transmit information to access terminal (AT)
122 over forward link 126 and receive information from
access terminal (AT) 122 over reverse link 124. In a FDD
system, communication links 118, 120, 124 and 126 may use
different frequency for communication. For example, for-
ward link 120 may use a different frequency then that used
by reverse link 118.

[0033] Each group of antennas and/or the area in which
they are designed to communicate is often referred to as a
sector of the access network. In the embodiment, antenna
groups each are designed to communicate to access termi-
nals in a sector of the areas covered by access network 100.
[0034] In communication over forward links 120 and 126,
the transmitting antennas of access network 100 may utilize
beamforming in order to improve the signal-to-noise ratio of
forward links for the different access terminals 116 and 122.
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Also, an access network using beamforming to transmit to
access terminals scattered randomly through its coverage
causes less interference to access terminals in neighboring
cells than an access network transmitting through a single
antenna to all its access terminals.

[0035] An access network (AN) may be a fixed station or
base station used for communicating with the terminals and
may also be referred to as an access point, a Node B, a base
station, an enhanced base station, an evolved Node B (eNB),
a network node, a network, or some other terminology. An
access terminal (AT) may also be called user equipment
(UE), a wireless communication device, terminal, access
terminal or some other terminology.

[0036] FIG. 2 is a simplified block diagram of an embodi-
ment of a transmitter system 210 (also known as the access
network) and a receiver system 250 (also known as access
terminal (AT) or user equipment (UE) in a MIMO system
200. At the transmitter system 210, traffic data for a number
of data streams is provided from a data source 212 to a
transmit (TX) data processor 214.

[0037] Inoneembodiment, each data stream is transmitted
over a respective transmit antenna. TX data processor 214
formats, codes, and interleaves the traffic data for each data
stream based on a particular coding scheme selected for that
data stream to provide coded data.

[0038] The coded data for each data stream may be
multiplexed with pilot data using OFDM techniques. The
pilot data is typically a known data pattern that is processed
in a known manner and may be used at the receiver system
to estimate the channel response. The multiplexed pilot and
coded data for each data stream is then modulated (i.e.,
symbol mapped) based on a particular modulation scheme
(e.g., BPSK, QPSK, M-PSK, or M-QAM) selected for that
data stream to provide modulation symbols. The data rate,
coding, and modulation for each data stream may be deter-
mined by instructions performed by processor 230.

[0039] The modulation symbols for all data streams are
then provided to a TX MIMO processor 220, which may
further process the modulation symbols (e.g., for OFDM).
TX MIMO processor 220 then provides N, modulation
symbol streams to N, transmitters (IMTR) 222a through
222¢. In certain embodiments, TX MIMO processor 220
applies beamforming weights to the symbols of the data
streams and to the antenna from which the symbol is being
transmitted.

[0040] Each transmitter 222 receives and processes a
respective symbol stream to provide one or more analog
signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal
suitable for transmission over the MIMO channel. N, modu-
lated signals from transmitters 222a through 222¢ are then
transmitted from N, antennas 224a through 224z, respec-
tively.

[0041] At receiver system 250, the transmitted modulated
signals are received by N antennas 2524 through 2527 and
the received signal from each antenna 252 is provided to a
respective receiver (RCVR) 254a through 254r. Each
receiver 254 conditions (e.g., filters, amplifies, and down
converts) a respective received signal, digitizes the condi-
tioned signal to provide samples, and further processes the
samples to provide a corresponding “received” symbol
stream.

[0042] An RX data processor 260 then receives and pro-
cesses the Nj received symbol streams from Ny receivers
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254 based on a particular receiver processing technique to
provide N, “detected” symbol streams. The RX data pro-
cessor 260 then demodulates, deinterleaves, and decodes
each detected symbol stream to recover the traffic data for
the data stream. The processing by RX data processor 260 is
complementary to that performed by TX MIMO processor
220 and TX data processor 214 at transmitter system 210.

[0043] A processor 270 periodically determines which
pre-coding matrix to use (discussed below). Processor 270
formulates a reverse link message comprising a matrix index
portion and a rank value portion.

[0044] The reverse link message may comprise various
types of information regarding the communication link
and/or the received data stream. The reverse link message is
then processed by a TX data processor 238, which also
receives traffic data for a number of data streams from a data
source 236, modulated by a modulator 280, conditioned by
transmitters 254a through 2547, and transmitted back to
transmitter system 210.

[0045] At transmitter system 210, the modulated signals
from receiver system 250 are received by antennas 224,
conditioned by receivers 222, demodulated by a demodula-
tor 240, and processed by a RX data processor 242 to extract
the reserve link message transmitted by the receiver system
250. Processor 230 then determines which pre-coding
matrix to use for determining the beamforming weights then
processes the extracted message.

[0046] Turning to FIG. 3, this figure shows an alternative
simplified functional block diagram of a communication
device according to one embodiment of the invention. As
shown in FIG. 3, the communication device 300 in a
wireless communication system can be utilized for realizing
the UEs (or ATs) 116 and 122 in FIG. 1 or the base station
(or AN) 100 in FIG. 1, and the wireless communications
system is preferably the LTE system or the NR system. The
communication device 300 may include an input device 302,
an output device 304, a control circuit 306, a central pro-
cessing unit (CPU) 308, a memory 310, a program code 312,
and a transceiver 314. The control circuit 306 executes the
program code 312 in the memory 310 through the CPU 308,
thereby controlling an operation of the communications
device 300. The communications device 300 can receive
signals input by a user through the input device 302, such as
a keyboard or keypad, and can output images and sounds
through the output device 304, such as a monitor or speak-
ers. The transceiver 314 is used to receive and transmit
wireless signals, delivering received signals to the control
circuit 306, and outputting signals generated by the control
circuit 306 wirelessly. The communication device 300 in a
wireless communication system can also be utilized for
realizing the AN 100 in FIG. 1.

[0047] FIG. 4 is a simplified block diagram of the program
code 312 shown in FIG. 3 in accordance with one embodi-
ment of the invention. In this embodiment, the program code
312 includes an application layer 400, a Layer 3 portion 402,
and a Layer 2 portion 404, and is coupled to a Layer 1
portion 406. The Layer 3 portion 402 generally performs
radio resource control. The Layer 2 portion 404 generally
performs link control. The Layer 1 portion 406 generally
performs physical connections.
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[0048] In 3GPP TS 38.211 V15.3.0, the frame structure
related concept is disclosed as follows:

Frame Structure and Physical Resources

4.1 General

[0049] Throughout this specification, unless otherwise
noted, the size of various fields in the time domain is
expressed in time units T.=1/(Af,,.N) where
Af,, =480-10° Hz and N,~4096. The constant k=T /T =64

max

where T,=(Af, /N,,.), Af,gf:lSlO3 Hz and N, =2048.

4.2 Numerologies

[0050] Multiple OFDM numerologies are supported as
given by Table 4.2-1 where p and the cyclic prefix for a
bandwidth part are obtained from the higher-layer parameter
subcarrierSpacing and cyclicPrefix, respectively.

[0051] FIG. 5 (a reproduction of Table 4.2-1: Supported
transmission numerologies)

4.3 Frame Structure

4.3.1 Frames and Subframes

[0052] Downlink and uplink transmissions are organized
into frames with T =(Af,,,,N/100)-T =10 ms duration, each
consisting of ten subframes of T,=(Af,, . N/1000) T =1 ms
duration. The number of consecutive OFDM symbols per
subframe is Nsymbs“bf’ =Nt
frame is divided into two equally-sized half-frames of five
subframes each with half-frame 0 consisting of subframes
0-4 and half-frame 1 consisting of subframes 5-9. There is
one set of frames in the uplink and one set of frames in the
downlink on a carrier.

[0053] Uplink frame number i for transmission from the
UE shall start T, =(Np+Ny, ,z.) 7T, before the start of the
corresponding downlink frame at the UE where Nz, ., is
given by [5, TS 38.213].

[0054] FIG. 6 (a reproduction of FIG. 4.3.1-1: Uplink-
downlink timing relation)

4.3.2 Slots

[0055] For subcarrier spacing configuration p, slots are
numbered n*€{0, . . ., N, #7*"_1} in increasing order
within a subframe and n, *€{0, . . ., N, ”""**~1} in
increasing order within a frame. There are NsymbSZO’ con-
secutive OFDM symbols in a slot where NsymbSZO’ depends
on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-2.
The start of slot n in a subframe is aligned in time with the
start of OFDM symbol nS“NSymbSZO’ in the same subframe.
OFDM symbols in a slot can be classified as ‘downlink’,
‘flexible’, or ‘uplink’. Signaling of slot formats is described
in subclause 11.1 of [5, TS 38.213].

[0056] In a slot in a downlink frame, the UE shall assume
that downlink transmissions only occur in ‘downlink’ or
‘flexible’ symbols.

[0057] In a slot in an uplink frame, the UE shall only
transmit in ‘uplink’ or ‘flexible’ symbols.

[0058] A UE not capable of full-duplex communication is
not expected to transmit in the uplink earlier than N, T,
after the end of the last received downlink symbol in the
same cell where N, , is given by Table 4.3.2-3.

[0059] A UE not capable of full-duplex communication is

not expected to receive in the downlink earlier than N, .. T

x-Tx ¢
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after the end of the last transmitted uplink symbol in the
same cell where N, is given by Table 4.3.2-3.

[0060] FIG. 7 (a reproduction of Table 4.3.2-1: Number of
OFDM symbols per slot, slots per frame, and slots per
subframe for normal cyclic prefix)

[0061] FIG. 8 (a reproduction of Table 4.3.2-2: Number of
OFDM symbols per slot, slots per frame, and

[0062] slots per subframe for extended cyclic prefix)
[0063] FIG. 9 (a reproduction of Table 4.3.2-3: Transition
time N, . and Nz, )

[0064] 3GPP R1-1814276 discloses the following:

14 UE Procedures Related to Sidelink

14.1.1.6 UE Procedure for Determining the Subset of
Resources to be Reported to Higher Layers in PSSCH
Resource Selection in Sidelink Transmission Mode 4

[0065] When requested by higher layers in subframe n for
a carrier, the UE shall determine the set of resources to be
reported to higher layers for PSSCH transmission according
to the following steps. Parameters L., the number of
sub-channels to be used for the PSSCH transmission in a
subframe, P,,,, ,y the resource reservation interval, and
prio . the priority to be transmitted in the associated SCI
format 1 by the UE are all provided by higher layers. C
is determined according to Subclause 14.1.1.4B.
[0066] If partial sensing is not configured by higher layers
then the following steps are used:

[0067] 1) A candidate single-subframe resource for
PSSCH transmission R, , is defined as a set of L,
contiguous sub-channels with sub-channel x+j in sub-
frame t L where j=0, » Lypcz—1. The UE shall
assume that any set of LSHbCH contiguous sub-channels
included in the corresponding PSSCH resource pool
(described in 14.1.5) within the time interval [n+T,,
n+T,] corresponds to one candidate single-subframe
resource, where selections of T and T, are up to UE
implementations under T,=4 and T,,,,,,,(prio +)=,=100,
if T, (prio ) is provided by higher layers for prio .,
otherwise 20=T,=100. UE selection of T shall fulfil the
latency requirement. The total number of the candidate
single-subframe resources is denoted by M,,,;.

[0068] 2) The UE shall momtor subframes 1,0, » %,

step
tn 10x2P, p+1 5"'5tn 1

resel

. except for those in which its
transmissions occeur, Where t,f=n 1f subframe n
belongs to the set (t,°%, t,%, . L), otherwise
subframe t,* is the first subframe anﬁxer subframe n
belonging to the set (t,%, t,°%, . . ., t; *5). The UE
shall perform the behaviour in the foﬁTowing steps
based on PSCCH decoded and S-RSSI measured in
these subframes.

[0069] 3) The parameter Th,, is set to the value indi-
cated by the i-th SL-ThresPSSCH-RSRP field in SL-
ThresPSSCH-RSRP-List where i=a*8+b+1.

[0070] 4) The set S, is initialized to the union of all the
candidate single-subframe resources. The set S is
initialized to an empty set.

[0071] 5) The UE shall exclude any candidate single-
subframe resource R, , from the set S , if it meets all the
following conditions:

[0072] the UE has not monitored subframe t** in
Step 2.

[0073] there is an integer j which meets y+jxP
rx=7+P,  xkxq where j=0, 1, . . . , C

rsvp_

step resel 1 ’ Prsvp7
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=P, %P, /100, k is any value allowed by the
higher layer parameter restrictResourceReservation-
Period and g=1, 2, . . ., Q. Here,

ifk<l and n'-z=<P,,, Xk, Where t,”F=n if subframe n belongs
to the set t,™, t,%,. .., t, = otherW1se subframe t,°" is
the first subframe belonglng to the set t,°5, 55, .t
after subframe n; and Q=1 otherwise. "
[0074] 6) The UE shall exclude any candidate single-
subframe resource R, , from the set S , if it meets all the
following conditions:

[0075] the UE receives an SCI format 1 in subframe
t,,F, and “Resource reservation” field and “Priority”
field in the received SCI format 1 indicate the values
P,..p zx and priogy, respectively according to Sub-
clause 14.2.1.

[0076] PSSCH-RSRP measurement according to the
received SCI format 1 is higher than Th,,,, erion

[0077] the SCI format received in subframe t,°* or

the same SCI format 1 which is assumed to be
received in subframe(s) t,,., gxp_ RXSL determines
according to 14.1.1.4C the set of resGurce blocks and
subframes which overlaps with R . for =1,
, Qand j=0, 1, , C

x,y+]><
Here

resel”

if P, zx<1 and n'-msP, xP
subframe n belongs to the set (t,™",

otherwise subframe t,*

R Where t,*F=n if
ys SL
(FR Y
 is the first subframe after subframe

n belonging to the set (tOSL, 5 t; *5); otherwise Q=1.

[0078] 7) If the number of candidate single-subframe
resources remaining in the set S, is smaller than
0.2'M,,,;, then Step 4 is repeated with Th, , increased
by 3 dB.

[0079] 8) For a candidate single-subframe resource R,
remaining in the set S, the metric B, is defined as the
linear average of S-RSSI measured in sub channels x+k
fork=0, ..., L, ;-1 in the monitored subframes in

EEEE)

Step 2 that can be expressed by tp, - L~ for a non-
negative integer j if Pmp =100, and I for a
non-negative integer j otherwise. i

[0080] 9) The UE moves the candidate single-subframe

resource R, , with the smallest metric E, , from the set
S, to Sg. This step is repeated until the number of
candidate single-subframe resources in the set Sy
becomes greater than or equal to 0.2. M,_, .,

[0081] 10) When the UE is configured by upper layers
to transmit using resource pools on multiple carriers, it
shall exclude a candidate single-subframe resource R,
from S if the UE does not support transmission in the
candidate single-subframe resource in the carrier under
the assumption that transmissions take place in other
carrier(s) using the already selected resources due to its
limitation in the number of simultaneous transmission
carriers, its limitation in the supported carrier combi-
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nations, or interruption for RF retuning time [10]. The
UE shall report set Sz to higher layers.
[0082] In 3GPP TS 36.213 V15.3.0, concepts and proce-
dures of sidelink transmissions in ITE are quoted below:

[0083] 14 UE procedures related to Sidelink
[0084] In sidelink transmission mode 3 or 4, a UE is
[0085] not expected to attempt to decode more than 10

or 20 PSCCHs in a subframe depending on the con-
figuration of v2x-HighReception-r14.

[0086] not expected to attempt to decode more than 100
or 136 RBs in a subframe depending on the configu-
ration of v2x-HighReception-r14.

[0087] not expected to attempt to decode more than 10
or 20 PSCCHs in a subframe depending on the con-
figuration of v2x-HighReception-rl5 and v2x-Band-
widthClassRxSL-r15.

[0088] not expected to attempt to decode more than 100
or 136 RBs in a subframe depending on the configu-
ration of v2x-HighReception-r15 and v2x-Bandwidth-
ClassRxSL-r15.

[0089] not expected to attempt to decode more than 15
or 30 PSCCHs in a subframe depending on the con-
figuration of v2x-HighReception-rl5 and v2x-Band-
widthClassRxSL-r15.

[0090] not expected to attempt to decode more than 150
or 204 RBs in a subframe depending on the configu-
ration of v2x-HighReception-r15 and v2x-Bandwidth-
ClassRxSL-r15.

[0091] not expected to combine PSCCH transmitted in
different subframes.

[0092] not required to perform PSSCH-RSRP measure-
ment in a subframe that occurs before the reception of
a successfully decoded associated SCI format 1.

If the UE does not indicate capability v2x-HighReception-
r14 or v2x-HighReception-r15, it shall implement a mecha-
nism to avoid systematic dropping of PSCCH when the
number of PSCCH candidates exceeds the UE’s capability.
UE applies the PSSCH-RSRP measured in a subframe that
occurs at the reception of a successfully decoded associated
SCI format 1 to a subframe that is indicated by the SCI
format 1 but occurs before the reception of the SCI format
1. UE applies the PSSCH-RSRP measured in a subframe
that occurs at the reception of a successfully decoded
associated SCI format 1 to a subframe that is indicated by
the SCI format 1 if SCI format 1 scheduling the same
transport block is successfully decoded in only one sub-
frame. UE is not expected to decode PSSCH that occurs
before the reception of a successfully decoded associated
SCI format 1.

[0093] If a UE uplink transmission of a serving cell
overlaps in time domain with a sidelink transmission for
sidelink transmission mode 3 or 4 of the same serving cell
and the value in “Priority” field of the corresponding SCI is
smaller than the high layer parameter thresSL-TxPrioritiza-
tion, then the UE shall drop the uplink transmission. Else, if
a UE uplink transmission of a serving cell overlaps in time
domain with sidelink transmission for sidelink transmission
mode 3 or 4 of the same serving cell, then the UE shall drop
the sidelink transmission.

[0094] In sidelink transmission mode 3 or 4, if a UE’s
sidelink transmission has SCI whose “Priority” field is set to
a value greater than or equal to the high layer parameter
thresSL-TxPrioritization, and if the UE’s sidelink transmis-
sion in a subframe overlaps in time with its uplink trans-
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mission(s) occurring on serving cell(s) where the sidelink
transmission does not occur, the UE shall adjust the sidelink
transmission power such that its total transmission power
does not exceed P, ,, defined in [6] on any overlapped
portion. In this case, calculation of the adjustment to the
sidelink transmission power is not specified.

[0095] In sidelink transmission mode 3 or 4, if a UE’s
sidelink transmission on a carrier overlaps in time with
sidelink transmission on other carrier(s) and its total trans-
mission power exceeds P,,, s defined in [6], the UE shall
adjust the transmission power of the sidelink transmission
which has SCI whose “Priority” field is set to the largest
value among all the “Priority” values of the overlapped
sidelink transmissions such that its total transmission power
does not exceed P, defined in [6]. In this case, calcu-
lation of the adjustment to the sidelink transmission power
is not specified. If the transmission power still exceeds
Parax defined in [6] after this power adjustment, the UE
shall drop the sidelink transmission with the largest “Prior-
ity” field in its SCI and repeat this procedure over the
non-dropped carriers. It is not specified which sidelink
transmission the UE adjusts when sidelink transmissions
overlapping in time on two or more carriers have the same
value for the “Priority” field.

14.1 Physical Sidelink Shared Channel Related Procedures

14.1.1 UE Procedure for Transmitting the PSSCH

[0096] If the UE transmits SCI format 0 on PSCCH
according to a PSCCH resource configuration in subframe n
belonging to a PSCCH period (described in Subclause
14.2.3), then for the corresponding PSSCH transmissions

[0097] the transmissions occur in a set of subframes in
the PSCCH period and in a set of resource blocks
within the set of subframes. The first PSSCH transport
block is transmitted in the first four subframes in the
set, the second transport block is transmitted in the next
four subframes in the set, and so on.

[0098]

[0099] the set of subframes is determined using the
subframe pool indicated by the PSSCH resource
configuration (described in Subclause 14.1.4) and
using time resource pattern (I,,) in the SCI
format 0 as described in Subclause 14.1.1.1.

[0100] the set of resource blocks is determined
using Resource block assignment and hopping
allocation in the SCI format O as described in
Subclause 14.1.1.2.

[0101]

[0102] the set of subframes is determined using the
subframe pool indicated by the PSSCH resource
configuration (described in Subclause 14.1.3) and
using time resource pattern (I, z,) in the SCI
format 0 as described in Subclause 14.1.1.3.

[0103] the set of resource blocks is determined
using the resource block pool indicated by the
PSSCH resource configuration (described in Sub-
clause 14.1.3) and using Resource block assign-
ment and hopping allocation in the SCI format 0
as described in Subclause 14.1.1.4.

[0104] the modulation order is determined using the
“modulation and coding scheme” field (I,,.s) in SCI

for sidelink transmission mode 1,

for sidelink transmission mode 2,
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format 0. For 0=l ,~=<28, the modulation order is set to

Q'=min(4, Q,,"), where Q,,' is determined from Table

8.6.1-1.

[0105] the TBS index (I,zs) is determined based on
I,scs and Table 8.6.1-1, and the transport block size is
determined using Is and the number of allocated
resource blocks (Npzz) using the procedure in Sub-
clause 7.1.7.2.1.

[0106] If the UE transmits SCI format 1 on PSCCH
according to a PSCCH resource configuration in subframe n,
then for the corresponding PSSCH transmissions of one TB

[0107] for sidelink transmission mode 3,

[0108] the set of subframes and the set of resource
blocks are determined using the subframe pool indi-
cated by the PSSCH resource configuration (de-
scribed in Subclause 14.1.5) and using “Retransmis-
sion index and Time gap between initial transmission
and retransmission” field and “Frequency resource
location of the initial transmission and retransmis-
sion” field in the SCI format 1 as described in
Subclause 14.1.1.4A.

[0109] for sidelink transmission mode 4,

[0110] the set of subframes and the set of resource
blocks are determined using the subframe pool indi-
cated by the PSSCH resource configuration (de-
scribed in Subclause 14.1.5) and using “Retransmis-
sion index and Time gap between initial transmission
and retransmission” field and “Frequency resource
location of the initial transmission and retransmis-
sion” field in the SCI format 1 as described in
Subclause 14.1.1.4B.

[0111] ifhigher layer indicates that rate matching for the
last symbol in the subframe is used for the given
PSSCH
[0112] Transmission Format of corresponding SCI

format 1 is set to 1,

[0113] the modulation order is determined using the
“modulation and coding scheme” field (I,,-¢) in SCI
format 1.

[0114] for O<l,, =28, the TBS index (I,5) is deter-
mined based on I,,; and Table 8.6.1-1,

[0115] for 29<],, =31, the TBS index (I,55) is deter-
mined based on I,,; and Table 14.1.1-2,

[0116] the transport block size is determined by using

1,55 and setting the Table 7.1.7.2.1-1 column indi-
cator to max {|N5'x0.8], 1}, where N, to the
total number of allocated PRBs based on the proce-
dure defined in Subclause 14.1.1.4A and 14.1.1.4B.

[0117] otherwise
[0118] Transmission Format of SCI format 1 is set to

0 if present,

[0119] the modulation order is determined using the
“modulation and coding scheme” field (I,,-¢) in SCI
format 1. For 0<I, ;. ,=28, the modulation order is set
to Q'=min(4, Q,,"), where Q,,' is determined from
Table 8.6.1-1.

[0120] the TBS index (I,55) is determined based on
I,4cs and Table 8.6.1-1, and the transport block size
is determined using 1 5 and the number of allocated
resource blocks (N,zz) using the procedure in Sub-
clause 7.1.7.2.1.

For sidelink transmission mode 3 and 4, the param-
is given by table 14.1.1-1.

[0121]

eter P,
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[0122] FIG. 10 (a reproduction of Table 14.1.1-2: Modu-
lation and TBS index table for 29<I,,..<31)

[0123] FIG. 11 (a reproduction of Table 14.1.1-1: Deter-
mination of P, for sidelink transmission mode 3 and 4)
14.1.1.4A UE Procedure for Determining Subframes and
Resource Blocks for Transmitting PSSCH for Sidelink
Transmission Mode 3

[0124] Ifthe UE has a configured sidelink grant (described
in [8]) in subframe t,“ with the corresponding PSCCH
resource m (described in Subclause 14.2.4), the resource
blocks and subframes of the corresponding PSSCH trans-
missions are determined according to 14.1.1.4C. If the UE
has a configured sidelink grant (described in [8]) for an SL
SPS configuration activated by Subclause 14.2.1 and if a set
of sub-channels in subframe t,,*" is determined as the time
and frequency resource for PSSCH transmission corre-
sponding to the configured sidelink grant (described in [8])
of'the SL. SPS conﬁguration the same set of sub-channels in
subframes t,,, . Psps ~ are also determined for PSSCH trans-
missions corresponding to the same sidelink grant where
=1, 2, s Psps'=P 0, XPgpg/100, and (%%, 1,75, tzsL .

) is determmed by Subclause 14.1.5. Here, Pgpg is the
sidelink SPS interval of the corresponding SL. SPS configu-
ration.

14.1.1.4B UE Procedure for Determining Subframes and
Resource Blocks for Transmitting PSSCH and Reserving
Resources for Sidelink Transmission Mode 4

[0125] Ifthe UE has a configured sidelink grant (described
in [8]) in subframe t,"* with the corresponding PSCCH
resource m (described in Subclause 14.2.4), the resource
blocks and subframes of the corresponding PSSCH trans-
missions are determined according to 14.1.1.4C. The num-
ber of subframes in one set of the time and frequency
resources for transmission opportunities of PSSCH is given
by C,..; where C, ~10*SL_RESOURCE_RESELEC-
TION_COUNTER [8] if configured else C,_,_; is set to 1.

[0126] If a set of sub-channels in subframe t,** is deter-
mined as the time and frequency resource for PSSCH
transmission corresponding to the configured sidelink grant
(described in [8]), the same set of sub-channels in subframes
Y o SL are also determined for PSSCH transmissions
corresponding to the same sidelink grant where j=1, 2, . . .
’ Cresel_li PrsvpiTX":PsterPrsvpiTX/l005 and (tOSLS tISLs t2SL5
.. ) is determined by Subclause 14.1.5. Here, P,,,, ,is the
resource reservation interval indicated by higher layers.
[0127] If a UE is configured with high layer parameter
cr-Limit and transmits PSSCH in subframe n, the UE shall

ensure the following limits for any priority value k;

> CR() < CRumir(h)

ik

where CR(i) is the CR evaluated in subframe n—4 for the
PSSCH transmissions with “Priority” field in the SCI set to
i, and CR,,,. (k) corresponds to the high layer parameter
cr-Limit that is associated with the priority value k and the
CBR range which includes the CBR measured in subframe
n-4. It is up to UE implementation how to meet the above
limits, including dropping the transmissions in subframe n.
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14.1.1.4C UE Procedure for Determining Subframes and
Resource Blocks for PSSCH Transmission Associated with
an SCI Format 1

[0128] The set of subframes and resource blocks for
PSSCH transmission is determined by the resource used for
the PSCCH transmission containing the associated SCI
format 1, and “Frequency resource location of the initial
transmission and retransmission” field, “Retransmission
index” field, “Time gap between initial transmission and
retransmission” field of the associated SCI format 1 as
described below.

[0129] “Frequency resource location of the initial trans-
mission and retransmission” field in the SCI format 1 is
equal to resource indication value (RIV) corresponding to a
starting sub-channel index (n,, ,z""*"") and a length in terms
of contiguously allocated sub-channels (L, 5=1). The
resource indication value is defined by

[0130] if (L, p~D)=|N_, /2] then
[0131] RIV=NgenUapcaD¥ e
[0132] else

[0133] RIVEN,, ,cri(NsuscrrLsuscert D+ Nowscrrm

1 —Npcm
where N, -, 1s the total number of sub-channels in the pool

determined by higher layer parameter numSubchannel.
[0134] For the SCI format 1 transmitted on the PSCCH
resource m (described in subcaluse 14.2.4) in subframe t *%,
the set of subframes and sub-channels for the corresponding
PSSCH are determined as follows:
[0135] if SF,,, is zero,
[0136] the time and frequency resources for the cor-
responding PSSCH is given by
[0137] sub-channel(s) m, m+1, ..., m+L, 71
in subframe t,*.
[0138] else if “Retransmission index” in the SCI format
1 is zero,
[0139] the time and frequency resources for the cor-
responding PSSCH is given by
[0140] sub-channel(s) m, m+1, ..., m+L_,, -1

in subframe t,*, and
[0141] sub-channels n_ " 1, ,cr
e a1 in subframe t,, o >
[0142] else if “Retransmission index” in the S¢1 format
1 is one,
[0143] the time and frequency resources for the cor-

responding PSSCH is given by

start

+1, ...,
SL

[0144] sub-channels ng,, ;""" nwaHS’“”-;}, R
e+l pcm—1 in subframe t,_ P, and
[0145] sub-channels m, m+1, ..., m+L_,,-—11in

subframe t,°%.

where SF_,, is the value indicated by “Time gap between
initial transmission and retransmission” field the SCI format
1 and (t,%, t,%%, t,°%, . . . ) is determined by Subclause
14.1.5. When sub-channel(s) m, m+1, . . . ,m+L_, , 51 are
determined in a subframe for the transmission of PSSCH,
the set of resource blocks determined for the PSSCH trans-
mission is given by N/ > contiguous resource blocks
with  the  physical resource  block  number
Dpps ey crrpstareF N Moy crrzeti+B for j=0, .., Npgg
CHRB_I' Herei Ns,p CHRBstare and NyypcHsize A€ giVen by
higher layer parameters startRBSubchannel and sizeSub-
channel, respectively. The parameters Npgq-/> and B are

given as follows:
[0146] if a pool is (pre)configured such that a UE
always transmits PSCCH and the corresponding
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PSSCH in adjacent resource blocks in a subframe, =2
and Npgeey 2 is the largest integer that fulfils

RB_H02.303.505 # _
Npsscri =27%3%592L pcmr e Crsize2

[0147] where o, a5, O is a set of non-negative integers

[0148] if a pool is (pre)configured such that a UE may
transmit PSCCH and the corresponding PSSCH in
non-adjacent resource blocks in a subframe, =0 and
Npsscr ™ is the largest integer that fulfils

RB_ 02,303,505 #
Npsscr - =292395%sL per™ b crsize

[0149] where a,,,05,05 is a set of non-negative integers.

14.1.1.5 UE Procedure for PSSCH Power Control

[0150] For sidelink transmission mode 3, the UE transmit
power Ppgszy for PSSCH transmission is given by

Mpssch
Ppsscn = 10log, +

3
Mpsscy + 1010 X Mpscen

3
min{PCMAXs 1010g10(MPSSCH +10710 XMPSCCH) +

Po_pssch3 + apssch3 P L} [dBm],

where P, 1s defined in [6], and Mg 18 the bandwidth
of the PSSCH resource assignment expressed in number of
resource blocks and PL=PL_ where PL_ is defined in Sub-
clause 5.1.1.1. Py posemrs and Opgoeprs are provided by
higher layer parameters pOSL-V2V and alphaSL-V2V,
respectively and that are associated with the corresponding
PSSCH resource configuration. For sidelink transmission
mode 4, the UE transmit power Ppgq-z, for PSSCH trans-
mission in subframe n is given by

Mpsscr

Ppsscn = 101ogy +A [dBm],

3
Mpsscu + 1010 X Mpscen

where P, is defined in [6], Mgz is the bandwidth of
the PSSCH resource assignment expressed in number of
resource blocks, Mpg--7=2, and PL=PL_ where PL_ is
defined in Subclause 5.1.1.1. Py pssepra and Opggezr s are
provided by higher layer parameters pOSL-V2V and
alphaSL-V2V, respectively and that are associated with the
corresponding PSSCH resource configuration. If higher
layer parameter maxTxpower is configured then

A= min{PCMAX, PuaX_cBR»

3
10 IOglo(MPSSCH + 1070 x MPSCCH) + Po_psscua + OpsscH,4 - PL}
else

A= min{PCMAX,
3
10 10g10(MPSSCH +10T0 x MPSCCH) +Po_psscua +apsscr 'PL}
where Py, -5z 18 set to a maxTxpower value based on the

priority level of the PSSCH and the CBR range which
includes the CBR measured in subframe n-4.
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14.1.1.6 UE Procedure for Determining the Subset of
Resources to be Reported to Higher Layers in PSSCH
Resource Selection in Sidelink Transmission Mode 4

[0151] When requested by higher layers in subframe n for
a carrier, the UE shall determine the set of resources to be
reported to higher layers for PSSCH transmission according
to the following steps. Parameters L., the number of
sub-channels to be used for the PSSCH transmission in a
subframe, P,,,, . the resource reservation interval, and
priosy the priority to be transmitted in the associated SCI
format 1 by the UE are all provided by higher layers. C
is determined according to Subclause 14.1.1.4B.
[0152] If partial sensing is not configured by higher layers
then the following steps are used:

[0153] 1) A candidate single-subframe resource for
PSSCH transmission R, is defined as a set of L, ;¢
contiguous sub-channels with sub-channel x+j in sub-
frame t L where j=0, . . ., L, cy~1. The UE shall
assume that any set of LmbCH contiguous sub-channels
included in the corresponding PSSCH resource pool
(described in 14.1.5) within the time interval [n+T,,
n+T,] corresponds to one candidate single-subframe
resource, where selections of T, and T, are up to UE
implementations under T,;=<4 and T,,,, (prio; )
=T,=100,ifT,,,,, (prio ) is provided by higher layers
for prioy, otherwise 20<T,=<100. UE selection of T,
shall fulfil the latency requirement. The total number of
the candidate single-subframe resources is denoted by

Mtotal'

[0154] 2) The UE shall monitor subframes t,,, ;o.» ~,
SL ste;

1,

tn 10%Pg,+1 5

resel

SL

e St except for those in which its
transmissions occur, Where t,=n 1f subframe n
belongs to the set (t,°%, t,°%, .. ., t; %), otherwise
subframe t,°" is the first subframe a”lter subframe n
belonging to the set (t,*%, t,°%, r °F). The UE
shall perform the behaV1our in the follow1ng steps
based on PSCCH decoded and S-RSSI measured in
these subframes.

[0155] 3) The parameter Th,, is set to the value indi-
cated by the i-th SL-ThresPSSCH-RSRP field in SL-
ThresPSSCH-RSRP-List where i=a*8+b+1.

[0156] 4) The set S, is initialized to the union of all the
candidate single-subframe resources. The set S is
initialized to an empty set.

[0157] 5) The UE shall exclude any candidate single-
subframe resource R, , from the set S , if it meets all the
following conditions:

[0158] the UE has not monitored subframe t°*
Step 2.
[0159] there is an integer j which meets y+jxP
*Z+Pstep><k><q where j=0, 1, s Croser=1s Py
=P, XP, ., /100, k is any Value allowed by the
higher layer parameter restrictResourceReservation-
Period and g=1, 2, . . ., Q. Here,

in

rsvp_

if k<1 and n' Z<Pstep><l( where t,*
to the set t,°%, 55, . ..t L
the first subframe belongingmto the set 1,
after subframe n; and Q=1 otherwise.

L—n if subframe n belongs

, otherwise subframe t,,
SL t SL t
s ML s s e T
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[0160] 6) The UE shall exclude any candidate single-
subframe resource R, , from the set S , if it meets all the
following conditions:

[0161] the UE receives an SCI format 1 in subframe
t,,F, and “Resource reservation” field and “Priority”
field in the received SCI format 1 indicate the values
P,..p zx and priogy, respectively according to Sub-
clause 14.2.1.

[0162] PSSCH-RSRP measurement according to the
received SCI format 1 is higher than Th,,,., . .04

[0163] the SCI format received in subframe t, >~ or

the same SCI format 1 which is assumed to be

received in subframe(s) t,,, p, wp,, o determines

according to 14.1.1.4C the set of resGurce blocks and

subframes which overlaps withR, . p . forg=l,
, Qand j=0, 1, s Croser ere,
0= 1
" Prup_rx
it P, zx<l and n'-m=P,, xP . &, where
h=n
if subframe n belongs to the set (t,°%, t,5%, . . . | tr, SL),

otherwise subframe t, 1s the ﬁrst subframe after subframe n
belonging to the set (tO %%, . St SL) otherwise Q=1.

[0164] 7) If the number of candldate s1ngle subframe
resources remaining in the set S, is smaller than
0.2'M,,,;, then Step 4 is repeated with Th, , increased
by 3 dB.

[0165] 8) For a candidate single-subframe resource R,
remaining in the set S, the metric B, is defined as the
linear average of S-RSSI measured in sub channels x+k
fork=0, ..., L, ;-1 in the monitored subframes in
Step 2 that can be expressed by tp, « L~ for a non-
negative integer j if Pmp =100, and” ty_ 2, SL for
a non-negative integer j otherwise.

[0166] 9) The UE moves the candidate single-subframe
resource R, , with the smallest metric B, from the set
S, to Sg. This step is repeated until the number of
candidate single-subframe resources in the set S
becomes greater than or equal to 0.2-M, ;.

[0167] The UE shall report set Sz to higher layers.
[0168] If partial sensing is configured by higher layers
then the following steps are used:

[0169] 1) A candidate single-subframe resource for
PSSCH transmission R, is defined as a set of L, ;¢
contiguous sub-channels with sub-channel x+j in sub-
frame t L where j=0, . . ., L_,cu~1. The UE shall
determ1ne by its 1mplementation a set of subframes
which consists of at least Y subframes within the time
interval [n+T,, n+T,] where selections of T| and T, are
up to UE implementations under 71<4 and T,,,,,(pri-
0)=<T,=<100, if T, (priosy) is provided by higher
layers for prio ., otherwise 20<T,=<100. UE selection
of T, shall fulfil the latency requirement and Y shall be
greater than or equal to the high layer parameter
minNumCandidateSF. The UE shall assume that any
set of L,,,, -z contiguous sub-channels included in the
corresponding PSSCH resource pool (described in
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14.1.5) within the determined set of subframes corre-
spond to one candidate single-subframe resource. The
total number of the candidate single-subframe
resources is denoted by M,_, ..

[0170] 2) If a subframe tySL is included in the set of
subframes in Step 1, the UE shall monitor any subframe
Gomp,, SL if k-th bit of the high layer parameter gap-
CandidléteSensing is set to 1. The UE shall perform the
behaviour in the following steps based on PSCCH
decoded and S-RSSI measured in these subframes.

[0171] 3) The parameter Th, , is set to the value indi-
cated by the i-th SL-ThresPSSCH-RSRP field in SL-
ThresPSSCH-RSRP-List where i=a*8+b+1.

[0172] 4) The set S, is initialized to the union of all the
candidate single-subframe resources. The set S is
initialized to an empty set.

[0173] 5) The UE shall exclude any candidate single-
subframe resource R, from the set S, if it meets all the
following conditions:

[0174] the UE receives an SCI format 1 in subframe
t,,F, and “Resource reservation” field and “Priority”
field in the received SCI format 1 indicate the values
P, rx and priog, respectively according to Sub-
clause 14.2.1.

[0175] PSSCH-RSRP measurement according to the
received SCI format 1 is higher than Th,,,,, .50,

[0176] the SCI format received in subframe t,,>~ or

the same SCI format 1 which is assumed to be

received in subframe(s) t 5L determines

MA+G@RPoppXProyp R

according to 14.1.1.4C the set of resGurce blocks and

subframes which overlaps with R, ;. P 1 for g=1,
2,...,Qand j=0,1,...,C,. 1 Here,
0= 1
" Puvp_rx

it P, zx<1 and y'-m=P,, %P, »:+P,,, , where ty,SL is
the last subframe of the Y subframes, and Q=1 otherwise.

[0177] 6) If the number of candidate single-subframe
resources remaining in the set S, is smaller than
0.2'M,, ;> then Step 4 is repeated with Th,, , increased
by 3 dB.

[0178] 7) For a candidate single-subframe resource R, ,
remaining in the set S ,, the metric B, , is defined as the
linear average of S-RSSI measured in sub-channels x+k
fork=0, ..., L, ,cr—1 in the monitored subframes in
Step 2 thgt can l?e expressed by ty_Pmp*jSL for a non-
negative integer j.

[0179] 8) The UE moves the candidate single-subframe
resource R, , with the smallest metric E, , from the set
S, to Sg. This step is repeated until the number of
candidate single-subframe resources in the set Sy
becomes greater than or equal to 0.2-M,_, ;-

[0180] The UE shall report set Sz to higher layers.
14.1.1.7 Conditions for Selecting Resources when the Num-
ber of HARQ Transmissions is Two in Sidelink Transmis-
sion Mode 4

[0181] When a set of subframes t,,, P TX,SL for j=0, 1, .
. ., J-1 have been selected for a set of transmission
opportunities of PSSCH, a set of subframes t,,,,, . P iy L
for j=0, 1, . . ., J-1 for another set of transmission
opportunities of PSSCH shall meet the conditions —15<k=<15
and k=0 where P,,,, ;=P xP,,, /100 and I is the

step
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maximum number of transmission opportunities of PSSCH
in a selected subframe set. Here, P, ;v is the resource
reservation interval provided by higher layers.

14.1.2 UE Procedure for Receiving the PSSCH

[0182] For sidelink transmission mode 3, a UE upon
detection of SCI format 1 on PSCCH can decode PSSCH
according to the detected SCI format 1, and associated
PSSCH resource configuration configured by higher layers.
[0183] For sidelink transmission mode 4, a UE upon
detection of SCI format 1 on PSCCH can decode PSSCH
according to the detected SCI format 1, and associated
PSSCH resource configuration configured by higher layers.

14.1.5 UE Procedure for Determining Resource Block Pool
and Subframe Pool for Sidelink Transmission Mode 3 and 4

[0184] The set of subframes that may belong to a PSSCH
resource pool for sidelink transmission mode 3 or 4 is
denoted by (t,%5, t,°%, . . ., tTmSL) where
[0185] 0=t;*"<10240,
[0186] the subframe index is relative to subframe #0 of
the radio frame corresponding to SFN 0 of the serving
cell or DFN 0 (described in [11]),
[0187] the set includes all the subframes except the
following subframes,

[0188] subframes in which SLSS resource is config-
ured,
[0189] downlink subframes and special subframes if

the sidelink transmission occurs in a TDD cell,

[0190] reserved subframes which are determined by
the following steps:

[0191] 1) the remaining subframes excluding N,
and N, - subframes from the set of all the sub-
frames are denoted by (Ip, 1, . . ., Lio240-n, -
~, 1y arranged in increasing order of subframe
inde_:x, where N, is the number of subframes in
which SLSS resource is configured within 10240
subframes and N, is the number of downlink
subframes and special subframes within 10240
subframes if the sidelink transmission occurs in a

TDD cell.

[0192] 2) a subframe 1, (0=r<(10240-N;,~N . 2)
belongs to the reserved subframes if

{m- (10240 — Nyges — Nassy)

Niyeserved

where m=0, . . ., N ,...~1 and N, ... ~(10240-N_, —
Ny pmod Ly, Here, L. the length of the bitmap is
configured by higher layers.

[0193] the subframes are arranged in increasing order of
subframe index.

[0194] The UE determines the set of subframes assigned
to a PSSCH resource pool as follows:

[0195] A bitmap (bg, by, . - ., bp,.,) associated with
the resource pool is used where L., the length of the
bitmap is configured by higher layers.

[0196] A subframe t,** (0=k<(10240-N; ~N N, -
served)) belongs to the subframe pool if b, =1 where k'=k
mod Loitmap:
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[0197] The UE determines the set of resource blocks
assigned to a PSSCH resource pool as follows:

[0198] The resource block pool consists of N, cz
sub-channels where N, ., is given by higher layer
parameter numSubchannel.

[0199] The sub-channel m for m=0, 1, . . . , N, 1
consists of a set of n,,, zy.. contiguous resource
blocks with the physical resource block number
nPRB:nsubCHRBstart+m*nsubCHsiZe+j for J:05 ls LR
nsubCHsiZe_l where N, pCHRBstart and N0 cHsize A€
given by higher layer parameters startRBSubchannel

and sizeSubchannel, respectively

14.2 Physical Sidelink Control Channel Related Procedures

[0200] For sidelink transmission mode 1, if a UE is
configured by higher layers to receive DCI format 5 with the
CRC scrambled by the SL-RNTI, the UE shall decode the
PDCCH/EPDCCH according to the combination defined in
Table 14.2-1.

[0201] FIG. 12 (a reproduction of Table 14.2-1: PDCCH/
EPDCCH configured by SL-RNTI)

[0202] For sidelink transmission mode 3, if a UE is
configured by higher layers to receive DCI format SA with
the CRC scrambled by the SL-V-RNTI or SL-SPS-V-RNTI,
the UE shall decode the PDCCH/EPDCCH according to the
combination defined in Table 14.2-2. A UE is not expected
to receive DCI format 5A with size larger than DCI format
0 in the same search space that DCI format 0 is defined on.
[0203] FIG. 13 (a reproduction of Table 14.2-2: PDCCH/
EPDCCH configured by SL-V-RNTI or SL-SPS-V-RNTTI)
[0204] The carrier indicator field value in DCI format SA
corresponds to v2x-InterFreqlnfo.

14.2.1 UE Procedure for Transmitting the PSCCH

[0205] For sidelink transmission mode 3,

[0206] The UE shall determine the subframes and
resource blocks for transmitting SCI format 1 as fol-
lows:

[0207] SCI format 1 is transmitted in two physical
resource blocks per slot in each subframe where the
corresponding PSSCH is transmitted.

[0208] If the UE receives in subframe n DCI format
5A with the CRC scrambled by the SL-V-RNTI, one
transmission of PSCCH is in the PSCCH resource
L, (described in Subclause 14.2.4) in the first
subframe that is included in (t,°%, t,%, t,°%, . .. ) and
that starts not earlier than

N
Tpr — %XTS+(4+m)><10’3.

L, is the value indicated by “Lowest index of the sub-
channel allocation to the initial transmission” associated
With the configured sidelink grant (described in [8]), (t,*%,
t,%5, 6,5, . .. ) is determined by Subclause 14.1.5, the value
m is 1ndlcated by ‘SL index’ field in the corresponding DCI
format SA according to Table 14.2.1-1 if this field is present
and m=0 otherwise, T, is the start of the downlink sub-
frame carrying the DCI, and N, and T are described in [3].
[0209] If “Time gap between initial transmission

and retransmission” in the configured sidelink

grant (described in [8]) is not equal to zero,

10
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another transmission of PSCCH is in the PSCCH
resource Lz, in subframet,, S, L~ where SFeup
is the value indicated by “Time gap between initial
transmission and retransmission” ﬁeld in the con-
figured sidelink grant, subframe tq L corresponds
to the subframe n+k,,,,. Lz, corresponds to the
value n,, ;" determined by the procedure in
Subclause 14.1.1.4C with the RIV set to the value
indicated by “Frequency resource location of the
initial transmission and retransmission” field in

the configured sidelink grant.

[0210] If the UE receives in subframe n DCI format
5A with the CRC scrambled by the SL-SPS-V-RNTI,
the UE shall consider the received DCI information
as a valid sidelink semi-persistent activation or
release only for the SPS configuration indicated by
the SL SPS configuration index field. If the received
DCI activates an SL. SPS configuration, one trans-
mission of PSCCH is in the PSCCH resource L,
(described in Subclause 14.2.4) in the first subframe
that is included in (t,°%, t,°%, t,°%, . . . and that starts
not earlier than

N,
Tor — %XTS+(4+m)><10’3.

L,,;, is the value indicated by “Lowest index of the sub-
channel allocation to the initial transmission” associated
With the configured sidelink grant (described in [8]), (t,*%,
t,%F, t,°5, . . .) is determined by Subclause 14.1.5, the value
m is 1ndlcated by ‘SL index’ field in the corresponding DCI
format 5SA according to Table 14.2.1-1 if this field is present
and m=0 otherwise, T, is the start of the downlink sub-
frame carrying the DCI, and N, and T are described in [3].

[0211] If “Time gap between initial transmission
and retransmission” in the configured sidelink
grant (described in [8]) is not equal to zero,
another transmission of PSCCH is in the PSCCH
resource Lz, in subframe t SF,,) L where SE, p

is the value indicated by “Time gap between initial

transmission and retransmission” ﬁeld in the con-
figured sidelink grant, subframe t L corresponds
to the subframe n+k,,,,. Lz 7+ corresponds to the
value n,, ;> determined by the procedure in

Subclause 14.1.1.4C with the RIV set to the value

indicated by “Frequency resource location of the

initial transmission and retransmission” field in

the configured sidelink grant.

[0212] The UE shall set the contents of the SCI format
1 as follows:

[0213] the UE shall set the Modulation and coding
scheme as indicated by higher layers.

[0214] the UE shall set the “Priority” field according
to the highest priority among those priority(s) indi-
cated by higher layers corresponding to the transport
block.

[0215] the UE shall set the Time gap between initial
transmission and retransmission field, the Frequency
resource location of the initial transmission and
retransmission field, and the Retransmission index
field such that the set of time and frequency
resources determined for PSSCH according to Sub-
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clause 14.1.1.4C is in accordance with the PSSCH

resource allocation indicated by the configured side-

link grant.

[0216] the UE shall set the Resource reservation
according to table 14.2.1-2 based on indicated value
X, where X is equal to the Resource reservation
interval provided by higher layers divided by 100.

[0217] Each transmission of SCI format 1 is trans-
mitted in one subframe and two physical resource
blocks per slot of the subframe.

[0218] The UE shall randomly select the cyclic shift
n,,, among {0, 3, 6, 9} in each PSCCH transmission.

[0219] For sidelink transmission mode 4,

[0220] The UE shall determine the subframes and
resource blocks for transmitting SCI format 1 as fol-
lows:

[0221] SCI format 1 is transmitted in two physical
resource blocks per slot in each subframe where the
corresponding PSSCH is transmitted.

[0222] If the configured sidelink grant from higher
layer indicates the PSCCH resource in subframe t,*%,
one transmission of PSCCH is in the indicated
PSCCH resource m (described in Subclause 14.2.4)
in subframe t,**.

[0223] If “Time gap between initial transmission
and retransmission” in the configured sidelink
grant (described in [8]) is not equal to zero,
another transmission of PSCCH is in the PSCCH
resource L, in subframe t,, o, ** where SFup
is the value indicated by “Time gégg between initial
transmission and retransmission” field in the con-
figured sidelink grant, L, ., corresponds to the
value n_, ;" determined by the procedure in

Subclause 14.1.1.4C with the RIV set to the value

indicated by “Frequency resource location of the

initial transmission and retransmission” field in
the configured sidelink grant.
[0224] the UE shall set the contents of the SCI format

1 as follows:

[0225] the UE shall set the Modulation and coding
scheme as indicated by higher layers.

[0226] the UE shall set the “Priority” field according
to the highest priority among those priority(s) indi-
cated by higher layers corresponding to the transport
block.

[0227] the UE shall set the Time gap between initial
transmission and retransmission field, the Frequency
resource location of the initial transmission and
retransmission field, and the Retransmission index
field such that the set of time and frequency
resources determined for PSSCH according to Sub-
clause 14.1.1.4C is in accordance with the PSSCH
resource allocation indicated by the configured side-
link grant.

[0228] the UE shall set the Resource reservation field
according to table 14.2.1-2 based on indicated value
X, where X is equal to the Resource reservation
interval provided by higher layers divided by 100.

[0229] Each transmission of SCI format 1 is trans-
mitted in one subframe and two physical resource
blocks per slot of the subframe.

[0230] The UE shall randomly select the cyclic shift
n,, among {0, 3, 6, 9} in each PSCCH transmis-
sion.
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[0231] FIG. 14 (a reproduction of Table 14.2.1-1: Map-
ping of DCI format SA offset field to indicated value m)

[0232] FIG. 15 (a reproduction of Table 14.2.1-2: Deter-
mination of the Resource reservation field in SCI format 1)

14.2.1.3 UE Procedure for PSCCH Power Control

[0233] For sidelink transmission mode 3, the UE transmit
power Pq .y for PSCCH transmission is given by

3
1070 X Mpscen
Ppscen = 10logy, 3 +
Mpsscn + 1010 X Mpscen

3
min{PCMAXs 1010g10(MPSSCH + 1010 x MPSCCH) +

Po_pssch,3 + apssch,3 PL} [dBm],

where P, is defined in [6], Mgz is the bandwidth of
the PSSCH resource assignment expressed in number of
resource block, Mpg-7=2, and PL=PL_ where PL_ is
defined in Subclause 5.1.1.1. Py psseprs and Opggeprs are
provided by higher layer parameters pOSL-V2V and
alphaSL-V2V, respectively and that are associated with the
corresponding PSSCH resource configuration.

[0234] For sidelink transmission mode 4, the UE transmit
power Ppoyy for PSCCH transmission in subframe n is
given by

3
1070 x Mpsccn

Ppscen = 10logy, + B [dBm],

3
Mpsscy + 1010 X Mpscen

where P, is defined in [6], Mgz is the bandwidth of
the PSSCH resource assignment expressed in number of
resource block, Mpg-7=2, and PL=PL_ where PL_ is
defined in Subclause 5.1.1.1. Py, pogepr 4 and Opggep 4 are
provided by higher layer parameters pOSL-V2V and
alphaSL-V2V, respectively and that are associated with the
corresponding PSSCH resource configuration. If higher
layer parameter maxTxpower is configured then

B= min{PCMAX, PuaX_cBR»

3
1010g10(MPSSCH + 10710 x MPSCCH) + Po_psscH4 + apsscHa - PL}
else

B= min{PCMAX,

3
1010g10(MPSSCH + 10710 x MPSCCH) +Po_psscua + apsscra PL}

where P, cpx 15 set to a maxTxpower value based on the
priority level of the PSSCH and the CBR range which
includes the CBR measured in subframe n—4.

14.2.2 UE Procedure for Receiving the PSCCH

[0235] Foreach PSCCH resource configuration associated
with sidelink transmission mode 3, a UE configured by
higher layers to detect SCI format 1 on PSCCH shall attempt
to decode the PSCCH according to the PSCCH resource
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configuration. The UE is not required to decode more than
one PSCCH at each PSCCH resource candidate. The UE
shall not assume any value for the “Reserved bits” before
decoding a SCI format 1.

[0236] For each PSCCH resource configuration associated
with sidelink transmission mode 4, a UE configured by
higher layers to detect SCI format 1 on PSCCH shall attempt
to decode the PSCCH according to the PSCCH resource
configuration. The UE is not required to decode more than
one PSCCH at each PSCCH resource candidate. The UE
shall not assume any value for the “Reserved bits” before
decoding a SCI format 1.

14.2.4 UE Procedure for Determining Resource Block Pool
for PSCCH in Sidelink Transmission Mode 3 and 4

[0237] The following procedure is used for sidelink trans-
mission mode 3 and 4.

[0238] If a pool is (pre)configured such that a UE always
transmits PSCCH and the corresponding PSSCH in adjacent
resource blocks in a subframe, the PSCCH resource m is the
set of two contiguous resource blocks with the physical
resource block number Npzz=n_,;crrzsrar AN Ny, b crrsizet]
for j=0 and 1 where 0., ,z7z 5510re A 0,5 cr75i00 are given by
higher layer parameters startRBSubchannel and sizeSub-
channel, respectively.

[0239] If a pool is (pre)configured such that a UE may
transmit PSCCH and the corresponding PSSCH in non-
adjacent resource blocks in a subframe, the PSCCH resource
m is the set of two contiguous resource blocks with the
physical resource block number Npzs=Npcccrrsmrt2 FM+]
for j=0 and 1 where npgcrro0,, 15 given by higher layer
parameter startRBPSCCHPool.

[0240] In the Final Report of 3GPP TSG RAN WG1 #94
v1.0.0, agreements for New Radio (NR) Vehicle-to-Every-
thing (V2X) sidelink transmission are quoted below:

Agreements:

[0241] RANI to study the following topics for the SL
enhancement for unicast and/or groupcast. Other topics
are not precluded.

[0242] HARQ feedback
[0243] CSI acquisition
[0244] Open loop and/or closed-loop power control
[0245] Link adaptation
[0246] Multi-antenna transmission scheme
Agreements:
[0247] At least PSCCH and PSSCH are defined for NR

V2X. PSCCH at least carries information necessary to
decode PSSCH.
[0248] Note: PSBCH will be discussed in the syn-
chronization agenda.
[0249] RANTI continues study on the necessity of other
channels.
[0250] Further study on
[0251] Whether/which sidelink feedback information
is carried by PSCCH or by another channel/signal.
[0252] Whether/which information to assist resource
allocation and/or schedule UE’s transmission
resource(s) is carried by PSCCH or by another
channel/signal.
[0253] PSCCH format(s) and content(s) for unicast,
groupcast, and broadcast
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Agreement:

[0254] RANI1 continues study on the necessity, benefits
and relationship between bandwidth part and resource
pool.

Agreements:

[0255] RANI to continue study on multiplexing physical
channels considering at least the above aspects:

[0256] Multiplexing of PSCCH and the associated
PSSCH (here, the “associated” means that the PSCCH
at least carries information necessary to decode the
PSSCH).

[0257] Study further the following options:

[0258] Option 1: PSCCH and the associated
PSSCH are transmitted using non-overlapping
time resources.

[0259] Option 1A: The frequency resources
used by the two channels are the same.

[0260] Option 1B: The frequency resources
used by the two channels can be different.

[0261] Option 2: PSCCH and the associated
PSSCH are transmitted using non-overlapping fre-
quency resources in the all the time resources used
for transmission. The time resources used by the
two channels are the same.

[0262] Option 3: A part of PSCCH and the asso-
ciated PSSCH are transmitted using overlapping
time resources in non-overlapping frequency
resources, but another part of the associated
PSSCH and/or another part of the PSCCH are
transmitted using non-overlapping time resources.

[0263] FIG. 16 illustrates the above options.
Agreements:
[0264] At least two sidelink resource allocation modes are

defined for NR-V2X sidelink communication

[0265] Mode 1: Base station schedules sidelink
resource(s) to be used by UE for sidelink transmission
(s)

[0266] Mode 2: UE determines (i.e. base station does
not schedule) sidelink transmission resource(s) within
sidelink resources configured by base station/network
or pre-configured sidelink resources

Notes:

[0267] eNB control of NR sidelink and gNB control of
LTE sidelink resources will be separately considered in
corresponding agenda items.

[0268] Mode-2 definition covers potential sidelink
radio-layer functionality or resource allocation sub-
modes (subject to further refinement including merging
of some or all of them) where

[0269] a) UE autonomously selects sidelink resource
for transmission

[0270] b) UE assists sidelink resource selection for
other UE(s)

[0271] c¢) UE is configured with NR configured grant
(type-1 like) for sidelink transmission

[0272] d) UE schedules sidelink transmissions of other
UEs
[0273] RANI to continue study details of resource allo-

cation modes for NR-V2X sidelink communication
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[0274] In the Final Report of 3GPP TSG RAN WGI
#94bis v1.0.0, agreements for NR V2X sidelink transmis-
sion are quoted below:

Agreements:

[0275] For unicast, sidelink HARQ feedback and
HARQ combining in the physical layer are supported.
[0276] FFS details, including the possibility of dis-

abling HARQ in some scenarios

[0277] For groupcast, sidelink HARQ feedback and
HARQ combining in the physical layer are supported.
[0278] FFS details, including the possibility of dis-

abling HARQ in some scenarios

Agreements:

[0279] In the context of sidelink CSI, RAN1 to study
further which of the following information is useful in
sidelink operation when it is available at the transmit-
ter.

[0280] Information representing the channel between
the transmitter and receiver
[0281] Information representing the interference at
receiver
[0282] Examples for this information are
[0283] CQI, PMI, RI, RSRP, RSRQ, pathgain/
pathloss, SRI, CRI, interference condition, vehicle
motion
[0284] FFS including
[0285] Such information can be acquired using
reciprocity or feedback
[0286] Time scale of the information
[0287] Which information is useful in which
operation and scenario

Agreements:

[0288] For PSCCH and associated PSSCH multiplexing

[0289] At least one of Option 1A, 1B, and 3 is sup-
ported.
[0290] FFS whether some options require transient

period between PSCCH and PSSCH.
[0291] FFS whether to support Option 2

Agreements:

[0292] Sidelink control information (SCI) is defined.

[0293] SCI is transmitted in PSCCH.

[0294] SCI includes at least one SCI format which
includes the information necessary to decode the
corresponding PSSCH.

[0295] NDI, if defined, is a part of SCIL.
[0296] Sidelink feedback control information (SFCI) is
defined.

[0297] SFCI includes at least one SFCI format which

includes HARQ-ACK for the corresponding
PSSCH.
[0298] FFS whether a solution will use only one of

“ACK,” “NACK.,” “DTX,” or use a combination
of them.
[0299] FFS how to include other feedback informa-
tion (if supported) in SFCI.
[0300] FFS how to convey SFCI on sidelink in
PSCCH, and/or PSSCH, and/or a new physical side-
link channel
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[0301] FFS in the context of Mode 1:
[0302] whether/how to convey information for SCI
on downlink
[0303] whether/how to convey information of SFCI
on uplink

Agreements:

[0304] Sidelink sensing and resource selection proce-
dures are studied for Mode-2(a)
[0305] The following techniques are studied to iden-
tify occupied sidelink resources

[0306] decoding of sidelink control channel trans-
missions

[0307] sidelink measurements

[0308] detection of sidelink transmissions

[0309] other options are not precluded, including

combination of the above options
[0310] The following aspects are studied for sidelink
resource selection
[0311] how a UE selects resource for PSCCH and
PSSCH transmission (or other sidelink physical
channel/signal, if it is introduced)
[0312] which information is used by UE for
resource selection procedure
[0313] In the Draft Report of 3GPP TSG RAN WG1 #95
v0.2.0, the following agreements are disclosed:
PSCCH (and/or PSSCH)

Agreements:

[0314] For PSCCH (and/or PSSCH) in FR1, NR V2X
supports normal CP for 15 kHz, 30 kHz, 60 kHz, and
extended CP for 60 kHz.

[0315] FFS extended CP for 30 kHz in FR1.
[0316] FFS CP for PSCCH (and/or PSSCH) in FR2
[0317] E.g., NR V2X supports normal CP for 60 kHz

and 120 kHz, and extended CP for 60 kHz
[0318] FFS extended CP for 120 kHz in FR2.
[0319] Only one combination of CP length and SCS is
used in a carrier at a given time for NR V2X UEs
communicating with each other using SL.

Working Assumption:

[0320] Regarding PSCCH/PSSCH multiplexing, at
least option 3 is supported for CP-OFDM.

[0321] RANI assumes that transient period is not
needed between symbols containing PSCCH and
symbols not containing PSCCH in the supported
design of option 3.

[0322] FFS how to determine the starting symbol of
PSCCH and the associated PSSCH

[0323] FFS for other options. e.g. whether some of
them are supported to increase PSCCH coverage.

Agreement:

[0324] Physical sidelink feedback channel (PSFCH) is
defined and it is supported to convey SFCI for unicast
and groupcast via PSFCH.

Agreements:

[0325] When SLL HARQ feedback is enabled for uni-
cast, the following operation is supported for the non-
CBG case:



US 2020/0205165 Al

[0326] Receiver UE generates HARQ-ACK if it suc-
cessfully decodes the corresponding TB. It generates
HARQ-NACK if it does not successfully decode the
corresponding TB after decoding the associated
PSCCH which targets the receiver UE.

[0327] FFS whether to support SL. HARQ feedback
per CBG

Agreements:

[0328] When SI. HARQ feedback is enabled for group-
cast, the following operations are further studied for the
non-CBG case:

[0329] Option 1: Receiver UE transmits HARQ-
NACK on PSFCH if it fails to decode the corre-
sponding TB after decoding the associated PSCCH.
It transmits no signal on PSFCH otherwise. Details
are FFS including the following:

[0330] Whether to introduce an additional criterion
in deciding HARQ-NACK transmission

[0331] Whether/how to handle DTX issue (i.e.,
transmitter UE cannot recognize the case that a
receiver UE misses PSCCH scheduling PSSCH)

[0332] Issues when multiple receiver UEs transmit
HARQ-NACK on the same resource

[0333] How to determine the presence of
HARQ-NACK transmissions from receiver
UEs

[0334] Whether/how to handle destructive chan-

nel sum effect of HARQ-NACK transmissions
from multiple receiver UEs if the same signal is
used
[0335] Option 2: Receiver UE transmits HARQ-
ACK on PSFCH fif it successfully decodes the cor-
responding TB. It transmits HARQ-NACK on
PSFCH if it does not successfully decode the corre-
sponding TB after decoding the associated PSCCH
which targets the receiver UE. Details are FFS
including the following:
[0336] Whether to introduce an additional criterion
in deciding HARQ-ACK/NACK transmission
[0337] How to determine the PSFCH resource
used by each receiver UE
[0338] FFS whether to support SL. HARQ feedback
per CBG

[0339] Other options are not precluded

Agreements:

[0340] It is supported to enable and disable ST HARQ
feedback in unicast and groupcast.

[0341] FFS when HARQ feedback is enabled and
disabled.

Agreements:

[0342] Study further whether to support UE sending to
gNB information which may trigger scheduling
retransmission resource in mode 1. FFS including

[0343] Which information to send
[0344] Which UE to send to gNB
[0345] Which channel to use
[0346] Which resource to use
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Agreements:

[0347] Sensing procedure is defined as SCI decoding
from other UEs and/or sidelink measurements

[0348] FFS information extracted from SCI decoding

[0349] FFS sidelink measurements used

[0350] FFS UE behavior and timescale of sensing
procedure

[0351] Note: It is up to further discussion whether

SFCI is to be used in sensing procedure
[0352] Note: Sensing procedure can be discussed in
the context of other modes
[0353] Resource (re)-selection procedure uses results of
sensing procedure to determine resource(s) for sidelink
transmission
[0354] FFS timescale and conditions for resource
selection or re-selection
[0355] FFS resource selection/re-selection details for
PSCCH and PSSCH transmissions
[0356] FFS details for PSFCH (e.g. whether resource
(re)-selection procedure based on sensing is used or
there is a dependency/association b/'w PSCCH (and/
or PSSCH) and PSFCH resource)
[0357] FFS impact of sidelink QoS attributes on
resource selection/re-selection procedure
[0358] For Mode-2(a), the following schemes for
resource selection are evaluated, including
[0359] Semi-persistent scheme: resource(s) are
selected for multiple transmissions of different TBs
[0360] Dynamic scheme: resource(s) are selected for
each TB transmission
[0361] In the Final Report of 3GPP TSG RAN WG1 #88
v1.0.0, in LTE, CBR, CR could be a metric for sidelink
channel/system congestion control. Based on the similar
logic, it is assumed that CBR and CR could be inherited with
some modification in NR V2X. One possible modification
may change “subframe” to “slot” or “mini-slot” or “a time
unit of a side link resource pool”. In the Final Report of
3GPPTSG RAN WG1 #88 v1.0.0, the following agreements
are disclosed:

Agreements:

[0362] UE measures the CR per PPPP
[0363] Relation between CR and CRlimit

[0364] The UE shall ensure the following limit is met
per PPPP,

[0365] UE shall ensure

Z CR; < CRlimiz,

ik

[0366] Suffix i and k denote the PPPP of a
packet in increasing priority order

Agreements:

[0367] UE also measures CBR on the exceptional pool.
UE reports the CBR measurement on the exceptional
pool if requested by eNB.

[0368] UE adaptation of transmission parameters is
supported on the exceptional pool.
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[0369] RANI assumes that this can be supported in
the same way as the UE behaviour in the normal
pool.

Agreements:

[0370] CBR is measured and CR is evaluated for each
(re)transmission
[0371] For a (re)transmission in subframe n+4, the
CR is evaluated in subframe n.
[0372] For a (re)transmission in subframe n+4, the
CBR measured in subframe n is used.
[0373] CBR and CR are defined as follows (note that
this supersedes the existing agreement on the CR
definition):

Definition Channel busy ratio (CBR) measured at subframe n is
defined as follows: For PSSCH, the portion of
sub-channels in the resource pool whose S-RSSI
measured by the UE exceed a (pre-)configured
threshold sensed over subframes [n — 100, n — 1];
For PSCCH in a pool (pre)configured such that
PSCCH may be transmitted with its corresponding
PSSCH in non-adjacent resource blocks, the portion
of the resources of the PSCCH pool whose S-RSSI
measured by the UE exceed a (pre-)configured
threshold sensed over subframes [n — 100, n — 1],
assuming that the PSCCH pool is composed of
resources with a size of two resource blocks.

[0374] NOTE: The subframe index is based on physical
subframe index.

Definition Channel occupancy ratio (CR) evaluated at subframe
n is defined as the total number of sub-channels used
for its transmissions in subframes [n - a, n - 1]

and granted in subframes [n, n + b] divided by

the total number of configured sub-channels in the

transmission pool over [n — a, n + b].

[0375] NOTE 1: a is a positive integer and b is 0 or a
positive integer; a and b are determined by UE imple-
mentation with a+b+1=1000, a>=500, and n+b should
not exceed the last transmission opportunity of the
grant for the current transmission.

[0376] NOTE 2: CR is evaluated for each (re)transmis-
sion.
[0377] NOTE 3: In evaluating CR, the UE shall assume

the transmission parameter used at subframe n is reused
according to the existing grant(s) in subframes [n+1,
n+b] without packet dropping.
[0378] NOTE 4: The subframe index is based on physi-
cal subframe index.
[0379] In the Final Report of 3GPP TSG RAN WG1 #91
v1.0.0, the UE’s limited capability concept are quoted as
follows:

Agreement

[0380] From RANI1 understanding, the limited TX
capability means that the UE cannot support transmis-
sion(s) over carrier(s) in a subframe due to
[0381] (a) Number of TX chains smaller than the

number of configured TX carriers or
[0382] (b) UE doesn’t support the given band com-
bination or
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[0383] (c) TX chain switching time or

[0384] (d) UE cannot fulfill the RF requirement due
to, e.g., PSD imbalance

[0385] For a UE with limited TX capability, RAN1
considers the following options for resource selection
in mode 4 CA.

[0386] Option 1-1: When the UE performs the
resource selection for a certain carrier, any subframe
of that carrier shall be excluded from the reported
candidate resource set if using that subframe exceeds
its TX capability limitation under the given resource
reservation in the other carriers.

[0387] FFS details, e.g., the carrier resource selec-
tion order should consider PPPP of transmission
and CBR.

[0388] Option 1-2: If the per-carrier independent
resource selection leads to transmissions beyond the
TX capability of the UE in a subframe, UE re-does
resource reselection within the given reported can-
didate resource set until the resultant transmission
resources can be supported by the UE.

[0389] FFS: whether it is up to UE implementation

[0390] FFS details, e.g., the carrier resource selec-
tion order should consider PPPP of transmission
and CBR.

[0391] Option 2: After performing the per-carrier
independent resource selection, the UE shall drop
transmission in a subframe where using that sub-
frame exceed its TX capability limitation.

[0392] FFS details of dropping rule, e.g., whether/
how to consider PPPP and CBR

[0393] FFS whether/how to consider other aspects
(e.g., half duplex problem) in terms of resource
selection

[0394] In 3GPP R1-1812364, one company’s proposal is
quoted as follows:

SFCI and its Carrier

[0395] In the RAN1#94bis meeting, sidelink feedback
control information (SFCI) is defined. Also, at least ACK/
NACK is included in one of the SFCI formats. Here we
discuss how to convey SFCI on sidelink and restrict atten-
tion to ACK/NACK.

[0396] First, we expect that NR LDPC is used for PSSCH.
Then, PSSCH is not suitable to carry ACK/NACK alone
since NR LDPC is designed for moderate to large input
block lengths. Next, we consider the case where ACK/
NACK is transmitted on PSCCH. In the following we
assume that the multiplexing of PSCCH and PSSCH follows
a TDM-like design such as Options 1 or 3. Assume that UE
1 transmits a packet to UE 2 in slot n. After decoding
PSSCH, UE 2 sends ACK/NACK to UE 1. A potential issue
of carrying ACK/NACK by PSCCH is latency. Considering
UE processing time on PSSCH, it is challenging that UE 2
can send ACK/NACK in the beginning of slot n+l. If
ACK/NACK is transmitted in slot n+2, then a retransmission
from UE 2 can only be scheduled in slot n+3. The reason is
explained below.

[0397] Due to half duplex, when UE 2 transmits ACK/
NACK on PSCCH, UE 2 cannot decode PSCCH sent from
other UEs. Even if UE 2 switches back to receive mode after
sending ACK/NACK, UE 2 cannot decode PSSCH since it
does not know the scheduling assignment. Thus, it is better
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for UE 2 to stay in transmit mode. UE 2 can transmit CSI on
PSSCH to UE1 for facilitating link adaptation.

[0398] Similarly, from UE 1’s perspective, after UE 1
receives ACK/NACK, switching to transmit mode is useless
because no SCI can be sent when receiving ACK/NACK.
Thus, if ACK/NACK is transmitted on PSCCH, then each
UE should not change the transmit/receive mode within the
slot.

Observation 2:

[0399] If initial transmission is in slot n and ACK/NACK
is transmitted on PSCCH, a retransmission can only be
scheduled at the earliest in slot n+3.

Observation 3:

[0400] Due to half duplex, if ACK/NACK is transmitted
on PSCCH, the UE sending ACK/NACK cannot decode any
PSSCH in that slot.

[0401] Now we consider the case where a separate channel
is defined for carrying SFCI, which is termed “PSFCH” for
convenience. Similar to the discussion in Section 3, a
FDM-like channel is undesirable due to high latency. Then,
to minimize the number of TX/RX switching within a slot,
it is natural that this separate channel is placed in the end of
slot.

proposal 7:

[0402] If a new physical sidelink channel is introduced for
SFCI, then it should be placed in the end of slot following
a TDM-like design.

[0403] In the beginning of a slot, a UE can be in receive
mode and later on switch to transmit mode for transmitting
ACK/NACK; or vice versa. In this case, an extra guard
period has to be added for UEs switching from receive mode
to transmit mode for ACK/NACK transmission and for UEs
switching from transmit mode to receive mode for ACK/
NACK reception. As for UEs not transmitting or receiving
ACK/NACK, such guard period is not required. Neverthe-
less, when some UEs perform TX/RX switching within a
slot, the experienced power level changes and it takes time
for AGC settling. We propose to further study two alterna-
tives regarding the additional guard period.

Proposal 8:

[0404] If a dedicated physical channel is introduced for
SFCI, the following two options for guard period are FFS:
[0405] Option 1: Every slot has two guard periods, one
in the beginning and one just before the channel
carrying SFCI;
[0406] Option 2: A guard period is introduced only
when performing TX/RX switching.
[0407] Similar to multiplexing of PSCCH and PSSCH, if
a new physical sidelink channel is introduced for SFCI, then
the multiplexing of the new channel and PSSCH should be
further studied.

Proposal 9:

[0408] If a dedicated physical channel is introduced for
SFCI, the following two options for multiplexing with
PSSCH are FFS:
[0409] Option A: Exclusive time resource for the chan-
nel carrying SFCI;
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[0410] Option B: Within the time resource used by the
channel carrying SFCI, PSSCH of the same UE or other
UEs can occupy unused frequency resources.

[0411] The combined options for additional guard period
and for multiplexing of PSFCH and PSSCH are illustrated in
FIG. 4.

[0412] FIG. 17 (a reproduction of FIG. 4 showing addi-
tional guard period and multiplexing of PSFCH and
PSSCH).

[0413] In 3GPP R1-1814265, the feature’s lead summary
for HARQ-ACK feedback of unicast sidelink transmission is
quoted as follows:

[0414] Issue 3-5: How to determine the PSFCH resource?
In detail, company’s view and its rationale are as follows:

[0415] Flexible time/frequency relationship between
PSSCH and the associated PSFCH

[0416] Rationale:

[0417] Consideration on multiple types of services with
different latency requirements and different UE capa-
bilities

[0418] Allow to perform channel access for the SL
HARQ feedback itself or to dynamically take into
account the already planned SI. HARQ feedback
resource and select the more suitable/less congested
one for its own operation

[0419] If the transmitter UE determines the SL HARQ
feedback resource,

[0420] The SLL HARQ feedback resource may be
avoided by others when there is sufficient processing
time, once the SCI scheduling PSSCH is detected by
the surrounding UEs

[0421] The transmitter UE does not need to blindly
detect the SI. HARQ feedback

[0422] If the SL HARQ feedback resource is deter-
mined by receiver UE,

[0423] The SL HARQ feedback resource could be
selected taking into account current operation at the
receiver UE, for example its own plans to transmit
PSSCH and PSCCH, sensing information

[0424] Fixed or (pre)configured time/frequency rela-
tionship between PSSCH and the associated PSFCH

[0425] Rationale:

[0426] Less standardization impact and control signal-
ing (i.e., simplifying the determination procedure of SL.
HARQ feedback resource)

[0427] Proposal: Further study the following options
regarding how to determine the resource of a PSFCH

[0428] For time resource,

[0429] Option 1-1: Time gap between PSSCH and the
associated PSFCH is (pre)configured or fixed

[0430] Option 2-1: Frequency resource of PSFCH is
determined by the resource used for the associated
PSSCH

[0431] Some or all of the following terminology and
assumption may be used hereafter.

[0432] Base Station (BS): a network central unit or a
network node in NR which is used to control one or
multiple TRPs which are associated with one or mul-
tiple cells. Communication between BS and TRP(s) is
via fronthaul. BS may be referred to as central unit
(CU), eNB, gNB, or NodeB.

[0433] Transmission/Reception Point (TRP): a trans-
mission and reception point provides network coverage



US 2020/0205165 Al

and directly communicates with UEs. TRP may be
referred to as distributed unit (DU) or network node.

[0434] Cell: a cell is composed of one or multiple
associated TRPs, i.e. coverage of the cell is composed
of coverage of all associated TRP(s). One cell is
controlled by one BS. Cell may be referred to as TRP
group (TRPG).

[0435] For network side:

[0436] Downlink timing of TRPs in the same cell are
synchronized.

[0437] Radio Resource Control (RRC) layer of network
side is in the BS.

[0438] For UE side:

[0439] There are at least two UE (RRC) states: con-
nected state (or called active state) and non-connected
state (or called inactive state or idle state). Inactive state
may be an additional state or belong to connected state
or non-connected state.

[0440] A UE could be a device, a vehicle, or the like.
[0441] Sidelink could be a communication link between
devices. Sidelink could be a device-to-device (D2D) link.
Each sidelink could be associated with a source identity and
a destination identity. The source identity could be used to
identify which device is the transmitter of the sidelink. The
destination identity could be used by a receiver to identity if
the message is for the receiver.

[0442] In LTE V2X/enhanced Vehicle-to-Everything
(eV2X) sidelink transmissions, for public safety purposes, a
sidelink transmission is broadcasted. However, more and
more services and use cases are identified to support NR
V2X. Broadcast sidelink transmission could not guarantee
more stringent reliability requirements. In the RAN1 #94
meeting, it has been agreed that NR V2X supports unicast
and groupcast sidelink transmission. In RAN1 #95 meeting,
a dedicated channel (e.g., Physical Sidelink Feedback Chan-
nel (PSFCH)) is designed to transmit a Hybrid Automatic
Repeat Request-Acknowledgement (HARQ-ACK) associ-
ated with a unicast Physical Sidelink Shared Channel
(PSSCH). Two mechanisms for determining resources for
PSFCH are discussed and summarized in 3GPP
R1-1814265. One mechanism is sidelink transmitter (TX)
UE indicates a time-frequency resource for the PSFCH.
More specifically, the time-frequency resource for PSFCH is
associated with a resource for PSCCH (and/or PSSCH)
transmitted by the sidelink TX UE. The other is sidelink
receiver (RX) UE performs sensing and resource selection
for the PSFCH. However, when the sidelink RX UE has
occupied/reserved a resource for the PSSCH based on
previous indication in which the resource for PSSCH may at
least partly or fully overlapped in time domain with the
resource for PSFCH, the issue is what the sidelink RX UE
would do if the sidelink RX UE is not allowed or not able
to transmit these two channels simultaneously.

[0443] This situation may happen when the sidelink RX
UE’s transmitted power could not support simultaneous
transmission of the two channels or when the sidelink RX
UE exceeds a capability due to the inclusion of the PSFCH.
In one embodiment, the capability could refer one or any
combination of following bullets referenced from the Final
Report of 3GPP TSG RAN WG1 #91 v1.0.0: (a) a number
of Transmit (TX) (RF) chains smaller than the number of
configured TX carriers, or (b) the UE does not support the
given band combination, or (¢) the TX chain switching time,
or (d) the UE cannot fulfill the Radio Frequency (RF)
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requirement due to, for example, a Power Spectrum Density
(PSD) imbalance. Alternatively, the capability could refer a
number of carriers the UE can transmit simultaneously/
concurrently in/during a time unit (e.g., a slot). A Transmit
(TX) RF chain of a UE is used for handling a sidelink
transmission on a carrier or on a plurality of carriers in the
same band (e.g., a TX RF chain is used for handling carriers
which is the UE’s serving carriers in the band).

[0444] For example, as shown in FIG. 18, assuming that a
slot in the figure refers to a resource configured in sidelink
resource pool of a carrier, a UE is configured with 3 carriers
while the number of TX RF chains of the UE is 2. In this
example, the UE occupies/reserves a time-frequency
resource for a sidelink transmission in slot n—P1 and in slot
n of carrier 2, and the UE occupies/reserves a time-fre-
quency resource for the sidelink transmission in slot n-P2
and in slot n of carrier 3. In slot n-P1 or earlier than slot
n-P1, the UE could perform resource selection for resource
in slot n—P1, slot n on carrier 2 based on sensing. If the UE
receives a unicast sidelink transmission in slot n—k of carrier
1, and the UE is required/indicated to transmit PSFCH with
corresponding HARQ-ACK feedback for the unicast side-
link transmission, the UE may fail to transmit in a carrier due
to only 2 available TX RF chains. The slot n-k is later than
the slot n-P1 and/or slot n-P2 in time domain. In other
words, before slot n-k, the UE may consider a number of
transmissions in slot n is under the UE’s limited capability
(e.g., the number of TX RF chain of the UE, “2”). This issue
may happen when a number of reserved transmission or
derived transmission in a slot reaches (the margin of) the
UE’s limited capability (e.g., the number of TX RF chain)
and the UE is required to transmit a PSFCH in the slot via
an additional carrier. The PSFCH delivers a HARQ-ACK
associated to a unicast sidelink transmission received in the
additional carrier. If PSFCH is dropped due to the UE’s
limited capability, it may cause the unnecessary transmis-
sion of the unicast sidelink transmission.

[0445] InNR V2X; the concept of a sidelink resource pool
could be inherited from LTE V2X/eV2X with some modi-
fication. In LTE, a sidelink resource pool could be config-
ured based on a “subframe.” However, in NR, the sidelink
resource pool could be modified as a “slot” or as “mini-slot”
i.e., with finer granularity.

[0446] In one example, a first channel is partly or fully
overlapped with a second channel in a time domain so that
both the first channel and the second channel are transmitted
in a slot.

[0447] In one example, the first channel could be trans-
mitted on a different or the same carrier as the second
channel.

[0448] In one example, the first channel could be sepa-
rated from the second channel in time domain by different
Orthogonal Frequency Division Multiplexing (OFDM) sym-
bols.

[0449] In one example, as shown in FIG. 22, the PSCCH
(and/or PSSCH) is overlapped with a PSFCH in slot n. For
overlapped slot (e.g., slot n), a UE cannot switch/adapt
transmitted power for the PSCCH (and/or PSSCH) and
transmitted power for PSFCH since total transmitted power
change have impact on power setting issue (e.g., Automatic
Gain Control (AGC) issue or power amplifier adjustment
issue).

[0450] In one example, as shown in FIG. 22, in slot n, the
PSCCH (and/or PSSCH) is separated from PSFCH (at a
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OFDM symbol level). A UE may not switch from the
PSCCH (and/or PSSCH) to the PSFCH since it requires
carrier switching with concerns on TX chain switching time
and/or related the Radio Frequency (RF) requirement.
[0451] As disclosed in FIGS. 22-27, a reserved resource
for PSCCH (and/or PSSCH) could mean a (scheduling)
PSCCH is time domain multiplexed (TDM) with a (sched-
uled) PSSCH in the reserved resource.

[0452] In one example, the (scheduling) PSCCH starts in
an earlier OFDM symbol than or equal to the starting OFDM
symbol for the (scheduled) PSSCH in the (reserved)
resource/slot.

[0453] For addressing above mentioned issues, some gen-
eral concepts of various embodiments of the disclosed
invention are provided and described herein.

[0454] According to one embodiment, a first UE (e.g.,
sidelink receive (RX) UE) is required to transmit shared/
assistant information to a second UE (e.g., sidelink TX UE),
wherein the information includes, at a minimum, capability
information of the first UE.

[0455] In one embodiment, the shared/assistant informa-
tion could be the first UE’s capability. In another alternative,
the shared/assistant information could be the first UE’s
reserved capability in a slot. In another alternative, the
shared/assistant information could be the first UE’s multiple
reserved capability in multiple slots.

[0456] In one embodiment, the first UE may transmit the
shared/assistant information on the reserved (periodic)
resource. In another alternative, the first UE may transmit
the shared/assistant information via broadcast/groupcast/
unicast channel.

[0457] In one embodiment, the first UE is configured/
required to transmit the shared/assistant information every P
time units (in a sidelink resource pool). In another alterna-
tive, a time unit could be a slot/subframe/mini-slot/one or
more than one (consecutive) OFDM symbols.

[0458] In one embodiment, as shown in FIG. 21, the first
UE transmits assistant information in a sidelink slot m, m+P,
. . . periodically. If the second UE attempts to transmit
sidelink transmission in slot n-k to the first UE, wherein the
slot n—k is within slot m-P and slot m, the second UE may
select a resource for the PSFCH associated with the sidelink
transmission based on the assistant information received in
slot m-P.

[0459] In one embodiment, a UE’s capability could be any
one or any combined following: (a) a number of TX RF
chains of the UE and/or number of configured TX carriers of
the UE, (b) whether the UE support the given band combi-
nation or not, (¢) TX RF chain switching time of the UE, or
(d) whether the UE can fulfill the RF requirement due to,
e.g., PSD imbalance or not.

[0460] In one embodiment, the reserved capability could
be a reserved number of TX RF chains.

[0461] In one embodiment, the reserved capability could
include, at a minimum, information that the number of TX
RF chains minus number of TX RF chains which are
used/occupied/reserved in a time unit.

[0462] In one embodiment, the first UE could occupy
resource periodically or take a periodical resource reserva-
tion.

[0463] In one embodiment, the first UE could transmit
(periodic) sidelink transmission on the occupied resource/
reserved resource.
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[0464] Inone embodiment, as shown in FIG. 18, assuming
a UE could be configured with 3 carriers, the UE could
occupy resource periodically in slot n—-P1 and in slot n in
carrier 2.

[0465] In one embodiment, the second UE may require/
indicate resource of PSFCH for the first UE based on the
shared/assistant information.

[0466] In one embodiment, the second UE may determine
an available resource for PSFCH based on the first UE’s
reserved resource pattern.

[0467] Inone embodiment, when the second UE performs
resource selection for determining an available resource for
PSFCH, the second UE could exclude a resource resulting in
exceeding the first UE’s capability.

[0468] In one embodiment, the second UE could perform
a resource selection for determining an available resource
for PSFCH based on a sensing result of the second UE
and/or a sensing result of the first UE and/or the shared/
assistant information.

[0469] For example, as shown in FIG. 18, the first UE
occupies and/or reserves the same time-frequency resource
for a sidelink transmission in slot n-P1 and in slot n of
carrier 2 and occupies and/or reserves the same time-
frequency resource for a sidelink transmission in slot n-P2
and in slot n of carrier 3. The first UE is configured/required
to transmit shared/assistant information to a second UE. The
second UE could determine an available resource for
PSFCH for a unicast sidelink transmission (e.g., PSCCH1
(and/or PSSCH1)). In this example, the shared/assistant
information could be the first UE’s TX chain capability
and/or reserved capability in slot n (e.g., the reserved
capability in slot n is 0, due to the occupied/reserved
resource in other two carriers). More specifically, the first
UE could be configured to transmit the shared/assistant
information periodically. If the first UE is required to
transmit the shared/assistant information in a sidelink slot
with index m, m+P, m+2P, the shared/assistant information
in the sidelink slot m may include information related to
sidelink slot m, sidelink slot m+P-1, or sidelink slot m+P.
The second UE could determine one resource for the PSFCH
based on the shared/assistant information from the first UE.
The second UE may not indicate/require the first UE to
transmit PSFCH in slot n.

[0470] In one embodiment, a first UE schedules/indicates
the second UE to transmit an information.

[0471] Inone embodiment, the first UE receives the infor-
mation from the second UE

[0472] In one embodiment, the first UE selects a resource
for a feedback of a sidelink transmission based on the
information, wherein the information includes the second
UE’s available resource for transmitting the feedback.
[0473] In one embodiment, the first UE transmits the
sidelink transmission to the second UE.

[0474] In one embodiment, the first UE schedules/indi-
cates the resource to the second UE.

[0475] In one embodiment, the first UE receives/monitors
the feedback on the resource from the second UE.

[0476] Inone embodiment, the feedback is a HARQ-ACK
feedback.
[0477] In one embodiment, the first UE is not allowed to

select a resource such that the second UE may exceed
capability in a time unit.
[0478] In one embodiment, the second UE transmits the
information periodically.
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[0479] In one embodiment, the second UE transmits the
information via broadcast/groupcast/unicast channels.
[0480] In one embodiment, the second UE transmits the
information every P time units (in a sidelink resource pool).
[0481] In one embodiment, a time unit is a resource
configured in a sidelink resource pool.

[0482] In one embodiment, a time unit could be a slot/
subframe/mini-slot/one or more than one (consecutive)
OFDM symbols.

[0483] In one embodiment, the second UE’s available
resource for transmitting the feedback could be available
slot index.

[0484] In one embodiment, the information includes the
second UE’s available slot for transmitting the feedback.
[0485] In one embodiment, the information includes a set
of resources that the second UE exceeds the UE’s capability.
[0486] In one embodiment, the first UE is not allowed/
does not select the resource in the set of resources.

[0487] In one embodiment, the second UE derives the
information based on the reserved/occupied resource.
[0488] In one embodiment, if the second UE has reached
the second UE’s capability in a slot, the second UE excludes
the slot from the information.

[0489] In one embodiment, the information includes
reserved capability of P time units.

[0490] In one embodiment, the reserved capability could
be reserved number of TX RF chains. In another alternative,
the reserved capability could at least include information
that the number of TX RF chains minus number of TX RF
chains which are used/occupied/reserved in a time unit.
[0491] In one embodiment, the first UE determines/selects
the resource based on the most recently received the assis-
tant information.

[0492] In one embodiment, the second UE receives a
request from the first UE on a first carrier to transmit an
information. In another alternative, the second UE derives a
set of resource on a second carrier, which is capable for the
second UE to transmit.

[0493] In one embodiment, the second UE transmits the
information to the first UE on a third carrier.

[0494] In one embodiment, the second UE derives the set
based on the number of occupied/reserved slot on a number
of carriers.

[0495] In one embodiment, the second UE could monitor
for the information from the first UE during a time duration.
Alternatively, the second UE transmits the information on
the third carrier on a time unit during the time duration.
[0496] In one embodiment, the second UE does not
exceed the UE’s capability on the third carrier on the time
unit.

[0497] In one embodiment, the second UE exclude a
resource from the set such that the second UE does not
exceed UE’s capability when transmitting the resource on
the second carrier.

[0498] In one embodiment, the first carrier is the same or
different from the second carrier. Alternatively, the first
carrier is the same or different from the third carrier. In
another alternative, the second carrier is the same or differ-
ent from the third carrier.

[0499] According to another embodiment, PSFCH trans-
mission is prioritized. When a first UE (e.g., sidelink RX
UE) exceeds the first UE’s (limited) capability in a time unit
(e.g., due to indicated/required PSFCH), the first UE priori-
tizes PSFCH transmission in the time unit.
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[0500] In one embodiment, the first UE is configured with
a number of carriers. The number may be larger than or
equal to the first UE’s (limited) capability (e.g., the number
of the first UE’s TX RF chain)

[0501] In one embodiment, the first UE reserves and/or
selects a resource for a PSCCH (and/or PSSCH) in a time
unit on a first carrier, wherein the first UE is not allowed to
select the resource such that the first UE could not satisfy the
first UE’s capability in the time unit. For example, in FIG.
18, in case the first UE derives to transmit PSFCH in carrier
1 and transmit PSCCH or PSSCH in carrier 3 reaching the
first UE’s capability (e.g., the number of the carrier the UE
could transmit simultaneously/concurrently), the first UE is
not allowed or cannot select a candidate resource in slot n
resulting in exceeding the first UE’s capability.

[0502] In one embodiment, the first UE is indicated/
required to transmit a HARQ-ACK on a PSFCH on a second
carrier in the time unit.

[0503] In one embodiment, the PSFCH is partly or fully
overlapped with the resource for the PSCCH (and/or
PSSCH) in a time domain.

[0504] In one embodiment, the first carrier and the second
carrier are among the number of carriers.

[0505] In one embodiment, the first carrier and the second
carrier could be the same carrier or different carrier.

[0506] In one embodiment, the first UE may be required/
indicated to transmit PSFCHs by other UEs. Alternatively,
the first UE may be required/indicated to transmit a PSFCH
by a second UE. In other words, when the first UE receives
a (unicast) sidelink transmission from the second UE, the
first UE is required/indicated by the second UE to transmit
the PSFCH delivering HARQ-ACK associated with the
sidelink transmission.

[0507] In one embodiment, the first UE may prioritize to
transmit/feedback HARQ-ACK of a received PSSCH on a
PSFCH in a time unit.

[0508] Inone embodiment, if a number of carriers used for
transmitting PSSCH(s) and PSFCH(s) is larger than the first
UE’s number of TX RF chains of the UE in the time unit (or
larger than the number of carriers the first UE could transmit
in a time unit simultaneously/concurrently), the first UE
could prioritize PSFCH transmission in the time unit.

[0509] In one embodiment, the first UE may deprioritize
PSCCH (and/or PSSCH) transmission (in a time unit) on a
carrier to meet/satisfy the first UE’s (limited) capability.
Alternatively, the first UE may deprioritize PSCCH (and/or
PSSCH) transmission (in a time unit) on a carrier based on
the ascending/descending order of carrier index. In another
alternative, the first UE may deprioritize PSCCH (and/or
PSSCH) transmission (in a time unit) on a carrier based on
random selection of carriers. In another alternative, the first
UE may deprioritize PSCCH (and/or PSSCH) transmission
(in a time unit) on a carrier based on random selection of
PSCCH (and/or PSSCH).

[0510] In one embodiment, if the first UE de-prioritizes
PSCCH (and/or PSSCH) on a carrier, the first UE may not
transmit the PSCCH (and/or PSSCH) (in the time unit) on a
carrier. Alternatively, if the first UE deprioritizes PSCCH
(and/or PSSCH) on a carrier, the first UE may puncture part
of the resource for PSCCH (and/or PSSCH), wherein the
punctured part of resource is overlapped with PSFCH in
time domain. In another alternative, if the first UE depriori-



US 2020/0205165 Al

tizes PSCCH (and/or PSSCH) on a carrier, the first UE may
perform rate matching for resource for PSCCH (and/or
PSSCH).

[0511] In one embodiment, if the first UE deprioritizes
PSCCH (and/or PSSCH) in a slot on a carrier, the first UE
does not transmit PSCCH (and/or PSSCH) in the slot on the
carrier. Alternatively, if the first UE deprioritizes to transmit
sidelink transmission in a slot on a carrier, the first UE does
not transmit in the slot on the carrier.

[0512] In one embodiment, for at least the deprioritized
carrier(s), the UE indicates a number of OFDM symbol for
PSSCH on the sidelink control information (SCI).

[0513] For example, in FIG. 18, the first UE could not
transmit 3 carriers simultaneously due to the first UE’s
limited capability (e.g., 2 TX RF chains) in slot n assuming
that (1) the first UE is required/indicated to transmit a
PSFCH occupying 2 OFDM symbols in time domain on
carrier 1 and the PSFCH is associated to PSCCH1 (and/or
PSSCH1), and (2) the first UE may attempt to transmit
sidelink transmission on carrier 2 and carrier 3. More
specifically, the first UE could not meet the first UE’s limited
capability for the last 2 OFDM symbols in slot n. In one
embodiment, the first UE may randomly select one of carrier
2 or carrier 3 to meet the first UE’s capability. In another
alternative, the first UE may select one of carrier 2 or carrier
3 based on ascending order/descending order of carrier
index. In another alternative, the first UE may puncture the
last 2 OFDM symbols of the sidelink transmission on either
one of carrier 2 or carrier 3. Alternatively, the first UE may
puncture the last 2 OFDM symbols of the sidelink trans-
mission on both carrier 2 and carrier 3. Alternatively, the first
UE may perform rate matching on the resource excluding
the last 2 OFDM symbols. In this example, if the first UE
performs rate matching on carrier 3, the first UE may
perform resource mapping on the first 12 OFDM symbols in
slot n. Similarly, if the resource occupied/reserved by the
first UE in carrier 2 is from the third OFDM symbol to the
last OFDM symbol in slot n (e.g., OFDM symbol index #2
to OFDM symbol index #13), the first UE may perform
resource mapping from OFDM symbol index #2 to OFDM
symbol index #13 in carrier 2.

[0514] In one embodiment, the first UE transmits time
domain information in slot n. Alternatively, the time domain
information includes at least the time duration of the sidelink
transmission in slot n. In another alternative, the time
domain information may include schemes that the first UE
applies (e.g., rate matching and/or puncturing).

[0515] In one embodiment, the first UE does not transmit
PSCCH (and/or PSSCH) in slot n on carrier 2 and carrier 3
if the first UE is indicated/required to transmit PSFCH in slot
n. The first UE could transmit PSCCH in the beginning of
the resource for the sidelink in slot n and does not transmit
the scheduled PSSCH in slot n. Alternatively, the first UE
transmits a portion of PSSCH in slot n (due to puncturing of
the overlapped symbols).

[0516] Inone embodiment, when a UE exceeds the limited
capability in a slot due to indicated/required PSFCH, the UE
prioritizes the PSSCH transmission. In one embodiment, the
UE does not transmit HARQ-ACK on the indicated/required
PSFCH.

[0517] In another embodiment, the prioritization of
PSFCH transmission may depend upon one or more (or any
combination thereof) the following:
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[0518] Characteristic of the PSFCH and/or PSSCH
[0519] Carrier ID
[0520] Packet priority, PPPP (ProSe Per-Packet Prior-
ity)
[0521] Lower value PPPP has highest priority
[0522] PPPR (ProSe Per-Packet Reliability)
[0523] Channel busy ratio (CBR)
[0524] Whether there is transmission on the reserved/

occupied resource
[0525] In one embodiment, the characteristics of the
PSFCH could be HARQ-ACK feedback content carried by
the PSFCH.
[0526] In one embodiment, if the UE derives/identifies
that the HARQ-ACK feedback content is NACK or DTX
(i.e., the UE does not receive sidelink control information
for deriving/identifying to transmit PSFCH), the UE could
deprioritize PSFCH transmission. In other words, the UE
would transmit PSSCH on the same or different carriers
when the UE exceeds the limited capability in a slot due to
the indicated/required PSFCH.
[0527] In one embodiment, if UE derives/identifies the
HARQ-ACK feedback content is ACK, the UE could pri-
oritize PSFCH transmission. In other words, the UE may
drop/puncture/perform rate matching on the PSSCH trans-
mission (on same/different carriers) to meet the limited
capability of the UE.
[0528] In one embodiment, for example, in FIG. 18, the
UE attempts to transmit PSCCH2 (and/or PSSCH2) on
carrier 2 in slot n and attempt to transmit PSCCH3 (and/or
PSSCH3) on carrier 3 in slot n while the UE is required/
indicated to transmit PSFCH associated to PSCCHI1 (and/or
PSSCH1) on carrier 1 in slot n. As shown in FIG. 18, the UE
exceeds limited capability in slot n. The UE may deprioritize
one transmission based on the priority of the PSCCH (and/or
PSSCH). In other words, if the priority of PSCCH1 (and/or
PSSCH1) is lower than PSCCH2 (and/or PSSCH2) and
PSCCH3 (and/or PSSCH3) (e.g., PPPP value is higher than
both PSCCH2 (and/or PSSCH2) and PSCCH3 (and/or
PSSCH3)), the UE may deprioritize PSFCH transmission.
Alternatively, the UE may not transmit the PSFCH in slot n.
On the contrary, if either one of PSCCH2 (and/or PSSCH2)
or PSCCH3 (and/or PSSCH3) is lower than PSCCH1 (and/
or PSSCH1), the UE could transmit the two higher priority
transmissions.
[0529] In case of same priority, the UE may prioritize
transmission based on the above-disclosed characteristics
disclosed in paragraph [0134] such as, but not limited to,
carrier ID and CBR. Alternatively, in case of same priority,
the UE may prioritize transmission based on random selec-
tion among the carriers.
[0530] In one embodiment, when the UE exceeds its
limited capability, the UE may prioritize based on CBR. For
example, in FIG. 18, the UE may prioritize transmission on
the carrier with lower CBR value. In this example, the UE
may measure/derive CBR of “PPPP1”, in which PPPP1 is a
priority value indicated by PSCCHI1 (and/or PSSCHI1).
Alternatively, the UE may measure/derive the CBR of
“PPPP2”, in which PPPP2 is priority value of PSCCH2
(and/or PSSCH2). Alternatively, the UE may measure/de-
rive the CBR of “PPPP3”, in which PPPP3 is priority value
of PSCCH3 (and/or PSSCH3). Alternatively, the UE may
prioritize a transmission on a carrier with a lower CBR
value, (which means less congestion). In this example, if the
CBR of “PPPP1” is less than CBR of “PPPP2” and CBR of
“PPPP3”, the UE may transmit the PSFCH.
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[0531] In one embodiment, a UE shall first check whether
there is transmission on the reserved/occupied resource for
PSCCH (and/or PSSCH). For example, in FIG. 18, ifthe UE
does not have data/packet to transmit on carrier 3, the UE
does not face the limited capability issue. However, if the
UE still exceeds limited capability after checking the actual
transmission status, the UE could prioritize based on other
above mentioned conditions or factor disclosed in paragraph
[0134].

[0532] In one embodiment, the UE transmits a (sidelink)
transmission on a number of carriers, wherein the number is
smaller than or equal to a maximum number of carriers that
the first UE could transmit the (sidelink) transmission simul-
taneously. Alternatively, the UE reserves and/or selects a
resource for a PSCCH (and/or PSSCH) in a slot on a first
carrier. Alternatively, the UE may be indicated and/or
required to transmit a feedback on a PSFCH in the slot on
a second carrier.

[0533] In one embodiment, if the UE exceeds the maxi-
mum number of carriers in the slot, whether the UE priori-
tizes the PSFCH depends on at least one characteristic of the
PSFCH and/or the PSCCH (and/or PSSCH).

[0534] In one embodiment, the feedback is a HARQ-ACK
feedback.
[0535] In one embodiment, the PSFCH is partly or fully

overlapped with the resource for the PSCCH (and/or
PSSCH) in a time domain.

[0536] In one embodiment, the maximum number is
related to the UE’s capability. In one embodiment, the
maximum number is the number of the UE’s TX RF chains.
[0537] In one embodiment, the UE deprioritizes a (side-
link) transmission on a carrier in the slot to satisfy the
maximum number of carriers. Alternatively, the UE does not
transmit the deprioritized (sidelink) transmission on the
carrier in the slot. In another alternative, the UE does not
transmit a (sidelink) transmission on the deprioritized carrier
in the slot.

[0538] In one embodiment, the first carrier and the second
carrier could be the same carrier or different carrier. Alter-
natively, if the UE exceeds the maximum number of carriers
in the slot, whether the UE prioritizes the PSFCH depends
on the carrier index. Alternatively, if the UE exceeds the
maximum number of carriers in the slot, whether the UE
prioritizes the PSFCH depends on the priority value of the
PSCCH (and/or PSSCH) and/or the sidelink transmission.

[0539] In one embodiment, if priority value of the PSCCH
(and/or PSSCH) is smaller than the priority value of the
sidelink transmission, the UE transmits the PSCCH (and/or
PSSCH).

[0540] In one embodiment, if priority value of the PSCCH
(and/or PSSCH) is larger than priority value of the sidelink
transmission, the UE transmits the PSFCH.

[0541] In another embodiment, when a first UE’s TX
power cannot satisfy simultaneous PSCCH (and/or PSSCH)
and PSFCH transmissions, the UE could perform power
scaling for PSCCH and/or PSSCH and/or PSFCH. Accord-
ing to one method, the transmitted power is lowered for
either PSCCH (and/or PSSCH) or PSFCH. In another
method, the transmitted power for PSCCH (and/or PSSCH)
and PSFCH are lowered.

[0542] In one embodiment, the first UE reserves and/or
selects a resource for transmitting a PSCCH (and/or PSSCH)
in a slot on a carrier.
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[0543] In one embodiment, the first UE is indicated/
required to transmit a HARQ-ACK on a PSFCH in the slot
on the carrier, wherein the PSFCH is partly or fully over-
lapped with the resource for the PSCCH (and/or PSSCH) in
the time domain.

[0544] In one embodiment, the first UE transmits the
PSFCH with a second power.

[0545] In one embodiment, if the first UE cannot simul-
taneously transmit the PSCCH (and/or PSSCH) with the first
power and the PSFCH with the second power, the first UE
performs power scaling on either one of the two channels or
both of channels.

[0546] In one embodiment, the PSFCH is indicated by a
second UE.
[0547] In one embodiment, the HARQ-ACK is associated

with a sidelink transmission transmitted by the second UE.
[0548] In one embodiment, the slot is a resource config-
ured in a sidelink resource pool.

[0549] In one embodiment, the first UE transmits the
PSCCH (and/or PSSCH) with the scaled first power.
[0550] In one embodiment, the first UE transmits the
PSFCH with the scaled second power.

[0551] In one embodiment, the first UE determines a
channel for power scaling based on the priority value of the
channel.

[0552] In one embodiment, if the PSFCH carries NACK,
the first UE performs power scaling on the PSFCH.

[0553] Inoneembodiment, if the PSFCH carries ACK, the
first UE performs power scaling on the PSCCH (and/or
PSSCH).

[0554] In one embodiment, the first UE determines a
channel for power scaling based on the characteristics of the
channel.

[0555] In one embodiment, if the priority value of the
PSCCH (and/or PSSCH) is smaller than the priority value of
the sidelink transmission, the first UE performs power
scaling on the PSCCH (and/or PSSCH).

[0556] In one embodiment, if the priority value of the
PSCCH (and/or PSSCH) is larger than the priority value of
the sidelink transmission, the first UE performs power
scaling on the PSFCH.

[0557] For example, in FIG. 19, in carrier 1, assuming a
UE occupies and/or reserves a resource for PSCCH2 (and/or
PSSCH2) in slot n, the UE receives PSCCH1 (and/or
PSSCH1) in slot n-k and is required and/or indicates to
transmit PSFCH in slot n. In this example, PSFCH is partly
overlapped with the resource for PSCCH2 (and/or PSSCH2)
in the time domain. The UE may perform power scaling on
either resource for PSCCH2 (and/or PSSCH2) or PSFCH. In
one embodiment, the UE may perform power scaling on
both resources for PSCCH2 (and/or PSSCH2) or PSFCH.
[0558] For example, in FIG. 20, the UE may perform
power scaling on either resource for PSCCH (and/or
PSSCH) or PSFCH assuming that (1) a UE occupies and/or
reserves a resource for PSCCH (and/or PSSCH) in slot n on
carrier 1, (2) the UE is required to and/or indicated to
transmit PSFCH in slot n on carrier 2, and (3) the PSFCH is
partly overlapped with the resource for PSCCH (and/or
PSSCH) in the time domain. Alternatively, the UE may
perform power scaling on the resources for PSCCH (and/or
PSSCH) and PSFCH.

[0559] In another example shown in FIG. 23, the UE
would transmit PSCCH and PSSCH in slot n on carrier 1
assuming the UE is indicated and/or required to transmit
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PSFCH in slot n on carrier 2 and the PSFCH is overlapped
with the PSSCH in the time domain. In this example, it is
further assumed that the UE derives a power value P1 to
transmit the PSCCH. Alternatively, it is further assumed that
the UE derives a power value P2 to transmit the PSSCH. In
another alternative, it is further assumed that the UE derives
a power value P3 to transmit the PSFCH. In yet another
alternative, it is further assumed that P1 is two times of P2
on a linear scale.

[0560] In one example, the UE could not be capable to
transmit the PSSCH with power P2 and the PSFCH with
power P3 simultaneously. Possible transmitted power for
each channel is summarized in the following table:
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second UE may determine the resource for PSFCH based on
the resource occupied time pattern of the first UE.

[0576] For example, referring to FIG. 19, (in carrier 1), a
first UE transmits a sidelink transmission in slot n—-P1 and an
occupied/reserved resource for slot n. In one embodiment,
the first UE may transmit the occupied information in the
sidelink transmission in slot n—-P1. In one embodiment, if a
second UE attempts to transmit a (unicast) sidelink trans-
mission to the first UE on PSCCH1 (and/or PSSCH1) in slot
n-k, the second UE may indicate a resource for PSFCH to
the first UE for transmitting HARQ-ACK feedback. In one
embodiment, the second UE determines the resource for
PSFCH based on at least the receiving time pattern of the

Scale down
power of PSSCH

Scale down
power of PSFCH

Scale down power of
both PSFCH and PSSCH

Power of PSCCH could PSCCH: P1 PSCCH: P1' PSCCH: P1"
be adjusted due to scale PSSCH: P2 PSSCH: P2’ PSSCH: pP2"
down power of PSSCH  PSFCH: P3’ PSFCH: P3 PSFCH: P3"
Power of PSCCH does  PSCCH: P1 PSCCH: P1 PSCCH: P1

not adjusted due to scale PSSCH: P2 PSSCH: P2’ PSSCH: pP2"
down power of PSSCH  PSFCH: P3’ PSFCH: P3 PSFCH: P3"

[0561] In one embodiment, P2' is the scaled down power
(in order to meet allowed/(pre-) configured maximum trans-
mitted power of the UE).
[0562] In one embodiment, P3' is the scaled down power
(in order to meet allowed/(pre-) configured maximum trans-
mitted power of the UE).
[0563] In one embodiment, P2" is the scaled down power
(in order to meet allowed/(pre-) configured maximum trans-
mitted power of the UE).
[0564] In one embodiment, P3" is the scaled down power
(in order to meet allowed/(pre-) configured maximum trans-
mitted power of the UE).

[0565] In one embodiment, P2" could be different or the
same as P2'".

[0566] In one embodiment, P3" could be different or the
same as P3'".

[0567] Inoneembodiment, P1'is two times of P2' in linear
scale.

[0568] In one embodiment, P1" is two times of P2" in
linear scale.

[0569] In one embodiment, if PSFCH is deprioritized, the

UE transmits the PSFCH with power P3' or P3".

[0570] Inone embodiment, if PSSCH is de-prioritized, the
UE transmits the PSSCH with power P2' or P2".

[0571] In one embodiment, the UE may transmit the
PSSCH with power P1 or P1' or PI".

[0572] In one embodiment, the UE may transmit the
PSSCH with power P2 or P2' or P2".

[0573] In one embodiment, the UE may transmit the
PSFCH with power P3 or P3' or P3".

[0574] In another embodiment, when a first UE’s TX
power cannot satisfy simultaneous PSCCH (and/or PSSCH)
and PSFCH transmissions, the first UE is not expected to be
required and/or indicated to transmit PSFCH partly over-
lapped in the time domain with a resource, wherein the first
UE is occupied and/or reserved.

[0575] When a second UE transmits PSCCH (and/or
PSSCH) to the first UE and requires/indicates the first UE to
transmit PSFCH carrying the associated HARQ-ACK, the

first UE. In this example, the second UE is not allowed to
indicate to the first UE to transmit PSFCH in slot n. In one
embodiment, the second UE may determine the resource for
PSFCH based on the processing time requirement of the first
UE (e.g., N1/N2/N3 requirement related to NR specification
38.213/214), whether there are available resources for trans-
mitting HARQ-ACK feedback, and/or latency requirements
of PSCCHI (and/or PSSCH1).

[0577] According to one method for a second UE, the
method includes: scheduling/indicating the first UE to trans-
mit an information; receiving the information from the first
UE; selecting a resource for a feedback of a sidelink
transmission based on the information, wherein the infor-
mation includes the first UE’s available resource on a carrier
for transmitting the feedback; transmitting the sidelink trans-
mission to the first UE; scheduling/indicating the resource to
the first UE; and receiving/monitoring the feedback on the
resource from the first UE.

[0578] In another method, the feedback is a HARQ-ACK
feedback.
[0579] In another method, the second UE is not allowed to

select a resource such that the first UE may exceed capability
in a time unit.

[0580] In another method, the first UE transmits the infor-
mation periodically.

[0581] In another method, the first UE transmits the infor-
mation via broadcast/groupcast/unicast channel.

[0582] In another method, the first UE transmits the infor-
mation every P time units (in a sidelink resource pool).
[0583] In another method, a time unit is a resource con-
figured in a sidelink resource pool.

[0584] In another method, a time unit could be a slot/
subframe/mini-slot/one or more than one (consecutive)
OFDM symbols.

[0585] In another method, the first UE’s available
resources on the carrier for transmitting the feedback could
be an available slot index.

[0586] In another method, the information includes the
first UE’s available slot on the carrier for transmitting the
feedback.
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[0587] In another method, the information includes a set
of resources on the carrier that the first UE exceeds the first
UE’s capability.

[0588] In another method, the second UE is not allowed/
does not select the resource in the set of resources.

[0589] In another method, the first UE derives the infor-
mation based on the reserved/occupied resources.

[0590] In another method, if the first UE has reached the
first UE’s capability in a slot, the first UE excludes the slot
from the information.

[0591] In another method, the information includes a
reserved capability of P time units.

[0592] In another method, the reserved capability could be
a reserved number of TX RF chains or remaining number of
carriers could be used in a time unit.

[0593] In another method, the reserved capability could
include at least information about the number of TX RF
chains minus number of TX RF chains which are used/
occupied/reserved in a time unit.

[0594] In another method, a UE’s capability could be one
or more of the following (or combinations thereof): (a)
number of TX RF chains of the UE and/or number of
configured TX carriers of the UE; (b) whether the UE
support the given band combination or not; (¢) TX chain
switching time of the UE; or (d) whether the UE can fulfill
the RF requirement due to, e.g., PSD imbalance or not.
[0595] In another method, the second UE determines/
selects the resource based on the most recently received
information.

[0596] According to another method for a first User
Equipment (UE) in a wireless communication system, the
method includes: receiving a request from a second UE on
a first carrier to transmit an information; deriving a set of
resource on a second carrier, which is capable for the first
UE to transmit; and transmitting the information to the
second UE on a third carrier.

[0597] In another method, the first UE derives the set
based on the number of occupied/reserved slot on a number
of carriers.

[0598] In another method, the first UE could monitor for
the information from the second UE during a time duration.
[0599] In another method, the first UE transmits the infor-
mation on the third carrier on a time unit during the time
duration.

[0600] In another method, the first UE does not exceed the
UE’s capability on the third carrier on the time unit.
[0601] In another method, the first UE exclude a resource
from the set such that the first UE does not exceed UE’s
capability when transmitting the resource on the second
carrier.

[0602] In another method, the first carrier is the same or
different from the second carrier.

[0603] In another method, the first carrier is the same or
different from the third carrier.

[0604] Inanother method, the second carrier is the same or
different from the third carrier.

[0605] According to another method, the method includes:
the first UE transmits (sidelink) transmission on a number of
carriers, wherein the number is smaller than or equal to a
maximum number of carriers that the first UE could transmit
the (sidelink) transmission simultaneously; the first UE
reserves/selects a resource for a PSCCH (and/or PSSCH) in
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a slot on a first carrier; and the first UE is indicated/required
to transmit a feedback on a PSFCH on a second carrier in the
slot.

[0606] In another method, if the first UE exceeds the
maximum number of carriers in the slot, the UE prioritizes
the PSFCH transmission.

[0607] In another method, the PSFCH is partly or fully
overlapped with the resource for the PSCCH (and/or
PSSCH) in a time domain.

[0608] In another method, the PSFCH is partly or fully
overlapped with the resource for the PSCCH (and/or
PSSCH) in the slot.

[0609] In another method, the PSFCH is separated from
the resource for the PSCCH (and/or PSSCH) in the slot.

[0610] In another method, the feedback is a HARQ-ACK
feedback.
[0611] In another method, the maximum number is related

to the first UE’s capability.

[0612] In another method, the maximum number is the
number of the first UE’s TX RF chains.

[0613] In another method, the first UE deprioritizes a
(sidelink) transmission on a carrier in the slot to satisfy the
maximum number of carriers.

[0614] In another method, the first UE does not transmit
the deprioritized (sidelink) transmission on the carrier in the
slot.

[0615] In another method, the first UE does not transmit a
(sidelink) transmission on the deprioritized carrier in the
slot.

[0616] In another method, the PSFCH is indicated by a
second UE.
[0617] In another method, the HARQ-ACK feedback is

associated with a sidelink transmission transmitted by the
second UE.

[0618] Inanother method, the slot is a resource configured
in a sidelink resource pool.

[0619] In another method, the first carrier and the second
carrier could be the same carrier or different carrier.
[0620] In another method, the first UE transmits the
PSFCH in the slot.

[0621] In another method, the first UE does not transmit
the PSCCH (and/or PSSCH).

[0622] In another method, the first UE punctures part of
the resource for the PSCCH (and/or PSSCH), wherein the
punctured part of resource is overlapped with PSFCH in
time domain.

[0623] In another method, the first UE performs rate
matching for the resource for the PSCCH (and/or PSSCH).
[0624] In another method, the first carrier is the carrier the
UE deprioritizes to meet the maximum number of carriers.
[0625] In another method, the first carrier is the carrier
with highest/lowest carrier index among the number of
transmitted/used carrier in the slot.

[0626] In another method, the first carrier is the carrier the
first UE randomly selects among the number of transmitted/
used carrier in the slot.

[0627] In another method, a transmitted/used carrier in the
slot means the first UE has reserved/selected a resource for
transmitting PSCCH (and/or PSSCH) in the slot.

[0628] In another method, a transmitted/used carrier in the
slot means the first UE is required/indicated to transmit
PSFCH in the slot.

[0629] According to another method for a first User
Equipment (UE) in a wireless communication system, the
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method includes: the first UE transmit (sidelink) transmis-
sion on a number of carriers, wherein the number is smaller
than or equal to a maximum number of carriers that the first
UE could transmit the (sidelink) transmission simultane-
ously; the first UE reserved/selected a resource for a PSCCH
(and/or PSSCH) in a slot on a first carrier; the first UE is
indicated/required to transmit a feedback on a PSFCH in the
slot on a second carrier; and if the first UE exceeds the
maximum number of carriers in the slot, whether the first UE
prioritizes the PSFCH depends on at least characteristic of
the PSFCH and/or the PSCCH (and/or PSSCH).

[0630] In another method, the PSFCH is partly or fully
overlapped with the resource for the PSCCH (and/or
PSSCH) in time domain.

[0631] In another method, the PSFCH is partly or fully
overlapped with the resource for the PSCCH (and/or
PSSCH) in the slot.

[0632] In another method, the PSFCH is separated from
the resource for the PSCCH (and/or PSSCH) in the slot.

[0633] In another method, the feedback is a HARQ-ACK
feedback.
[0634] In another method, the PSFCH is partly or fully

overlapped with the resource for the PSCCH (and/or
PSSCH) in time domain.

[0635] In another method, the PSFCH is indicated by a
second UE.
[0636] In another method, the HARQ-ACK feedback is

associated with the sidelink transmission transmitted by the
second UE.

[0637] Inanother method, the slot is a resource configured
in a sidelink resource pool.

[0638] In another method, the maximum number is related
to the first UE’s capability.

[0639] In another method, the maximum number is the
number of the first UE’s TX RF chains.

[0640] In another method, the first UE deprioritizes a
(sidelink) transmission on a carrier in the slot to satisfy the
maximum number of carriers.

[0641] In another method, the first UE does not transmit
the deprioritized (sidelink) transmission on the carrier in the
slot.

[0642] In another method, the first UE does not transmit a
(sidelink) transmission on the deprioritized carrier in the
slot.

[0643] In another method, the first carrier and the second
carrier could be the same carrier or different carriers.
[0644] In another method, the characteristics of the
PSFCH could be HARQ-ACK feedback content carried by
the PSFCH.

[0645] In another method, if the PSFCH carries NACK,
the first UE could deprioritize the PSFCH.

[0646] In another method, if the PSFCH carries ACK, the
UE could prioritize the PSFCH transmission.

[0647] In another method, if the first UE exceeds the
maximum number of carriers in the slot, whether the first UE
prioritizes the PSFCH depends on the carrier index.
[0648] In another method, if the first UE exceeds the
maximum number of carriers in the slot, whether the first UE
prioritizes the PSFCH depends on the priority value of the
PSCCH (and/or PSSCH) and/or the sidelink transmission.
[0649] In another method, if priority value of the PSCCH
(and/or PSSCH) is smaller than the priority value of the
sidelink transmission, the first UE transmits the PSCCH
(and/or PSSCH).
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[0650] In another method, if priority value of the PSCCH
(and/or PSSCH) is larger than the priority value of the
sidelink transmission, the first UE transmits the PSFCH.
[0651] FIG. 24 is a flow chart 2400 according to one
exemplary embodiment from the perspective of a UE. In
step 2405, the UE is (pre-)configured to perform one or more
sidelink transmissions on multiple carriers, wherein the UE
is able to transmit a first number of carriers among the
multiple carriers at the same time. In step 2410, the UE
selects a first resource for transmitting a first sidelink
transmission in a first slot on a first carrier. In step 2415, the
UE derives a second resource for transmitting a PSFCH
delivering a feedback in a second slot on a second carrier,
wherein the second slot is at least partly overlapping with the
first slot in a time domain. In step 2420, the UE determines
whether to prioritize either the PSFCH or the first sidelink
transmission based on a rule when the number of carriers
which the UE identifies to transmit in the overlapped slot
exceeds the first number of carriers.

[0652] In another method, the second resource for the
PSFCH is partly or fully overlapped with the first resource
for the PSCCH/PSSCH in the time domain. Alternatively,
the second resource for the PSFCH is fully non-overlapped
with the first resource for the PSCCH/PSSCH in the time
domain. In another example, the first slot is the same slot as
the second slot. In another example, the first resource is
separated from the second resource in the time domain.
[0653] In another method, the UE deprioritizes a trans-
mission on a carrier in the overlapped slot to satisfy the first
number of carriers.

[0654] In another method, the feedback is a HARQ-ACK
associated with a second sidelink transmission received by
the first UE and transmitted by a second UE.

[0655] In another method, the first UE receives the second
sidelink transmission after (or later than the time that) the
first UE selects the first resource in the first slot.

[0656] In another method, the first number of carriers is
related to the capability of the UE.

[0657] In another method, the first number of carriers is
the number of the UE’s TX RF chains.

[0658] In another method, the rule is based on the contents
of the feedback, wherein the UE prioritizes to transmit the
PSFCH if the feedback content is ACK, and/or deprioritizes
the PSFCH if the feedback content is NACK.

[0659] In another method, the rule is based on the order
(e.g., ascending or descending order) of a carrier index,
wherein the UE prioritizes to transmit the PSFCH if the
second carrier is with a lower or higher carrier index as
compared to the first carrier, and/or the UE prioritizes to
transmit the first sidelink transmission if the first carrier is
with a lower or higher carrier index as compared to the
second carrier.

[0660] In another method, the rule is based on the priority
of the first sidelink transmission and the priority of the
second sidelink transmission, wherein the UE prioritizes to
transmit the PSFCH if the second sidelink transmission has
a higher priority than the first sidelink transmission, and/or
the UE prioritizes to transmit the first sidelink transmission
if the first sidelink transmission has higher priority than the
second sidelink transmission.

[0661] In another method, the priority of the second side-
link transmission is indicated in a second sidelink control
information, wherein the second sidelink control informa-
tion schedules the second sidelink transmission. In another
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method, the priority of the first sidelink transmission is
indicated in a first sidelink control information, wherein the
first sidelink control information schedules the first sidelink
transmission.

[0662] In another method, the rule depends on CBR,
wherein the UE prioritizes to transmit the PSFCH if the CBR
of the second carrier is lower than the CBR of the first
carrier, and/or the UE prioritizes to transmit the first sidelink
transmission if the CBR of the first carrier is lower than the
CBR of the second carrier.

[0663] Inanother method, in responsive to the rule, the UE
does not transmit or is not allowed to transmit a deprioritized
sidelink transmission on the carrier. In another method, in
response to the rule, the UE does not transmit or is not
allowed to transmit the overlapped, deprioritized sidelink
transmission on the carrier. When the PSFCH is prioritized,
the UE does not transmit or does not allow the transmission
of the deprioritized first sidelink transmission or the over-
lapped portion of the deprioritized first sidelink transmission
on the first carrier. When the first sidelink transmission is
prioritized, the UE does not transmit or not allow the
transmission of the deprioritized PSFCH or the overlapped
portion of the deprioritized PSFCH on the second carrier.
[0664] In another method, the first sidelink transmission is
PSCCH and/or PSSCH.

[0665] As those skilled in the art will appreciate, the
various disclosed embodiments and/or methods may be
combined to form new embodiments and/or methods.
[0666] Referring back to FIGS. 3 and 4, in one embodi-
ment, the device 300 includes a program code 312 stored in
memory 310. The CPU 308 could execute program code 312
to (i) (pre-)configure the UE to perform one or more sidelink
transmissions on multiple carriers, wherein the UE is able to
transmit a first number of carriers among the multiple
carriers at the same time, (ii) select a first resource for
transmitting a first sidelink transmission in a first slot on a
first carrier, (iii) deriving a second resource for transmitting
a PSFCH in a second slot on a second carrier, wherein the
second slot is at least partly overlapping with the first slot in
a time domain, and (iv) determine whether to prioritize
either the PSFCH or the first sidelink transmission based on
a rule when the number of carriers which the UE identifies
to transmit in the overlapped slot exceeds the first number of
carriers.

[0667] Furthermore, the CPU 308 can execute the pro-
gram code 312 to perform all of the above-described actions
and steps or others methods described herein.

[0668] The above-disclosed methods avoid unnecessary
retransmissions.

[0669] Various aspects of the disclosure have been
described above. It should be apparent that the teachings
herein may be embodied in a wide variety of forms and that
any specific structure, function, or both being disclosed
herein is merely representative. Based on the teachings
herein one skilled in the art should appreciate that an aspect
disclosed herein may be implemented independently of any
other aspects and that two or more of these aspects may be
combined in various ways. For example, an apparatus may
be implemented or a method may be practiced using any
number of the aspects set forth herein. In addition, such an
apparatus may be implemented or such a method may be
practiced using other structure, functionality, or structure
and functionality in addition to or other than one or more of
the aspects set forth herein. As an example of some of the
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above concepts, in some aspects concurrent channels may be
established based on pulse repetition frequencies. In some
aspects concurrent channels may be established based on
pulse position or offsets. In some aspects concurrent chan-
nels may be established based on time hopping sequences.

[0670] Those of skill in the art would understand that
information and signals may be represented using any of a
variety of different technologies and techniques. For
example, data, instructions, commands, information, sig-
nals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields
or particles, optical fields or particles, or any combination
thereof.

[0671] Those of skill would further appreciate that the
various illustrative logical blocks, modules, processors,
means, circuits, and algorithm steps described in connection
with the aspects disclosed herein may be implemented as
electronic hardware (e.g., a digital implementation, an ana-
log implementation, or a combination of the two, which may
be designed using source coding or some other technique),
various forms of program or design code incorporating
instructions (which may be referred to herein, for conve-
nience, as “software” or a “software module”), or combi-
nations of both. To clearly illustrate this interchangeability
of hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described
above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software
depends upon the particular application and design con-
straints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for
each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the present disclosure.

[0672] In addition, the various illustrative logical blocks,
modules, and circuits described in connection with the
aspects disclosed herein may be implemented within or
performed by an integrated circuit (“IC”), an access termi-
nal, or an access point. The IC may comprise a general
purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, electrical components, optical components,
mechanical components, or any combination thereof
designed to perform the functions described herein, and may
execute codes or instructions that reside within the IC,
outside of the IC, or both. A general purpose processor may
be a microprocessor, but in the alternative, the processor
may be any conventional processor, controller, microcon-
troller, or state machine. A processor may also be imple-
mented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more mMicroprocessors in conjunc-
tion with a DSP core, or any other such configuration.

[0673] It is understood that any specific order or hierarchy
of steps in any disclosed process is an example of a sample
approach. Based upon design preferences, it is understood
that the specific order or hierarchy of steps in the processes
may be rearranged while remaining within the scope of the
present disclosure. The accompanying method claims pres-
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ent elements of the various steps in a sample order, and are
not meant to be limited to the specific order or hierarchy
presented.

[0674] The steps of a method or algorithm described in
connection with the aspects disclosed herein may be embod-
ied directly in hardware, in a software module executed by
a processor, or in a combination of the two. A software
module (e.g., including executable instructions and related
data) and other data may reside in a data memory such as
RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, a hard disk, a remov-
able disk, a CD-ROM, or any other form of computer-
readable storage medium known in the art. A sample storage
medium may be coupled to a machine such as, for example,
a computer/processor (which may be referred to herein, for
convenience, as a “processor”’) such the processor can read
information (e.g., code) from and write information to the
storage medium. A sample storage medium may be integral
to the processor. The processor and the storage medium may
reside in an ASIC. The ASIC may reside in user equipment.
In the alternative, the processor and the storage medium may
reside as discrete components in user equipment. Moreover,
in some aspects any suitable computer-program product may
comprise a computer-readable medium comprising codes
relating to one or more of the aspects of the disclosure. In
some aspects a computer program product may comprise
packaging materials.

[0675] While the invention has been described in connec-
tion with various aspects, it will be understood that the
invention is capable of further modifications. This applica-
tion is intended to cover any variations, uses or adaptation
of the invention following, in general, the principles of the
invention, and including such departures from the present
disclosure as come within the known and customary practice
within the art to which the invention pertains.

1. A method of a User Equipment (UE), the method
comprising:

being (pre-)configured to perform one or more sidelink
transmissions on multiple carriers, wherein the UE is
able to transmit a first number of carriers among the
multiple carriers at the same time;

selecting a first resource for transmitting a first sidelink
transmission in a first slot on a first carrier;

deriving a second resource for transmitting a PSFCH
delivering a feedback in a second slot on a second
carrier, wherein the second slot is at least partly over-
lapping with the first slot in a time domain; and

determining whether to prioritize either the PSFCH or the
first sidelink transmission based on a rule when the
number of carriers which the UE identifies to transmit
in the overlapped slot exceeds the first number of
carriers.

2. The method of claim 1, wherein the second resource for
the PSFCH is partly or fully overlapped with the first
resource for the first sidelink transmission in the time
domain.

3. The method of claim 1, further comprising:

deprioritizing a transmission on a carrier in the over-

lapped slot to satisfy the first number of carriers.

4. The method of claim 1, wherein the feedback is a
HARQ-ACK associated with a second sidelink transmission
received by the first UE and transmitted by a second UE.
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5. The method of claim 4, wherein the first UE receives
the second sidelink transmission after and/or later than the
time that the first UE selects the first resource in the first slot.

6. The method of claim 1, wherein the first number of
carriers is related to the capability of the UE.

7. The method of claim 1, wherein the first number of
carriers is the number of the UE’s TX RF chains.

8. The method of claim 1, wherein the rule is based on the
contents of the feedback, wherein the UE prioritizes to
transmit the PSFCH if the feedback content is ACK, and/or
deprioritizes the PSFCH if the feedback content is NACK.

9. The method of claim 1, wherein the rule is based on an
order of a carrier index, wherein the UE prioritizes to
transmit the PSFCH if the second carrier is with a lower or
higher carrier index as compared to the first carrier, and/or
the UE prioritizes to transmit the first sidelink transmission
if the first carrier is with a lower or higher carrier index as
compared to the second carrier.

10. The method of claim 4, wherein the rule is based on
the priority of the first sidelink transmission and the priority
of the second sidelink transmission, wherein the UE priori-
tizes to transmit the PSFCH if the second sidelink transmis-
sion has a higher priority than the first sidelink transmission,
and/or the UE prioritizes to transmit the first sidelink trans-
mission if the first sidelink transmission has higher priority
than the second sidelink transmission.

11. The method of claim 10, wherein the priority of the
second sidelink transmission is indicated in a second side-
link control information, wherein the second sidelink control
information schedules the second sidelink transmission,
and/or the priority of the first sidelink transmission is
indicated in a first sidelink control information, wherein the
first sidelink control information schedules the first sidelink
transmission.

12. The method of claim 1, wherein the rule depends on
a Channel busy ratio (CBR), wherein the UE prioritizes to
transmit the PSFCH if the CBR of the second carrier is lower
than the CBR of the first carrier, and/or the UE prioritizes to
transmit the first sidelink transmission if the CBR of the first
carrier is lower than the CBR of the second carrier.

13. The method of claim 1, further comprising:

when the PSFCH is prioritized, not transmitting or not

allowing the transmission of the deprioritized first
sidelink transmission or the overlapped portion of the
deprioritized first sidelink transmission on the first
carrier, and/or when the first sidelink transmission is
prioritized, not transmitting or not allowing the trans-
mission of the deprioritized PSFCH or the overlapped
portion of the deprioritized PSFCH on the second
carrier.

14. A User Equipment (UE), the UE comprising:

a control circuit;

a processor installed in the control circuit; and

a memory installed in the control circuit and coupled to

the processor;

wherein the processor is configured to execute a program

code stored in the memory to:

perform one or more sidelink transmissions on multiple

carriers, wherein the UE is able to transmit a first
number of carriers among the multiple carriers at the
same time;

select a first resource for transmitting a first sidelink

transmission in a first slot on a first carrier;
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derive a second resource for transmitting a PSFCH deliv-
ering a feedback in a second slot on a second carrier,
wherein the second slot is at least partly overlapping
with the first slot in a time domain; and

determine whether to prioritize either the PSFCH or the

first sidelink transmission based on a rule when the
number of carriers which the UE identifies to transmit
in the overlapped slot exceeds the first number of
carriers.

15. The UE of claim 14, wherein the feedback is a
HARQ-ACK associated with a second sidelink transmission
received by the first UE and transmitted by a second UE,
and/or wherein the first UE receives the second sidelink
transmission after and/or later than the time that the first UE
selects the first resource in the first slot.

16. The UE of claim 14, wherein the rule is based on the
contents of the feedback, wherein the UE prioritizes to
transmit the PSFCH if the feedback content is ACK, and/or
deprioritizes the PSFCH if the feedback content is NACK.

17. The UE of claim 14, wherein the rule is based on an
order of a carrier index, wherein the UE prioritizes to
transmit the PSFCH if the second carrier is with a lower or
higher carrier index as compared to the first carrier, and/or
the UE prioritizes to transmit the first sidelink transmission
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if the first carrier is with a lower/higher carrier index as
compared to the second carrier.

18. The UE of claim 15, wherein the rule is based on the
priority of the first sidelink transmission and the priority of
the second sidelink transmission, wherein the UE prioritizes
to transmit the PSFCH if the second sidelink transmission
has a higher priority than the first sidelink transmission,
and/or the UE prioritizes to transmit the first sidelink trans-
mission if the first sidelink transmission has higher priority
than the second sidelink transmission.

19. The UE of claim 18, wherein the priority of the second
sidelink transmission is indicated in a second sidelink con-
trol information, wherein the second sidelink control infor-
mation schedules the second sidelink transmission, and/or
the priority of the first sidelink transmission is indicated in
a first sidelink control information, wherein the first sidelink
control information schedules the first sidelink transmission.

20. The UE of claim 14, wherein the rule depends on
CBR, wherein the UE prioritizes to transmit the PSFCH if
the CBR of the second carrier is lower than the CBR of the
first carrier, and/or the UE prioritizes to transmit the first
sidelink transmission if the CBR of the first carrier is lower
than the CBR of the second carrier.
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