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METHOD FOR REFERENCE PICTURE PROCESSING INVIDED
CODING
CROSS-REFERENCE TO RELATED APPLICATIONS
{6001} This disclosure claims the benefits of priority to U.S. Provisional Application

No. 63/028,509, filed on May 21,2020, which is incorporated herein by reference m its

entircty.

TECHNICAL FIELD

o and more

[t

{00021 The present disclosare generally relates to video processin
particudarly, to methods, apparatus and a non-transitory computer-readable storage medium

for processing reference pictures.

BACKGROUND

(00031 A video s a set of static pictures {or “frames’} capturing the visual
information. To reduce the storage memory and the transmission bandwidth, a video can be
compressed before storage or transmission and decompressed before display. The
compression process 18 usually referred to as encoding and the decompression process is
usually referred to as decoding. There are various video coding formats which use
standardized video coding technologies, most commonly based on prediction, transform,
quantization, entropy coding and in-loop filtering. The video coding standards, such as the
High Efficiency Video Coding (HEVU/H.265) standard, the Versatile Video Coding
{VV{/H 266} standard, and AVS standards, specifying the specific video coding formats, are
developed by standardization orgamzations. With more and more advanced video coding
technologies being adopted n the video standards, the coding efficiency of the new video

coding standards get higher and higher.
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SUMMARY OF THE DISCLOSURE

{04 Embodiments of the present disclosure provide a method for video processing.
In some embodiments, the method includes: deniving a total number by summing a number of
reference picture hist structures in sequence parameter set (SPS) and one; allocating momory
for the total number of reference picture list structures in response to a reference picture list
structure being signaled in a picture header of a current picture or a slice header of a current
slice; and processing a current pichure or a current slice using the allocated memory.

{35 In some embodiments, the method includes: signaling a first flag in a pictare
parameter sot (PPS) to indicaie whether a second flag and a first index 1s present m a picture
header syntax or a slice header for a current picture referring to the PPS; wherein the second
flag indicates whether reference picture list 1 is derived based on one of the refercnec picture
bist structures associated with reference picture list 1 signaled 1n a sequence parameter set
{SPS) and the first index 18 the index, to the hist of the reference picture bist structures
assoctated with reference picture hist 1 included in the SP5, of the reference picture list
structure associated with reference picture list 1 that is used for denivation of reference
picture list §; determining whether the first index and a second index to be signaled, wherein
the second index is an index, to the list of the refercnce picture list structures associated with
reference picture hist { included in the SPS, of the reference picture list structure associated
with reference picture list O that is used for derivation of reference picture list O; in response
to the second index not to be signaled, determinmg a value of the second index comprising:
when at most one reference picture list structure associated with reference picture list 0 is
mcluded 1n SPS, determining the value of the second mdex to be equal to 0; in response to
the first mmdex not to be signaled, determining a value of the first index comprising: when at
most one reference picture list structure associated with reforence pictare list 1 is included in

SPS, determining the value of the first index to be equal to §; and when the first flag 1s equal
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to & and the second flag is gqual to 1, determining the value of the first index to be equal to
the value of the second mdex: denving the reference picture list based on the first index and
the second index; and encoding the current picture based on the reference picture list.

{0006} In some embodiments, the method inclades: receiving a video bitstream;
determining a value of a first flag indicating whether a second flag and a first index is present
in a picture header syniax or a slice header for a current picture | wheremn the second tlag
indicates whether reference picture list 1 s derived based on one of the reference picture hist
structures associated with reference picture list 1 signaled in a sequence parameter set (SPS)
and the first index 1s the mmdex, to the hist of the reference picture hist structures associate
with reference picture bist 1included 1o the SPS, of the reference picture st structure
associated with reference picture hist 1 that is used for derivation of reference picture list 1:
determining whether the first index and a sccond index being present, wherein the second
mdex 15 the 1ndex, to the hst of the reference picture list structures associated with reference
picture list O included in the §PS, of the reference picture list structure associated with
reference picture kst O that is used for derivation of reference picture list 0; in response fo the
second index being not present, determining a value of the second index comprising: when at
most one reference picture list structure associated with reference picture st 0 1s included 1n
SPS, determining the value of the second index to be equal to 0; in response to the first index
beng not present, determining 3 value of the first index comprising: when at most ong
reference picture list structure associated with refercnee picture list 1 is mcluded i SPS,
determining the value of the first index to be equal to ) and when the first flag is equal 10 §
and the second flag is equal to 1, determining the value of the first index to be equal to the
value of the second index; and decoding a current picture based on the first index and the

second index.

3
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{0071 In some embodiments, the method inchides: signaling a first flag in a slice
header to mmdicate whether an active reference index number is present in a shice header,
wheren the active reference index number 1s used to derive maximuwn reference mndex fora
corresponding reference picture list that is used to encode a current slice; in response to the
first flag indicating the active reference index number is present in the shice header,
determining a number of entries of reference picture hist O, and signaling the active reference
index mumnber of reference picture list § 1n the shice header for P and B slice when the namber
of entries of reference picture list O is greater than 1; and determining a number of entries of
reference picture bist 1, and signaling the active reference index number of refercnce picture
list 1 1n the slice header for B slice when the number of entrics of reference picture list 1 s
greater than 1.

[O00R] In some embodiments, the method includes: receiving a video bitstream
mcluding a slice header and a picture beader svntax; deterouning a value of a first flag
sigialed in the slice header that indicates whether an active reference index numiber is present
i the shice header, wherein the active reference index number is used to derive maximum
reference index for a corresponding reference picture list that is used to decode a current
slice; in response to the first flag indicating the active reference index mumber is present,
determining a number of entries of reference picture hist &, and decoding the active reference
index number of reference picture list O in the shice header for P and B slice when the number
of entrics of reference picture hist 015 greater than 1) and determining a number of entres of
reference picture list 1, and decoding the active reference index number of reference picture
kst 1 in slice beader for B slice when a number of enines of reference picture list 1 is greater
than 1.

{0009} In some embodiments, the method includes: determining a collocated picture

referred to by a reference mdex of the collocated picture in slice level, wherein the collocated
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picture is determined to be a same picture for all non-J slices of a current picture; and
processing the current picture based on the collocated picture, wherein the collocated pictare
ts used for temporal motion vector prediciion.

{6016} Embodiments of the present disclosure provide an apparatus for performing
video processing. In some embodiments, the apparatus comprising: a memory configured to
store msiructions; and ong or more processors configured to exccute the mstructions to cause
the apparatus to perform: deriving a total mumber by summing a number of reference picture
list stnisctures in sequence parameter set (8PS} and one; allocating memory for the total
number of reference picture Hst structures in response {0 a reterence picture list structure
being signaled in a picture header of a current picture or a slice header of a current slice; and
Processing a current picture or a current slice using the allocated memory.

{60111 In some embodiments, the apparatus comprising: 2 memory configured to
store instructions; and ong or more processors configured to exccute the mnstructions to cause
the apparatus to perform: signaling a first flag in a picture parameter set (PPS) to indicate
whether a second flag and a first index is present in a picture header syntax or a slice header
for a current picture referring o the PPS; wherein the second tlag ndicates whether reference
picture list | is denved based on one of the reference picture list structures associated with
reference picture hist 1 signaled in a sequence parameter sct {(SPS) and the first imdex is the
index, to the hist of the reterence picture hist structures associated with reference picture st |
mcluded in the SPS, of the reference picture list structure associated with reference picture
fist 1 that is used for derivation of reference picture list 1: determining whether the first index
and a second index to be signaled, whergin the second index is an index, to the list of the
reference picture list structures associated with reference picture list 0 included in the SPS, of
the reference picture list structure associated with reference picture list O that is used for

derivation of reference pictare list 0; in response 1o the scoond index not to be signaled,

[
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determining a value of the second mdex comprising: when at most one reference pictare list
structure associated with reference picture hist 0 15 included n SPS, determining the value of
the second index to be cqual to O; 1n response 1o the first index not to be signaled,
determining a value of the first index comprising: when at most one refercuce picture list
structure associated with reference prcture list 1 is inchuded m §PS, determining the value of
the first index to be equal to 0, and when the first flag is equal to 0 and the second flag is
equal to 1, determining the value of the first index to be equal to the value of the second
mdex; denving the refercnee picture list based on the first index and the second index; and
encoding the current picture based on the reference picture list.

{6012} In some embodiments, the apparatus comprising: a memory configured to
store instructions; and one or more proccssors configured to execute the instructions to cause
the apparatus to perform: recetving a video biistream; determining a value of a first flag
mdicating whether a second flag and a first index is present in a picture header syntax or a
slice header for a current picture , wherein the second flag indicates whether reforence picture
kst 1 13 derived based on one of the reference picturs list structures associated with reference
picture list | signaled in a sequence parameter set (SPS) and the first index 1s the ndex, to the
kst of the reference picture st structures associated with reference picture hist 1included in
the SPS, of the reference picture list structure associated with reference pictare list 1 that is
used for denivation of reference picture list 1 determiming whether the first index and a
second index being present, wherein the second index 1s the mdex, to the list of the reference
picture list structures associated with reference picture list 0 included in the SPS, of the
reference picture list structure associated with reference picture list O that ts used for
derivation of reference picture list 0; n response o the second index being not present,
determining a value of the second index comprising: when at most one reference picture list

structure associated with reference picture bst (s included in SPS, determining the value of
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the second index to be equal to 0, 1n response to the first index being not present, detenmining
a value of the first mdex comprising: when at most one reference picture hist structure
associated with reference picture hist 1 is included i SPS, determinuing the value of the first
index to be equal to §; and when the first flag is equal to 0 and the second flag s equal to 1,
determining the value of the first mdex to be equal to the value of the second mdex; and
decoding a current picture based on the first index and the second ndex.

{0013} In some embodiments, the apparatus comprising: a memory configured o
store instructions; and one or more processors configured to execute the nstructions to cause
the apparatus to perform: signaling a first flag in a shice header to indicate whether an active
reference index nwmber is present in a stice header, wherein the active reference index
number 5 used to derive maximum refercnee index for a corresponding reference picture list
that 1s used to encode a current slice; in response to the first flag indicating the active
reference mdex number i1s present io the shice header, determining a muober of entaes of
reference picture list 0, and signaling the active reference index number of reference picture
kst 0 1n the slice header for P and B shice when the mumber of entries of reference picture hist
{18 greater than 1) and determining a namber of entries of reference picture hist 1, and
signaling the active reference index number of reference picture list 1 the shice header for
B slice when the number of entries of reference picture list 1 is greater than 1.

(60147 In some embodiments, the apparatus comprising: 2 memory configured to
store instructions; and one or more processors configured to exccute the instructions to cause
the apparatus to perform: receiving a video bitstream mchuding a slice header and a pictare
header svntax; determining a value of a first flag signaled in the shice header that indicates
whether an active reference index number 18 present in the slice header, wherein the active
reference index number is used to derive maximum reference index for a corresponding

reference picture hist that is used to decode a current slice; in response to the first flag
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mdicating the active reference mdex number s present, determining a number of entries of
reference picture bist 0, and decoding the active reference index number of reference picture
tist 0 1n the slice header for P and B slice when the number of entries of reference picture list
0 1s greater than 1; and determining a munber of entnes of reference pictare list 1, and
decoding the active reference index number of reference picture list 1 in slice header for B
slice when a number of entries of reference picture list 1 s greater than 1,

{O0135] In some embodiments, the apparatus comprising: a memory configured o
store instructions; and one or more processors configured to execute the nstructions to cause
the apparatus to perform: determining a collocated picture referred to by a reference mdex of
the collocated picture in slice level, whercin the coliocated picture is determined fo be a same
picture for all non-{ slices of a current picture; and processing the current picture based on the
collocated picture, wherein the collocated picture is used for temporal motion vector
prediction,

{16} Embodiments of the present disclosure provide a non-transitory compuier-
readable storage medium that stores a set of mstructions that is executable by one or more
processors of an apparatus to cause the apparatus to imbiate a method for performing video
processing. In some embodiments, the method includes: deriving a total nmumber by summing
a number of reference picture hist structures in sequence parameter set (SPS) and one;
allocating memory for the total mumber of reference picture list structures m response to a
reference picture st structure being signaled in a picture header of a current picture or a shice
header of a current shice; and processing a current picture or a current slice using the allocated
mMemory .

{G017] In some embodiments, the method includes: signaling a first Hlag in a picture
parameter set {(PPS) to indicate whether a second flag and a first index is present in a picture

header syntax or a slice header for a current pictare referring to the PPS; wherein the second

el
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flag indicates whether reference picture lst 1 1s denved based on one of the reference picture
tist structures associated with reference picture list 1 signaled in a sequence parameter set
{5P8) and the first index 15 the 1ndex, to the list of the reforence picture list struciures
associated with reference picture kist | included in the SPS, of the reference picture fist
structure associated with reference picture bist 1 that i1s used for derivation of reference
picture list 1) determining whether the fivst index and a second mdex to be signaled, wherein
the second mdex is an index, to the list of the reference picture list structures associated with
reference picture list O included in the SPS, of the reference picture hist structure associated
with reference picture hist 0 that 1s used for denivation of reference picture hist O; in response
to the second index not 1o be signaled, determining a value of the second index comprising’
when at most ong reference picture list structure associated with reference picture list & s
included i SPS, determining the value of the second ndex to be equal to 0; in response to
the first index not to be sigualed, determining a value of the first mdex comprising: when at
most ong reference picture list structure associated with reference picture Hist 1 is mchided m
SES, determining the value of the first index to be equal to 0; and when the first flag is equal
to U and the second flag is equal to 1, determining the value of the first index to be equal to
the value of the second index; deriving the reference picture list based on the first index and
the second index; and encoding the current picture based on the reference picture hist.

{081 R] In some embodiments, the method ncludes: receiving a video bitstrean;
determining a value of a first flag indicating whether a second flag and a fust index is present
i a picture header syntax or a shice header for a current picture , whergin the second flag
mdicates whether reference picture list 1 is derived based on one of the reference picture Hst
structures associated with reference picture list | signaled in a sequence parameter set (SPS)
and the first index is the index, o the list of the reference picture list structures associated

with reference picture list 1 included i the SPS, of the reference picture Bist structure
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associated with reference picture hist 1 that 1s used for denvation of reference pictare list 1;
determining whether the first index and a second index being present, wherein the second
ndex 18 the index, o the hist of the reference picture hist structures associated with reference
picture list 0 inchuded in the SPS, of the reference picture list structure associated with
reference prcture hist { that is used for derivation of reference picture list 0; in response to the
second index being not present, deternmining a value of the second index comprising: when at
most ong reference picture list structure associated with reference picture st 0 is mchided
SES, determining the value of the second mdex to be equal to ) i response to the first index
being not present, determining a value of the first index comprising: when at most one
reference picture list structure associated with refercnee picture list | is meluded 1n SPS,
determining the value of the first index to be equal to 0; and when the first flag 1s egqual 10 €
and the second flag is equal fo 1, determining the value of the first index to be equal to the
value of the second index; and decoding a current picture based on the fust mdex and the
second index.

{1191 In some embodiments, the method inchides: signaling a first flag in a slice
header to mmdicate whether an active reference index number is present in a shice header,
wherein the active refercnce index number is used to derive maximum reference index fora
corresponding reference picture list that 1s used to encode a current shice; in response to the
first flag mdicating the active reference index number is present m the shice header,
determining a number of entrics of reference picture hist 0, and sigoaling the active reference
index mumnber of reference picture list § 1n the shice header for P and B slice when the number
of entries of reference picture list O is greater than 1; and determining a number of entries of
reference picture bist 1, and signaling the active reference index number of refercnce picture
kst 1 inn the slice header for B slice when the number of entries of reference picture list 1 is

greater than 1.

10



WO 2021/237165 PCT/US2021/033765

{261 In some embodiments, the method mehides: receiving a video bitstream
melading a slice header and a picture header syntax; determining a value of a first tlag
signaled in the slice header that jndicates whether an active reference mdex nurnber is present
in the slice header, wherein the active reference index number is used to denve maximum
reference index for a corresponding reference picture hist that is used to decode a current
slice; mn response 1o the first flag indicating the active reference mdex number 1s present,
determining a number of entries of reference picture list 0, and decoding the active reforence
mdex number of reference picture hist 0 i the slice header for P and B shice when the number
of entries of reference picture list § is greater than 1; and determining a number of enines of
reference prcture list 1, and decoding the active reference index number of refercuce picture
kst 1 1o shice header for B slice when a number of entries of reference picture list 1 is greater
than 1.

(0021} In some embodiments, the method includes: determining a collocated picture
referred to by a reference index of the collocated picture in slice level, wherein the coliocated
picture is determined to be a same picture for all non-J slices of a current picture; and
processing the current picture based on the collocated picture, wherein the collocated pictare

is used for temporal motion vector prediction.

BRIEF DESCRIPTION OF THE DRAWINGS

{0022} Embodiments and various aspects of the present disclosure are illustrated in
the following detailed descnption and the accompanying figures. Various features shown in
the figures are not drawn to scale.

{00231 FIG. 1 1s a schomatic diagram Ulustrating structures of an exemplary video
sequenoe, according to some embodiments of the present disclosure.

{00241 FIG. 24 15 a schematic diagram itlustrating an exemplary encoding process of

a hybrid video coding svstem, consistent with embodiments of the disclosure.

1
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{0231 FIG. 2B 15 a schematic diagram illustrating another exemplary encoding
process of a hybnd video coding system, consistent with embodiments of the disclosure.

{0026] FIG. 3A 15 a schematic diagram iHustrating an exeroplary decoding process of
a hybrid video coding system, consistent with embodiments of the disclosure.

(60271 FIG. 3B is a schematic diagram illustrating another exemplary decoding
process of a hybud video coding svstem, consistent with embodiments of the disclosure.

[GO2E] FIG. 4 15 a block diagram of an exemplary apparatus for encoding or decoding
a video, according to some embodiments of the present disclosure.

(291 FIG. SA shows an exemplary svotax including syntax structure for reference
picture lists, according to some embodiments of the present disclosure.

{6034} FIG. 5B shows an exemplary pseudocode mneluding derivation of vartable
FullPoclt] 1§ 1 |, according to some embodiments of the present disclosure.

{00311 FIG. 6A shows an exemplary svntax including syntax strocture for reference
picture list, according to some embodiments of the present disclosure,

(41321 FIG. 6B shows an excmplary pseudocode including derivation for vanable
NumBtrpEntnes| listldx {] rplsldx |, according to some embodiments of the present
disclosure.

{6033} FIG. 60 shows an example pseudocode melading derivation for vanable
AbsDeltaPocSt] listldx {[rplsidx 1] 1 |, according to some embodiments of the present
disclosure.

{6334} FIG. 6D shows an example pseudocode mcluding derivation for variable
DeltaPocValstl bistldx §f eplsldx |, according to some embodiments of the present disclosure.

{30351 FIG. 7 shows an exemplary syntax including syntax structure for reference
picture list in sequence parameter sef, according 1o some embodiments of the present

disclosure.
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{3361 FIG. 8 shows an exemplary svntax including syntax structure for reference
picture hist in picture parameter set, according to some embodiments of the present
disclosure.

{60371 FIG. 9A shows an exemplary syntax including syntax structusre for reference
picture list in picture header structure, according to some embodiments of the present
disclosure.

[G03¢] FI1G. 9B shows an example pseudocode inciuding derivation for variable
MaxNumSubblockMergeCand, according to some embodiments of the present disclosure.

130391 FIG. 10A shows an exemplary svntax inclading syntax structure for reference
picture list in slice header, according to some embodiments of the present disclosure,

[G04¢G] FIG. 10B shows an exemplary pseudocode including derivation for variable
MNumRefldxActive] 1 ], according to some embodiments of the present disclosure,

{00411 FIG, 11A shows a tlow-chart of an exemplary video encoding method for
signaling flags in PH syotax structure, according o some embodiments of the present
disclosure.

(30421 FIG. 11B shows a flow-chart of an exemplary video decoding method for
signaling flags in PH syntax structure, according to some embodiments of the present
disclosure.

(00431 FIG. 131C shows an exemplary svntax including updated signaling of
ph_collocated from [0 flag and ph_mvd 11 zero flag, according to some embodiments of
the present disclosure.

{8441 Fig, 12A shows a flow-chart of an exemplary video encoding method for
mdicating a collocated picture using picture order count, according to some embodiments of

the present disclosure.
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{0431 Fig, 128 shows a flow-chart of an exemplary video encoding method for
mdicating a collocated picture using picture order count, according to some embodiments of
the present disclosure.

{6046} FIG. 120 shows another flow-chart of an exemplary video encoding method
for mdicating a collocated picture, according to some embodimenis of present disclosure,

(00471 Fig. 12D shows a flow-chart of an exemplary video decoding method for
indicating a collocated picture using picture order count, according to some embodiments of
the present disclosure.

{0481 Fig. 12F shows a low-chart of an exemplary video decoding method for
mdicating a collocated picture using picture order count, according to some embodiments of
the present disclosure.

[0049] FIG. 12F shows an exemplary svatax meluding updated reference picture hst
m picture parameter set, according to some embodiments of the present disclosure.

{0301 FIG, 126 shows an exemplary syntax inchuding updated slice header,
according to some embodiments of the present disclosure.

{60511 FIG. 12H shows an exemplary pseadocode meluding derivation of
AbsDeltaPocstCol, according to some embodiments of the present disclosure.

{00521 FIG. 121 shows an exemplary pseudocode including denvation of
BeltaPocValStCol, according to some embodiments of the present disclosure.

{G0S31 FIG. 124 shows an exemplary pseudocode for deriving the collocated picture
used in a decoding method, according to some embodiments of the present disclosure,

{1341 FIG. 13A shows a flow-chart of an exemplary video encoding method for
mferring the index of collocated picture in SH using the number of active entries m reference

picture list, according to some embodiments of the present disclosure.
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{331 FIG. 13B shows a flow-chart of an exemplary video decoding method for
mferring the index of collocated picture in SH using the number of active entries m reference
picture list, according to some embodiments of the present disclosure,

[0056] FIG. 130 shows an exemplary semantics for updated syntax element
sh_collocated ref 1dx, according to some crmbodiments of the present disclosure.

(00571 FIG. 14A shows a flow-chart of an exemplary video processing method fora
decoder allocating memory, according to some embodiments of the present disclosure,

[HISEL FIG, 148 shows an exemplary semantics for allocating memory, according to
some embodiments of the present disclosure,

[G088] FIG. 15A shows a flow-chart of an exemplary video encoding method for
inferring the index in the reference picture list, according to some embodiments of the present
disclosure.

{0066} FIG. 158 shows a flow-chart of an exemplary video decoding method for
mnferring the mdex in the reference picture list, according to some crabodiments of the present
disclosure.

(30611 FIG. 18C shows an exemplary semantics for updated vanable rpl_idx{ 1 |,
according to some embodiments of the present disclosure.

{6062} FIG. 16A shows a flow-chart of an exemplary video encoding method for
indicating whether an overnide number of active reference index in slice header present,
according to somc ernbodiments of the present disclosure,

{08631 FIG, 168 shows a flow-chart of an exemplary video decoding method for
mdicating whether an override number of active refercnee index in slice header present,

according to some embodiments of the present disclosure.
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{0641 FIG. 16C shows an exemplary semantics for updated syntax clement
sh num_ref 1dx_active ovemde flag, according to some embodiments of the present
disclosure.

{60651 FIG. 174 shows a flow-chart of an exemplary video processing method for
defining an index of collocated picture in 8H for I shices, according to some embodiments of
the present disclosure.

[G0661 FIG. 178 shows an exemplary semantics for updated bitstream conformance
constraint for syntax clement sh_collocated ref idx, according to some embodiments of the

present disclosure.

DETAILED DESCRIPTION

{30671 Reterence will now be made m detail to exemplary embodiments, examples of
which are illustrated in the accompanying drawings. The following description refers to the
accompanying drawings in which the same numbers in different drawings represent the same
or simiar elements unless otherwise represented. The implementations set forth in the
following description of exemplary embodiments do ot represent all implernentations
consistent with the invention. Instead, they are merely examples of apparatuses and methods
consistent with aspects related to the mvention as recited i the appended claims. Particular
aspects of the present disclosure are described in greater detail below. The terms and
definitions provided herein control, if in conflict with terms and/or definitions incorporated
by reference.

[0068] The Joint Video Experts Team (JVET) of the ITU-T Video Coding Expert
Group (TU-T VCEG) and the ISOAEC Moving Picture Expert Group (dSG/IEC MPEG) s
currently developing the Versatile Video Coding (VVC/H 266) standard. The VYV standard

ts aimed at doubling the compression efficiency of 1is predecessor, the High Efficiency Video
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Coding (HEV{/H 263} standard. In other words, VV s geal 1s to achieve the same
subjective quality as HEVC/H 265 using half the bandwidth.

{30691 To achieve the same subjective guality as HEVU/H 263 using haif the
bandwidth, the JVET has been developing technologies beyond HEVC using the joint
exploration model {JEM} reference software. As coding technologies were incorporated into
the JEM, the JEM achieved substantially hugher coding performance than HEVC,

{00701 The VYV standard has been developed recently, and continues to include
more coding technologies that provide better compression performance. VVC 18 based on the
same hyvbrid video coding svstem that has been used 1n modermn video compression standards
such as HEVC, H264/AVC, MPEG2, H263, ete.

{6071} A video is a set of static pictures {or “frames”} arranged i a temporal
sequence to store visual imformation. A video capture device {¢.g., 4 camera) can be used to
capture and store those pictures in a temporal sequence, and a video playback device (cg.. a
television, a computer, a smartphone, a tablet computer, a video player, or any end-user
terminal with a function of display} can be used to display such pictures in the temporal
sequence. Also, in some applications, a video capturing device can transmit the captured
video to the video playback device {(e.2., a computer with a montior) in real-time, such as for
surveiliance, conferencing, or live broadeasting.

{00721 For reducing the storage space and the transmission bandwidth needed by such
applications, the video can be compressed before storage and transmission and decompressed
before the display. The compression and decompression can be implemented by software
execoted by a processor {g.g., a processor of a generic computer) or specialized hardware.
The module for compression is generally referred o as an “encoder,” and the module for
decompression is genevally referred to as 3 “decoder.” The encoder and decoder can be

collectively referred to as a “codec.” The encoder and decoder can be implemented as any of
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a variety of suitable hardware, software, or a combination thereof. For example, the hardware
mmplementation of the encoder and decoder can include circuitry, sach as one or more
microprocessors, digital signal processors {DSPs}), application-specific integrated circuits
{ASI(Cs), field-programmable gate arrays (FPGAS), discrete logic, or any combinations
thereof. The software implementation of the encoder and decoder can inclade program codes,
computer-cxecutable instructions, fitmware, or any suitable computer-implemented algorithm
or process fixed in a computer-readable medium. Video compression and decompression can
be implemented by various algorithms or standards, such as MPEG- 1, MPEG-2, MPEG-4,
H.26x series, or the Hike. In some applications, the codec can decompress the video from a
first coding standard and re-compress the decompressed video using a second coding
standard, in which case the codec can be referred to as a “transcoder.”

{00731 The video encoding process can identify and keep useful information that can
be used to reconstruct a picture and disregard uramportant information for the reconstruction.
If the disregarded, unimportant information cannot be fully reconstructed, such an encoding
process can be referred to as “lossy.” (Otherwise, it can be referred to as “lossless.” Most
encoding processes are lossy, which 18 a tradeoff to reduce the needed storage space and the
transmission bandwidth.

{0074} The useful mformation of a picture being encoded (referred to as a “corrent
picture”) mclude changes with respect to a reference picture {¢.g., a picture previously
encoded and reconstructed). Such changes can include position changes, luminosity changes,
or color changes of the pixels, among which the posttion changes are mostly concerned.
Position changes of a group of pixels that represent an object can reflect the motion of the
object between the reterence picture and the current picture.

{60751 A picture coded without referencing another pichure (i.c., it is its own

reference picture} s referred to as an “I-picture.” A picture is referred to as a “Pepicture” if
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some or all blocks (g.g., blocks that generally refer to portions of the video picture) in the
picture are predicted using intra prediction or mter prediction with one reference picture (e.g.,
uni-prediction}. A picture is referred to as a “B-picture” if at least one block n it is predicted
with two reference pictares {¢.g., bi-prediction).

{0076} FIG. 1 llustrates stractures of an exemplary video sequence 100, according to
some embodiments of the present disclosure. Video sequence 100 can be a live video or a
video having been captured and archived. Video sequence 100 can be a real-life video, a
computer-generated video {e.g., computer game video), or a combination thereof {e.g., a real-
ife video with augmented-reality effects). Video sequence 100 can be inputted from a video
capture device {¢.g., a camera), a video archive (¢.g., a video file stored in a storage device)
containing previously captured video, or a video feed interface {e.g., a video broadcast
transceiver) to receive video from a video content provider.

(00771 As shown in FIG. 1, video sequence 100 can include a serics of pictures
arranged temporally along a timeline, including pictures 102, 104, 106, and 108, Pictures
102-106 are contimuocus, and there are more pictures between pictares 106 and 108, In FIG.
i, picture 102 15 an {-picture, the reference picture of which is picture 102 wself. Picture 104
is a P-picture, the reference picture of which is picture 102, as mdicated by the arrow. Picture
106 15 a B-picture, the reference picturcs of which are pictures 104 and 108, as mdicated by
the arrows. In some embodiments, the reference picture of a picture {e.g., picture 104} can be
not immediately preceding or following the picture. For exaniple, the refercnee picture of
picture 104 can be a picture preceding picture 102, It should be noted that the reference
pictures of pictures 102-106 are only examples, and the present disclosure dogs not hmit
embodiments of the reference pictures as the examples shown m FIG. 1.

{0078} Typically, video codecs do not encode or decode an entire picture at one fime

due to the computing complexity of such tasks. Rather, they can split the picture into basic
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segments, and encode or decode the picture segment by segment. Such basic segments are
referred to as basic processing units ("BPUS™) in the present disclosure. For example,
structure 110 1 FIG. 1 shows an example structure of a picture of video sequence 100 (e g.,
any of pictures 102-108). in structure 110, a picture is divided mto 4x4 basic processing
uniis, the boundarics of which are shown as dash lines. In some embodiments, the basic
processing units can be referved to as “macroblocks” in some video coding standards {e.g.,
MPEG family, H 261, H263, or H264/AVC), or as “coding tree units” ("CTUs™} in some
other video coding standards (g.g., H265/HEVC or H266/VVC). The basic processing units
can have variable sizes in a picture, such as 128x128, 64x64, 32432 16x16, 4x8, 16#32, or
any arbitrary shape and size of pixels. The sizes and shapes of the basic processing units can
be selected for a picture based on the balance of coding efficiency and levels of detaiis to be
kept in the basic processing unif.

{0074 The basic processing untis can be logical units, which can include a group of
different types of video data stored in a computer memory {¢.g., in a video frame buffer). For
example, a basic processing unit of 3 color picture can mclude 3 luma component (Y}
representing achromatic brightness information, one or more chroma components {e.g., Ch
and Cr) representing color information, and associated syntax elements. in which the luma
and chroma components can have the same size of the basic processing unit. The lama and
chroma components can be referred to as “coding tree blocks™ ("CTHs™) n some video
coding standards {e.g., H265/HEVC or H266/VV(C). Any operation performed to a basic
processing unit can be repeaiedly performed to cach of its huma and chroma components.

{1801} Video coding has multiple stages of operations, examples of which are shown
i FEGs, 2A-28 and FiGs, 3A-3B. For each stage, the size of the basic processing unifs can
still be too large for processing, and thus can be further divided into segments referred to as

“basic processing sub-units” in the present disclosure. In some embodiments, the basic
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processing sub-units can be referred to as “blocks” i some video coding standards (e.g.,
MPEG famuly, H261, H263, or H264/AV(), or as “coding units” {“CUs”) 1n some other
video coding standards {e.g., H265/HEVC or H266/YVC). A basic processing sub-unit can
have the same or smaller size than the basie processing unit. Sinvlar to the basic processing
units, basic processing sub-umis are alse logical units, which can include a group of different
types of video data {e.g., Y, Ch, Cr, and associated syntax elements) stored in a computer
memory {8.2., in a video frame buffer). Any operation performed to a basic processing sub-
unit can be repeatedly performed to each of 1ts lama and chroma components. It should be
noted that such division can be performed to further levels depending on processing needs. It
should also be noted that different stages can divide the basic processing units using different
schemes.

[OOR1] For example, at a mode decision stage {an example of which is shown in FIG.
28), the encoder can decide what prediction mode {e.g., imtra~-picture prediction or inter-
picture prediction} to use for a basic processing unit, which can be too large 1o make such a
decision. The encoder can split the basic processing unit into multiple basic processing sub-
units {e.g., CUs as in H263/HEVT or H.266/VV(), and decide a prediction type for cach
individual basic processing sub-unit,

{0082} For another example, at a prediction stage (an example of which is shown n
FiGs. 2A-28), the encoder can perform prediction operation at the level of basic processing
sub-units {¢.g., CUsg). However, in some cases, a basic processing sub-unit can still be foo
large to process. The encoder can further sphit the basic processing sub-unit info smaller
segments (c.g., referred to as “prediction blocks™ or “PBs” in H265/HEVC or H266/VV(),
at the level of which the prediction operation can be performed.

{6083} For another example. at a transform stage {(an example of which is shown in

FIG. 24 and FiIG, 2B), the encoder can perform a transform operation for residual basic
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processing sub-units {¢.g., CUs}. However, 1n some cases, a basic processing sub-unit can
still be too large to process. The encoder can further split the basic processing sub-unit into
smaller segments {e.g., referred to as “transform blocks™ or “TBs” in H265/HEVC or
H.266/VV(), at the level of which the transform operation can be performed. It should be
noted that the division schemes of the same basic processing sub-unit can be different at the
prediction stage and the transform stage. For example, in H265/HEVC or H266/VV(, the
prediction blocks and transform blocks of the same CU can have different sizes and nombers.

{841 In struchire 110 of FIG. 1, basic processing unit 112 1s further divided into
3%3 basic processing sub-units, the boundarnies of which are shown as dotted hincs. Different
basic processing units of the same picture can be divided into basic processing sub-units in
different schemes.

[OORS] In some mmplementations, to provide the capability of parallel processing and
error resilience to video encoding and decoding, a picture can be divided mio regions for
processing, such that, for a region of the picture, the encoding or decoding process can
depend on no information from any other region of the picture. In other words, each region of
the picture can be processed independently. By doing so, the codec can process different
regions of a picture in paraliel, thus increasing the coding efficiency. Also, when data of a
region is corrupted in the processing or lost in network transmission, the codec can correctly
encode or decode other regions of the same picture without reliance on the corrupted or lost
data, thus providing the capability of error resilience. In some video coding standards, a
picture can be divided into different types of regions. For example, H265/HEVC and
H.266/VVC provide two types of regions: “slices” and “tiles.” It should also be noted that
different pictures of video sequence 100 can have different partition schemes for dividing a

picture into regions.
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{861 For example, in FEHG. 1, structure 110 1s divided into three regions 114, 116,
and 118, the boundaries of which are shown as solid lines mnside structure 110, Region 114
mehudes four basic processing units. Each of regions 116 and 118 includes six basic
processing units. It should be noted that the basic processing units, basic processing sub-
units, and regions of structure 1101 FEG. 1 are only examples, and the present disclosure
does not limit embodiments thereof,

{00871 FIG, 2A illustraies a schematic diagram of an exemplary encoding process
ZO0A | consistent with embodiments of the disclosure. For example, the encoding process
200A can be performed by an encoder. As shown in FIG. 24, the encoder can encode video
sequence 202 1nto video buistream 228 according to process 200A. Simar to video sequence
100 i FIG, 1, video sequence 202 can include a set of pictures {reforred to as “original
pictures”) arranged in a temporal order. Similar to structure 110 m FIG. 1, cach onginal
picture of video sequence 202 can be divided by the encoder 1nto basic processing units, basic
processing sub-units, or regions for processing. In some embodiments, the encoder can
perform process 200A at the level of basic processimg untts for each original picture of video
sequence 202, For example, the encoder can perform process 200A 1 an ilerative manner, m
which the encoder can encode a basic processing unif in one tteration of process 200A. In
some embodiments, the encoder can perform process 200A in paraliel for regions {g.g.,
regions | 14-118) of cach ongmal picture of video sequenece 202.

[Q0RE] In FIG. 24, the encoder can feed a basic processing umnit (reforred o as an
“original BPU”} of an original picture of video sequence 202 to prediction stage 204 to
generate prediction data 206 and predicted BPU 208, The encoder can subtract predicied
BPU 208 from the original BPU to generate residual BPU 210, The encoder can feed residual
BPFLU 210 to transform stage 212 and quantization stage 214 to gonerate quantized transform

coefficients 216. The encoder can feed prediction data 206 and quantized transform
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goethicients 216 to binary coding stage 226 to generate video bitstream 228 Components
202,204, 206, 208, 210, 212, 214, 216, 226, and 228 can be referred o as a “forward path.”
During process 2004, after quantization stage 214, the encoder can foed quantized transform
cocfficients 216 o inverse quantization stage 218 and inverse transform stage 220 to generaie
reconstructed residual BPU 222, The encoder can add reconstructed residuad BPU 222 1o
predicted BPU 208 {o generate prediction reference 224, which 1s used in prediction stage
204 for the next iteration of process 200A. Components 218, 220, 222, and 224 of process
Z00A can be referred to as a “reconstruction path.” The reconstroction path can be used to
ensure that both the encoder and the decoder use the same reference data for prediction.

{G088] The encoder can perform process 200A iteratively to encode cach original
BPLU of the original picture (in the forward path) and generate predicted reference 224 for
encoding the next original BPU of the onigimal picture (in the reconstruction path). After
encoding all onginal BPUs of the original picture, the encoder can proceed 1o encode the next
picture in vides sequence 202,

{1501 Referring to process 2004, the encoder can recetve video sequence 202
generated by a video capturing device {e.g., a camera). The term “receive” used herein can
refer o recciving, inputling, acquiring, retrieving, obtaining, reading, accessing, of any action
i any manner for inputting data.

[0091] At prediction stage 204, at a current iteration, the encoder can receive an
original BPU and prediction reference 224, and perform a prediction operation to generate
prediction data 206 and predicted BPU 208 Prediction reference 224 can be generated from
the reconstruction path of the previous tteration of process 200A. The purpose of prediction
stage 204 1s to reduce information redundancy by extracting prediction data 206 that can be
used to reconstruct the original BPU as predicied BPU 208 from prediction data 206 and

prediction reference 224,
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{2} Ideally, predicted BPU 208 can be identical to the oniginal BPU. However,
due to non-ideal prediction and reconstruction operations, predicted BPU 208 15 gencrally
shightly different frora the original BPU. For recording such differences, after generating
predicted BPU 208, the encoder can subtract it from the original BPU to generate residual
BPLJ 210. For example, the encoder can subtract values {e.g., greyscale values or RGB
values) of pixels of predicted BPU 208 from values of corresponding pixels of the original
BPU . Each pixel of residual BPU 210 can have a residual vahie as a result of such subtraction
between the corresponding pixels of the original BPU and predicted BPU 208, Compared
with the oniginal BPU, prediction data 206 and residual BPU 210 can have fewer bits, but
they can be used to reconstruct the original BPU without significant quality deterioration.
Thus, the onginal BPU is compressed.

(00931 To further compress residual BPU 210, at ranstorm stage 212, the encoder
can reduce spatial redundancy of residual BPU 210 by decomposing it into a set of two-
dimensional “hase patterns,” each base pattern being associated with a “transform
goetficient.” The base patterns can have the same size (e.g., the size of residual BPU 216).
Each base pattern can represent a variation frequency {e.g., frequency of brightness vanation}
component of residual BPU 210, None of the base pattems can be reproduced from any
combinations {(¢.g., linear combinations} of any other base pattermns. In other words, the
decomposition can decompose variations of residual BPU 210 into a frequency domam. Such
a decomposition is analogous to a discrete Fourier transform of a function, in which the base
patterns are analogous to the base functions {o.g., trigonometry functions) of the discrete
Fourier transform, and the transform coefficients are analogous to the coefficients associated
with the base functions.

{0094} Different transform algorithms can use different base patterns. Various

transform algorithms can be used at transform stage 212, such as, for example, a discrete
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gosing transform, a discrete sine transform, or the hike. The transform at transform stage 212
ts invertible. That is, the encoder can restore residual BPU 210 by an inverse operation of the
transform {referred to as an “inverse transform™). For example, to restore a pixel of residual
BPLU 210, the inverse transform can be multiplving values of corresponding pixels of the base
patterns by respective associated coefficients and adding the products to produce a weighted
sum. For a video coding standard, both the encoder and decoder can use the same transform
algorithm (thus the same base patterng). Thus, the encoder can record only the transform
cocticients, from which the decoder can reconstruct residual BPU 210 without receiving the
base patierns from the encoder. Compared with residual BPU 210, the transform coefficients
can have fower bits, but they can be used to reconstruct residual BPU 210 without significant
quality deterioration. Thus, residual BPU 210 s further compressed.

[0095] The encoder can further compress the transform coefficients at quantization
stage 214. o the transfonm process, different base patterns can represent different vanation
frequencies {¢.g., brightness vanation frequencies). Because human eyes are generally better
at recognizing low-frequency vartation, the encoder can disregard nformation of high-
frequency variation without causing significant quality detenoration in decoding. For
example, at guantization stage 214, the encoder can generate quantized transfomm coefficienis
216 by dividing each transform coefficient by an mteger value (referred to as a “quantization
scale factor”) and rounding the guotient to its nearest integer. Afler such an operation, some
transform coefficients of the high-frequency base patterns can be converted to zero, and the
transform coofficients of the low-frequency base patterng can be converted to smaller
mtegers. The encoder can disregard the zero-vahue guantized transform coefficients 216, by
which the transform coefficients are further compressed. The guantization process 1s also

invertible, in which quantized transform cocfficients 216 can be reconstructed to the
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transform coefficients in an inverse operation of the guantization (referred to as “inverse
quantization”}.

{3096] Because the encoder disregards the remainders of such divisions in the
rounding operation, quantization stage 214 can be lossy. Typically, quantization stage 214
can contribute the most information loss in process 200A. The larger the information loss is,
the fewer bits the quantized transform coetficients 216 can need. For obtaming different
levels of information loss, the encoder can use different valaes of the quantization syntax
element or any other syntax element of the quantization process.

HH97] AL binary coding stage 2206, the encoder can encode prediction data 206 and
quantized transform coefficiends 216 using a binary coding technigue, such as, for exampie,
entropy coding, variable length coding, arithmetic coding, Huffiman coding, context-adaptive
binary antthmetic coding, or any other lossless or lossy compression aigonithm. In some
embodiments, besides prediction data 206 and quantized transform coctficients 216, the
encoder can encode other information at binary coding stage 226, such as, for example, a
prediction mode used at prediction stage 204, syntax elements of the prediction operation, a
transform type at transform stage 212, syntax clements of the quantization process {e.g.,
quantization syntax clements), an encoder control syntax element {e.g., a bitrate control
syitax element), or the ike. The encoder can use the output data of binary coding stage 226
1o generate video bistream 228, In some embodiments, video bitstream 228 can be turther
packetized for network transnussion.

{G09E] Refeming to the reconstruction path of process 200A, at inverse quantization
stage 218, the encoder can perform inverse quantization on guantized transform coefficients
216 to generate reconstructed transform coefficients. At inverse transform stage 220, the

N

encoder can generate reconstructed residual BPU 222 based on the reconstructed transform
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coethicients. The encoder can add reconstructed residual BPU 222 to predicted BPU 208 to
generate prediction reference 224 that 1s to be used in the next iteration of process 200A.

{30991 1t should be noted that other vaniations of the process 200A can be used to
encode video sequence 202, In some embodiments, stages of process 200A can be perfiormed
by the encoder in different orders. In some cmbodiments, one or more stages of process 2004
can be combined into a single stage. In some embodiments, a single stage of process 200A
can be divided into multiple stages. For example, transform stage 212 and quantization stage
214 can be combined inio a single stage. In some embodiments, process 200A can mchude
additional stages. In some embodiments, process 200A can omit one or more stages in FIG.
24,

{G10G] FIG. 28 ilustrates a schematic diagram of another exemplary encoding
process 200B, consistent with embodiments of the disclosure. Process 200B can be modified
from process 200A. For example, process 2008 can be used by an encoder conforming to a
hybrid video coding standard {¢.g., H.26x series). Compared with process 2004, the forward
path of process 2008 additionally includes mode decision stage 230 and divides prediction
stage 204 mio spatial prediction stage 2042 and temporal prediction stage 2044, The
reconstruction path of process 2008 additionally includes loop filter stage 232 and buffer
234,

{0101] Generally, prediction techmiques can be categorized into two types: spatial
prediction and temporal prediction. Spatial prediction {¢.g., an intra-picture prediction or
“mitra prediction”} can use pixels from one or more already coded neighbonng BPUs in the
same picture to predict the carrent BPU. That 18, prediction reference 224 in the spatial
prediction can mclade the neighbonng BPUs. The spatial prediction can reduce the inhercnt
spatial redundancy of the picture. Temporal prediction {¢ g., an inter-picture prediction or

“inter prediction”) can use regions from one or more already coded pictures to predict the
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current BPU. That is, prediction reference 224 in the temporal prediction can mehude the
coded pictures. The temporal prediction can reduce the mherent femporal redundancy of the
pictures.

{0102} Reforring to process 2008, 1n the forward path, the encoder performs the
prediction operation at spatial prediction stage 2042 and temporal prediction stage 2044, For
example, at spatial prediction stage 2042, the encoder can perform the intra prediction. For an
original BPU of a picture being encoded, prediction reference 224 can mclude one or more
neighboring BPUs that have been encoded (in the forward path) and reconstructed {in the
reconstructed path) in the same picture. The encoder can generate predicted BPU 208 by
extrapolating the neighboring BPUs. The extrapolation technique can include, for example, a
lincar extrapolation or interpalation, a polynomial extrapolation or interpolation, or the like.
In some embodiments, the encoder can perform the extrapolation at the pixel level, such as
bv extrapolating values of corresponding pixels tor cach pixel of predicted BPU 208 The
neighboring BPUs used for extrapolation can be located with respect to the original BPU
from various directions, such as in a vertical direction {¢.g., on top of the original BPU}, a
horizontal direction {¢.g., o the lett of the onginal BPU), a diagonal direction {¢.g., to the
dowun-iefi, down-right, up-left, or up-right of the original BPU), or any direction defined in
the used video coding standard. For the witra prediction, prediction data 206 can include, for
example, locations {e.g., coordinates) of the used neighboring BPUs, sizes of the use
neighboring BPUs, svutax clements of the extrapolation, a direction of the used neighboring
BPUs with respect to the onginal BPU, or the hike.

{9103} For another example, at temporal prediction stage 2044, the encoder can
perform the mter prediction. For an onginal BPU of a current picture, prediction reference
224 can nclude one or more pictures {referred to as “reference pictures™) that have been

encoded (n the forward path} and reconstructed (in the reconstructed path). In some
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embodiments, a reference picture can be encoded and reconstructed BPU by BPU. For
example, the encoder can add reconstructed residual BPU 222 {0 predicted BPU 208 1o
generate a reconstructed BPU. When all reconstructed BPUs of the same picture are
generated, the encoder can generate a reconstrusted picture as a reference picture. The
encoder can perform an operation of “motion cstimation” to scarch for a matching regionina
scope {referred 1o as a “search wmdow™) of the reference picture. The location of the search
window 1n the reference picture can be determined based on the location of the original BPU
i the current picture. For example, the search window can be centered at a location having
the same coordinates i the reference picture as the oniginal BPU i the current picture and
can be exicnded out for a predeternuned distance. When the encoder identifies (e.z., by using
a pel-recursive algorithm, a block-matching algonthm, or the like) a region similar to the
original BPU i the search window, the encoder can determune such a region as the matching
region. The matching region can have differcnt dimensions {¢.g., bemg smaller than, equal to,
larger than, or in a different shape) from the original BPU. Because the reference picture and
the current picture are temporally separated m the timebine (g g, as shown 1n FIG, 1), it can
be deemed that the matching region “moves” to the location of the onginal BPU as time goes
by. The encoder can record the direction and distance of such a motion as a “motion vector.”
When multiple reference pictures are used {¢.g., as pictars 106 in FEG, 1}, the encoder can
search for a matching region and determine ifs associated motion vector for cach reference
picture. n some erobodiments, the encoder can assign weights to pixel values of the matchimg
regions of respective matching reference pictures.

{11341 The motion estimation can be used to wentify various types of motions, such
as, for example, translations, rotations, zooming, or the hike. For miter prediction, prediction

data 206 can include, for example, locations {e.g., coordinates} of the matching region, the
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motion vectors associated with the matching region, the number of reforence pictares,
weights associated with the reference pictures, or the hike.

{G105] For gencrating predicted BPU 208, the encoder can perform an operation of
“motion compensation.” The motion compensation can be used to reconstruct predicted BRU
208 based on prediction data 206 {c.g., the motion vector) and prediction reference 224, For
example, the encoder can move the matching region of the reference picture according to the
motion vestor, in which the encoder can predict the original BPU of the current picture.
When maltiple reference pictures are used {e.g., as picture 106 in FIG. 1}, the encoder can
move the matching regions of the reference pictures according to the respective motion
veetors and average pixel values of the matching regions. In some emboduments, if the
encoder has assigned weights to pixel vahues of the matching regions of respective matching
reference pictures, the encoder can add a weighted sum of the pixel values of the moved
matching regions.

[G136] In some embodiments, the inter prediction can be unidirectional or
bidirectional. Unidirectional inter predictions can use one or more reference pictures in the
same temporal direction with respect to the current picture. For example, picture 104 in FIG.
1 is a unidirectional wier-predicted picture, in which the reference picture {e.g., picture 102}
precedes picture 104, Bidirectional inter predictions can use one or more reference pictures at
both temporal directions with respect to the current picture. For example, picture 106 in FIG.
1 is a bidirectional inter-predicted picture, in which the reference pictures {¢.g., pictures 104
and 108} are at both temporal directions with respect to pictare 104,

{1G7] Still referring to the forward path of process 2008, after spatial prediction
2042 and temporal prediction stage 2044, at mode decision stage 230, the encoder can select
a prediction mode {¢.g., one of the mtra prediction or the inter prediction) for the current

tteration of process 200B. For example, the encoder can perform a rate-distortion
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optimization technigue, in which the encoder can select a prediction mode to minimize a
value of a cost function depending on a bif rate of a candidate prediction mode and distortion
of the reconstructed reference picture under the candidate prediction mode. Depending on the
selected prediction mode, the encoder can generate the corresponding predicted BPU 208 and
predicied data 206.

{01087 In the reconstruction path of process 2008, if intra prediction mode has been
selected m the forward path, after generating prediction reference 224 (e g, the current BPU
that has been encoded and reconstructed in the current picture), the encoder can directly feed
prediction reference 224 1o spatial prediction stage 2042 for later usage (e g., for
extrapolation of a vext BPU of the current picture). The encoder can feed prediction reference
224 to loop filter stage 232, at which the encoder can apply a loop filter to prediction
reference 224 to reduce or ehiminate distortion {e.g., blocking artifacts) miroduced duning
coding of the prediction reference 224, The encoder can apply various loop filter techuiques
at loop filter stage 232, such as, for example, deblocking, sample adaptive offsets, adaptive
loop filters, or the hike. The loop-filtered reference picture can be stored i buffer 234 (or
“decoded picture buffer (DPB)Y) for later use (¢.g., 10 be used as an infer-prediction reference
picture for a future picture of video sequence 202). The encoder ¢an store one of more
reference prctures in buffer 234 to be used at temporal prediction stage 2044, In some
embodiments, the encoder can encode syntax elements of the loop filter (e g, a loop filter
strength} at binary coding stage 226, along with guantized transform coefficiends 216,
prediction data 206, and other information.

{02109} FIG. 3A illustrates a schematic diagram of an exemplary decoding process
300A, consistent with embodiments of the disclosure. Process 3004 can be a decompression
process corresponding to the compression process 200A in FIG. 2A. In some embodiments,

process 300A can be similar to the reconstruction path of process 2Z00A. A decoder can
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decode video bitstream 228 mto video stream 304 according to process 300A. Video stream
304 can be very stmilar to video sequence 202, However, due to the mformation loss in the
corapression and decompression process {¢.g., quantization stage 214 in FIG. 24 and FiG.
28}, generally, video stream 304 1s not identical to video sequence 202, Similar to processes
200A and 2008 in FIG. 2A and FIG. 2B, the decoder can perform process 300A at the level
of basic processing units (BPUs) for each picture encoded in video bitstream 228, For
exaraple, the decoder can perform process 300A in an iterative manner, in which the decoder
can decode a basic processing unit in one iteration of process 300A. In some cmbodiments,
the decoder can perform process 300A in paralle] for regions (e.g., regions 114-118) of cach
picture cucoded in video biistream 228,

(6110} In FIG. 3A, the decoder can feed a portion of video bitstream 228 associated
with a basic processing unit {referred to as an “encoded BPU”} of an encoded picture to
binary decodimg stage 302, At binary decoding stage 302, the decoder can decode the portion
into prediction data 206 and quantized transform coefficients 216. The decoder can feed
quantized transform coefficients 216 to mverse quantization stage 218 and inverse transform
stage 220 to generate reconstructed residual BPU 222 The decoder can feed prediction data
206 to prediction stage 204 to generate predicted BPU 208. The decoder can add
reconstructed residual BPU 222 o predicted BPU 208 to generate predicied reference 224, In
some embodiments, predicied reference 224 can be stored in a buffer (e.g., a decoded picture
buffer in a computer memory}. The decoder can feed predicted reference 224 to prediction
stage 204 for performing a prediction operation in the next teration of process 300A.

{1111} The decoder can perform process 300A iteratively to decode each encoded
BPU of the encoded picture and generate predicted reference 224 for encoding the next

encoded BPU of the encoded picture. After decoding all encoded BPUs of the encoded
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picture, the decoder can output the picture to video stream 304 for display and proceed to
decode the next encoded picture m video bitstream 228,

(G121 AL binary decoding stage 302, the decoder can perforo an inverse operation of
the binary coding technigue used by the encoder {&.g., entropy coding, vanable length coding,
arithmetic coding, Huffman coding, context-adaptive binary artthmetic coding, or any other
lossless compression algorithm). In some embodiments, besides prediction data 206 and
guantized transform coefficients 216, the decoder can decode other information at binary
decoding stage 302, such as, for example, a prediction mode, syntax clements of the
prediction operation, a transform type, synfax elements of the guantization process {e.g.,
quantization syntax clements}), an encoder control syntax clement (e.g., a bitrate control
syntax element), or the like. In some embodiments, if video bitstream 228 is transmitted over
a network in packets, the decoder can depacketize video bitstream 228 before feeding it to
binary decoding stage 302

{G113] FIG. 3B ilustrates a schematic diagram of another exemplary decoding
process 3008, consistent with embodiments of the disclosure. Process 3008 can be modified
from process 300A . For example, process 300B can be used by a decoder conforming to a
hybrid video coding standard {¢.g., H.26x sernies). Compared with process 300A, process
300B addiionally divides prediction stage 204 into spatial prediction stage 2042 and
temporal prediction stage 2044, and additionally includes foop filter stage 232 and butter
234.

{61141 In process 3008, for an encoded basic processing unit (referred to as a
“current BPU™) of an encoded picture (referred to as a “carrent picture™) that is bemg
decoded, prediction data 206 decoded from binary decodmg stage 302 by the decoder can
include vartous types of data, depending on what prediction mode was used to encode the

current BPU by the encoder. For example, if mntra prediction was used by the encoder to
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encode the current BPU, prediction data 206 can mclude 3 prediction mode mdicator (e.g., a
flag value) mdicative of the intra prediction, syntax elements of the mira prediction operation,
orthe like. The syntax elements of the wtra prediction operation can include, tor example,
locations {¢.g., coordinates) of one or more neighboring BPUs used as a reference, sizes of
the neighboring BPUs, syntax elements of extrapolation, a direction of the neighboring BPUs
with respect to the original BPU, or the like. For another example, 1f inter prediction was
used by the encoder to encode the current BPU, prediction data 206 can include a prediction
mode indicator (e.g., a flag value) indicative of the inter prediction, syntax elements of the
miter prediction operation, or the hike. The syntax elements of the inter prediction operation
can include, for example, the nwmber of reference pictures associated with the current BPU,
weights respectively associated with the reference pictures, locations {¢.g., coordinates) of
one or more matching regions m the respective reference pictures, one or more mohion
vectors respectively associated with the matching regions, or the hike.

{0115} Based on the prediction mode indicator, the decoder can decide whether to
perform a spatial prediction {e.g., the intra prediction} at spatial prediction stage 2042 or a
temporal prediction {¢.g., the mnter prediction) at temporal prediction stage 2044, The details
of performing such spatial prediction or temporal prediction arc described in FIG. 28 and
will not be repeated hereinafier. After performing such spatial prediction or temporal
prediction, the decoder can generate predicted BPU 208, The decoder can add predicted BPU
208 and reconstructed residual BPU 227 1o generate prediction reforence 224, as described in
FIG. 3A

{1116} In process 300B, the decoder can feed predicted reference 224 to spatial
prediction stage 2042 or temporal prediction stage 2044 for performing a prediction operation
in the next teration of process 300B. For example, if the current BPU 1s decoded using the

intra prediction at spatial prediction stage 2042, after generating prediction reference 224
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{e.g., the decoded carrent BPL), the decoder can directly foed prediction reference 224 to
spatial prediction stage 2042 for later usage {e.g., for extrapolation of a next BPU of the
current picture). If the current BPU 15 decoded using the mier prediction at temporal
prediction stage 2044, afier generating prediction refercnce 224 {¢.g, a refergnce picture in
which all BPUs have been decoded}, the decoder can feed prediction reference 224 1o loop
filier stage 232 to reduce or ehimunate distortion {e.g., blocking artifacts). The decoder can
apply a loop filier to prediction refercnee 224, in a way as described in FIG. 2B. The loop-
filtered reference picture can be stored in buffer 234 (e.g., a decoded picture buffer (BPB) n
a computer memory) for later use (e.g., to be used as an inter-prediction reference picture for
a future encoded picture of video bustream 228}, The decoder can store one or more
reference pictures in buffer 234 to be used at temporal prediction stage 2044 In some
embodiments, prediction data can further include syntax elements of the loop filter (eg., a
loop filter strength). In some embodiments, prediction data tncludes syntax clements of the
loop fifter when the prediction mode indicator of prediction data 206 indicates that inter
prediction was used to encode the currllent BPU.

{1171 FIG. 415 a block diagram of an exemplary apparatus 400 for encoding or
decoding a video, consistent with embodiments of the disclosure. As shown n FiIG. 4,
apparatus 400 can include processor 402, When processor 402 executes instructions
described herein, apparatus 400 can become a specialized machine for video encoding or
decoding. Processor 402 can be any type of circuitry capable of manpulating or processing
information. For example, processor 402 can include any combination of any number of a
central processing unit {(or “CPU™Y, a graphics processing unit {or “GPU™), a neural
processing unit ("NPU™), a microcontroller unit ("MCU™), an optical processor, a
progranunable logic controller, a microcondroller, a microprocessor, a digital signal

processor, an intellectual property €1P) core, a Programmable Logic Array (PLA), a
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Programmable Array Logic (PAL), a Generic Array Logic (GAL), a Complex Programmable
Logic Device (CPLD), a Field-Programmable Gate Array (FPGA), a System On Chip (Soll),
an Application-Spectfic Integrated Cirenit (ASIC), or the like. In some emboduments,
processor 402 can also be a set of processors grouped as a single logical component. For
example, as shown in FIG, 4, processor 402 can mclude multiple processors, includimg
processor 402a, processor 402b, and processor 402n.

{01 1E] Apparatus 460 can also include memory 404 configured to store data{c.g., a
set of instructions, computer codes, intermediate data, or the like}. For example, as shown in
FIG. 4, the stored data can include program mstructions {e.g., program nstructions for
mmplementing the stages m processes 200A, 2008, 300A, or 300B) and data for processing
{c.g., video sequence 202, video bitstream 228, or video stream 304}, Processor 402 can
access the program mstructions and data for processing {¢.g., via bus 410}, and execute the
program instructions to perform an operation or manipulation on the data for processing.
Memory 404 can include a high-speed random-access siorage device or a non-volatile storage
device. In some embodiments, memory 404 can include any combination of any namber of a
random-access memory {RAM), a read-only memory (ROMj}, an optical disc, a magnetic
disk, a hard drive, a solid-state drive, a flash drive, a security digital (8D} card, a memory
stick, a compact flash (CF} card, or the like. Memory 404 can also be a group of memories
{not shown in FIG. 4) grouped as a single logical component.

{0119} Bus 410 can be a commumication device that transters data between
components inside apparatus 400, such as an internal bus {c.g.. a CPU-memory bus), an
external bus (e.g., a universal serial bus port, a peripheral component interconnect express
port}, or the hike.

{0120} For case of explanation without causing ambiguity, processor 402 and other

data processing circuits are collectively referred to as a “data processing circuit” in this

(8]
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disclosure. The data processing circuif can be implemented entirely as hardware, or as a
combination of software, hardware, or firmware. In addition, the data processing cirenit can
be a single independent module or can be combined entirely or partially wnto any other
component of apparatus 400,

{01211 Apparatus 460 can further include network mterface 406 to provide wired or
wirgless communication with a network {e.g., the Intemet, an intranct, a local arca network, a
mobile communications network, or the like}. In some embodiments, network interface 406
can include any combination of any number of a network mterface controlier (NIC3, a radio
frequency (RF) module, a transponder, a transceiver, a modem, a rouler, 3 gateway, 4 wired
network adapter, a wireless network adapter, a Bluetooth adapter, an mirared adapter, an
near-field communication ("NFC} adapter, a cellolar network chip, or the like,

(01231 In some embodiments, optionally, apparatus 400 can further include peripheral
miterface 408 to provide a convection to one or more peripheral devices, As shown m FIG. 4,
the peripheral device can include, but is not linuted to, a cursor control device {e.g., a mouse,
a touchpad, or a touchscreen), a keyboard, a display (2.g., a cathode-ray tube display, a hiquad
crystal display, or a light-emitting diode display), a video mput device {¢.g., a camera or an
input mtertace coupled 1o a video archive), or the like.

{01231 It should be noted that video codecs {e.g., a codec performing process 2004,
2008, 300A, or 300B) can be implemented as any combimnation of any software or hardware
modules 1n apparatus 400. For example, some or all stages of process 2004, 2008, 3004, or
3008 can be implemented as one or more software modules of apparatus 400, such as
program nstructions that can be loaded nto memory 404. For another example, some or all
stages of process 200A, 2008, 300A, or 3008 can be implemented as one or more hardware
modules of apparatus 400, sach as a specialized data processing circuit {e.g., an FPGA, an

ASIC, an NPU, or the like).
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€124} In video coding, pictures need to be identified for multiple purposes, inchuding
for being identified as reference pictures n inter prediction, as pictures to be output from the
D3PB, as temporal collocated picture for motion vector prediction, ete. The most commmean way
to identify a picture is using picture order count (POC™).

[0125] Foridentifying reference pictures in inter prediction, temporal collocated
picture in motion vector "MV 7} temporal prediction and scaling, the reference picture lists
{usually two as 1in AVC, HEVC and VV{) can be derived. For example, reference picture list
 and reference picture list] can be derived, cach of which mclades a bist of reconstrucied
pictures in the DPR to be used as the reference pictures. And reference mdices to the
reference picture lists can be signaled at a block level for identifving the reference picture for
the carrent block. To correctly maintain the reference pictures in the DPB without requining
unnecessarily large amount of DPB memory, reference picture marking is neede

0126 ln VVC (e.g., VYV draft 9), two Reference Picture Lists ("RPL™), reference
picture list O and reference picture list 1, are used. They are directly signaled and derived.
information on the two refergnce picture lists 1 signaled by syntax elements and syntax
structures in a Sequence Parameter Set ("SPS7), a Picture Parameter Set ("PPR”), a Picture
Header {"PH™), and a Slice Header (“SH”}. Predefined reference picture list structures are
signaled in the SPS, for use by referencing in the PH or SH. New reference pictare list
structure can also be signaled m PH or SH, for denivation of reference picture hist 0
and reference picture list 1. Whether the reference picture list information is signaled in PH

or SH is determined by a flag signaled in PPS.

types of slices {e.g., B, P, and I shice). For { slices, neither of the two reference picture lists,
reference picture list O nor referonce picture list 1, may be used for decoding. For P slices,

only reference picture list 0 may be used for decoding. For B shices, both reference picture
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lists, reference picture st 0 and reference picture bst 1, may be used for decoding. The two
reference picture lists are constructed without using a reference picture hist initialization
process or a reference picture list modification proccss.

{61328} Not all pictares in the reference picture list arc used as the reference picture
for the current picture or slice. Only the active entries of a reference picture list may be used
in the decoding process of the shice data. The default number of active entries is signaled in
PPS 1 VVC {e.g, VV draft 9) and can be overridden by slice header for the current shice.

{1291 To identity the pictures in DPB to constract the RPL, the POC comprising
most sigmificant bits ("MSB”) and least significant bits ("LSByarg used In VVC (e g, VVC
draft 9), LAB of POC 15 signaled in PH and MSB may be explicitly signaled in PH or denived
by comparing POC LSB of the current picture and that of one or more preceding pictures.

(0130 ln VVC{e.g, VVU draft 9), a decoded picture in the DPB can be marked as

>

“voused for reference,” “used for short-tero reference,” or “used for long-tem reference.”
The decoded picture can be marked as only one among these three at any given moment
during the operation of the decoding process. Assigning one of these markings to a picture
mmplicitly removes other markings when applicable. When a picture 1s referred to as being
marked as “used for reference,” this also refers to the picture being marked as “used for

>

short-term reference” or “used for long-term reference,” but not both.
{0131] Short-term reforence pictures ("STRP”) and inter-layer reference pictures
{(ILRP”) are identitied by their NAL (Network Abstraction Laver) unit 1D and POC values.

Long-tem reference pictures (“"L'TRP™) are identified by their NAL unit ID and a number of

L.SBs of their POC values.

reference picture lists, according to some embodiments of the present disclosure. The syntax
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shown in FI1G, SA can be a part of the VVC standard (e.g., VVC draft 9} or 1 other video
coding technologies.

{3133} As shown in FIG. 54, the svatax structure 500A for reference picture lists
{c.g., ref pic Hsts{ ) may be present in the PH syutax structare or the SH.

{01341 As shown in FIG, 53A syntax element 510A (e g, rpl sps flagii Dequalto 1
specifies that reference picture list 1 {¢.g., 1 can be 0 or 1} in the syntax stracture for reference
picture lisis {e.g.. ref pic hists{ }) is derived based on one of the synatx structures for referece
picture list structure {e.g. ref pic list struci{ listldx, mplshdx ) with listlds equal to 1) in the
SPS. Syntax element S10A being cqual to O specifies that reference picture bist 1 {e.g., 1 can
be 0 or 1) is derived based on the synatx structure for referece picture list structure {e.g.,
ref pic list stouet{ listidx, rplsidx } with listldx equal to 1) that is directly included in the
syntax structure for reference picture hists (e.g., ref pic_hists( }).

(01351 When syntax clement 510A is not present, the following applies. First, if the
number of reference picture hists in SPS {o g, sps_num ref pic listsf 1 Y isequal to 0, the
value of syntax eloment 310A 1s inferred to be equal to 0. Second, if the number of reference
picture lists in SPS (e.g., sps num_ref pic lists] 1]} is not equal to G {e.g., if the number of
reference picture Hsts in SPS is greater than ), when syntax clement 520A (¢ g.
pps_rpll idx present flag) is equal to 0 and t1s equal to 1, the value of syntax eloment 310A
for reference preture ist 1 in 8PS {e.g. vpl_sps_flagl 1 1) is mnferred to be cqual to the value of
symax elcrment S10A for reference picture ist 010 SPS {e.g. wpl_sps_flagl O 1.

{61361 Syntax clement 530A {(e.g., rpb_1dx{ 1|} specifics the index, to the list of the
ref pic list stroct( listidx, rplshdx } with histldx equal to 1 imchuded in the SPS, of the
ref pic list stroct( hstidx, rplsidx ) with listidx equal to 1 that 1s used for derivation of
reference picture hist 1 of the current picture. The length of syntax clement 530A is a mumber

of bits with a smallest integer greater than or eqaal to 8 base-2 logarithm of the number of the
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ref pic list stroact( listldx, rplsidx } syntax stractures in 8PS, which can be represented by
Ceil{ Logz{ sps_num_ref pic lists] 1 ]} ) bits. The valae of syntax element S30A can be in an
inclusive range of 0 to the number of reference picture hists in SPS -1 {e.g..
sps_num ref pic lists{i}-1}. When syntax element 330A i not present, if syntax clement
510A 1s equal to 1 and syntax element 520A is equal to 0, the value of rpl 1dx]1] is inferred
1o be equal to the value of rpl_idx] 0 ], otherwise the value of rpl_idx{1} is mnferred to be
aqual to 0.

{9137} The vanable Rplsldx] 1 | can be derived as follows:

Rplsid<{ 1} =rpl sps flagl 1} 7 pl idxfi]: sps num_ref pic histsfi ]
order count modulo MaxPicUrderCritlsh of the j-th LTRP entry m the i-th reference picture
fist in the ref pic_lists( ). The length of syntax element 340A is equal to base-2 logarithm of
the maximum LSB 1o POC bits {¢.g., sps_log2 max_pic_order_cnt Isb minusd + 4 bits).

{0139} The vanable PocLsbit]{ 1 }} j | can be derived as follows:

PocLsbLtf 1 }i 1} = lrp in header flagl 1 || Rplsldxfi ] {7 poc Isb Wij{i}:

pls poc Isb U hstidx }] Rplsldx{t {3 1

{0140] Syntax ¢lement 350A (c.g. delta poc msb cvcle present flagl i 1] 5 [} equal

Syntax element 550A being equal to O specifies that syntax clement 360 1s not present.

{0141} The previous picture 1 decoding order having nub_laver id that is the same as
the shice header or picture header referring to the ref pic lists{ } syntax structure and having
TemporallD} and ph non_ref pic flag both equal to 0 and 1s not a RASL (Radom Access
sSkipped Leading) or RADL {(Random Access Decodable Leading} picture can be described
as provTidOPic nuh laver id is a syntax element specifies the identifier of the layer to which

a VCL (Video Coding Lavery NAL (Network Abstraction Layer} unit belongs or the
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identifier of a layer to which a non-VCL NAL unit applies. TemporallD is a temporal
identifier of the picture . A set of previous POC values deseribed as setOfPrevPocVals 15 a set
corapusing the following:

- the POC value (e.g. PicOrderCntVal) of prevTidOPic;

- the POC value (e.g. PicOrderCntVal) of cach picture that s referred to by entries
i reference picture ist 0 {e.g RefPiclast] 0 [) or reference picture hist 1 {e g
RefPicList] 1 }) of prevTidOPic and has nuh layer id the same as the current
pichure;

- the POC value {e.g. PicOrderCntVal} of each picture that follows prevTid0Pic in
decoding order, has nuh_laver id the same as the current picture, and precedes the
current picture in decoding order,

{01431 When there 1s more than one value n setGfPrevPocVals for which the value

clement 550A {c.g. delta poc msh cycle present #lag] 1] j Yisequalto 1.

{1143} FIG. 5B shows an excmplary pseudocode including derivation of vanable
FullPoclt [ 1 1} |, according to some embodiments of the present disclosure. Syntax element
560A {c.g. delta poc msb cycle 1tf 1 }} j | ) specifies the value of the varniable FullPoclafif}i]
as shown in FEG. 5B The value of syntax element 360A (e.g., delta poc msb cvele M1 [;
1) can be in an inclusive range of 0 to 2(827spsiog2max picorderentish minust ~4} Yyhen
symtax element 560 is not present, the value of syatax clement 560 is inferred to be equal to €.

{0144] FIG. 6A illustrates an exemplary svntax including syntax structure for
reference picture list structure, according to some embodiments of the present disclosure. The
symtax structure shown in FIG, 6A can be a part of the VV standard (e.g., VVC draft 9 or
i other video coding technologies. As shown in FIG, 64 the ref pic list struct( listidx,

rplsidx } may be present in an SPS, in a PH svatax structure, or in an SH. Depending on
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whether the syntax structure 15 included 1n an SPS, a PH syntax structure, or an SH, the
following applies:
- Href pic hist struct{ listldx, rplsidx ) 1s present i a PH syntax structure or an
SH, the ref pic list struct{ listidx, rpleidx ) svntax structure specifies refergnce
picture list listldx of the current picture {¢.g., the coded picture containing the PH
syatax structure or SH).
- Ifref pic list struct{ listldx, rpisidx ) is not present in a PH syniax structure or an
SH {c.g., present in an 5PS), the ref pic list stract{ listldx, mplsldx } syntax
structure specifics a candidate for reference picture fist histldx, and the torm "the
current picture” in the semantics specified 1o the remainder of this clause refers to
cach picture that 1} has a PH syntax stracturg or ong or more shices containing
rpl idx{ bistldx | equal to an index mnto the list of the ref pic list struct{ listldx,
rplsidx } svntax structures mncluded in the SPS, and 2} 15 in a Coded Layer-wise
Video Sequence {CLVS) that refers to the SPS.
{1145} As shown i FIG. 6A, syntax clement 6104 {(c.g.,
num_ref entries| listldx §] rplsidx 1) specifies the number of entries in the
ref pic Hist struct{ listidx, rplsldx } syntax structure. The value of paramter 610A can be in
an inclusive range of 0 to MaxBpbSize + 13, where MaxDpbSize is as specified 1n a level of
a video coding standard {e.g., YV draft 9).
{01467 Syotax clement 620A (e.g., ltrp_in_header_flag] listidx }f mplsidx 1) being
aqual to O specifies that the POC LS8Bs of the LTRP entries indicated in the
ref pic list stroct( listldx, rplsldx } syntax structure are present i the same syntax structure.
Syutax clement 620A being equal to | specifies that the POC L5Bs of the LTRP entries
indicated 1o the ref pic st struct( listldx, rplsldx § syntax structure are not present in the

same syntax structure. When sps_long term ref pics flag is equal to 1 and the rpisldx is
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equal to sps num ref pic lists]| histldx |, the value of svntax element 620A 15 inferred to be
equal to L

(G147] Svntax clement 630A (e.g., inter_laver ref pic flag) bistldx {{ mplsidx {1 1)
being equal to § specifies that the i-th entry in the ref pic list structd histldx, rplsldx } syntax
structure 1s an ILRP entry. Syntax element 630A being equal to O specifies that the 1-th entry
in the ref pic hist struct{ listldx, rplsldx ) syntax structure 1s not an ILRP entry. When the
symtax element 6304 is not present, the value of syntax element 630A is inferred to be equal
to &,

{11481 Syntax element 640A {e g, st_ref mc flag] histldx } rplsidx | i ) being
equal to | specifics that the t+th entry 1o the ref pic st struct{ histldx, rplsldx ) syntax
structure is an STRP entry. Syntax element 640A being equal to 0 specifies that the i-th entry
in the ref pic list struct{ histlds, rplsldx } syntax structure is an LTRP entry. When syntax
clement 630A 15 equal to § and syntax clement 640A 15 not present, the value of syntax
clement 640A 1s inferred to be equal to 1.

91491 FIG. 6B shows an exemplary pseudocode including derivation for the number
of LTRP entries {¢.g., variable NumbLtrpEntries] listldx ]| mplsldx 1), according to some
embodiments of the present disclosure. The vanable NombtrpEntries| listldx i rplsldx j{c g,
variable 570A in FI1G. 5A) can be derived as shown in FIG. 6B

{01561 FIG. 6C shows an exemplary pseudocode including denvation for vanable
AbsDeltaPocSt] listldx {{rplsidx }{ i |, according to some embodiments of the present
disclosure. Syntax element 630A {e.g.. abs delta poc sff listidx || rplsidx {1 |} specifies the
value of the variable AbsDeltaPocSt hstidx || rolsldx §f i | {e.g. varnable 690A) as shown in
FIG. 6C. The value of syntax ¢lement 650A {e.g., abs delia poc st histidx J[ mpistdx {1 P

can be i an inclusive range of 010 2° — 1.
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€151} Syntax clement 660A (c.g., strp_entry sign flagf listidx ] rplsidx }{ 1 |} equal
to 1 specifics that 1-th entry m the ref_pic_hist struet{ histldx, rplsldx } syntax structure has a
value greater than or equal to 0. Syntax clement 660A equal to O specitics that the 1-h entry
in the ref pic list struci{ listldx, mplsidx } syntax stracture has a value less than 0. When the
syntax element 660A is not present, the value of the syntax element 660A 1s wferred to be
equal to 1.

[€1521 FIG. 61 shows an excmplary pseuadocode including derivation for variable
DeltaPocValstl bistldx §f eplsldx |, according to some embodiments of the present disclosure.
The DeltaPocValSt hstldx | rplsidx | can be derived as shown m FIG. 6D,

{61353} Referring back to FIG, 6A, syntax clement 6704 (e g..
rpls poc Isb i histldx |f rpisidx {1 |} specifies the value of the pictare order count modulo
MaxPicOrderUntLsb ot the picture referred to by the i-th entry in the
ref pic list struct{ listidx, rplsldx } syntax structure. The length of the syatax clement 670A

{11541 Syntax clement 680A (c.g. thp idx] bistldx §] rplsldx H 1 |} specifies the mdex,
to the list of the direct reference lavers, ot the ILRP of the 1-th entry i the
ref pic hst struct{ histidx, rplsid« ) syntax structure. The value of the syntax eloment 680A
can be in an mclusive range of 0 to
MNomDirectRefLavers] Generallayeridx| noh_laver 1d 1] -1, where
MNumbirectRefLayers{ Laveridx] means the number of direct reference lavers of a layer with
index equal to Layerddx.

{1353} FIG. 7 shows an exemplary svntax including syntax structure for reference
picture list structure m sequence parameter set, accordimg to some embodiments of the
present disclosure. The syntax shown in FIG. 7 can be a part of the VVC standard {e.g.. VVC

draft 9} or 1 other video coding technologics.
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{01561 As shown in FIG, 7, syntax clement 710 (e.g., sps_long term ref pics flag)
being equal to O specifies that no LTRP 1s used for mter prediction of any coded picture n the
CLVS Syntax element 710 being equal to 1 specifies that L TRPs may be used for inter
prediciion of one or more coded pictures n the CLVS.

{01571 Syntax element 720 (e g, sps_inter layer ref pics present flag) being equal
to O specifies that no ILRP 1s used for inter prediction of any coded picture in the CLVS.
Syntax element 720 being equal to 1 specifies that ILRPs may be used for inter prediction of
one or more coded mictures in the CLVES. When sps video syntax clement set id is equal to
£}, that 15, the SPS does not refer to a VPS (Video Parameter Set}, and no VPS s reterred to
when decoding cach CLVS referring to the SPS (there 1s only one layer), the value of syntax
clement 72{ is inferred to be cqual to . When
vps_independent layer flag] Generallaverldx] nuh laver id | {15 equal to 1, that 1s, the
layer with index Generallaverldxiouh laver id] does not use inter-laver prediction, the value
of syntax clement 720 is equal to G.

[0158] Syntax element 730 {(e.g., sps_tdr_rpl present flag) being equal to 1 specifies
that reference picture list syntax elements are present in shice headers of IDR (Instaneous
Decoding Refresh) pictures. Syatax clement 730 equal to 0 specifies that reference picture list
syntax elements are not present in slice headers of IDR pictures.

{01597 Svntax element 740 (e.g., sps_rpll same as wplCG flag) being equal to 1
specifies that the syntax eleroent sps_num_ref pic_histsi 1§ and the syntax structure
ref pic list strec( 1, rplskdx } are not present and the following applies: the value of
sps mum ref pic lists] 11 is inferred to be equal to the value of sps_num_ref pic lists] O |
and the value of cach of syntax clements 1 ref pic_ list struct{ 1, rplsldx } 15 nferred to be
equal to the value of corresponding syntax element in ref pic Hst stouct{ O, mplsidx ) for

rplsldx ranging from 0 to sps_num ref pic hists] G~ 1.

£
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{61601 Syntax element 750 {e.g., sps_num_ref pic lists] 1 |} specifics the mumber of
the ref pic hst struct{ listldx, rplsldx } syntax structures with hstldx equal fo 1 meluded 1n
the SPS. The value of syntax element 730 can be in an inclusive range of 0 to 64. For cach
value of histldx {equal to 0 or 1), a decoder {e.g., by process 300A of Fi{. 3A or 3008 of
FiG. 3B} can allocate memory for ref pic list stract{ listldx, rplsids ) syntax structures with
a total number of the number of RPLs in SPS plus 1 {e.g., sps_num_ref pic hists{ i1 ]+ 1},
since there may be one ref pic list stract{ listidx, rplsidx ) syntax structure directly signaled
i the shice headers of a current picture.

{11611 FIG. 8 shows an exemplary syntax including syntax structure for reference
picture list in picture parameter sct, according o some embodiments of the present
disclosure. The syntax shown in FIG. 8 can be a part of the VVC standard {e.g., VV draft
9} or in other video coding technologies.

(01671 As shown in FIG. 8, syntax element 810 (e g.,
pps num ref idx default active minusi{i | plus i, when t is equal to O, that is for
reference picture hist 0, specifies the inferred valae of the vanable NumRefldxActive] 0 ] for
P or B slices with sh_num_ref 1dx_active_overnde flag equal to 0. When 1 15 equal to 1, that
is for reference picture list 1, syntax element 8106 plus 1 specifies the nferred value of
variable NumRefldxActive] 1 | for B slices with sh num ref idx active overnide {lag equal
to 0. The value of syntax element 810 can be in an melusive range of 0 to 14

{01637 Syotax clement 820 {e.g., pps_mpll idx present flag) being equal o 0
spacifies that rpl sps flagl{ 1 {and rpl x| 1 | are not present in the PH syntax structures or
the slice headers for pictures referring to the PPS. Syntax element 820 being equal 1o 1
specities that rpl_sps_flag] 1 ] and rpl_1dx] 1 | may be present in the PH syntax structures or

the slice headers for pictures referning to the PPS.
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€164} Syntax element 830 {e.g., pps_rpl info in ph flag) being equal to 1 specifies
that reference picture list information is present in the PH syntax structure and not present m
slice headers referring to the PPS that do not contain a PH svrdax structure. Syntax element
830 being cqual to O specifies that reference picture list information is not present in the PH
syitax structure and may be present i slice headers referring to the PPS. When the syntax
clement 830 1s not present, the value of the syntax clement 830 15 inferred to be equal to 0.

{81631 FIG. 8A shows an exemplary syntax including syntax stracture for reference
picture list in pigture header structure, according to some embodiments of the present
disclosure. The syntax shown in FIG. 9A can be a part of the VVU standard (e.g., VVC draft
9} or in other video coding techunologies.

{6166} As shown in FIG. 9A, svntax clement 910A {c.g., pb_pic_output flag) affects
the decoded picture output and removal processes. When the svatax element 9104 s not
present, it 1 nferred to be equal to 1. There is no picture in the bitsteam that has
ph_non_ reference picture flag equal to 1 and syntax element 910A equal to 0. Elcment
ph non reference picture flag being equal to 1 specifics that the current picturs is never
used as a reference picture. Element ph_non_ref pic_flag being equal to 0 specifies that the
current picture might or might not be used as a reference picture.

{0167} Syntax element 920A {c.g., ph temporal mvp cnabled flag) being equal 10 0
specifies that temporal motion vector predictor 1s disabled and not used in decoding of the
slices in the current picture. Syndax element 920A bemg equal to 1 specifies that temporal
motion vestor predictors is enabled and may be used m decoding of the slices in the current
picture. When syntax element 920A 1s not present, the value of syntax element 920A is
mferred to be equal to 8. Due to other exasting constraints, the value of syntax element 920A
can only be equal to U in a conforming bitstream when one or more of the following

conditions are true: 1) no reference picture in the DPB has the same spatial resolution and the
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same scaling window offsets as the current picture, and 2) no reference picture in the DPB
exists in the active entries of the RPLs of all slices in the current picture. There can be other
situations, complicated conditions under which syntax clement 920A can only be equal to 0
that are not listed.

[0168] FIG. 9B shows an exemplary pseudocode including derivation for variable
MaxNumSuabblockMergeCand, according to some embodiments of the present disclosure. As
shown in FIG, 8B, the value of MaxNumBSubblockMergeCand refers to the maximum
number of subblock-based merging MVP (Motion Vecior Predictor} candidates. The value of
MaxMNumSubblockMergeCand can be i an inclusive range of G 10 5.

{G169] Referring back to FIG, 9A, syntax clement 9304 (e g..
ph_collocated from 10 flag) being equal to 1 specifics that the collocated picture used for
temporal motion vector prediction 18 derived from reference picture list 0. Syntax element
930A being cqual to 0 specifics that the collocated picture used for temporal motion vector
prediction is derived from reference picture list 1. When syntax clement 920A and syntax
clement 830A {(c.g.. pps_rpl info 1n ph flag) are both equal to 1 and
num ref entries| I} Rplsldx] | ] ]is equalto 0, the value of svntax element 930A 15
inferred to be equal to 1.

{0170} Syntax element 940A {c.g., ph collocated ref idx) specifies the refergnce
index of the collocated picture used for temporal motion vector prediction. When syntax
clement 930A 15 equal to 1, syotax clement 940A refers to an ondry in reference picture list O,
and the value of syntax element 940A can be in an inclusive range of 0 to
num_ref entries] O § Rplsldxf 0 1]~ 1. When syntax element 930A 1s equal to 0, syntax
clement 940A refers to an entry n reference picture list 1, and the value of syntax element

G40A can be in an inchusive range of O to mum_ref entries| 1 || Rplsldxf 1 ]{— 1. When
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syntax clement 940A is not present, the value of svntax element 940A 1s inferred to be equal
to .

(G171 Svntax element 950A (c.g., ph_mvd 1l zero flag) being equal to 1 specifics
that the motion vector difference {e.g., mvd coding{ x0, v0, 1, cpldx }} syntax structure is not
parsed and MvdL 1 x0 H v0 || compldx | and MvdCpL 1] =0 {{ v0 }{ cpldx || compldx | are
set equal to O for compidx = 0..1 and cpldx = 0.2, Syntax element 930A bemg equal to 0
spacifies that the mvd coding{ x0, v0, i, cpldx } syntax structare 1s parsed. When the syntax
clement 950A is not present, the value of syntax clement 950A is inferred to be 1. MwdL1 i
the motion vector difference decoded from the bitstream associated with the reference picture
in the reference picture listl. MvdCpl 1 1s the control point motion vector difference decoded
from the bitstream associated with the reference picture in the reference pictare list 1. It is for
a coding block using affine motion compensaiton. X0, v0 are the top-left position of the
current coding block, compldx is the component index, and cpldx 15 the 1odex of control
point.

{91721 FIG, 18A shows an exemplary svntax including syntax structure for reference
picture list in slice header, according to some embodiments of the present disclosure. The
syntax shown in FIG, 10A can be a part of the VV U standard {c.g., VV draft 9} or in other
video coding technologies.

[0173] As shown in FIG, 184, syntax element 10104 {c.g.,
sh_ mum_ref idx_active_override flag) equal to 1 specifies that the syntax element
sh num ref 1dx active minust{ { | 15 present for P and B shices and the syntax clement
sh pum ref idx active minusl| 1 ] is present for B shices. Syntax element 1010A equal to 0
specities that the syntax clements sh num_ref 1dx_active munusi 0 ] and
sh num ref idx active minust] 1] are not prosent. When the syntax element 1010A ig not

present, the value of syntax element 1010A 1s inferred to be equal to 1.

i
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€174} Syntax element 1020A {e.g., sh mum _ref idx active mmusi{1 ]} is ased for
the derivation of the vanable NumRefldxActive] 1 ] The value of syntax element 1020A can
be i an mchusive range of 0 to 14, For 1 cqual to 0 or 1, when the current shice 15 a B slice,
syntax element 1010A is equal to 1, and when syntax clement 1020A {5 not present, the
syntax element 1020A 18 mferred to be equal to .

(01757 FIG. 10B shows an exemplary pseudocode meluding derivation for variable
MumRefidxActive] 1 |, according o some embodiments of the present disclosure. As shown
i FIG, 18B, value of NumRefldxActive] 1] — 1 specifies the maxamum reference index for
reference picture list 1 that may be used to decode the shee. Syntax element 1020A is used for
the derivation of NumRefldxActive| 1 | as shown by Equation (1) v FIG. 108, When the
value of NumRefldxActive] 1 | is equal to 0, no reference index for reference picture list i
may be used to decode the slice. When the current shice 15 a P slice, the value of
MNumRefldxActive] 0 | 1s greater than 0. When the current slice is a B slice, both
MumRefidxActive] 0 | and NumBefldxActive] 1 | i3 greater than O,

{0176} As shown in FIG, 184, syntax element 1030A {(e.g., sh cabac init flag)
specities the method for determining the initialization table used in the mitialization process
for context vanables. When syntax element 1030A is not present, it is inferred to be equal to
0.

[GY771 Syntax clement 1040A (e.g., sh_collocated from 10 flag) being equalto 1
specifies that the collocated picture used for temporal motion vector prediction is derived
from reference picture hist . Syntax element 1040A being equal to 0 specifies that the
collocated pictare used for temporal motion vector prediction 1s derived from reference
picture list I When sh_shice type is equal to B or P, syntax element 920A (e g,
ph_temporal mvp enabled flag) is equal to 1, and syntax clement 1040A is not prosent, the

following applies: if sh_slice type is eqoal to B, syntax element 1040A is inferred to be equal
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to syntax element 930A {e.g., ph_collocated from 10 flag); and if sh shice type is not equal
to P {c.g., sh_slice type is equal to P), the value of syntax element 10404 18 mferred to be
equal to 1.

{G178] Syntax element 1050A {c.g., sh_collocated ref idx) specifics the reference
index of the collocated picture used for temporal motion vecior prediction. When
sh_slice_type is equal to P or when sh_slice type 18 equal to B and syntax clement 1040A 1s
equal to 1, syntax element T050A refers o an entry in reference picture list O, and the value
of syntax clement 1030A can be in an inclasive range of 0 to NomRefldxActive] 0§~ 1.
When sh_shice tvpe is equal to B and syntax element 10404 15 equal to 0, syntax clement
1030A refers to an entry 1n reference picture list 1, and the value of syniax clement 10304
can be in an inclusive range of § to NumRefldxActive] T | — 1. When syntax element 1050A
is not present, the following applies: 1¥ syntax clement 830 {e.g., pps_mpl_info_in_ph flag)is
cqual to 1, the value of syntax element 1050A is inferred to be equal to syntax clement 940A
{e.g.. ph_collocated ref idx}; and if syntax element 830 is not equal to 1 {c.g., syntax
clement 830 is equal to 0}, the value of syntax element 10504 1s mferred to be equal to 0. Fris
a requirement of bitstream conformance that the picture referred to by syntax element 1050A
ts the same for all slices of a coded picture and
RprConstraintsActive]| sh_collocated from 16 flag 7 0: 1 |} sh_collocated ref idx | is equal
to 0. This constraint requires the collocated picture to have the same spatial resolution and the
same scaling window offsets as the current picture.

{01791 In VVC (e.g.. VVC draft 9), syntax clement 930A {e.g.,
ph collocated from 10 flagy and syntax clement 930A (e.g., ph_mvd 11 zero flag) are two
flags signaled in PH. Syntax clement 930A mdicates which reference picture list the
collocated picture used for temporal motion vector prediction is from. Syntax element 950A

mdicates whether the mvd_coding() syntax stracture is parsed for reference picture list 1. As
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a result, these two flags are only relevant when the mumber of active entries in reference
picture list © s farger than 0. However, as shown in FIG. 184, smce the number of active
entries 1 reference picture hist are overrdden in slice header by

sh mum_ref 1dx active_munusi{ij, when syntax clement 930A and syntax clement 950A are
signaled in PH, the decoder has no knowledge of the exact number of active entries of
reference prcture hist 1. Therefore, n VVC {e.g., VVU draft 9), the total number of entries in
reference picture list 1 is used as a condition to signal these two flags, as shown in FIG. 94

{180} | 1s appreciated that while the present disclosure refers to various syntax
clements providing mferences based on the value being equal to 0 or 1, the valucs can be
configured in any way {e.g., 1 or 0) for providing the appropriate miorence.

(G181} in VVC {c.g., VV draft 9), it is guaranteed that for an 1 slice, the mumber of
active entries of both two reference picture lists are equal to 0. For a P shice, the number of
active entrics in reference picture hist 0 is greater than 0 and the number of active entries in
reference picture list 1 is equal to 0. For a B slice, the number of active entries in both two
reference picture lists are greater than 0. There is no guarantee for the total mumber of entries
n the reference picture hist. For example, for an 1 slice, the number of entries m any of two
reference picture lists may be greater than 0. As a result, the signaling condition that total
number of entries in reference picture st 1 is greater than 0 is too relaxed for syntax element
930A and syntax element 950A, which causes unnecessary signaling of these two syntax
clements.

{61821 To overcome this deficiency with conventional coding technologies, in some
embodiments of the present disclosure {such as provided below m FIGs. 114 to FIG. 110),
an unnecessary signaling i case the number of entnies in reference picture bist § cquals to O 15

avoided.
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{1831 FIG. 11 A illustrates a flow-chart of an exemplary video encoding method
1100A for signaling flags in PH svntax structure, according to some embodiments of the
disclosure. Method 1 100A can be performed by an encoder {¢.g., by process 200A of FIG.
24 or 2008 of FIG, 2B) or performed by one or mare software or hardware components of
an apparatus {¢.g., apparatas 400 of FI1G, 4). For example, one or more processors (e.g.,
processor 402 of FIG. 4) can perform method 1O0A. In some embodiments, method 1100A
can be implemented by a computer program product, enmvbodied in a computer-readable
mediom, nchiding computer-executable instnictions, such as program code, exccuted by
coraputers {¢.g., apparatus 400 of FI{. 4). Refermnng to FIG. 11A, method 1100A may
mechide the following steps 102A and 1104A.

{6184} At step 110ZA, the encoder encodes a current picture based on a collocated
picture. The reference pictures can be derived, for example, by reference picture § and
reference picture list 1, cach of which mehudes a list of reconstructed pictures in the DPB
{e.g.. buffer 234 in FIG, 3B) to be used as the reference pictures. The current picture is used
for temporal mothion vector prediction.

[3183] At step 1104A, syntax element ph_collocated from 10 flag {e.g., syntax
clement 930A) and syntax element ph mvd 11 zero flag {c.g., syntax clement 950A) arc
signaled, when the namber of entries in reference pictare lists O and the mumber of entries in
reference picture hists 1 are both greater than 0. The syntax element
ph_collocated from [0 flag indicates which reference picture list a collocated picture used
for temporal motion vector prediction is from, that is, the collocated picture used for temporal
mothion vector prediction is from a reference picture list that is indicated by the first flag.
The syntax element ph_mvd 11 _zero flag indicates whether a motion vector difference
symax structure associated with reference picture list 1 is signaled. in this way, the entries in

both reference picture list 1 and reference picture 0 are guaraniced when signaling the two
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flags. Therefore, an unnecessary signaling in case the number of entrigs in reference picture
tist 0 equals to 015 avoeided, and the etficiency of decoding 1s improved.

{3186} FIG. 1B ithustrates a flow-chart of an exemplary video decoding method
11068 for decoding flags 1 PH syntax structure, according to some embodiments of the
disclosure. Method 11008 can be performed by a decoder {e.g., by process 300A of FIG. 3A
or 3008 of Fi{s. 3B} or performed by one or more software or hardware components of an
apparatus {¢.g., apparatus 400 of FIG. 4). For example, one or more processors {e.g.,
processor 402 of FEG. 4} can perform method 11008 In some embodiments, method 11008
can be implemented by a computer program product, embodied in a computer-readable
medum, including computer-executable instructions, such as program code, executed by
computers {¢.g., apparatus 400 of FIG, 4). Referring to FIG, 118, method 11008 may
mchude the following steps 11028 - 11068,

(01871 Atstep 11028, the decoder receives a video bitstream (e.g., video bitstream
228 10 FIG. 3B) and the video bitstream may be coded using inter prediction.

[O1KR] At step 11048, syntax clement ph_collocated from 16 flag {e.g., syntax
clement 9304) and syntax element ph_mvd 11 zero flag {e.g., syntax clement 930A) are
decoded from the bistream by a decoder, when the number of entries in reference picture lists
0 and the number of entrics m reference pictusre hists 1 are both greater than (. The syntax
clement ph_collocated from 10 flag indicates which reference picture list a collocated
picture used for temporal motion vector prediction is from, that 15, the collocated picture used
for temporal mothion vector prediction is from a reference picture list that is indicated by the
first flag. The svntax element ph_mvd 11 zero flag mdicates whether a motion vector
difference syntax structure associated with reference picture list 1 is prosent in the bitstream.
In this way, the entries in both refergnce picture list | and reference picture  are guaranteed

when signaling the two flags.
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{Q1E0T At step 11068, a current picture 1 decoded based on the collocated picture.
Therefore, an unnecessary signaling n case the number of entries in reference picture list 0
equals to U 15 avoided, and the efficiency is improved.

(0190} FIG, 11 iHustrates a portion of an exemplary picture header syitax structure
1100C, according to some embodiments of the present disclosure. The picture header (PH)
symax stractore 1100C can be used in method 1100A. PH syntax structure 11008 15 modified
based on syntax structure 900A of FI. @A, and changes from the previous VVC are shown
i italic i block 1110C and 1120,

{11911 Referring to 1110C, in some embodiments, svntax element
ph_collocated from 10 flag {c.g., svntax eleruent 9304A) is signaled when
num ref entries| 0 Rplsldx{C1] is greater than 0 and num refe entries] 1 Rplsidx{1]jis
greater than . Referring to 11200, syntax element ph_mvd 11 zero flag {e.g., syntax
clement 930A} is signaled when pps_rpl_info_in_ph flag isnotequalto O or
num_ref entriesfO}{Rplsidx{0]] is greater than 0 with num_refe entries{ 1 [[Rplsidxf1}} is
greater than 0. Therefore, svatax element 930A and syntax element 950A can be signaled
when the number of entries n reference picture Hst 0 and the number of reference picture list
1 are both greater than 0. An vonecessary signaling in case the number of entries in reference
picture list O equals to O 13 avoided, and the coding efficiency 1s improved.

(01921 ln VVC{e.g., VVU draft 9, the collocated picture can be indicated mn PH or
SH. It reference picture list information 1s signaled in PH, collocated picture is indicated in
{e.g.. ph_collocated ref idx}. Hfthe reference picture list information is signaled in 8H,
collocated picture is indicated in SH by syntax element 1040A {c.g.,
sh collocated from 10 flag) and syntax clement 1050A (c.g., sh collocated ref wdx). Syntax

clement 930A being cqual to 1 specifies that the coliocated picture used for temporal motion
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vector prediction s derived from reference picture list 8. Syntax element 930A being equal to
) specifies that the collocated picture used for temporal motion vector prediction s derived
from refercunce picture hist 1. When syntax clement 930A s signaled in PH, the signaling
condition is that the mumber of eniries in reference picture list 1 is greater than 0. However,
the number of active entries in reference picture list can be overridden in shee level.
Theretore, even 1f syntax clement 930A 15 signaled to be 0, 1t cannot be guaranteed that the
collocated picture can be selected from reference pioture list 1, since SH may overnde the
number of active entries in reference picture list 1 to be §. Similarly, when syntax element
G404 18 signaled in PH, the maximum allowed value 1s the number of entries in the reference
picture list mmus 1. I SH overrides the sumber of active entries to be a value less than
symtax element 940A, then it is an illegal bitsireanm.

[0193] To avoid such illegal scenanos, VVT (e.g., VVC dratt 9) vmposes several
bitstream conformance constraints. However, it gives a burden for encoder to satisfy all the
constraints. And practically the decoder should also consider how to deal with the bitstream
when such illegal cases happen.

{31941 To overcome this deficiency with conventional coding technologies, in some
embodiments of the present disclosure {such as provided below m FiGs, 12A-123), the
collocated picture is mndicated without signaling the index to the reference picture hist, sach
that the illegal scenarios are avoided in a more robust way.

(0198 FIG. 12A llustrates a tiow-chart of an exemplary video encoding method
1200A for indicating a collocated picture without signaling the index to the reference picture
list, according to some embodiments of present disclosure. Method 1200A can be performed
by an encoder {¢.g., by process 200A of FIG. 24 or 2008 of FIG. 2B) or performed by one
or more software or hardware components of an apparatus (¢.g., apparatus 400 of FI{. 4.

For example, one or more processors {e.g., processor 402 of FIG, 43 can perform method
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1200A . In some embodiments, method 1200A can be implemented by a computer program
product, embodied 1o a computer-readable medium, incloding computer-executable

instructions, such as program code, executed by computers {¢.g., apparatus 400 of FIG. 4).
Referring to FIG. 12A, method 1200A may include the following steps 12024 and 1204A.

(01461 At step 12024, the encoder encodes a current picture o a bitstream based on a
collocated picture, wherein the collocated picture 1s used for temporal motion vector
prediction. At step 1204 A, the collocated picture in the bitstream is indicated without
signaling an index of a reference picture list. Sinee the collocated picture is mdicated without
referring to an entry 1 the reference picture list via the index, the collocated picture can be
legally mdicated ¢ven if SH overrides the number of active entries in reference picture list |
1o be 0. Therefore, the robustness of encoding process is improved,

[0197] FIG. 12B shows an exemplary flowchart of an encoding method 1200B,
according to somc ernbodiments of prosent disclosure. it 15 appreciated that method 12008
can be part of step 1204 A in method 1200A of FIG. 12A. FEG. 120 shows another flow-
chart of an exemplary video encoding method 1200E for indicating a collocated picture,
according to some embodiments of present disclosure. Referrng to FIG. 128 and FIG. 12,
in some embodiments, the method 12008 may further include the following steps 12028 -
1206B.

[O19R] At step 12028, when the collocated picture 18 an inter-laver reference picture,
a first parameter is signaled to indicate the collocated picture. The fust paramcter indicates
the index of the collocated picture to the list of direct reference layers of the layer where the
current picture 1s 1. For example, the index could be svntax element mnter Javer col pic idx.
Therefore, the collocated picture s indicated without using the reference picture list, The
iliegal scenarios can be avoided when the SH overrides the number of active entries in the

reference picture list. Prior to step 12028, a flag to indicate whether the collocated picture is
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an mter- layver reference picture can be signaled. The step 12028 may also be referred to
1201C and 12020 m FIG. 12C.

(31991 At step 12048, when the collocated picture 1s a shori-term reference picture
{STRP}, a dehia picture order count (delta POC) is signaled. Farthermore, a POC can be
derived by the delta POC. In this scenario, the collocated picture 1s indicated using the POC,
without using the reference piciure hist. Theretore, the illegal scenarios can be avoided when
the SH overrides the number of active entries in the reference picture list. The step 1204B
may also be referred to 1203C and 1204C i FIG. 12C.

{12001 At step 12068, when the collocated picture is a long-term reference picture
{LTRP), a least significant bits (LSB) of POC and a most significant bits (MSB) of POC 15
signaled. Furthermore, a POC can be derived by the L5B and MSB. in this scenario, the
collocated picture 1s indicated using the POC, without using the refercnee picture list.
Therefore, the illegal scenarios can be avoided when the SH avernides the number of active
entrics 1n the reference picture list. The step 12068 may also be referred to 1203C and 1205C
i FIG. 12€. Indicating the collocated picture using the POC can efficiently enhance the
robusiness for determining the collocated picture. In some embodiments, prior to steps 12048
and 12068, a flag to indicate whether the collocated picture is a short-term reference picture
can be signaled.

F0201] FIG. 12D dlustrates a flow-chart of an exemplary video decodimg method
12000 for mdicating a collocated picture without decoding the index to the refercnce picture
fist, according to some embodiments of present disclosure. Method 12000 can be performed
by a decoder {¢.g., by process 300A of FIG. 3A or 300B of FIG. 3B} or performed by one or
more software or hardware components of an apparatus {¢.g., apparatus 400 of ¥I{. 4). For
cxample, one or more processors {¢.g., provcssor 402 of FIG. 4) can perform method 1200D.

In some embodiments, method 12000 can be implementad by a computer program product,
> o ¢ o
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embodied i 8 compuater-readable mediom, including computer-executable instructions, such
as program code, executed by computers {(¢.g., apparatus 400 of FIG. 4). Referring to FIG.
128, method 12000 may include the following steps 12020 - 1206D.

{62021 At step 12020, the decoder receives a video bitstream {e.g., video bitstream
228 in FIG, 3B) for processing and the video bitstream may be coded using inter prediction,
The reference pictures can be derived, for example, by reference picture 0 and reference
picture list 1, cach of which includes a list of reconstructed pictures in the DPB {o.g., bufter
2341 FIG. 3B) to be used as the reference pictures.

(62031 At step 1204D, a collocated picture used for temporal motion vector prediction
ts detcomined based on the bitstream but without decoding an index to a reference picture list.

{6204} At step 12061, a current picture is decoded based on the collocated picture.
Singce the collocated picture 1s indicated without using the reference picture list structure, the
colliocated picture can be legally indicated even if SH overrides the number of active entries
i reference picture list 1 to be 0. Therefore, the robustness of decoding process is improved.

{12057 Since the collocated picture is indicated without vsing the reference picture list
structure, the collocated picture can be legally indicated even it SH ovemides the number of
active entries in reference picture st 1 to be O, Therefore, the robustness of decoding process
is improved.

(02067 FIG. 12K shows an exemplary Hlowchart of a decoding method 1200F,
according to somc ermbodiments of present disclosure. it is appreciated that method 1200E
can be part of step 12040 in method 12000 of FIG, 128,

(2071 Atstep 1202E, when the collocated picture is an inter-layer reference picture,
a first parameter is decoded to indicate the collocated picture. The first parameter indicates
the index of the collocated picture to the list of divect reforence layers of the layer where the

current picture is in. For example, the index could be syntax clement tnter layer col pic idx.
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Therefore, the collocated picture 1s indicated without asing the reference picture list. The
illegal scenarios can be avoided when the SH overndes the number of active enines m the
reference picture list. In some embodiments, prior to step 12028, a first flag that indicates
whether the collocated picture is an mter-layer reference picture is decoded, and whether the
collocated picture is an inter-layer reference picture is determined based on the first flag.

(02087 At step 1204E, when the collocated picture 1s a short-erm reference pictare
{(STRP), a delta picture order count (dehta POC) is decoded. Furthermore, a POC can be
dertved by the delta POC. In this scenanio, the collocated picture 1s indicated using the POC,
without using the reference picture list. Therefore, the illegal scenarios can be avoided when
the SH overrides the number of active euntries in the reference picture list,

{62041 At step 1206E, when the collocated picture is a long-termm reference picture
{L.TRP}, a least significant bits (LSB) of POC and a most significant bits (M5B) of POC s
decoded. Furthermore, a POC can be derived by the L8B and MSB. in this scenanio, the
collocated picture is indicated using the POC, without using the reference picture list.
Therefore, the illegal scenarios can be avoided when the SH overnides the number of active
entries in the reference picture list. In some embodiment, prior to step 1204E and 1206, a
second flag that indicates whether the collocated picture is a short-term reforence picture is
decoded, and whether the collocated picture is 3 short-term reference picture 1s determined
based on the second flag.

(0216} FIG, 12F and FIG. 126G illustraie a portion of an excmplary picture parameter
set syntax structure 1200F and a portion of an exemplary shice header syntax structure
12006, according to some embodiments of the present disclosure. The pictare parameter set
syntax structure 1200F together with the slice header syntax structure 12000 can be used in
methods 12G0A, 12008, 120600 and 1200E. Picture parameter set syntax structure 1200F is

modified based on a portion 960A of syntax structure 900A of FIG. 8A ) and changes from
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the previous VV are shown in italic, with proposed deleted syntax being further shown in
strikethrough. Shee header syntax structure 12006 13 modified based on a portion 1060A of
syntax structure 1000A of FIG. 18A, with proposed deleted syntax being further shown in

strikethrough. As shown in FI1G. 12F and FIG. 126, the syntax element

being equal to 1 specifies that the collocated picture used for temporal motion vector
prediction 1s referred to by an ILRP entry m the reference picture hist. Svntax element 1210F
being equal to O specifies that collocated picture used for temporal motion vector prediction
is not referred to by an ILR¥ entry in the reference picture list. When syntax clement 1210F
is not present, the value of syntax element 1210F 1s inferred to be equal to 0. The svntax
clement 1210F can be signaled tm 1201C for deternuning whether the collocated picture is an
mter-layer reforence pictare.

(02121 Syntax element 1220F {e.g.. st col pic {flag) being equal to 1 specifies that
collocated picture used for temporal motion vector prediction is referred to by an STRP entry
in the reference picture list. Syntax element 1220F being equal to O specifies that collocated
picture used for temporal motion vector prediction is referred to by an LTRP entry in the
reference picture hist. When syntax element 1210F 18 equal 1o 0 and syntax element 1220F 1s
not present, the value of syntax element 1220F ts mterred 1o be equal to 1. The syntax
clement 1220F can be signaled tn 1203C for determining whether the collocated pictwiec is a
short~term reference picture. I the syntax element 1220F isequal to 1 {e.g., 1203C — true in
FIG. 12, then step 1204B (as shown in FIG. 12B) 18 processed, and a delta picture order
count {delta POC) s signaled {e.g., in 1204C 1n FIG. 120). I the syntax element 1220F

cquals to 0 {e.g., 1203C  {false in FIG, 120), then step 12068 (as shown in FIG, 12B) s
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processed, and a feast significant bits (LSB) of POC and a most significant bits (M5B} of
POC 15 signaled {e.g., 10 1203C in FIG. 120).

{0213] Syntax element 1230F {c.g., abs _delia poc st col) specifics the value of the
variable AbsDeltaPocStCol. FIG, 12H shows an example pscudocode mcluding denvation of
AbsBeltaPocStCol 1210H, according to some embodiments of the present disclosore. The
value of syntax element 1230F {c.g., abs_delta poc_st_col) can be in an inclusive range of §
t0 2" — 1.

{9214} Referring back to FI{. 12F syntax glement 1240F (e g,
sign_delta poc st col flag) being equal to 1 specifies that the value of variable
DeltaPocValSiCol 1s greater than or equal 1o 0. Syntax element 1240F being cqual t0 0
specifies that the value of variable DeltaPocValstCol is less than 0. When syntax clement
1240F 13 not present, the value of syntax element 1240F 15 inferred to be equal to 1. FIG. 121
shows an example pseudocode 1ncluding denvation of DeltaPocValStCol, according to some
embodiments of the present disclosure. The variable DeltaPocValStCol can be derived as
shown in FIG, 121

{1213} Refermng back to FIG. 12F, in some embodiments, syntax element 1230F
MaxPicOrderCntlsb of the collocated picture used for temporal motion vector prediction.
The length of the syntax clement 1230F 15 sps_log?2 max_pic_order cnt Isb minusd + 4 bits.

{02167 Syotax clement 1260F (e.g, delta poc msh _cycle lt col) specifies the value
of the vanable FullPoclitCol as follows:

FullPocLtCol PicOrderCntVal — delta poc msh eyele It col *

MaxPicOrderCntlsh —
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{92171 Syntax element 1270F (e g, delta poc msh cyele col present flag) being
equal to | specities that syntax element 1260F {c.g., delia poc msb _cyele It col) is present.
Syutax clement 12708 being equal 1o U specifies that syntax element 1260F 1s not present.

{6218} Further for syntax clement 1270F, let prevTidiPic be the previous picture in
ref _pic_lists { ) syntax structure, has Temporaild equal to 0, and is not a RASL or RADL
picture. Let setOfPrevPocVals be a set consisting of the following:

the PicOrderCntVal of prevTidOPic,
- the PicUrderUntVal of cach picture that is referred to by entries m
RefPichast] 0§ or RefPiclast] 1 ] of prevTid0Pic and has vuh_laver id the samc as

the current picture,

the PicOrderCntVal of cach picture that follows prevTid0Pic in decoding
order, has nuh_layer id the same as the current picture, and precedes the current
picture in decoding order.

{92191 When there is more than one value in setQOfPrevPocVals for which the value
modulo MaxPicOrderCntlsh 1s equal to syntax ¢lement 1250F {e.g., poc_Isb It col), the
value of delta_poc _msb cycle present flag] i i 1 | shall be equal to 1.

{0220} Syniax element 1280F (¢ .g., inter layer col pic idx) specifies the index, to
the list of the direct reference layers, of the collocated picture used for temporal motion
vector when the collocated picture used for temporal motion vector prediction is referred to
by an ILRP entry m the refercnce picture list. The value of syntax element 1280F can be in an
mclosive range of 0 to NombDhreciRetLavers] Generallayerldx| noh layer id |- L

{32211 As shown m FIG. 12F, when sps_inter_laver _ref pics present flag {e.g.,

syntax element 720) is equal to 1, syntax clement 1210F is signaled, that is, ILRPs may be

ased for mter prediction of one or more coded pictures in the CLVS, an index {e.g., svntax
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picture 1s treated as collocated picture, which is corresponding to step 12028 1 FIG. 12B If
the collocated picture is a short-term reference picture, that is, syntax element 1220F {c.g.,

st col pic flag)is equal to 1, a delta POC (e g, syniax ¢lement 1230F) is signaled, which is
corresponding to step 1204B 1n FEG. 12B. I the collocated picture is a long-term reference
picture, that 1s syntax element 1220F {e.g., st_col pic flagisequalto 0, a LSB of POC (e g,
symtax element 1230F and a delia MSB of POC {¢ g, syntax clement 1260F) are signaled,
which is corresponding to step 12068 in FIG. 12B. Furthermore, a MSE of POC can be
derived by a delta M5B, and a POC can be derived by a M5B and an LSB. Therefore, the
collocated picture can be ndicated mdependently from the reference picture list structure.

{6222} Constdering the fact that VVC (e.g.. VVC draft 9) has a constraint that the
collocated picture referred to by all the shices within a picture should be a same picture,
according to the updated syntax structure 1200F and 1200G, the collocated picture can be
only mdicated n PH, and not in SH. As a result, all the slices within a picture can be
guaranteed to have the same collocated picture and the constraint is not needed, thercfore the
efficiency and robusiness for indicating the collocated picture is enhanced.

(6223) FIG. 123 itlustrates an example pseudocode for deriving the collocated picture
denoted as colPic and the flag colPicFlag used in methods 1200A, 12008, 1200 and 12000,
according to some embodiments of the present disclosure. As shown in Fi{, 12, for
different scenarnos of the collocated picture, such as the collocaied picture being referred to
by an STRP entry in the reference picture hist {as shown in scenario 12104}, the collocated
picture being referred to by an LTRP entry in the reference picture list {as shown m scenario
12201}, or the collocated picture being referred to by an ILPR entry n the reference picture

kst {as shown in scenario 1230J), all the slices within a picture have the same collocated
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picture {e.g., picA}. Therefore, the robustngss for determining the collocated picture is
mmproved.

(6224} In some embodiments, there 1s a requireraent of bitstream conformance that
the following constraints apply: colPic 13 not be “no reference pleture™ and is referred to by
an active entry in RefPicList] O | or RefPickast] 1 | and colPicFlag 15 equal to &, when
ph_temporal mvp_enabled flagis equal to 1. The “no reference picture” can be regarded as
a marker to indicate that there is no reference picture in RPL. The coiPicFiag being equal to O
mdicates that the current picture and the collocated picture have a same picture size and same
scaling window. In another word, when the temporal MVP 15 enabled, the collocated picture
should exist in the reference picture st and s referred to by an active entry in reference
picture list O or reference picture list 1. Therefore, the robustness for the collocated picture is
mmproved.

2235l VVC (e.g., VVCU draft 9), ref pic list struct() and the svotax clements that
are used to Wdentity the collocated picture {(syntax element 930A (e.g.,
ph collocated from 10 flag) and syntax clement 940A (o2, ph _coliocated ref idx} in PH
and svntax element 10404 (c.g., sh_collocated from 10 flag) and syntax clement 1030A
{c.g., sh colocated ref idx)in SH}) may be signaled 1n PH or SH dependont on the vahue of
pps_rpl mfo ph flag. When the valug of pps_rpl info ph flag is equal to 1, syntax clement
9304, syntax clement 940A and ref pic list_struct() are signaled m PH, and syntax clement
1040A and syntax element 1030A are not signaled. v this case, the value of syntax clement
1040A and syntax element 1050A are inferred according to the value of syntax element
G304, syntax element 940A and slice type of the carrent slice. 11t 15 a B shice, syntax
clement 10404 is inferred to be equal to syntax element 930A. 11t is a P slice, syntax
clement 1040A is directly inferred to be equal to 1 regardiess of the value of syntax element

930A. And syntax element 1050A is inferred to be equal to syntax element 940A for both P

[
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and B slices. However, for syntax element 940A that 1s signaled in PH, the maximuam
allowed value is the number of enines in reference picture hist minus 1, but for syntax
clement 10504, the maxinum allowed value 15 the number of active entries in reference
picture list minus 1 which may be overridden in slice header. As a result, when syntax
clement 1030A is inferred to be equal to syntax element 9404, it might violate the maximum
value constraint.

{0226} For example, when syntax element 930A 13 signaled as 0, the number of
entrics 1n reference picture Hst 1 (nmum_ref entries{1] signaled in ref pic list structure(}yis N
and ph_colocated ref idx is signaled as N-1, and then in this case, syntax element 10404 1s
mferred to be equal to O and syotax element F050A 15 inferred 1o be equal to N-1. But the
number of active entries in reference picture list 1 may be overnidden as a mumber iess than
N. In that case, the bitstream is ilegal.

{02371 Tn another example, when syntax clement 9304 1s signaled as 0, the number of
entrics in reference picture hist 1 (mum_ ref oniries{{ signaled i ref pic list structure(}) is
N, syntax clement 940A is signaled as N-1, and the nember of active entrics is not overridden
i shice header (assume the number of active entries s the same as the number of entries
both reference picture lists}. But ifthe current slice is a P slice, then syntax element 940A is
mferred to be equal to 1 and syntax element 1050A 1s mferred to be equal to N-1. However,
the number of entries in reference picture hist § (um_ref eniries{0] signaled in
ref pic list structure()) mav be less than N. As a result, the bitstream 1s also illegal.

{G22€] To overcome this deficiency with conventional coding technologies, in some
embodiments of the present disclosure {such as provided below in FEGs, 13A-13C), the
collocated picture in SH 1s inferred also based on the number of active entries in reference

picture list.
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{62281 FIG. 13A shows a flow-chart of an exemplary video encoding method 1300A
for determiming the index of collocated picture 1 SH using the number of active entries in
reference picture list, according to some embodiments of the disclosure. Method 1300A can
be performed by an encoder {¢.g., by process 200A of FIG, 2A or 200B of FIG. 2B or
performed by one or more software or hardware components of an apparatus {¢.g., apparatus
400 of Fi{. 4). For example, one or more processors {¢.g., processor 402 of FIG., 4) can
perform method 1300A . In some embodiments, method 1300A can be implemented by a
computer program product, embodied in a computer-readable mediom, including computer-
executable instructions, such as program code, executed by computers {e.g., apparatus 400 of
FiG. 4) Reforring to FIG. 13A, method 1300A may include the following steps 1302A-
1306A.

(02307 At step 13024, whether to signal a parameter to indicate a reference mdex of
the collocated picture in a slice header 15 determined. In VVC, the parameter to indicate a
reference index of the collocated picture in a shice header could be syntax element
sh collocated ref idx.

{32311 At step 1304A, when the parameter not being signaled m the slice header, the
collocated picture is determuned as the picture referred to by an index with the value equal to
the smaller one between a value of a reference index of the collocated picture signaled ina
picture header {e.g., ph_collocated ret 1dx) and a nwmber of active entries in a target
reference picture list nunus 1 {e.g., NumRefldxActive| 'sh_collocated from 10 flag |- 1}
The target refercnce picture list in reference picture lists is tndicated by a flag that indicates
from which reference picture list the collocated picture used for temporal motion vector
prediction 18 derived. Therefore, the number of active entries in the reference picture is taken
mito consideration when inferring the value of syntax clement 1030A {eg.,

sh_collocated ref idx). If the value of syntax element 940A (c.g., ph_collocated_ref idx)
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signaled in PH 1s greater than or equal to the mumber of active entries in the target reference
picture list, the inferred value of syntax clement 1050A {e.g., sh_collocated ret 1dx}is
chipped to less than the number of active entries in the target reference picture hist. The target
reference picture list in the reference picture kist is indicated by syntax clement 1040A (e g,
sh collocated from 10 flag).

(02321 At step 13064, a carrent picture is encoded based on the collocated picture,
wherein the collocated picture is used for temporal motion vector prediction. Therefore,
tilegal bitstreams are avoided and the robustness of the collocated picture 1s improved.

112331 FIG. 13B shows a flow-chart of an exemplary video decoding method 13008
for determining the mdex of collocated picture i SH using the number of active cniries in
reference picture list, according to some embodiments of the disclosure. Method 130608 can
be performed by a decoder {e.g., by process 300A of FIG. 3A or 300B of FIG. 3B) or
performed by one or more software or hardware components of an apparatus {¢.g., apparatus
400 of FIG, 4). For example, one or more processors {¢.g.. processor 402 of FIG. 4) can
perform method 1300B. In some embodiments, method 13008 can be implemented by a
computer program product, embodied i a computer-readable medium, includmg computer-
executable instractions, such as program code, executed by computers {¢.g., apparatus 400 of
FiG. 4). Reforring to FIG. 138, method 1300B may include the following sieps 1302B -
1310B.

(02341 At step 1302B, the decoder receives a video bitstream {e.g.. video bitstream
228 10 FIG. 3B and the video bitstream may be coded using nter prediction. Therefore the
reference pictures can be derived, for example, by reference picture { and reference picture
hist 1, each of which mcludes a list of reconstructed pictures in the DPB {(e.g., buffer 234 in

FIG. 3B) to be used as the reference pictures.
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{62331 At step 1304B, whether a parameter indicating a reference index of the
collocated picture used for temporal motion vector prediction being present in a shice header
is deteomined. In VYV, the parameter to indicate a reference index of the collocated picture
in the slice header could be syntax clement sh_coliocated ref idx

{02361 At step 13068, when the parameier being not present, a value of the parameter
is determined to be equal to the smaller one between a value of a reference index of the
collocated picture used for temporal motion vestor prediction present in picture header{e. g,
ph collocated ref 1dx) and a number of active entries in a target reference picture list minus
1 {e.g., NumRefldxActive] Ish _collocated from 10 flag | - 1} The target reference picture
hist 1n reference picture lists is mdicated by a flag that indicates from which refercnce picture
fist the collocated picture used for temporal motion vector prediction is derived. Therefore,
the number of active entries in the reference picture is taken nto consideration when
determining the value of syntax clement 10504 (c.g., sh collocated ref idx). Ifthe value of
symax element 9404 {c.g., ph_collocated ref 1dx) signaled in PH is greater than or equal to
the number of active entries in the target reference picture hist, the determined value of syotax
clement 1050A {eg, sh_collocated ref idx} is clipped to less than the number of active
entries in the target reference picture list. The target reference picture list in the reference
picture list is indicated by syntax element 1040A {e.g., sh collocated from 10 flag).
Therefore, itlegal bitstreams are avoided.

{0237} At step 13088, the collocated picture is determined as a picturg referred to by
an mdex with a value equal to the parameter 1 the target reference picture list. The
robustoess of the collocated picture s improved.

{238} At step 1310B, a current picture is decoded based on the collocated picture.

The reliability of the decoding process is improved.
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{62301 FIG. 13C illustrates a portion of an exemplary semantics 1300C, according to
some embodiments of the present diselosure. The semantics 1300C can be used n method
1300A and method 13008, As shown in FIG. 13C, changes from the previous VVC are
shown 1n italic, with proposed deleted syntax being further shown in strikethrough m syntax
1316C. The syntax 1310 is corresponding to the step 1306A in FEG, 13A and step 1306B in
FIG. 13B. Ifpps_rpl_nfo_m_ph flag {e.g., syntax elernent 830} 1s equal to 1, that means the
reference picture list information is present 1o the PH syntax structure and not present in SH
referring to the PPS that do not contamn a PH syntax structure, the value of
sh_collocated ret idx {c.g., syntax element 1050A) 15 interred to be equal to
min{ph_collocated ref idx, NumRefldxActivel Ish_collocated from 10 flag | — 1), that is,
the value of sh_collocated ref wdx is st equal to a smaller one of a value of reference index
of the collocated picture used for temporal motion vector prediction n picture header (e.g,
ph_collocated ref 1dx) and a number of active entries in a target reference picture list moinus
1 {e.g., NumReflidxActive| ish collocated from 10 flag | - 1}. The target reference picture
kist 1s indicated by syntax clement 1040A {e.g., sh collocated from 1 flag), which is the
reference picture list that the collocated picture used for temporal motion vector prediction is
derived from. When the collocated picture used for temporal MVP is derived from reference
picture list 0, the target reference picture list 1s reference pictare hist . When the collocated
picture used for temporal MVP 1s denved from reference picture list 1, the target reference
picture list is reference picture hist 1

{02401 In VVC {e.g.. VVC draft 9), ref pic list struct{) may be signaled in SPS or
mncluded 1n syntax structure ref pic lists(). When ref pic list structure{) that are signaled in
SPS are not selected in PH or SH, another ref pic_ hist structure(d may be divectly signaled in
ref pic lists(), which is signaled in PH or SH. However, the VVC {e.g., VVC draft 9)

provides the following: each value of listldx (equal to 0 or 1), a decoder should allocate
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memory for a total number of sps num ref pic hsts{ 1 | plus one

ref pic list struct( histidx, rplsldx ) syntax structures since there may be ong

ref pic list stooet( Listidx, rplsidx } svatax structure directly signalied m the shice headers of
a current picture. This is not accurate in vigw of the above,

{02411 To overcome this deficiency with conventional coding technologies, in some
embodiments of the present diselosure (such as provided below in FIG. 14A and FIG. 14B),
for cach value of kistldx {equal to 0 or 1}, a decoder allocate memory for a total number of
sps_num ref pic lsts] 1] plus one ref pic list stract{ histldy, rplsidx ) syntax structures for
the case that one ret pic hist struct{ hstldx, mpisldx } syntax structure divectly signalled i the
picture headers or shice headers of a current picture,

{62421 FIG. 144 tlustrates a flow-chart of an exemplary video processing method
14004 for allocating memory, according to some embodiments of the disclosure. Method
1400A can be performed by an encoder (¢.g., by process 200A of FIG. 24 or 2008 of ¥l
2B), a decoder {¢.g., by process 300A of FIG., 3A or 3008 of Fi{G. 3B) or performed by one
or more software or hardware components of an apparatus (¢.g., apparatus 400 of FIG. 4).
For example, one or more processor {e.g., processor 402 of FiG. 4) can perform method
1400A. In some embodiments, method 1400A can be implemented by a computer program
product, embodied in a computer-readable mediom, imchiding computer-execuotable
instructions, such as program code, execuled by computers (e.g., apparatus 400 of FIG. 4).
Referrng to FIG. 14A, method 1400A may include the following steps 14024 - 1406A.

{02431 At step 14024, a total mumber by summing a number of reference picture list
structures in sequence parameier sot (SPS) and one is derived. Since there 1s a possibility that
one additional RPL is signaled later (in picture header or shee header), the additional number

one is added to number of reference picture list structure in SPS to get a total number,
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{62441 At step 14044, memory for the total number of reference picture Bst structures
n response {0 a reference picture hist structure being signaled in a picture header of a current
picture or a shice header of a current shice is alfocated. Therefore, more memory is allocated
for the additional RPL that is signaled in a pictare header of a current picture or in a shice
header of a current shice by an encoder/decoder before encoding/decoding, which will be
helpful for video processing.

{02451 At step 14064, a current picture or a current slice is processed using the

Uo

allocated memory . Since the allocated memory 1s more reliable for the additional RPL, the
encoding/decoding process can be more accurale and robust.

[G246] FIG. 148 iHustrates a portion of an exemplary semantics 14008, according to
some embodiments of the present disclosure. The semantics 1400B can be used 1n method
14004, changes trom the previous VVC are shown m talic (refer to block 1410B). More
memory is allocated for additional RPL for a possibility that one additional RPL s signaled
later {in picture header or slice header).

{247 In VVC {e.g., VVC draft 9), syntax element S30A {e.g., rpi_1dx] 1 1} specifies
the index, info the list of the ref pic list struct{ listldx, rpiskdx ) syntax structures with
histidx equal to 1 included in the SPS, of the ref pic list struct{ listidx, rplsidx ) syntax
structure with histldx equal to 1 that is used for dertvation of reference picture list i of the
current picture. This semantics may not be accurate since reference picture list may be
derived for a picture or a slice.

{0248 In VVC {e.g.. VVC draft 9}, when syntax ciement 530A is not present, there is
a inference rule to infer the value of syntax element S30A. 1f syntax element 310A (e.g.,
rpl sps flag] i |} is equal to | and svntax element 520A (e g, pps_rpll idx present flag)is
equal to 0, the value of rpl_wdx| 1] is inferred to be equal to rpl idxf O |, otherwise the value

of rpl 1dx] 1 ]1s inferred to be equal to 0. The inference rule has some problems. First, there
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ts only an inference rule for rpl idxj 1], but no inference rule for rpd 1dx{0]. Second, when
syntax element 310A s equal to 1 and syntax element 320A is equal to 0, there is no
guarantce that 1pl_dx{0] 15 signaled. So inferming the value of mpl_tdx{1] o be cqual to

rpl idxj{}] may be problematic in this case. In a word, the inference rule in VVC {c.g., VVC
draft 9} cannot guarantee that both rpl 1dx{0} and rpl 1dx{ 1] get a proper value in decoder
side when they are not present.

{0249} To overcome this deficiency with conventional coding technologies, in some
embodiments of the present disclosure {such as provided below i FEGs, 154 - 18C), an
updated semantics for svntax element 330A (e.g., rpl_idx{i}} is provided.

[G230] FIG. 154 llustrates a flow-chart of an exemplary video encoding method
1500A for determining the index in the reference picture list, according to some cmbodiments
of the disclosure. Method 1500A can be performed by an encoder {¢.g., by process 200A of
FiG., 24 or 2008 of FIG. 28) or performaed by one or more software or hardware
components of an apparatus {¢.g., apparatus 400 of FI1G. 4). For example, one or more
processors {€.g., processor 402 of FIG, 4) can perform method 1500A . In some
embodiments, method 1500A can be implemented by a computer program product, embodied
in a computer-readable medium, including computer-executable instructions, such as
program code, executed by computers {e.g., apparatus 400 of FIG. 4). Referring to FIG.
154, method 1300A may include the following steps 13024 - 1514A.

(02517 Atstep 15024, a first flag (e.g., pps_tpll_dx_present flag) m a picture
parameter sot (PPX) is signaled to indicate whether a second flag (¢.g., pf sps flagf 1 and a
first index {e.g., rpl_idx{1}} being present in a picture header syntax or a shice header for a
current picture referring to the PPS. The fivst flag {e.g., pps_rpll idx present flag) indicates
whether reference picture hist 1 1s derived based on one of the reference picture list structures

associated with reference picture list | signaled 1n a sequence parameter set {§P5) and the
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first index {e.g., rpl 1dx 1] 15 the index, to the list of the reference picture list structures
associated with reference picture hist 1 included 1o the SPS, of the reference picture hist
structure associated with reference picture list | that 15 used for denvation of reference
picture list | Then the second flag {e.g.. rpl sps flag{1}} can be signaled.

{02521 At step 1504A, whether the first index (e.g., rpl 1dx[1]} and a second index
{c.g., rpl_1dx{0]) to be signaled 18 determined. The second index {(e.g., rpl_1dx{0]} is the
index, o the list of the reference picture list structures associated with reference picture hist O
mcluded in the §PS, of the reference picture list structare associated with reference picture
tist O that is used for derivation of reference picture list 0.

[G283] When the sccond index {e.g., vpl_1dx{01} 15 not to be signaled, a value of the
second index (e.g., rpl_idxf0}) can be determined by step 1506A.

{02541 At step 15064, the value of of the second index {e.g., rpl_1dx{0}]} is
deternuned to be equal to 0, when at most one reference picture list structure associated with
reference picture list 0 is tncloded in SPS. Referring to FiG. SA, when the
sps mum_ref pic lists{0] is less than or equal to one, the rpl_1dx{0] is not signaled.
Therefore, with step 15064, the value of rpl_idxf0] 18 determined for the situation that the
rpl idxf{} is not signaled, enhancing the reliability for inferring rpl idxj0].

{02551 When the first index (e.g., mpl_1dx{ 1]} is not to be signaled, the value of the
first index {g.g., pl 1dx{0}} can be determined by the step 1508A and 1510A.

(02561 At step 15084, the value of the fust index (e.g., 1pl_tdx{1]} 1s deternuned to
be equal to 0 when at most one reference picture list structure associated with reference
picture list 1 is included in §PS. Referring to FIG. 3A, when the sps_num ref pic hists[1} s
less than or equal to one, the rpl dx]1] 1s not signaled. Therefore, with step 1508A, the value
of rpl idx{1] is determined for the sitvation that the rpl_idx{1}] is not signaled, enhancing the

reliability for inferring rpl idx{1}
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Q23571 At step 15104, the value of the first index {e.g., mpl_1dx{ 1]} is determined to
be equal to the value of the second index {e.g., rpl_1dx{0]), when the first flag (e.g.,
pps_tpll wdx_present flag) is equal to 0 and the sccond flag {e.g.. 1pl_sps_flag{1}} 15 cqual to
1. Since the value of rpd 1dx[0] 15 set to 0 if sps_num ref pic lists{] 1s less than or equal to
one (in step 15308A) and otherwise {e.g., sps num ref pic hst{0>1), the rpl 1dxf0] is
signaled (referring to FIG. 8A), the value of rpl_idx|0] 1s determined for all the scenarios.
Therefore, in this case, the value of rpl 1dx{1}] 15 set equal to the value of rpl 1dx]0], which is
determined. Thus, for all the scenarios {g.g., no matter rpl_ 1dx]0] 1s signaled or not), the value
of rpl_idx{1] is determined. The value of rpl dxfi] (both wpl 1dx]0] and rpl 1dx{1]) can be
guarantced to get a proper value if the mpl_idx{i] is not signaled.

{6258} After the determination of values of the first index {c.g., rpl_idx}1]) and the
second index {e.g., rpl 1dxf01), at step 15124, the reference picture list 1s determined based
on the first index and the second 1ndex. Since the deternunation of the values of the first
index {e.g., mpl wdx{1]) and the second index {e.g.. rpl 1dx{0}} i3 guaranteed for the cases no
matier the first index (2.g., rpt_1dx{ 1]} and the second index {&.g., pl_1dx|0}} being signaled
or not, the determination for the reference picture hist can be more rehiable,

[0239] At step 1514A, a current picture is encoded based on the reference picture list.
Therefore, the robustness for the encoding process 1s improved.

(02667 In some embodiments, the step 1510A can be replaced by “rpl adxfi]1s
deternuned to be equal to 0 1o response to one reference picture list structure for reference
picture list 1 being present in SPS”, as rpl 1dx{0] is inferred to be equal to O when ong
reference picture list structure of reference picture list 0 being present in SPS (referring to
step 1508A). The efficicney of encoding process can be further improved.

{0261} FIG. 158 illustrates a flow-chart of an exemplary video decoding method

15008 for determining the index in the reforence pictore list, according to some embodiments

~d
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of the disclosure. Method 1300B can be performed by a decoder {¢.g., by process 300A of
FIG. 3A or 300B of FIG. 3B) or performed by one or more software or hardware
components of an apparatus {¢.g., apparatus 400 of FIG. 4). For cxample, one or more
processors {o.g., processor 402 of Fi{s. 4) can perform method 1500B. in some
embodiments, method 15008 can be implemented by a computer program product, embodied
in a compuier-readable medium, including computer-executable instructions, such as
program code, executed by computers {¢.g., apparatus 400 of FIG, 4). Referring to FIG. 158,
method 15008 may mchude the following steps 15028 - 15148,

{12621 At step 13028, the decoder receives a video bitstream {e.g., video bitstream
228 in FIG, 3B) and the video bitstream may be coded using inter prediction. the reference
pictures can be dertved, for example, by reference picture 0 and reference picture list 1, each
of which mcludes a hist of reconstructed pictures in the DPB (e.g., buffer 234 n FIG, 3B) to
be used as the reference pictures.

{02631 Atstep 15048, a value of a first flag {c.g.. pps_rpll 1dx present flag)
mdicating whether a second flag (e g, rpl sps flagiiiyand a first index {e.g., rpl idx{i]}is
present in a picture header syntax or a shee header for a current picture 1s determined. The
second flag indicates whether reference picture list 1 is derived based on one of the reference
picture list structures associated with reference picture hist § signaled in a sequence paramster
set (8PS} and the first index 1s the index, to the hist ot the reference picture hist structures
assoctated with reference picture hist 1 included in the 8PS, of the reforence picture hist
structure associated with reference picture list | that is used for derivation of reforence
picture list 1. Then the value of the second flag {e.g.. rpl sps flag{1]} can be determined.

[31264] At step 15068, whether the fivst index {e.g., tpl_1dx{ 1]} and a sccond index
{c.g., rpl 1dx{0}]} being prosent is determined. The second index {e.g., rpl_idx{0}) is the index,

to the list of the reference picture list structures associated with reference picture list 0
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mcluded in the §PS, of the reference picture list structare associated with reference picture
tist O that is used for derivation of reference picture list 0.

(6265} When the sccond index {e.g., 1pl_1dx{0}} 1s not present, a value of the second
index {e.g., rpl 1dx{0]) can be determined by step 15048,

{02661 At step 15088, the value of the second index {e.g., rpl 1dx[0]) 15 determined to
be equal to 0, when at most one reterence picture list structure associated with reference
picture list O is included in 5PS. Referning to FIG. 5A, when the sps_mumref pic lists{0] is
fess than or equal to one, the rpl_1d<0] 1s not signaled, thus the rpl_1dx[{}] 1s not present. In
this case, the rpl_1dx[0] is set to be equal to 0. Therctore, with step 15088, the value of
rpl_1dx}0] 15 determined for the situation that the rpl_1dx{0] 15 not present, enhancing the
reliability for inferring rpl idx{0}.

[0267] When the first index (e g, rpl_1dx{ 1]} 13 not present, the value of the first
mndex {e.g., mpl_idx{1]) can be determuned by the step 15108 and 1312B.

[G208] At step 1510B, the value of the first index {e.g., rpl_1dx{1}} is determined to be
equal to 0 when at most one reference picture Hist structure associated with reference picture
hist 1 1s included in SPS. Refernng 1o FIG. 54, when the sps_nuam_ref pic liats{1] 1s less
than or equal to one, the mpl dx{1] is not signaled, thus the rpl idx{1} is not present.
Therefore, with step 15108, the value of rpl idx{1] is determined for the situation that the
rpl_idxf 1] 1s not signaled, enhancing the reliability for inferning pl_idx{ 1]

(02691 At step 1512B, the value of the fivst mdex (¢.g., rpt_idx|1}} is deternmined to be
aqual to the value of the second index {e.g., rpl 1dx[0}), when the first flag (o g..
pps rpll idx present flag)is equal to 0 and the second flag {e.g., rpl sps flag{i}} is equal to
1 Since the value of pl_1dx[0} 15 set to 0 if sps_num_vef pic hists{0] 1s less than or equal to
one (in step 15308A) and otherwise {e.g., sps_num _ref pic listi0{>1), the rpl dx[0] s

signaled (referrimg to FIG. 5A}, the value of rpl_1dx{0} is deternuned for all the scenarios.
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Therefore, in this case, the value of rpl 1dx]1] 15 set equal to the value of rpl 1dx]0], which 1s
determined. Thus, for all the scenarios {e.g., no matter rpl_idx{0] 15 present or not), the value
of rpl_1dx{1] is determined. The value of rpl dx|i] (both wpl idx|0] and rpl idx|{1}) can be
guaranteed to get a proper value if the rpt 1dx{i1} is not present.

{02701 At 1514B, a current picture 1s decoded based on the first index {e.g,
rpl idx{ i) and the second index {e.g., rpl 1dx{0]). As the determination of the values of the
first index {c.g., rpl 1dx[1]} and the second index (c.g., rpl 1dx[0})} is guaranteed for the cases
ne matter the first index {e.g., rpl_1dx[1}} and the second index {g.g., rpl_dx{0}]) being
present of not, the determination for the reference picture list can be more reliable.

(G271} In some cmbodiments, the step 15148 can be replaced by “rpl idx[ 1 {18
inferred to be equal to § in response to one reference picture kst structure for reference
picture list 1 being present m SPS”, as wpl_1dx{0] 1s mierred to be equal to 0 when one
reference picture list structure of reference picture hist 0 being present in SPS (reforring to
step 1508B). The efficiency of decoding process can be further improved.

{32721 FIG. 18C dlustrates a portion of an exemplary semantics 1500C, according to
some embodiments of the present disclosure. The semantics 1500C can be used n methods
1500A and 15008, As shown in FIG, 18C, changes from the previous YVC are shown in
ttalic, with proposed deleted svntax being further shown m strikethrough (referring to block
1510C and 1320C). Two alternative derivation deseniptions are provided. In some
embodiments, as shown i block 1310C, for the case that the rpl idx|i] 1s not present, if there
is at most one reference picture kst struchure for reference picture listi{e.g.,
sps_num ref pic Hsti} is less than or equal to 1}, the value of rpl_idx|i] is inferred to equal
to U otherwise {there 18 more than one reference picture hist structure for reference picture 1,
that is sps_num ref pic list]i} is greater than 1}, and 1 is equal to 1, that 1s

sps pum_ ref pic list]1] is greater than 1, the value of rpl dx| 1] 1s mferred to be equal to
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rpl 1dxf0]. The difference between block 1520C and 15310C 15 that the expression of
“otherwise” and 1 1s equal to 17 are mterpreted 1o detail as “sps_num_ref pic hist{l]is
greater than 1.7 In some embodiments, the condition “if sps_num_ref pic_list{i} is less than
or equal to 17 (referring to block 1511C and block 1521C) can be replaced by “if

sps pum ref pic Hstlif sequal to 1.7

0273 In VVC {e.g., VVC draft 9}, syntax element 1010A {e.g,,
sh num ref idx active override flag) being equal to 1 specifics that the syntax element
sh pum ref idx active minusl| 0 | is present for P and B shices and the syntax element
sh num_ref 1dx_active munust{ 1 ]1s present tor B shees. Svntax element 1010A being
equal to O specifies that the svotax clementis sh_onum_ref idx active munustf 0 | and
sh pum_ref idx active munusl{ 1 | arc not present. However, as shown in FIG. 104, when
syntax element 1010A 18 equal to 1, the value of num_ref entrigs{ 1 I Rplsldx| 1] | 1s further
checked for signaling sh_num_ref 1dx_active nuvusifi | Syotax element
sh num ref 1dx active minusl{ i} ig signaled only when syntax element 1010A is ¢qual to 1
and nom _ref entries] i || Rplsldx] 1 | | 1s greater than 1. As a result, syntax element 1010A
equal to | does not necessanly mean sh num_ref idx_active minusifi s signaled.

{6274} To overcome this deficiency with conventional coding technologies, in some
embodiments of the present disclosure (such as provided below m FEGs, 164 - 160), an
updated semantics for syntax clement 1010A 1s provided to improve the efficiency of the
encoding/decoding process.

{02751 FIG. 16A illustrates a flow-chatt of an exemplary video encoding method
1600A for indicating active reference index number in slice header present, according to
some embodiments of the disclosure. Method 1600A can be performed by an encoder (e g.,
by process 200A of FIG. 24 or 2008 of FIG, 2B) or performed by onc or more software or

hardware components of an apparatus {¢.g., apparatus 400 of F1G, 4}, For example, one or
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more processors {e.g., processor 402 of FIG, 4 can perform method 1600A. In some
embodiments, method 1600A can be implemented by a computer program product, embodied
in a computer-readable mediwm, ncluding computer-cxecutable instructions, such as
program code, excouted by computers {e.g., apparatus 400 of FIG. 4). Referring to FIG.
16A, method 1600A may include the following steps 1602A - 1608A.

(02787 At step 16024, a first flag is signaled in a slice header to indicate whether an
active reference index number is present i a slice header. For example, syntax clement
sh num ref idx active override flag s signaled to indicate whether the active reference
mdex number of reference picture hist 1 {e.g., sh_num_ref idx active_minusi{i]) (i equals to
 or 1) 15 present in the shice beader or not. The active reference index number i1s used to
dertve maximum reference mdex for a corresponding reference picture list that may be used
to encode a current slice. The number of reference mdex used for encoding the current shice
can be less than or equal to the maximum number derived from the active reference index
number.

32771 At step 16044, whether the active reference index nomber being present is
determined. When the first Hlag ndicates the active reference index number is present, the
symtax element sh_nuwm ref idx active minusif 0 | is present for P and B slices and the
syntax element sh_muon ref idx active mimusl] 1 is present for B slices. Then, step 1606A
and step 1608A are performed.

[O278] At step 16064, a number of entries of reference picture list O is determined
first and if the nomber of entries of reference picture list 0 (e g,
num ref entries] O} Rplsldxf0 | 1) 1s determined to be greater than 1, an active reference
mdex number of reference picture list 0 {e.g., sh_num_ ref 1dx_active munusii 0 ]} is

signaled in slice header for P and B slice.
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{2791 At step 16084, a number of entries of reference picture hist 1 is determined
first and if the number of entries of reference picture list 1 (e g.,
nun_ref entries] 1| Rplsldxfl | ]} 1s determuned to be greater than 1, an active reference
index number of reforence picture list 1 {e.g., sh_ num ref idx active minusi{ 1 [} is
signaled in slice header for B slice.

[O286G] With step 1606A and step 16084, the active reference index number of
reference picture list i {e.g., sh nuwm ref idx active minusi] i [} is signaled in the shice level
when a number of entries of reference picture list 1 (g.g., num_ref entries{i}| Rplaldxfi] {)1s
greater than 1.

{281} Therefore, the uncertainty for sh_num_ref 1dx_active minusli i | signaled
when the sh_pum_ref idx_active override flag being equals to 1 is eliminated, and the
accuracy and robusiness for encoding process can be improved.

(02821 In some embodiments, the method 1600A can further include step 16104 and
1612A. When the first flag indicates the active reference index number is not present, the
syntax clement sh nem ref 1dx active minasl] 1] is not present. Then, step 1610A and step
1612A arc performed.

{6283} At step 1610A, signaling the active reference index numiber of reference
picture list 0 {c.g., sh num_ref idx active minusl{0}} is skipped n slice header for Pand B
slice. In another word, there 18 no sh_num_ref 1dx_active mimus{ 0] signaled in slice header
for P and B slice.

[G2841 At step 16124, signaling the active reference index mumber of reference
picture list 1 is skipped in shice header for B shice. In ancther word, there isno
sh_pum_ref 1dx_active_minusl| 1] signaled in slice header for B shice.

{0285} Therefore, when the active reference index mumber is not present, by skipping

signaling the active reference mumber, the encoding process can be more efficient.
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Q2861 FIG. 168 dlustrates a low-chart of an exemplary video decoding method
1600B for indicating the active reference mdex number in shice header, according to some
embodiments of the disclosure. Method 16008 can be performed by a decoder {e.g., by
process 300A of FIG, 3A or 300B of FIG. 3B) or performed by one or more software or
hardware components of an apparatus {¢.g., apparatus 400 of F1G, 4}, For example, one or
more processors {e.g., processor 402 of FIG. 4) can perform method [6008. In some
embodiments, method 16008 can be implemented by a computer program product, embodied
i 3 computer-readable medium, including computer-exccutable instructions, such as
program code, executed by computers {¢.g., apparatus 400 of FIG, 4). Referrmg to FIG.
16A, method 16008 may include the following steps 1602B-16088.

{6287} At step 1602B, the decoder receives a video bitstream {e.g., Video bitstream
228 in FEG. 3B) including a shice header and a picture header syntax and the video bitstream
may be coded using inter prediction. The reference pictures can be derived, for example, by
reference picture U and reference picture list 1, each of which includes a list of reconstructed
pictures in the DPB {e.g., buffer 234 in FIG. 3B} to be used as the reference pictures.

[(1288] At step 16048, a value of the first flag signaled in the slice header that
indicates whether an active reference index number is present is deternined. In some
embodiments, the first flag is the syntax clement sh num ref idx active overnde flag,
which can indicate whether an active reference index of reference picture histi{e.g.,
sh mum_ref idx_active_mtrwsi{i}) (i cquals to O or 1) is present or not. The active reference
index number is used to derive maximum reference index for a corresponding reference
picture list that may be used to decode a carrent shice. The number of reference index used for
decoding the current shice can be less than or equal to the maximum number denved from the

active reference index number.
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Q2891 When the value of the first flag is determined o a value indicating the active
reference index number 1s present, the syntax element sh_num_yef idx active minusi{ 0 {1s
present for P and B slices and the syotax clement sh_nuro_ref idx active mimusif | {is
present for B slices. Then, step 16068 and step 16088 are performed.

(62961 At step 16068, a namber of entrics of refercnce pictuwre hist 8 {e g,
mun_ ref entres| O} Rplsidxf0 |1} is determined and if the number of entries of reference
picture list O is determined to be greater than 1, an active reference index number of refercuce
pictore list O (e.g., sh num ref idx active minusl{ G ]} is decoded in slice header for P and
B shice.

(62911 At step 1608B, a number of entries of reference picture hist 1 {e.g,
num ref entries| T Rpisidxfl | ]} is determined and if the number of ontries of reference
picture list 1 is determined to be greater than 1, an active reference index number of reference
picture list | (c.g.. sh_num_ref idx active mwnusi{ 1 ) is decoded in slice header for B slice.

{02921 With step 15068 and step 16088, the active reference index number of
reference picture list 1 {e.g., sh_meom ref idx active minusl] 1 {} 1s signaled when a number
of entries of reference picture list 1 {e.g., num_ref entries[i]] Rplsldxi] 1) 18 greater than 1.
Therefore, the uncertainty for sh num ref i1dx active minusii 1 | signaled when the
sh mum_ref idx active_override flag being equals to 1 1s eliminated.

{02931 In some embodiments, the method 1600B can further include step 16108 and
step 16128, When the value of the first tlag is determived to be a value indicating the active
reference index number is not present, the syntax element sh mum ref tdx active minusif i
} i not signaled. Then, step 16108 and step 1612B are performed.

32941 At step 1610B, decoding the active reference index number of reference

picture list O {e.g., sh nwm_ref idx active nunusii 0 }) is skipped in slice header for Pand B
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slice. In another word, there 1s no sh_num _ref 1dx active minasl 0] in slice header for B
slice

{32951 At step 16128, decodmng the active reference index number of reference
picture list | {o.g., sh num ref idx active minusli 1§} is skipped in slice header for B shce.
In another word, there is no sh mum_ref 1dx active minusi] 1] present in shice header for B
shice. Therefore, the efficiency of decoding process can be improved.

{82961 FIG. 16C illustrates a portion of an exemplary semantics 1600C, according to
some embodiments of the present disclosure. The semantics 16008 can be used in method
1600A and 16008, As shown in FIG. 160, changes from the previous VVC are shown in
ttalic, with proposed deleted syntax being firther shown in stnkethrough (reforrog to block
1616 and 1620C). Two alticmative descriptions are provided. As shown in block 1610C,
sh num_retf 1dx active ovemnde flag being equal to T doesn’t necessarily specify the syntax
clement sh_num_ref 1dx_active_munusi{0] 15 present for P and B slices or the syntax
clement sh num_ref 1dx_active_munusifl] is present for B slices. As shown in block 1626C,
a condition of “when num_ref entrics]OH Rplsldx{G] is greater than 17 is added for the syntax
clement sh_mum_ref idx_active_minusi{0] is present for P and B slices and a condition of
“when num_ref entries{ i Rplskdx|1} is greater than 17 is added for the syntax element
sh mum ref idx active minusi{1]is present for B slices, for
sh num_retf idx active ovemride flag being equal to 1. Therefore, the accuracy and
robusiness for decoding process can be improved.

{02971 In VVC {e.g.. VVC draft 9), there {5 a bitstream conformance constraint that
the picture referred to by syntax element 1050A {g.g., sh_collocated ref 1dx) s the same for
all shices of a coded picture and RprConstraintsActive| sh_collocated from 10 flag 7 0
1{{ sh collocated ref wdx §isequal to 0. To identity the picture referred to by syantax

clement 1330A the value of syntax clement 1040A {e.g., sh collocated from 10 fiag) and
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syntax element 1030A (e.g., sh _collocated ref 1dx) need to be decided first. However, as
shown in FIG. 104, syntax clement 1040A 1s only signaled for B slice and syntax element
1050A 1s only signaled for P and B shice. For 1 shices, syntax clement 1040A and syntax
clement 1050A arc not signaled. And there is also no inferred value for these two syntax
clements for I slices. As a result, for I slices, the value of syntax element 10504 is undefined.
Theretore, the encoder/decoder cannot identify the picture referred to by syntax element
1030A and cannot perform the conformance constraint check.

{2981 To overcome this deficiency with conventional coding technologies, in some
embodiments of the present disclosure {such as provided below in FYG. 174 and FIG. 178),
updated semantics are provided to improve the accuracy and robusiness for video processing.

{6299} For example, FIG, 17A illostrates a flow-chart of an exemplary video
processing method 1700A for picture processing. Method 1700A can be performed by an
encoder {¢.g., by process 200A of FIG. 24 o1 2008 of FIG, 2B), a decoder (¢ .g., by process
300A of FI1G. 3A or 300B of FiG. 38) or perfonned by one or more software or hardware
components of an apparatus {¢.g., apparatus 400 of FEG. 4). For example, one or more
processors {e.g., processor 402 of FIG. 4) can perform method 1700A. In some
embodiments, method 1700A can be implemented by a compuier program product, embodied
in a computer-readable medium, including computer-executable instructions, such as
program code, exccuted by computers {e.g., apparatus 400 of FIG. 4). Refernng 1o FIG.
244, method 1700A may melude the step 1702A and 1704A.

{G300] At step 17024, determining a collocated picture referred to by a reference
mndex of the collocated picture 1n slice level (e g, sh_collocated ref idx), wherein the
collocated picture is determined to be a same picture tor all non-1 slices of a current piciure.
Therefore, the uncertainty for the values of sh collocated ref idx and

sh collocated from 10 flag is avoided.

e2a}
~3



WO 2021/237165 PCT/US2021/033765

{3011 At step 17044, the carrent picture 1s processed based on the collocated
picture, wherein the collocated picture 1s used for temporal motion vector prediction. Thus,
the robustness for video processing can be improved.

{63021 That is pictare used for temporal motion vector prediction which is referred to
by a refercnce index of collocated picture is determined to be the same for all non-I slices of a
coded picture. In some embodiments, picture used for temporal motion vector prediction that
is referred to by a reference index of collocated picture 1s determined to be the same forall P
slices and B slices of a current picture.

13031 FIG. 178 iHustrates a portion of an exemplary semantics 17008, according to
some embodiments of the present disclosure. The semantics 1700B can be used 1n method
1700A. As shown in FIG. 178, changes from the previous VVC are shown in italic, with
proposed deleted syntax being further shown i strikethrough (referming to block 17108 and

7208}, Two alicmative description are provided. As shown i block 17108, the requirement
of bitstream conformance is further detailed to “all non-1 slices” instead of “all slices™.
Therefore, the efficiency and robustness for decoding process is improved. The difference
between block 17208 and 17108 1s that the expression of “non-I slices” is replaced by “P
slices and B slices™ to be more accurate.

{0304} In some embodiments, a non-transitory computer-readable storage medium
mchuding instructions 1s also provided, and the instructions may be exccuted by a device
{such as the disclosed encoder and decoder), for perfornung the above-described methods.
Common forms of non-transitory media include, for example, a floppy disk, a flexible disk,
hard disk, solid state drive, magnetic tape, or any other magnetic data storage mediom, g UD-
ROM, any other optical data storage medium, any physical medium with patterns of holes, a
RAM, a PROM, and EPROM, a FLASH-EPROM or any other flash memory, NVRAM, a

cache, a register, any other memory chip or cartridge, and networked versions of the same.
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The device may include one or more processors (CPUs), an mput/cuiput interface, a network
miterface, and/or a memory.

10305] i should be noted that, the relational teoms herein such as “first” and “second”
are used only to differentiate an entity or operation from ancther entity or operation, and do
not require or imply any actual relationship or sequence between these entities or operations.
Morcover, the words “comprising,” “having,” “contaiming,” and “mcluding,” and other
stmilar forms are intended to be equivalent in meaning and be open ended in that an ttem or
ttems following any one of these words is not meant to be an exhaustive listing of such item
ot items, or meant to be himited to only the listed tem or tems.

G306} As used herein, unless spectfically stated otherwise, the term “or”
encompasses all possible combinations, except where infeasible. For exarapie, if it is stated
that a database may include A or B, then, unless specifically stated otherwise or inteasible,
the database may include A, or B, or A and B. As a second example, it is stated that a
database may include A, B, or C, then, unless specifically stated otherwise or infeasible, the
database may include A, or B,orC orAand B orAand C orBand T, or A and Band .

{33071 It 1s appreciated that the above-described embodiments can be implemented by
hardware, or sofiware (program codes), or a combination of hardware and software. If
implemented by software, it may be stored in the above-described computer-readable media.
The sottware, when executed by the processor can perform the disclosed methods. The
computing units and other functional units described in this disclosure can be mmplemented
by hardware, or software, or a combination of hardware and software. Oue of ordinary skill n
the art will also understand that multiple ones of the above-descernibed modules/umits may be
cornbined as one module/unit, and each of the above-described modales/units may be further
divided into a plurality of sub-modules/sub~units.

{0308} The embodiments may further be described using the following clauses:
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1. A computer-implemented method for encoding video, comprising;

encoding a current picture based on a collocated picture, wherein the
collocaied picture is used for temporal motion vector prediction; and

signaling a first flag and a second fiag in response to a number of entries in a
reference picture ist O and a number of gntries 1 a reference picture hist 1 being both
greater than 0, wherein the first flag indicates that the collocated picture 18 dernve
from the reference picture list 0 or the reference picture list 1, and the second flag
indicates whether a motion vector difference syntax structure is signaled.
2. A computer-implemenied method for decoding video, comprising;

recetving a video bitstrean

decoding a first flag and a second flag in response to a number of entrigs in &
reference picture bist § and a number of entries in a reference picture hist 1 being both
greater than 0, wherein the first flag indicates a collocated picture used for temporal
motion vector prediction is derived from the reference picture list O or the reference
prcture bist 1, and the second flag indicates whether 3 motion vector difference syntax
structure is present in the bitstream for a current picture; and

decoding the current picture based on the collocated pioture.

3. A computer-implemented method for encoding video, comprising:

encoding a current picture based on a collocated picture, wherein the
collocated picture is used for temporal motion vector prediction; and

indicating the collocated picture in the bitstream without signaling an index to
a reference picture list.
4. The method of clause 3, wherein mdicating the collocated picture in the bitstream

without signaling an index o a8 reference picture list further comprises:
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signaling a first flag to indicate whether the collocated picture is an nter-layer
reference picture; and

in response o the collocated picture being an inter-laver reference picture,
signaling a first parameter to indicate the collocated pictare, wherein the first
parameter indicates the index of the collocated picture to the list of direct reference
layers of the laver where the current picture 1s n.
5. The method of clause 4, wherein indicating the collocated picture in the bitstream
without signaling an index to a reference picture list further comprises:

signaling a second flag o indicate whether the collocated picture 1s a short-
term reference picture or a long-term reference picture; and

in response to the collocated picture being the short-term reference picture,
signaling a second parameter to indicate the collocated picture, wheren the second
paramcter indicates a differcoce between a picture order count of the collocated

picture and a picture ovder count of the current picture.

6. The method of clanse 5, further comprising:

in response to the collocated picture being the long-term reference picture,
signaling a third parameter and a fourth parameter to indicate the collocated picture,
wherein the third parameter indicates a least significant bit (LSB} of picture order
count (POC) of the collocated picture and the fourth parameter indicates a delta most
significant bit (MSB} of picture order count {(POC) of the collocated picture.
7. The method of clause 6, wherein the {first flag, the second flag, the first parameter,
the second parameter, the third parameter and the fourth parameter are signaled m a

picture header, and all slices within a picture have a same collocated picture.
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8. The method of clause 3, wherein the reference picture list is reference picture list 0
or reference picture list [
9. A computer-implemented method for decoding video, comprising:

recetving a video bitstream;

determining a collocated picture used for temporal motion vector prediction
without decoding an index to a reference picture bist; and

decoding a current picture based on the collocated picture.
10, The method of clause 9, wherein deternuning the collocated picture used for
temporal motion vector prediction without decoding an mdex to the reference picture
list further comprises:

decoding a first flag that indicates whether the collocated picture is an inter-
layer reference picture;

determining whether the collocated picture is an inter-laver refercuce picture
based on the first flag; and

in response (o the collocated picture being an inter-layer refergnce picture,
decoding a first parameter and determining the collocated picture based on the first
parameter, wherein the first parameter indicates an index of the collocated picture to
the st of direct reference layers of the laver where the current picturs 1s .
11, The method of clause 10, wherein determining the collocated picture used for
temporal raotion vector prediction without decoding an tudex to a reference picture
Hist structure further comprises:

decoding a second flag that indicates whether the collocated picture s 3 short-
term reference picture or a long-term reference picture;

determining whether the collocated picture is the short-torny reference picture

or the long-term reforence pictore based on the sceond flag; and
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i response to the collocated picture being the short-term reference picture,
decoding a second parameter and determining the collocated picture based on the
sccond parameter, wherein the second parameter indicates a difference between a
picture order count of the collocated picture and a picture order count of the current
picture.

12. The method of clause 11, further comprising:

i response o the collocated picture being the long-term reference picture,
decoding a third parameter and a fourth parameter and determining the collocated
picture based on the third and the fourth parameter, wherein the third parameter
imndicates a least sigrificant bit (L8B) of picture order count (POC) of the coliocated
picture and the fourth parameter indicates a delta most significant bit (MSB) of
picture order count (POC) of the collocated picture.

13. The method of clause 12, wherein the first flag, the second flag, the first
parameter, the second parameter, the third parameier and the fourth parameter are
present in a picture header, and al slices within a picture have a same collocated
pieture.

14. The method of clause 9, whergin the reference picture kist is reforence picture list
0 or reference pictars st 1.

15, A computer-implemented method for encoding video, comprising:

determining whether to signal a paramcter to indicate a refercnce index of a
collocated picture in a slice header;

in response to the parameter not being signaled in the shice header,
determining the collocated picture as the picture referred to by an mndex with a value

equal to a smaller one between a value of a reforence index of the collocated picture

e
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signaled in a picture header and a munber of active entries in a target reference picture
fist munus 1; and

encoding a currend picture based on the coliocated picture, wherein the
collocated picture is used for temporal motion vector prediction.
16. The method of clause 15, wherein the target reference picture hist 13 indicated by a
flag that indicates from which reference picture list the collocated picture used for
temporal motion vegtor prediction is derived.
17. A computer-implemented method for decoding video, comprising:

receiving a video bitstream;

deternuning whether a parameter indicating a reference index of a collocated
picture used for termuporal motion vector prediction is present in a shice header;

in response to the parameter being not present, determining a value of the
paramcter to be equal 1o a smaller one between a value of a reference jndex of the
collocated picture used for temporal motion vector prediction present in picturg
header and a number of active entries in a target reference picture Hst minus 1;

deternuning the collocated picture as a picture referred to by an index with a
value equal to the value of the parameter wn the target reference picture list; and

decoding a current picture based on the collocated picture.
18. The method of clause 17, wherein the target reference picture hist 1s indicated by a
flag that indicates from which refercnce picture hist the collocated picture used for
temporal motion vegtor prediction is derived.
19. A computer-implemented method for video processing, comprising:

deriving a total number by summing a number of reference picture list

structures in sequence parameter st {SPS) and one;
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allocating memory for the total number of reference picture hist structiures in
response to a reference picture hist structure being signaled in a picture header of a
current picture or a shice header of a current slice; and

processing a current picture or a current slice using the allocated memory.
20. A computer-implemented method for encoding video, comprising:

signaling a first flag m a picture parameter set (PPS) to indicate whether a
second flag and a first index is present in a picture header syntax or a slice header for
a current picture referring to the PPS; wherein the second flag indicates whether
reference picture list 1 1s derived based on one of the reference picture list structures
associaied with reference picture bist 1 signaled in a sequence parameter set (SPS) and
the first index is the index, to the list of the reference picture list structures associated
with reference picture list 1 included n the SPS, of the seference picture hist structure
associated with reference picture st 1 that 1s used for derivation of reference picture
fist 1

determining whether the first index and a second index to be signaled, wherein
the second index 1s an ndex, to the list of the reference picture list structures
associated with reference pictare list G included 1o the §PS, of the reference picture
Hst structure associated with reference picture list O that is used for derivation of
reference picture list §;

n response to the second index not to be signaled, determining a value of the
second index comprising

when at most one reference picture Hst structure associated with

reference picture Iist 0 1s meladed m SPS, determining the value of the sccond index

to be equal to 0

w0
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i response to the first index not {0 be signaled, determuning a value of the first
mndex comprising:
when at most one reference picture list structure associated with
reference picture list 1 s included m SPS, determining the value of the first index to
be equal to 0, and
when the first flag 15 equal to 0 and the second flag 1s equal to 1,
determining the value of the first mdex o be equal to the value of the sccond index;
deriving the reforence picture list based on the first index and the second
mdex; and

encoding the current picture based on the reference picture list.

21. A computer-implemented method for decoding video, comprising:

receiving a video bitstream;

determining a value of a first flag indicating whether a second flag and a first
index is present in a picture header syntax or a slice header for a current picture ,
wherein the second flag indicates whether reference picture hist 1 s derived based on
one of the reference picture fist structures associated with reference picture list 1
signaled 10 a sequence parameter set {SPS) and the first index is the index, to the hist
of the reference picture list structures associated with reference picture list 1 included
mthe SPS, of the reference picture list structure associated with reference picture list
1 that is used for denvation of reference picture hist 1;

determining whether the first index and a second index being present, wherein
the second index 1 the index, to the hst of the reference picture hist structures

associated with reference pictare list G included 1o the §PS, of the reference picture
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fist structure agsociated with reference picture list § that is used for derivation of
reference picture list §;
m response to the sccond index being vot present, determining a value of the
second index comprising:
when at most one reference picture hist structure associated with
reference picture list 0 18 included 1 SPS, determining the value of the second index
to be equal to G
in response to the first index being not present, determining a value of the first
mndex comprising:
when at most one reference picture bist structure associated with
reference picture list 1 s included m SPS, determining the value of the first index to
e equal o 0; and
when the first flag is equal to 0 and the second flag 1s equal to 1,
determining the value of the first mdex o be equal to the value of the second index;
and
decoding a current picture based on the first index and the second index,
22, A computer-implemented method for encoding video, comprising:
signaling a first flag in a slice header to mdicate whether an active reference
mdex number is present in a slice header, wherein the active reference index number
15 used to dertve maximum reference index for a corresponding reference picture hist
that can be used to encode a current slice;
in response (o the first flag indicating the active reference index number is
present i the shice header,
determining a number of entrics of reference picture hist 0, and

signaling the active reference index number of reference picture hist § in the shice
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header for P and B slice when the number of entries of reference picture Hst  is
greater than | and

determining a number of entrics of reference picture hist 1, and
signaling the active reference index number of reference picture hist 1 in the shice

header for B slice when the number of entries of reference picture list 1 18 greater than

23. A method of clause 22, further comprising:
in response to the first flag tndicating the active reference index number is not
present i the shice header,
skipping signaling the active reference mdex number of reference
picture fist 0 in the slice header for P and B slice; and
skipping signaling the active reference index number reference picture
list 1 1o slice header tor B shice.
24. A computer-implemented method for decoding video, comprising:
recelving a video bitstream including a shice header and a picture header
SYItax;
determining a value of a first flag signaled in the slice header that indicates
whether an active refergnce index mumber 1 prosent in the shice header, whergin the
active reference index number 18 used to derve masimum reference index fora
corresponding reference picture list that can be used to decode a current shice;
in response to the first flag tndicating the active reference index number is
present,
determining a number of entries of reference picture hist §, and

decoding the active reference index number of reference picture hist U in the slice
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header for P and B slice when the number of entries of reference picture Hst  is
greater than 1; and
determining a number of entrics of reference picture hist 1, and
decoding the active reference index number of reference picture list 1 i slice header
for B slice when a namber of entrics of reference picture list 1 is greater than 1.
25. The method of clause 24, further comprising:
in response to the first flag tndicating the active reference index number is not
present,
skipping decoding the active reference mdex number of reference
picture kst O in the slice header for P and B slice; and
skipping decoding the active reference mdex number of reference
picture list 1 i shice header for B shice.
26. A computer-implemented method for video processing, comprising:
determining a collocated picture referred to by a reference index of the
coliocated picture in shice level, wherein the collocated picture is determined to be
same picture for all non-I slices of a current picture; and
processing the current picture based on the collocated pictare, wherein the
collocated picture is used for temporal motion vector prediction.
27. A computer-implemented method for video processing, comprising:
determining a collocated picture referred to by a reference index of the
collocated picture in shice level, wherein the collocated picture is determinedto be a
same picture for all P slices and B slices of a current picture; and
processing the current picture based on the collocated picture, wherein the
collocated picture is used for temporal motion vector prediction.

28. An apparatas for performing video data processing, the apparatus comprising:

e
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a memory configured to store instructions; and
one or more processors configured to execuie the mstructions {0 cause the apparatus
to performe
encoding a current picture based on a collocated picture, wherein the
collocated picture is used for temporal motion vector prediction; and
signaling a first flag and a second flag in response to a number of entries n a
reference pictare fist O and a number of entries in a reference picture list 1 being both
greater than 0, wherein the first flag indicates that the collocated picture is dertved
from the reference picture list 0 or the reference picture hist 1, and the second flag
midicates whether a motion vector difference syntax structure is signaled.
29. An apparatus for performing video data processing, the apparatus comprising;
a memory configured to store instructions; and
one or more processors configured to execute the instructions to cause the apparatus
to perform:
receiving a video bitstream;
decoding a first flag and a second flag in response to a number of entrics in a
reforence picture hist { and a number of ¢ntries 1n a reference picture hist 1 being both
greater than 0, wherein the first flag indicates a collocated picture used for temporal
motion vector prediction is derived from the reference picture hist © or the reference
picture list 1, and the second flag indicates whether a motion vector difference syntax
structure is presend in the bitstream for a current pichure; and
decoding the cuarrent picture based on the collocated picture.
30. An apparatus for performing video data processing, the apparatus comprising:

a memory configured to store instructions; and

160
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one or more processors configured 0 execute the instructions 1o cause the apparatus

to perform:

encoding a currend picture based on a coliocated picture, wherein the
collocated picture is used for temporal motion vector prediction; and

indicating the collocated picture in the bitstream without signaling an index to
a reference picture hist.
31. The apparatus of clause 30, wherein the processor is further configured to execute
the mstructions to cause the apparatus to perform:

signaling a first flag to mdicate whether the collocated picture 18 an mter-layer
reterence picture; and

in response to the collocated picture being an imter-layer reference picture,
signaling a first parameter to indicate the collocated picture, wherein the first
paramcter indicates the index of the collocated picture to the list of direct reference
layers of the laver where the current picture is in
32. The apparatus of clause 31, wherein the processor s further configured to execute
the mstructions to cause the apparatus to perform:

signaling a second flag o indicate whether the collocated picture is a short-
term reference picture or a long-ierm reference picture; and

in response to the collocated picture bemg the short-term reference picture,
signaling a second parameter to indicate the collocated picture, wheren the second
paramcter indicates a difference between a picture order count of the coilocated
prcture and a picture order count of the current picture.
33. The apparatus of clause 32, wherein the processor is further configured to execute

the instructions to cause the apparatus to perform:
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i response o the collocated picture being the long-term reference picture,
signaling a third parameter and a fourth parameter o indicate the coliocated picture,
wherem the third parameter indicates a least sigmficant bit (LSB) of picture order
count (POC) of the collocated picture and the fourth parameter indicates a delta most
significant bit (MSB) of picture order count (POC) of the collocated picture.

34, The apparatus ot clause 33, wherein the first flag, the second tlag, the first
parameter, the second parameter, the third parameter and the fourth parameter are
signaled in a picture header, and all slices within a picture have a same collocated
pieture.

35. The apparatus of clause 30, wherein the reference picture hist is reference picture
list G or reference picture hist 1.

36. An apparatus for performing video data processing, the apparatus comprising:

a memory configured to store instructions; and

one o1 more processors configured to execute the instructions to cause the
apparatus to perform:

recetving a video bitstream;

determining a collocated picture used for temporal motion vector
prediction without decoding an mndex to a refergnce picture list; and

decoding a current picture based on the collocated picture.
37. The apparatus of clause 36, wherein the processor s further configured to execute
the mstructions to cause the apparatus to perforn:

decoding a first flag that mdicates whether the collocated picture is an inter-
layer reference picture;

determining whether the collocated picture is an inter-laver reference picture

based on the first flag; and
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i response o the collocated picture being an inder-layer refergnce picture,
decoding a first parameter and determining the collocated picture based on the first
parameter, wherein the first parameter indicates an index of the collocated picture to
the list of direct reference layers of the layer where the current picture is in.

38. The apparatus of clause 37, wherein the processor s firther configured to execute
the mstructions to cause the apparatus to perfornu

decoding a second flag that indicates whether the collocated picture is a short-
term reference picture or a long-term reference pictare;

determining whether the collocated picture is the short-term reference picture
or the long-term reforence picture based on the second flag; and

in response to the collocated picture being the short-term reference picture,
decoding a second parameter and determuning the collocated picture based on the
second parameter, wherein the sccond parameter indicates a difference between a
picture order count of the collocated picture and a picture order count of the current
picture.

39, The apparatus of clause 38, wherein the processor is further configured to execute
the instructions to cause the apparatus to perform:

in response to the collocated picture being the long-term reference picturs,
decoding a third parameter and a fourth parameter and determining the collocated
piciure based on the third and the fourth parameter, wherein the thied parameter
indicates a least significant bit (LSB} of picture order count {POC) of the coliocated
prcture and the fourth parameter indicates a delta most significant bit (MSB) of
picture order count (POC) of the collocated pictare.

40. The apparatus of clause 39, wherein the first flag, the second flag, the first

parameter, the second parameter, the third parameter and the fourth parameter are
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present in a picture header, and ali slices within a picture have a same collocated
pieture.
41. The apparatus of clause 36 wherein the reference picture list is reference picture
tist 0 or reference picture hist 1.
42. An apparatas for performing video data processing, the apparatus comprising:
a memory configured fo store instructions; and
one o1 more processors configured to execute the instructions to cause the
apparatus to perform:
determining whether {o signal a parameter to indicate a reference index
of a collocated picture in a shice header;
in response to the parameter not being signaled in the slice header,
determiming the collocated picture as the picture referred (o by an index with a value
equal to a smaller one between a value of a reference index of the collocated picture
signaled in a picture header and a munber of active entries in a target reference picture
f1st munus 1; and
encoding a current picture based on the collocated picture, wherein the
collocated picture is used for temporal motion vector prediction.
43. The apparatus of clause 42, wherein the target reference picture list 1s indicated by
a flag that indicates from which reference picture list the collocated picture used for
temporal motion vector prediction is derived.
44, An apparatus for performing video data processing, the apparatus comprising;
a memory configured to store instractions; and
one or more processors configured to execute the mstructions 1o cause the
apparatus to perform:

receiving a video bitstream;
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determining whether a parameter indicating a reference index of a
collocated mcture used for temporal motion vecior prediction 1s present i a shice
header; and

in response to the parameter being not present, determining a vahie of
the parameter to be equal to a smaller one between a value of a reference index of the
collocated picture used for temporal motion vector prediction present in picture
header and a namber of active entrigs in a target reference picture list minus 1,

determining the collocated picture as a picture referred to by an index
with a value equal to the value of the parameter i the target reference picture ist; and

decading a current picture based on the collocated picture.

45, The apparatus of clause 44, wherein the target reference picture list is indicated by
a flag that indicates from which reference picture list the collocated picture used for
temporal motion vector prediction is derived.
46. An apparatus for performing video data processing, the apparatus comprising;

a memory configured to store instractions; and

one or more processors configured to execute the mstructions 1o cause the
apparatus to perform:

deriving a total number by summing a nomber of reference picture list
structures in sequence parameter set (SPS) and one;

allocating memory for the total mumber of reference picture list
structures in response to a reference picture list structure being signaled in a picture
header of a current picture or a slice header of 8 current shice; and

processing a current picture or a current slice using the allocated
MEMory.

47. An apparatas for performing video data processing, the apparatus comprising:
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a memory configured to store instructions; and
one or more processors configured to execute the mstructions o cause the

apparatus to perform:

signaling a first flag in a picture parameter set {PPS}) to indicate
whether a second flag and a first index 18 present in a picture header syntax or a slice
header for a current picture referring to the PPS; wherein the second flag indicates
whether reference picture fist 1 1s derived based on one of the reference picture list
structures associated with reference picture hist 1 signaled i a sequence parameter set
{5P5) and the first index 1s the mdex, to the hist of the reference picture hist structures
associated with reference picture hist 1 included in the SPS, of the reference picture
list structure associated with reference picture hist 1 that s used for derivation of
reference picture hist 1;

determining whether the first index and a second index to be signaled,
wherein the second mdex ig an index, to the list of the reference picture list structures
associated with reference picture list 0 included in the 8PS, of the reference picture
fist structure associated with reference picture hist O that 15 used for denivation of
reference picture list O;

in response 1o the second mndex not to be signaled, determining a valug
of the second index comprising:

when at most one reference picture list structure associated

with reference picture list O is included in SPS, determining the value of the second
index to be equal to 0

in response to the first index not to be signaled, determining a value of

the first index comprising:
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when at most one reference picture list structure associated
with referenee picture list 118 included in SPS, determming the value of the first
ndex o be equal to 0; and
when the first flag is equal to 0 and the second flag is equal to

I, determining the value of the first index to be equal to the value of the second mdex;

deriving the reference picture list based on the first index and the
second index; and

encoding the current picture based on the reference pictare list.
48. An apparatus for performing video data processing, the apparatus comprising:

a memory configured to store nstructions; and
one or more processors configured to execute the instructions o cause the

apparatus to perform:

receiving a video bitstream;

determining a value of a first flag indicating whether a sccond flag and
a first index 1s present in a pictare header syntax or a slice header for a corrent picture
, wherem the second flag indicates whether reference picture hist 1 1s derived based on
one of the reference picture fist structures associated with reference picture list 1
signaled 10 a sequence parameter set {SPS) and the first index is the index, to the hist
of the reference picture list structures associated with reference picture list 1 included
mthe SPS, of the reference picture list structure associated with reference picture list
1 that is used for denvation of reference picture hist 1;

determining whether the first index and a sceond index being present,
wherein the second index is the index, to the Iist of the reference picture hist structures

associated with reference pictare list G included 1o the S§PS, of the reference picture
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Hist structure agsociated with reference picture hist O that 1s used for derivation of
reference picture list §;
in response to the second index being not prosent, determining a value
of the second index comprising:
when at most one reference picture list structure associated
with reference picture list 01 included in SPS, determining the value of the second
index to be equal to O
i response to the first index being not present, determining a value of
the first mndex comprising:
when at most one reference picture list structure associated
with reference picture list 1 is included in 8PS, determining the value of the first
index to be equal to 0; and
when the first flag is equal to 0 and the second flag s equal to
I, determining the value of the first index to be equal to the value of the second index;
and
decodmg a current picture based on the first mdex and the second
index.
49. An apparatas for performing video data processing, the apparatus comprising:
a memory configured fo store instructions; and
one o1 more processors contigured to execute the nstructions to cause the
apparatus to perform:
signaling a first flag in a slice header to indicate whether an active
reference index number is present in a shice header, wherein the active reference index
number is used o dertve maximum reference index for a corresponding reference

picture list that can be used to encode a current slice;
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in response to the first flag indicating the active refercnce index

number is present in the slice header,

determining a number of entnies of reference picture hist 0, and
signaling the active reference index number of reference picture hist O in the shice
header for P and B slice when the number of enines of reference picture list § is
greater than 1; and

determining a number of entrigs of reference picture hist 1, and
signaling the active reference index number of reference picture st 1 m the shice

header for B slice when the mumber of entries of reference picture list 1 1s greater than

50. The apparatus of clause 49, wherein the processor s further configured to execute
the mstructions to cause the apparatus to perfornu
in response to first tlag mdicating the active reference index nunber is not
present in the slice header,
skipping signaling the active reference index mumber of reference
picture hist O 1o the slice header for P and B slice; and
skipping signaling the active reference mndex number refercnec picture
st 1 in shice header for B slice.
51. An apparatus for performing video data processing, the apparatus comprising:
a memory configured to store instructions; and
one o1 more processors configured to execute the instructions to cause the
apparatus to perform:
receiving a video bitstream including a stice header and a picture header

syniax;
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determining a value of a first flag signaled in the slice header that
mndicates whether an active reference index number 1s present i the shice header,
wherein the active reference index number is used to denve maxuoum refercnce ndex
for a corresponding referenace picture list that can be used to decode a current slice;
i response to the first flag mdicating the active reference index
number 18 present,
determining a number of eatries of reference picture list §, and
decoding the active reforence index number of reference picture list 0 in the slice
header for P and B slice when the number of entries of reference picture hist 8 4s
greater than 1 and
determining a number of entries of reference pictare list 1, and
decoding the active reference index number of reference picture hist 1 1 slice header
for B slice when a mmsber of entries of reference picture list 1is greater than L
52. The apparatus of clause 50, wherein the processor is further configured to execute
the mstructions to cause the apparatus to perform:
m response to the first flag indicating the active reference index number is not
present,
skipping decoding the active reference index number of reference
picture st § in the slice header for P and B shice; and
skipping decoding the active reference index nwber of reference
picture list 1 in slice header for B slice.
53. An apparatus for performing video data processing, the apparatas comprising:
a memory configured to store instructions; and
one or more processors configured to execute the instructions o cause the

apparatus to perform:
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determining a collocated picture referred to by a reference index of the
collocated mcture in shice level, wherem the collocated picture 1s determined to be a
same picture for all von-f slices of a current picture; and
processing the current picture based on the collocated picture, wherein
the collocated picture 1s ased for temporal motion vector prediction.
54. An apparatus for performing video data processing, the apparatus comprising:
a memory configured to store instructions; and
one or more processors configored to exccute the instructions to cause the
apparatus to perform:
determining a collocated picture referred to by a reference mdex of the
coliocated picture in sfice level, wherein the collocated picture 1s determined to be a
same picture for all P slices and B slices of a current picture; and
processing the current picture based on the collocated picture, wherein
the collocated picture is used for temporal motion vector prediction.
55. A non-transttory computer readable mediam that stores a set of instructions that is
executable by one or more processors of an apparatus to cause the apparatus to nitiate
a method for performing video data processing, the method comprising:
encoding a current picturs based on a collocated picture, wherein the
collocated picture 1s used for temporal motion vector prediction; and
signaling a first flag and a secound flag 1o response to a number of entrics in a
reference pictare fist O and a number of entries in a reference picture list 1 being both
greater than 0, wherein the first flag indicates that the collocated picture is dertved
from the reference picture list 0 or the reference picture hist 1, and the second flag

indicates whether a motion vector difference syntax structure 1s signaled.

11l



WO 2021/237165 PCT/US2021/033765

56. A non-transitory computer readable medium that stores a set of instructions that is
executable by one or more processors of an apparatus to cause the apparatus to wtiate
a method for performing video data processing, the method comprising:

recetving a video bitstream;

decoding a first flag and a second flag in response to a number of entries in a
reference picture bist § and a number of entries in a reference picture hist 1 being both
greater than 0, wherein the first flag mdicates a collocated picture used for temporal
motion vector prediction is derived from the reference picture hist O or the reference
picture hist 1, and the second flag indicates whether a motion vector difference syntax
structure 15 prescut in the bitstream for a current picture; and

decoding the current picture based on the collocated pioture.
37, A non-transitory computer readable medium that stores a set of instructions that is
exccutable by one or more processors of an apparatus to cause the apparatus to nitiate
a method for performing video data processing, the method comprising:

encoding a current picture based on a collocaied picture, wherein the
collocated mcture is used for temporal motion vector prediction; and

mdicating the collocated picture in the bitstreams without signaling an index o
a reference picture Hist.
38. The non-transtiory computer readable medium of clause 57, wherein the method
further comprises:

signaling a first flag to indicate whether the collocated picture is an mter-layer
reference picture; and

in response 1o the collocated picture being an inter-layer reference picture,

signaling a first parameter to indicate the collocated pictare, wherein the first
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paramcter indicates the index of the collocated picture to the list of direct reference
layers of the laver where the current picture 1s in.

39, The non-transitory computer readable medium of clause 58, wherein the method
further comprises:

signaling a second flag o indicate whether the collocated picture is a short-
term reference picture or a long-term reference picture; and

i response to the collocated picture being the short-term reference picture,
signaling a second parameter to indicate the collocated pictare, wheremn the second
parameter indicates a difference between a picture order count of the collocated
picture and a picture order count of the current picture.

60. The non-transtiory computer readable medium of clause 59, wherein the mcethod
further comprises:

m response to the collocated picture being the long-term reference picture,
signaling a third parameter and the fourth parameter to indicate the collocated picture,
wherein the third parameter indicates a least sigmficant bit {ESB) of picture order
count {POC) of the collocated picture and a fourth parameter indicates a delta most
significant bit (MSB) of picture order count (POC) of the collocated pictare.

61. The non-transitory computer readable medium of clause 60, wherein the first flag,
the second flag, the first parameter, the sccond parameter, the thurd parameter and the
fourth parameter are signaled in a picture header, and all shices within a picture have a
same collocated picture.

62. The non-transitory computer readable medium of clavse 57, wherein the reference

picture list is reference picture list 0 or reference picture list 1.
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63. A non-transitory computer readable medium that stores a set of instructions that is
executable by one or more processors of an apparatus to cause the apparatus to nitiate
a method for performing video data processing, the method comprising:

recetving a video bitstream;

determining a collocated picture used for temporal motion vector prediction
without decoding an index to a reference picture list; and

decoding a current picture based on the collocated picture.
64. The non-transitory computer readable medium of clause 63, wherein the method
further comprises:

decoding a first flag that mdicates whether the collocated picture 15 an uwer-
laver reference picture;

determinimg whether the collocated picture 1s an inter-laver reference picture
based on the first flag; and

i response o the collocated picture being an inder-layer refergnce picture,
decoding a first parameter and deternuning the coliocated picture based on the first
parameter, wherein the first parameter indicates an index of the collocated picture to
the list of direct reference layers of the layer where the current picture 13 in.
65. The non-transitory computer readable medium of clause 64, wherein the method
further comprises:

decoding a second flag that indicates whether the collocated picture s a short-
term reference pickure or a long-terny reference picturg;

determining whether the collocated picture is the short-term reference picture
or the long-term reference picture based on the second flag: and

in response to the collocated picture being the short-term reference picture,

decoding a second parameter and determining the collocated picture based on the
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sccond parameter, whercin the second parameter indicates a difference between a
picture order count of the collocated picture and a picture order count of the current
picture.

66. The non-transtiory computer readable medium of clause 65, wherein the method
further comprises:

n response to the collocated picture being the long-term reference picture,
decoding a third parameter and a fourth paramcter and determining the collocated
prcture based on the third and the fourth parameter, wherein the third parameter
mdicates a least significant bit (LSB) of picture ovder count (POC) of the collocated
picture and the fourth parameter indicates a delta most significant bit (MSB) of
picture order count (POC) of the collocated picture.

67, The non-transtiory computer readable medium of clause 66, wherein the first flag,
the second flag, the first parameter, the sccond parameter, the thied parameter and the
fourth parameter are present in a picture header, and all slices within a picture have a
same collocated picture.

6%. The non-transitory computer readable medium of clause 63, whereimn the reference
picture list is reference picture list & or reference picture list 1.

69. A non-transitory computer readable medium that stores a set of instructions that is
executable by one or more processors of an apparatus to cause the apparatus {o inihate
a method for performing video data processing, the method comprising:

determining whether to signal a paramcter to indicate a reference index of a
collocated picture in a slice header;

m response to the parameter not being signaled in the shice header,
determining the coliocated picture as the picture referred to by an ndex with a value

eqgual to a smaller one between a value of a reference index of the collocated picture
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signaled in a picture header and a mumber of active entries in a farget reference pictare
fist munus 1; and

encoding a currend picture based on the collocated picture, wherein the
collocated picture is used for temporal motion vector prediction.

70. The non-transitory computer readable mediam of clause 69, wherein the target
reference picture list is indicated by a flag that indicates from which reference picture
fist the collocated picture used for temporal motion vector prediction 1s derived.

71. A non-transitory computer readable mediam that stores a set of instructions that is
executable by one or more processors of an apparatus to cause the apparatus to nitiate
a method for performung video data processing, the method comprising:

recetving a video bitstream;

determiming whether a parameter indicating a reference index of a collocated
picture used for temporal motion vector prediction 1s present in a shice header;

i response o the parameter being not present, determining a value of the
parameter to be equal to a smaller one between a value of a reference ndex of the
collocated picture used for temporal motion vector prediction present in picture
header and a number of active entries in g target refercnce picture st minus 1]

determining the collocated picture as a picture referred to by an index with a
value equal to the value of the parameter mn the target reference picture list; and

decoding a current picture based on the collocated picture.

72. The non-transitory computer readable medium of clause 71, wherein the target
reference picture list is indicated by a flag that indicates from which reference picture

fist the collocated picture used for temporal motion vector prediction 1s derived.
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73. A non-transitory computer readable mediom that stores a set of instructions that is
executable by one or more processors of an apparatus to cause the apparatus to nitiate
a method for performing video data processing, the method comprising:

deriving a total number by summing a number of reference picture list
structures 1n sequence parameter set (SPS) and one;

allocating memory for the total number of reference picture hist structures in
response to a reference picture hist structure being signaled 1n a picture headerof a
current picture or a shice header of a current shice; and

processing a current picture or a current slice using the allocated memory.
74, A nou-transitory computer readable medium that stores a set of structions that s
exacutable by one or more processors of an apparatus 1o cause the apparatus to titiate
amethod for performing video data processing, the method comprising:

signaling a first flag in a picture parameter set (PPS) to mdicate whether a
second flag and a first index is present in a picture header syntax or a slice header for
a current picture referring to the PPS; wherein the second flag indicates whether
reference picture list 1 1s derived based on one of the reference picture list structures
associated with reference pictare list 1 signaled in a sequence parameter set {SPS) and
the first index is the mdex, to the list of the reference pictare list structures associated
with reference picture list 1 included n the SPS, of the seference picture hist structure
associated with reference picture hist 1 that 1s used for derivation of reference picture
fist 1

determining whether the first index and a second index to be signaled, wherein
the second index 1s an mndex, to the list of the reference picture list structures

associated with reference pictare list G included in the §PS, of the reference picture
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fist structure agsociated with reference picture list § that is used for derivation of
reference picture list §;
in response 1o the second index not to be signaled, determining a value of the
second index comprising:
when at most one reference picture hist structure associated with
reference picture list 0 18 included in SPS, determining the value of the second index
to be equal to G
in response (o the first index not to be signaled, determining a value of the first
mndex comprising:
when at most one reference picture list structure associated with
reference picture list 1 s included m SPS, determining the value of the first index to
e equal o 0; and
when the first flag 15 equal to  and the second flag s equal to 1,
determining the value of the first mdex o be equal to the value of the second index
deriving the reforence picture list based on the first index and the second
mdex; and
encoding the current picture based on the reference picture Hst,
75. A non-transitory computer readable medium that stores a set of instructions that is
executable by one or more processors of an apparatus to cause the apparatus to mhate
a method for performing video data processing, the method comprising:
recelving a video bitstream;
determining a value of a first flag indicating whether a second flag and a first
mndex is present in a picture header syntax or a slice header for a current picture |
wherein the second flag mdicates whether reference picture hist 1 is derived based on

one of the reference picture hist structures associated with reference picture hist 1
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signaled in a sequence parameter set (8PS} and the first index 15 the index, to the fist
of the reference picture hist structures associated with reference picture list | incloded
in the SPS, of the reference picture hist structure associated with reference picture list
1 that is used for derivation of reference picture hist 1;
determining whether the first index and a second index being present, wherein
the second mdex is the ndex, to the st of the reference picture st structures
associated with reforence picture list G included in the SPS, of the reference picture
Hist structure assoctated with reference picture hist § that 1s ased for derivation of
reference picture list §;
m response to the sccond index being vot present, determining a value of the
second index comprising:
when at most one reference picture hist structure associated with
reference picture list G 1s mcluded i SPS, determiung the value of the sceond mdex
to be equal to G
in response to the first index being not present, determining a value of the first
mndex comprising:
when at most one reference picture list structure associated with
reference picture list 1 is included in SPS, determining the value of the first index to
e equal o 0; and
when the first flag is equal to 0 and the second flag 1s equal to 1,
determining the value of the first mdex o be equal to the value of the second index
and

decoding a current picture based on the first index and the second index,
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76. A non-transitory computer readable medium that stores a set of instructions that is
executable by one or more processors of an apparatus to cause the apparatus to wutiate
a method for performing video data processing, the method comprising:
signaling a first flag in a slice header to indicate whether an active reference
index number is present in a slice header, wherein the active reference index number
is used to denve maxamum reference index for a corresponding reference picture fist
that can be used to encode a current slice;
in response to the first flag tndicating the active reference index number is
present i the shice header,
determining a number of entrics of reference picture hist 0, and
signaling the active reference index number of reference picture hist O in the shice
header for P and B slice when the number of eniries of reference picture hist § is
greater than 1) and
determining a sumber of entrics of reference picture hist 1, and
signaling the active reference index number of reference picture st 1 m the shice

header for B slice when the mumber of entries of reference picture list 1 1s greater than

77. The non-transttory computer readable medium of clause 76, wherein the method
further comprises:
m response to the first flag indicating the active reference index number is not
present in the slice header,
skipping signaling the active reference index mumber of reference
picture hist O 1o the slice header for P and B slice; and
skipping signaling the active reference mndex number refercnec picture

list 1 in shice header for B slice.
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78. A non-transitory computer readable medium that stores a set of instructions that is
executable by one or more processors of an apparatus to cause the apparatus to nitiate
a method for performing video data processing, the method comprising:
recetving a video bitstream including a stice header and a picture header
svitax;
determiming a value of a first flag signaled m the shice header that indicates
whether an active reference index number is present in the slice header, wherein the
active reference index mumber is used to derive maamum reference index for a
corresponding reference picture list that can be used to decode a current shice;
10 response to the first flag indicating the active reference jndex number is
present,
determining a number of eniries of reference picture hist 0, and
decoding the active reference index number of reference picture list 0 o the shice
header for P and B slice when the number of entries of reference picture Hst  is
greater than 1; and
determining a number of entries of reference picture hist 1, and
decoding the active reference index number of reference picture list 1 i slice header
for B slice when a namber of entrics of reference picture list 1 is greater than 1.
79. The non-transtiory computer readable medium of clause 78, wherein the method
further comprises:
11 response to the first flag indicating the active reference index number is not
present,
skipping decoding the active reference mdex number of reference

picture fist 0 in the slice header for P and B slice; and
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skipping decoding the active reference index number of reference
picture list 1 in shice header for B shice.

%0. A non-transitory conputer readable medium that stores a set of structions that is

exacutable by one or mare processors of an apparatus 6 cause the apparatus to initiate

a method for performing video data processing, the method comprising:

determining a collocated picture referred to by a reference mdex of the
collocated picture in shice level, wherein the collocated picture is determinedto be a
same picture for all non-I slices of a current picture; and

processing the current picture based on the collocated picture, wherein the
collocaied picture is used for temporal motion vector prediction.

$1. A non-transitory computer readable medium that stores a set of instructions that is

executable by one or more processors of an apparatus to cause the apparatus o initiate

a method for performing video data processing, the method comprising:

determining a collocated picture referred to by a reference mdex of the
collocated picture in shice level, wherein the collocated picture 13 determined to be a
same picture for all P shices and B slices of a current picture; and

processing the current picture based on the collocated picture, wherein the
collocated picture is used for temporal motion vector prediction.

{03091 In the foregoing specification, embodiments have been described with
reference to numerous specific details that can vary from implementation to rmplementation.
Certain adaptations and modifications of the described embodiments can be made. Other
embodiments can be apparent to those skilled in the art from consideration of the
specitication and practice of the mvention disclosed heremn. It 1s intended that the
specification and examples be considered as exemplary only, with a true scope and spirit of

the invention being ndicated by the following claims. It is also intended that the sequence of



WO 2021/237165 PCT/US2021/033765

steps shown in figures are only for lustrative purposes and are not intended to be fimited to
any particular sequence of steps. As such, those skilled m the art can appreciate that these
steps can be performed 1o a different order while naplementing the same method.

{6316} In the drawings and specification, there have been disclosed exemplary
embodiments. However, many variations and modifications can be made to these
embodiments. Accordingly, although specific terms are emploved, they are used n a generic

and descriptive sense only and not for purposes of limitation.
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WHAT IS CLAIMEDR IS

I. A computer-implemented method for video processing, comprising:
derving a total mumber by summing a sumber of reference pieture list
struchires in sequence parameter set (SPS) and one;
allocating memory for the total number of reference picture list structures in
response to a reference picture list structure being signaled 1n a picture header of a current
picture or a shice header of a current slice; and

processing a current picture or a current slice using the allocated memory.

2. An apparatus for performung video data processmg, the apparatus compusing:
a memory configured to store instructions; and
one or more processors configured to execnte the mstructions o cause the apparatus
to perform:
signaling a first flag m a picture parameter set (PPS} to indicate whether a
second flag and a first index is present in a picture header syntax or a slice header for a
current picture referning to the PPS; wherem the second tlag indicates whether reference
picture list | is denved based on one of the reference picture list structures associated with
reference picture hist 1 signaled in a sequence parameter sct {(SPS) and the first index is the
mdex, to the list of the reference picture hist structures associated with reference picture list 1
mchuded in the SPS, of the reference picture kst structure associated with reference picture
fist 1 that is used for derivation of reference pioture list §;
determining whether the first index and a second index to be signaled, wherein
the second index is an index, to the list of the reference picture list structures associated with
reference picture hist § included in the SPS, of the reference picture list structure associated

with reference picture list 0 that 1s used for derivation of reference pictire hist G
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i response to the second wndex not to be signaled, determining a value of the
second index comprising:
when at most one reference picture bist structure associated with
reference picture hist § is included in §PS, determining the value of the second index to be
cqual to 0,
in response to the fivst index not to be signaled, determuning a value of the first
mndex comprising:
when at most ong reference prcture list structare associated with
reference picture st 1 is included in SPS, determuning the value of the first index to be equal
to ; and
when the first flag 1s equal to 0 and the second flag s equal to 1,
determining the value of the first index to be equal to the value of the second mndex;
deriving the reference picture list based on the first index and the second
index; and

encoding the current picture based on the reference picture hist.

3. A non-transitory computer readable medium that stores a set of instructions that is
executable by one or more processors of an apparatus o cause the apparatus to initiate a
method for performing video data processing, the method comprising:

receiving a video bitstream;
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determining a value of a first flag indicating whether a second flag and a first
mdex 18 present 1n a picture header syntax or a shice header for a current picture , wheremn the
second flag indicates whether reference picture list 1 is dertved based on one of the reference
picture list structures associated with reference picture hist | signaled m a sequence parameter
set (5PS) and the first index 1s the mdex, to the hist of the reference picture bist structures
associated with reference picture list 1 included in the SPS, of the reference picture fist
structure associated with reference picture hist 1 that is used for derivation of reforence
picture list 1)
determining whether the first mmdex and a second index being present, wherein
the second index 1s the index, to the list of the reference picture list structures associated with
reference picture list { included in the SPS, of the reference picture list structure associated
with reference picture list G that is used for derivation of reference picture hist O;
in response to the sccond index being not present, deternuning a value of the
second index comprising:
when at most one reference picture Hst structure associated with
reference picture bist 0 1s included in SPS, determming the value of the second mdex to be
equal to O
i response to the first index being not present, determining a value of the first
mdex comprising:
when at most one reference picture List structure associated with
reference picture fist 1 is included in SPS, determining the value of the first mndex 1o be equal
to {}; and
when the first flag 1s equal to 0 and the second flag 1s equal to 1,
determining the value of the first index to be equal to the value of the second ndex; and

decoding a current picture based on the first index and the second ndex.
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4. A computer-implemenied method for encoding video, comprising:
signaling a first flag in a slice header to indicate whether an active reference
index pumber is present in a slice header, wherein the active reference index number is used
to derive maxamum reference index for a corresponding reference picture list that 1s used to
encode a current shice;
in response to the first flag tndicating the active reference index number is
present in the shice header,
determining a number of entries of reference picture hist 8, and
signaling the active reference mdex vurnber of reference picture list O 1 the shice header for P
and B slice when the number of entries of reference picture list  is greater than 1; and
determining a number of eniries of reference picture hist 1, and
signaling the active reference mdex number of reference picture list 1 i the shice header for

B slice when the number of entries of reference picture list 1 is greater than 1.

5. The method of claim 4, further comprising:
in response to the first flag indicating the active reference index number is not
present in the shice header,
skipping signaling the active reference mdex number of reference
picture Hst 0 in the slice header for P and B slice; and
skipping signaling the active reference index number reference picture

fist 1 in slice header for B slice.

6. An apparatus for performing video data processing, the apparatus comprising;

a memory configured to store instructions; and
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one or more processors configured 0 execute the instructions 1o cause the apparatus
to perfornu
receiving a video bitstream including a slice header and a picture header
syntax;
determining a value of a first flag signaled in the slice header that indicates
whether an active reference index number is present in the shice header, wherein the active
reference index number is used to derive maximum reference mdex for a corresponding
reference picture list that can be vsed to decode a corrent slice;
m response to the first flag indicating the active reference index number is
present,
determining a number of entrics of reference picture hist 0, and
decoding the active reference mdex mumber of reference picture Iist 0 m the shee header for P
and B shice when the number of entries of reference picture list 0 1s greater than 1) and
determining a sumber of entrics of reference picture hist 1, and
decoding the active reference mdex number of reference picture list 1 in shice header for B

shice when a number of entries of reference picture list 1 1s greater than 1

7. The apparatus of claim 6, wherein the processor is further configared to exccute the
mstructions to cause the apparatus to perform:
m response to the fivst flag indicating the active reference index number is not
present,
skipping decoding the active reference index number of reference
pictare list O in the shice header for P and B shice; and
skipping decoding the active reference mdex number of reference

picture list 1 in shice header for B shice.



WO 2021/237165 PCT/US2021/033765

8. A non-transitory computer readable medium that stores a set of instructions that is
cxecutable by one or more processors of an apparatus to cause the apparatus to itiaie a
method for performing video data processing, the method comprising:

determining a collocated picture referred to by a reference index of the
collocated picture in shice level, wherein the collocated picture 1s determined fo be a same
pictare for all non-1 slices of a current picture; and

processing the current picture based on the collocated picture, wherein the

collocated picture is used for femporal motion vector prediction.
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S00
ref_pic_lists{ } { Bescripior
for(1=0;1<2; 9+ ¢
{ sps_pum_ref pi\, BSIs] 1120 & e oo o oow o0 s v oo oo o 820 A
mmmmm (i==90 ]} (== } &&5 pps_tpll Widx,»pi'csmt»ﬂagj)/
510ATY rpl sps flagli] 5 u( 1}
Tl iUmplsps fae[iDd
if sps_num ref pic bists}i]> 1 &&
(i==011(1==1&& pps_mpll_idx_present flag)))
530A ™y rplidxii] : a(©)
1 else
ref pic fist stmact( i, sps num ref pic hstsfi]) T 3T0A
for(j=0,j4 ¥ NomlirpEntries| 5 }] Rplsldx{i| ], i+ w_:i/‘/
- A p 3o _beader_flag] 1 ] Rplsldx{ i1 1)
A0A poc_isb K[iji] N a(v)
ss0A~] L o s B PR R T
o o K delta poc msb cvele present flagl il i)
SE0A delta_poc mash evele M[i]1i] : uelv)

FIG. 5A
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() == 0)
deltaPocMsbCyclelt] 1 11§ | = delta poc msh cycle Wil
clse
deltaPocMsbCvclelt| i 11 | = delta_poc msh cycle {11 |+ deltaPocMshbCyelelt{ 13— 1]
FullPocLif 1 ]{j | = PicOrderCntVal — deltaPocMsbCycleltf 1 1] 1 1 * MaxPicUrderCntlsh -
{ PicOrderCntVal & { MaxPicOrderCotlsb — 1) ) + PocLsbltf 1 1] § ]

FIG. 5B
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ref pic list struct( listldx, mplsldx) { Pescriptor
510A wun_yef entries| listidx {{ rplsldx }: uel(v)
| H{sps long term ref pics flag && rplsidx <sps mum ref pic lsts| Hstldx |5
20 AA Hrp_in header flag] hsthdx }] rplsidx |4 u(l}
Tfor(i= 0. )= 0:1< num ref entresf listidx Jf rpistdx §; i+4)
It sps intor Javer sef pics proscut flog) o e s
630AY inter layer rof pie flag] stldx | wplsldx i 1 ; w1}
¥ Haoter Javer ref pic Oag{ listlds Jf rplsldx H{ 11 ) {
e i sps Tome o el pios Hag )
SAOA™ s o S EEE DI fhag] listiche |f vl 15 J u(l)
e S S 2 i, flapl Bstidy [ pisIaX iDL
T N s s o S Tsiy | pia ] | = s00a
i A Delboeo Ul I iplsids AT 0 )
660A e e strp_entry_sign flag] Tisdds || mpisid 171 u(l)
e o o e oS180 M D In cader flac] Nigtids I} rpisidx 1)
6T0A™ Y, v e spis, poe tsh fof fistldx | mpleldx | 4] g u)
. -
6R0A Hrp_ddx] Hetddx 3 rplstdx }f 1] £ ue(v)
5
5

FIG. 6A
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for( ¢ = ¢, Numb.upBatoes] betddx o rplsldx | = O, § <o vef entdes] Hstddx } rplsldx f; i+ )
if(tinter layer vef pic flag] stldx i rplstdx JH 1] && Ist yef pic flagl lstidx H{rplsldx {1 D)
MNumBLtmpEntries] listidx I rplsidx j++

FIG. 6B
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i {sps_weighted pred flag || spe weighted bipred flag)y && 1 1= 0)
AbsDeltaPocSt] bistldx 1 rplsidx 1 i | = abs_delta poc stf bistidx Jf wplsldx 3 i ]
else

AbsDeltaPocSt] listdx [ rplsidx {1 ] = abs_delta poc sff listldx {splsldx Jf 1] + 1

FIG. 6C
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for(1 =01 <pum_rof ontrics] Iistidy }{ rpleldx |1 i++)
iff Hinter layer sef pic Bapf bstldx H eplsldx {1 ] && st ref pic flag] hstidx {{rphsidx {1 1)
DeltaPocValSt{ listldx J{ rplsidx [ 1 { = (strp_entrv_sign flag] listldx J{ rpisidx }[1]) 7
AbsDeltaPocSif Listdx Jf rplsidy H{ 1] : 0 — AbsDieltaPocStf bstldx }f plsldx J{ 1]

FiG. 6D
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700
seq_parameter_set thsp( ) { Descriptor
u{l)
ylehl - ;});i E;ng_?ér?ﬂfr;f“;i&:ﬁ;;z; o ,: u(l1}
i sps_video parameter set wd > 0)
720 4 sps_inter layer ref pics present flag _5 u(1)
730 "L _speidr rplpresent flag 3 u(h)
. 40«-{ ~wps_rpll_same_as ypld flag w1
for(i=0;1<sps tpll same as ypié fag?1:2,i++) §
750 N sps’_?nui’n_‘refﬁpic_liﬁsi i.j ' ..: - uelv)
for(3 = 0;3 <sps_num_ref pic lists[1]; j++)
ref pic Hst struct{ i, j )
h
a()

FIG. 7
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200
pic_parameter_set thsp( ) { Descriptor
for(i=0;1<2; ¥+
&10 ’"EumiﬁPM&iﬂiﬂiﬂiﬂiQ&‘E&E&‘ti‘i‘-ﬂ&ﬂ&‘%{&jj uelv)
830 | mp?)s:r;ii iﬁx:p?efzn?__ﬁag mmmmmmmm “; u(l)
= rTLoaT T T EmEmE e E e )
L L0 long o pic portor lag) f L v e -
830 7Y ﬁ
pps_rpl_infs_in_ph flag a(l)
uel(v)
3
3

FIG. 8
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900A
picture_header structure( ) { Bescriplor
if( pps_output_flag present flag && !ph non reference picture flag )
IR | h_pic_output_flag ' w1
STTVY NN S G st et S—
#{ pps_1pl im0 in ph flag)
ef pic lists{)
if{ ph_inter slice allowed flag ) {
: if{ sps_temporal_mvp enabled flag ) { §
L T T Tt o = §
AT ph_temporal_mvp_eoabled flag i a(1)
g R
A e e Rmpoml vp, Giebiot Ts . pps, Tl imdo_in ph (g ) { i
b e AR 0 1 ertries] 3 RSO 1]]20) ,
930A /i-'i ph_collocated_from_i0 flag i u(l) ;
§ ift (ph_collocated from 0 flag && §
§ norm_ref entries{ 0 J] Rplstdx{0 {i>1} || ¥
i ( Iph_collocated_from 10 _flag && t
H num_ref emiries] 1 J{ Rplsidxf 1{]>1}) E
SA0A /g” M ph_colloeated rel idx b we(v) g
i i ;
R
N SN !
e o B Ipps ppl io in ph flag || nam ref entyies| ] || Rpisld<[ 1]1]1>0){
950 A&/ i ph_mvd_11_zere_flag i a(1)
5
¥

FIG. %A
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if{ sps_affine_enabled flag)
MaxNomSubblockMergeCand = 5 - sps_five_ovinus max mum_subblock merge cand
clse
MaxNumSubblockMergeCand = sps_sbhtowp_enabled flag && ph temporal mvp enabled flag

¥I1G. 9B
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slice_header( ) { Deceriptor
u{l)
if{ tpps_rpl info in ph flag && ((nal unit type 1= IDR W_RADL &&
nal_unit_type = DR N _LP) || sps_idr xpl present flagy)
ref pic lists( )
i (((sh_slice type 1= I && num_ref entmes] 0 J{ Rplsidxf{ 011> 1) i}
(sh shce type == B && mum ref entnes] | { Rplsidz{ 111> ) yid
1010A - | sh mum_ref idx_asctive sverride flag i u{1}
T i shonum ref wdx_active overnde flag)
for(i=0; 1< (sh slice wype ==RB72: 1 }' i++)
mmmmm H n sel_entries]§ Jf Rpjsids(i 11 >
LOD0A sh_nom_ref ¥dx_active_oimusi{ i j H uelv)
3
if sh shice tvpe 1= I} {
if{ pps_cabac init present flag )
L0304 "‘L sh cabac imit flag 1 {1}
T Tu(ph femporal_mvp_coabled flag && Tpps wl tnfo nph fag) T " " T T T T T T T ‘;
e SRSloC P 2B e ;
1040A /;,———'—5 sh_collpcated_from_I0 flag ; u(l) ,;-—\\
i ift { sh_collocated from 0 flag && NumRefldxActive[0]>1) || :
H o .,,‘\_,i sh collocated from 10 flag && NumBefldxActive[1]>1)) §
e o § el i
1050A- L, Sheoliocated refidx =
1 . ;
#{( Ipps_wp_info_in ph _flag &&
{ { pps. v»mghtcd pred flag && sh slice type == Py ||
{ pps_weighied bipred flag && bh‘sim_typ( == BY})
pred_weight table()
N
i

FIG. 10A
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The variable NumRefldxActive] 1 |18 denived as follows:

for{ i=0 i <2 iv+ )¢
H{ sh_slice_type == B || {sh_slice type == P && 1 == ()}
i shyvorn_ref idx active_overnde flag)
NumRefldxActive] € { = sh_nom ref idx active mingsi{if+1
else {
iff mom ref entries| i }| Bplsldx{ 1] ] >= pps num ref idx default active ymmusi{ij+ 1)
MumRefldxActive{ 1] = pps_mum ref 1dx default active mimusifif+1
else
MumRetidxAcove{ 1] = nur_ref eniries{ : J| Rplskdxf i} |
}

MumRefldxActive[i | =0

s

)

FIG. 10B
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11804
11024
Encoding a picture based on a collocated picture /
Signaling syntax element
ph_collocated from {0 flag and syntax element 11044

ph_mvd 11 zero flag, when the number of /
entries in reference picture lisis 0 and the number
of entries in reference picture lists 1 are both
greater than 0.

FIG. 11A
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11668

11028

Receiving a video bitstream.

Decoding syniax slement
ph_collocated from {0 flag and syntax element 1104R
ph_mvd i1 zero flag for a deocder. /
11068

Decoding a current picture based on the /
collocated picture,

FIG. 11B
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1186C

picture_header structure( ) Descriptor

i pps_cutput_flag present flag && iph non reference picture flag )

ph_pic_ouiput flag a(1)

i pps_rpl_info_in ph flag)

ref pic_lists( )

if( ph_inter_slice_atlowed flag ) {

if{ sps_temporal myvp enabled flag 3 {

ph_temporal _mvp_cnabled fiag u(h)

ifinum_ref entries{0HRplldx[0}P0 && num_wef entries] 1 J{ Rplsldxf111>0)

ph_collecated_from_ 10 _flag a(l)
H{ ( pb_collocated_from 10_flag &&

num_ref entries{ 0 }{ Rplsldx{ 0 {i> 1} ||

1110¢ 71

nom_rel eniries{ 1 {{ Rplsld<{ L ]]>1))

ph_collocated _ref_idx ue(y)

—

i tpps rpl info in ph flag || (mum ref entrnics{U{Rplsldx{0}>0 &&
1120C] num_ref entviesf 1  Rplsldxf L1 11>0)) ¢

ph_mvd 11 _zere flag a(1)

SUBSTITUTE SHEET (RULE 26)
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Encoding a current picture to a bitstream based
on a coliocate picture, wherein the collocated
piciure is used for femporal motion vector
prediction.

ndicating the coliocated piclture in the bitstream
without signaling an index {0 a reference piclture
fist.

FIG. 12A
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12028

Signaling a first parameter to indicate the
coliocated picture in response to that the
collocated picture is an inter-layer reference
picture.

J

12048

Signaling a deita picture ércier count {deilta POC)
in response to that the collocaled picturg is a
short-term reference picture.

J

12068

Signaling a least significant bits (LB} of FOC
and a most significant bits (MSB} of POC in
response {o that the collocated picture is a long-
term reference picture.

J

FIG. 12B
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o~ 1201C
o~

T e

" The collocated picture is an —__false

T ier-layer picture?

1202C N
et

An index indicative of which tug " The collecated picture isa
T short-term reference picturg?

inter-layer reference picture
is treated as the collocated | T o

picture is signaied. 1204C
I H

| Adeita POC is signaled.

FIG. 12C
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1205C
,.4“‘

A LSB of POC and a MSB of
POC are signaled. ‘
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Receiving a video bitstream.

&f’ 12020

12040

Determining a collocated picture used for
temporal motion vector prediction without
decoding an index to a reference picture list,

J

12060

Decoding the video bitstream to a current piciure
based on the coliccated picture.

S

FIG. 12D
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1202E

Decoding a first parameter to indicate the /
coliocated picture in response o that the
collocated picture is an inter-layer reference
picture.

1204k

Decoding a delia picture order count {delta POC) /
in response to that the collocated picture is a
shori-term reference picture.

1208k

Decoding a least significant bits (LSB) of POC /
and a most significant bits (MSB) of POC in
response to that the coliocated piclure is a long-
term reference picture.

FIG. 12E
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1200F
pic_parameter set rbsp( ) { Descripior
i sps_temporal_nvp_enabled flag) {
ph_temporal_mvp enabled flag u(l)
Bt
L e e el SRS IR, Ty rof plos present fag)
12108% inter _layer_col_pic flag H uafl)
i linder layer col pic flag i
e s dong Jerm 1ol picS [O8
1970F f-i §t_col pic flag § afi)
e LGP TG ]
{930F ,«-\5 abs_delta_poc_st_col H uefv)
[ A 21 3 0 e e
124 OF»—-«% sign_delta_poc st_col flag H i}
R M w5 L e e e e -
1y poc_ish & col i w{v}
1250F poe ki . 0
- delta_poc_msb_cycle_col present flag ufl)
i N ool ROC TS ke ol present Jlag)
1270F 4 delta_poc_wsh_cycle ¥ col i uefvh
ER O -
1280F inter layer col pic idx i nefv}
¥
5

FIG. 12F
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120066

slice_header( ) {

1210G

R

SUBSTITUTE SHEET (RULE 26)



WO 2021/237165 PCT/US2021/033765
29/45

M{ﬂg sps_weighied pred flag || sps_weighied bipred flag) && 1 1= 0)

1210H jAbsDelaPocStColy abs delta poc st col
e
AbsDeltaPocStCol = abs_delta_poc st col+ 1

FIG. 12H
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The variable DeltaPocValStCol 1s derived as follows:

i linter laver col pic flag && st ref pic col flag)

AbsDeltaPocSiCol

FIG. 121
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3
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R Y

R W

colPic="no reference picture”
colPickag =1
for{i=0i<2; i++}{
for{ i =0, k=0, pocBase = PicOrderCntVal; j < num_ref_entrias] § I Rplsidx{ i ] ]; j++1{
it linter_layer_ref_pic_flagli}{ Rphiﬂ'x['}
if{st_ref pic flagl i Rplsldxfi}}{i]
mmmmmmmmmmmmmmmm ..RE.fE.ICP,QLLL‘;iLJ Hils .pu..&‘aa...e:. - DgitaPac¥alstl LI Rpstdd Ll i - e e e
if{ there is a reference picture picd in the DPB with the same nuh_tayer_id

as the current picture
and PicOrderCntVal equal 1o RefPicPoclisti i i1}
RefPiclist{ i [{j] = picA
fph_temgporal_mvp_enabled_flag && linter_layer_col_pic_flag &&
st_col_pic_flag &&
DeltaPocValst i { Rplstox{ i} ] ==
DeltaPocValsiCol && colPic 1= “no reference pictura”)
colPic=picA

RefPiclist{ i }{ i} = "no reference picture”
pocBase = RefPicPoclist{ i jfj ]

if{ tdeita_poc_msb_cvele_present_flagli
ifl there s a reference picAin the OPB with the'same nub_fayer_id

as the current picture and

PicQrderCrntVal & { MaxPicQrderCntish - 1 ) equal to Poclsbit{ i k1)
RefPicList[i}[j] = picA
if{ph_temporal_mvp_enabled _flag &&
linter_layer_col_pic_flag &R ist_col_pic_flag && ¢
delta_poc_msb_cvcle col_present_flag B&
{PicOrderCniVal & { MaxPicOrderCntish - 1 }} equal to poc_lsb_l_col && colPic i=
“no reference picture”™}
coiPic = picA
}
elsa
RefPiclist[i1[]] = "no reference picture”
RefPicliPockist] 1 ][ j ] = Poclsbltf i1 ][ k]
telsef
if{ there is a reference picAin the DPB with the same nuh_layer_id
as the current picture and
PicOrderCntVal egual to
FullPoclt[il[ k1)
RefPiclistf i3] j1=picA
it{gh_temporai_mvp_enabled fiap &R
linter_layer_col_pic_flag && ist_col_pic_fiag &&
delta_poc_msh_cycle_col_present_flag && PicOrderCntVal equal to FullPocliCol
R&& colPic = "no reference picture™)
coiPic = picA

FIG. 124
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else
RefPicListii |} | = "no reference picture”
RefPicLiPoclist] i §]=FullPoclt{ i k]
i
k++
}
telse
fayeridx = DirectReflayeridx{ Generallayerldx{ nuh_layer_id } [{ ilrp_idx{ i }{ Rplstdx J{i] 1]

if{ there is a reference picture picA in the DPB with nuh_layer_id equal to refPicLayertd and
the same PicOrderCntVal as the current picture
RefPicListf i | || = picA
ifiph_temporal_mvp_enabled_flag && inter_layer_col_pic_flag &&
inter_layer_col_pic_idx
== ilrp_idx] { [{ Rpisldx [{j ] &&
colPic i= “no reference picture™}
colPic
RefPicListf i ][ ] = "no reference picture”

2308

+
S I

A Y

i
fRefWidth is set equal to CurrPicScatWinWidthl of the reference picture RefPiclist] i [} ]
fRefHeight is set equal to CurrBicScalWinMeightl of the reference picture RefPiclisti 1 }{ |

refPicWidth, refPicHeight, refScalingWinleftOffset, refScalingWinRightGfset,
refSealingWinTopOffset,
and reficalingWinBottomOifset, are set equal to the valuss of
pps_pic_width_in_luma_sampiles,

pps_scaling_win_right_offset,

pps_scaling_win_top_offset, and pos_scaling_win_bottom_offset, respectively, of the
reference picture

RefPiclistii]i} |

RefPicScale] 1 ][ IO = {{ fRefWidth << 14 )+ { CurrPicScalWinWidthl >> 1}}/
CurrPicScalWinWidthl

RefPicScale[ 1 ][ 1[ 1} = {{ fRefHeight << 14 }+ { CurrPicScalWinHeightl >» 1)}/
CurrPicscalWinHeightl

RprConstraintsActivel 1 H 1 ={ pps_pic_width_in_luma_samples b= refPicWidth | |
pps_pic_height_in_luma_samples I= refPicHeight | |
pps_scaling_win_left_offset = refScalingWinLeftOffset | |
pps_scaling_win_right_offset = refScalingWinRightOffset | |
pps_scaling_win_togp_offset = refScalingWinTopOfiset | |
pps_scaling_win_bottom_offset 1= refScalingWinBottomOifset )

if{colPic = “no_reference pic”)
colPicFlag = RprConstraintsActivel i }{ i ]

tmnt

FIG. 12J (Continued)
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13064
1302A

Determining whether to signal 2 parameler o /
indicate a reference index of a collocated picture
in a slice header.

1304A

J

in response to the parameter not being signaled
irt the slice header, determining the coliocated

picture as the picture referred {o by an index with

a value equal to a smaller one between a value of

a reference index of the collocated picture
signaled in a picture header and a number of
aclive entries in a target reference picture list
minus 1

1306A

Encoding a current picture based on the /
coliocated picture, wherein the collocated picture
is used for temporal motion vector prediction.

FIG. 13A
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13068
13028

/

Receiving a video bilstream.

Determining whether a parameter indicating a
reference index of a collocaied picture used for /
temporal motion vector prediction is presentin a

slice header.

13048

in response to the parameter being not present,
determining a value of the paramester to be equal /
{o a smaller one between a value of a reference
index of the coliocated picture used for temporal
motion vector prediction present in picture header
and a number of active entries in a target
reference picture list minus 1.

13068

" _ ) 13088
Determining the collocated picture as a picture /

referred to by an index with a value equal to the
value of the parameter in the farget reference
picture list.

13108

Decoding a current picture based on the /
collocated picture.

FIG. 13B
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When sh_collocated _ref_idx is not present, the following applies:

Ho_in_ph_flag is equal to 1, the value of sti_collocated_ref_idx is inferred to te equal to

e minfoh_collocated ref_idy, NamRefldxActivel Tsh_coliocoted Jrom_ 0 flag [=37 7

Gtherwise
be equal to 0.
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1400A

14024

Deriving a total number by summing a number of /

reference picture list structures in seguence
parameter set (5PS) and one.

Allocating memory for the total number of / 14044
reference picture list structures in response {o a
reference picture list structure being signaled in a
picture header of a current piciure or a slice
header of a current slice.
/ 1406A

Frocessing a current picture or a current slice
based on aliccated memory.

FIG. 14A
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For each value of listidx {equal to G or 1), a decoder should aliocate memory for a total number of
sps_num_ref pic lists{i]+ L ref pic fist struct{ listidx, rplsidx } syniax structures since there may be one

headers of a current picture.

14108

FIG. 14B
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F500A

38/45

Signaling a first flag in a piclure parameler

set (PRS) to indicale whether a second flag

and a first index is present in a picture .

header syntax or a slice header for a curmrent
pictura,

The second index T

notl to be signalec ,,,//Dfete rrining whethar the first e
T-index and a second index o
T be signaled,

1 1506A
When at most one reference picture list v
structure associated with reference |
picture list § is included in SPS,
determining the value of the second
index to be equai o G,

1o pe signaled

When al most one elerence piclure hist
structure associated with reference piciure list
1is included in 8RS, delermining the value of

the first index 1o be equaliio 1.

Whan the first Hag is egual 1o § and the second
fiag is equal to 1, determining the vaiue ofthe
first index 1o be equal o the value of the
second index.

15124

Deriving the reference picture list based -
on the first index and the second index.

Encoding a current picture based on the |7
reference picture list,

15144

FIG. 15A

PCT/US2021/033765
15024
L 15044
e The first index not

15084
—

15104
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15008

15028

Receiving a video bitstream, wherein the s
video bilstream is coded using inter
prediction.

Determining a value of a first flag indicating
whether a second flag and a first indexis

. . . 15048
present in a picture header syntax or a slice —
header for a current piciure,
P 15068 o
The second index T T The first index

being not prasent _— Determining whether the first - beng not present

“endex and a second index s
T present,

. . | 15108
When at most one reference picture list i
: b . o for P TV o
| structure associaled with reference picture list |
1 is included in 8PS, determining the vaius of |
the firsi index to be equatio 1.
15088 ;
When at most one reference picture list ¢~ |
strgcmre gs‘soqa_ted with r_'efe:rence Whhen the first flag is equal io 0 and the second | 1512B
picture list 0 is included in 8PS,

fiag is equal to 1, defermining the vaiue of the
first index to be equal {o the value of the
second index.

determining the value of the second
index to be eqguai to G

Y
Dacoding a current picturs based on the ¥
first index and the second index,

FIG. 158
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1510C°
-
1511C

4
15zocf”}

st M
i
]

vpl_idx{ i ] specifies the index, into the list of the ref pic list_strucy{ listidx, rplsidx } syntax structures with

listidx equal to i included in the SPS, of theref_pic_list_struct{ listidx, rplsidx } syntax structure with listidx

equai o i -hm is used for 'fpnv*t on of reference picture "Qt i or tlm current picture. The ‘Sy-’it"x element
et all be in

aeuak-ie

When the value of rpl_sps_flagfil is equal vo 1 and rpf_idx{i] is not present, rpl_idx[i] is inferred as follows:

____._;..__4 if sps_num_ref pic listfi] is less than or equal to 1, ithc value of rpd_idx{i] is inferred to be equalto 0.

- Otherwise {sps_num_ref_pic fistfi] is greater than 4}, when rp!_sps_fiog{i}is equal to 3,
pps rpil idx present flag is equal to O and iis equal to 1, the value of rpl_idx{1] is inferred to be equal to
rol_idx O]

Or the inference rufe can also be expressed as

o1

"i’en the vaiue of rpl_sps_floglil is equal to T and rpl_idx{i} is not present, rpi_jdx[i] is inferred as follows:
F { g

- O*he wise, when sps_num_ref pic list{1]is qreafer than 1, rpl_sps_flogfi]is equai to 1,
pps_rpll idx present flog is equal to G, the volue of rpd_idx{1] is inferred to be equa! to rpi _idx{0].

FIG. 158C
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FGU0A

1602A
Signaling a first flag in a slice header to -

indicate whether an active reference index
number is present in a shice header.

A 16044
- ,/

Yes 7 Active reference index . M
- nurnberis present?

1606A 1610A
- Skipping signaling the active reference index |~
number of reference picture list © in the slice
header for P and B slice.

Determining a number of eniries of reference
piciure fist 0, and signaling the active reference
index number of reference piclure list § in {he slice
header for P and B slice when the number of
entries of reference picture list § is greater than 1.

Deiermining a number of eniries of reference {,1,608‘\ SKipoing sianaling the active reference ndex | L5124
picturs fist 1, and signaling the active reference pping Sig g the Acuve e ot .

. o . : . . number reference picture list 1 in slice header
index number of reference picture list 1 in the slice for B shice
hieader for B slice when the number of entries of R

reference picture list 1 is greaterthan 1.

FIG. 16A
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16608
16028
e
Receiving a video bilstream including a slice |
header and a picture header syntax.
]
e 16048
T T No
YeS " Adtive refersncs index
””””””””””””””””””””” T _number is present in the slice_— |
"~ header?
- . 16068 16108

Determining a number of entries of reference |~ . . " . . -

X . : R Skipping decoding the active reference index |~
picture list 0, and decoding the active reference _ § . NP :

L ) ) PP number of reference picture list 0 in the slice
index aumber of reference picture kst 0 in the header for B and B shice

slice header for P and B slice when the number of R R SV
entries of reference picture list 0 is greater than 1.

Dietermining a number of entries of reference | 16088 Skining decoding the active relerence ind 16128
vickure st 1, and decoding the active reference Skipping gecoding the agi;\ie FElerence index |
£ s o AP nuntber of reference picture list 1 in slice
index number of reference picture list 1 in slice N

) . ) o header for B slice.
header for B shoe when a number of entriss of
reference picture fist 1 is greater than 1.

FIG. 16B
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16320C

-

r o e

43/45

sh_num_ref_idx_active_override_flag egual to 1 specifizs that the syntax element
sti_num_ref_idx_active_minusi{ 0 {48 may be present for P and B slices and the syntax element
sh_num_ref idy_active_minusi{ 1 1is may be present for B slices. sh_num_ref idx_active override flag
equal to O specifies that the syntax elements sh_num_ref idx_active_minusi{ 8] and

sh_num_ref idx_active_minusi{ 1] are not present. Whan not prasant, the value of

sh_num_ref idx_active_override_flag is inferred to be equal to 1.

ternatively, it may alse be changed as folio

FIG. 16C

¥

sh_num_ref_idx_active_override_flag egual to 1 specifies that the syntax element i
stt_num_ref_idx_active_minusi{ 0 ]is present for P and B slices when num_ref entriesf ¢ [ Rpistdxf 0] ]is :
greater than 1 and the syntax element sh_num_ref idx_active_minusdf 1 1 is present for B slices when §
num _ref entries{ 1 {{ Rpisidxi 1} [is greater than 1. sh_num_ref idx_active_override_flag equaltc 0 i
specifies that the syntax elements sh_num_ref idx_active_minusi{ 0] and ;
sh_num_ref idx_active_minusi{ 1] are not present. Whan not prasant, the value of i
sh_num_ref idx_active_override_flag is inferred to be equal to 1. ;
i
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17024
Determining a collocated piclure referred to by a /
reference index of collocated picture in slice level,
wherein the collocated piclure is determined to be
a same picture for all non-i slices of a current
picture.
1704A

Processing the current picture based on the /
collocated picture, wherein the collocated picture
is used for temporal motion vector prediction.

FIG. 17A
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R R O N~ y

: it is a requiremeant of bitstream conformance that the picture referred to by sh_coliocated _ref ioxisthe ;

! same for all non-f slices of a coded picture and RpronstraintsActive] sh_coliocated from 10 flag ? & : i

17108 | 1 W sh_coliocated_ref_idx | shall be equaito G, ;
! i

e e e e e e e e e e e e i |

‘ it is 3 requirement of bitstream conformance that the picture referred to by sh_coliocated _ref idxisthe i

f_,;—- same for all dslees P slices and B siices of a coded picture and !
172087 RprConstraintsActive] sh_collocated,_from 10 flag ? 0: 1 }{ sh_collocated _ref idx | shall be equalto 0. E
| |

e i

FIG. 17B
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