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results from the instant palent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(W{(&).
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[] application. If this box is checkad, the USPTO will not be providing the EPO with search resulls from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTCO may provide access o the
application in accordance with 37 CFR 1.14.
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Act {5 US.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
information Act requires disclosure of these records.

2. A record from this system of records may be dicclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures o opposing counsel in the course of settlernent negotiations.
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6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181)
and for raview pursuant to the Atomic Energy Act (42 US.C. 218(0).
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A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by G3A as part of that agency's responsibility to recommend improvements in records manageament practices and
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records for this purpose, and any other relevant {ie, GSA or Commerce] directive, Such disclosure shall not be used to make determinations about
individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 US.C
122(b) or issuance of a patent pursuant to 35 U.5.C 151, Further, a record may be disciosed, subject to the limitations of 37 CFR 1,14, as a routine use,
to the publicif the record was filed in an application which became abandoned or in which the proceadings were terminated and which application ic

referenced by either a published application, an application open to public inspeactions or an issued patent.
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MASTER SUBPICTURE
TECHNICAL FIELD
[001] Discloscd arc embodiments related to video coding and decoding.
BACKGROUND
[002] Versalile Video Coding (VVC)
[003] VVC and its predecessors Advanced Video Coding (AVC) and High Efficiency

Video Coding (HEVC) are block-based video codecs standardized and developed jointly by ITU-
T and MPEG. The codecs utilize both temporal and spatial prediction to generate predicted pixel
data. VVC, HEVC and AVC are similar in many aspects. Spatial prediction is achieved using
intra (I) prediction from within a current picture. Temporal prediction is achieved using uni-
directional (P) or bi-directional inter (B) prediction on the block level from previously decoded

reference pictures.

[004] In the encoder, the difference between the original pixel data and the predicted
pixel data, referred to as the residual, is transformed into the frequency domain, quantized and
then entropy coded (e.g., coded using arithmetic coding) before transmitted together with
necessary prediction parameters such as prediction mode and motion vectors, also entropy coded
(e.g., also arithmetically coded). To reconstruct a picture the decoder obtains the residual for the
picture (i.e., the decoder performs decoding (e.g., arithmetic decoding), inverse quantization and
inverse transformation to obtain the residual) and then adds the residual for the picture to an intra

or inter prediction.
[005] Video, Picture, and Components

[006] A video (a.k.a., video sequence) consists of a series of pictures where each picture
consists of one or more components. A picture in a video sequence is sometimes denoted ‘image’
or ‘frame’. Each component in a picture can be described as a two-dimensional rectangular array
of picture sample values (or “samples values” for short). It is common that a picture in a video
sequence consists of three components; one luma component Y where the sample values are

luma values and two chroma components Cb and Cr, where the sample values are chroma
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values. Other common representations include ICtCb, IPT, constant-luminance YCbCr, YCoCg
and others. It is also common that the dimensions of the chroma components are smaller than the
luma components by a factor of two in each dimension. For example, the size of the luma
component of an HD picture would be 1920x1080 and the chroma components would each have
the dimension of 960x540. Components are sometimes referred to as ‘color components’, and

other times as ‘channels’.
[007] Blocks and Units

[008] In many video coding standards, such as HEVC and VVC, each component is
split into blocks and a coded video bitstream produced by the encoder consists of a series of
coded blocks. A block is a two-dimcensional array of samplc valucs (or “samples” for short). It is
common in video coding that the picture is split into units that cover a specific area of the
picture. Each unit consists of all blocks from all components that make up that specific area and
each block belongs [ully (o one unit. The macroblock in H.264 and the Coding unit (CU) in

HEVC are examples of units.

[009] A block may be a “transform block” or a “prediction block.” A transform block is
a block to which a transform used in coding is applied, and a “prediction block™ is a block to

which a single prediction mode is applied.
[0010] VVC block structure

[0011] The VVC video coding standard uses a block structure referred to as quadtree
plus binary tree plus ternary tree block structure (QTBT+TT) where each picture is first
partitioned into square blocks called coding tree units (CTU). The size of all CTUs are identical
and the partition is done without any syntax controlling it. Each CTU is further partitioned into
coding units (CU) that can have either square or rectangular shapes. The CTU is first partitioned
by a quad tree structure, then it may be further partitioned with equally sized partitions either
vertically or horizontally in a binary structure to form coding units (CUs). A block could thus
have either a square or rectangular shape. The depth of the quad tree and binary tree can be set
by the encoder in the bitstream. The ternary tree (TT) part adds the possibility to divide a CU
into three partitions instead ol two equally sized partitions; this increases the possibilities (o use a

block structure that better fits the content structure in a picture.
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[0012] NAL units

[0013] Both VVC and HEVC define a Network Abstraction Layer (NAL). All the data,
1.e., both Video Coding Layer (VCL) data and non-VCL data in HEVC and VVC is encapsulated
in NAL units. A VCL NAL unit contains data that represents picture sample values. A non-VCL
NAL unit contains additional associated data (a.k.a., metadata) such as parameter sets and
supplemental enhancement information (SEI) messages. The NAL unit in VVC and HEVC
begins with a header called the NAL unit header. The syntax for the NAL unit header for HEVC
starts with a forbidden_zero_bit that shall always be equal to 0 to prevent start code emulations.
Without it, some MPEG systems might confuse the HEVC video bitstream with other data, but
the O bit in the NAL unit header makes all possible HEVC bitstreams uniquely identifiable as
HEVC bitstreams. The NAL unit header in VVC is very similar to the one in HEVC but uses 1
bit less for the nal_unit_type and instead reserves this bit for future use. The nal_unit_type,
nuh_layer_id and nuh_temporal_id_plus1 code words specify the NAL unit type of the NAL unit
that identifies what type of data is carried in the NAL unit, the scalability layer ID and the
temporal layer ID for which the NAL unit belongs to. The NAL unit type indicates and specifies
how the NAL unit should be parsed and decoded. The rest of the bytes of the NAL unit is
payload of the type indicated by the NAL unit type. A bitstream consists of a series of

concatenated NAL units (i.e., an ordered set of NAL units).

[0014] A decoder can conclude how the NAL unit should be handled, e.g., parsed and
decoded, after looking at the NAL unit header. All VVC or HEVC bitstreams consist of a series
of concatenated NAL units. The decoding order is the order in which NAL units shall be
decoded, which is the same as the order of the NAL units within the bitstream. The decoding
order may be different from the output order, which is the order in which decoded pictures are to

be output, such as for display, by the decoder.
[0015] Slices

[0016] The concept of slices in HEVC divides a picture into independently coded slices,
where decoding of one slice in a picture is independent of other slices of the same picture.
Different coding types could be used for slices of the same picture, i.e. a slice could either be an
I-slice, P-slice or B-slice. One purpose of slices is to enable resynchronization in case of data

loss. In HEVC, a slice is a set of CTUs.
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[0017] In VVC, aslice is defined as an integer number of complete tiles or an integer
number of consecutive complete CTU rows within a tile of a picture that are exclusively
contained in a single NAL unit. In VVC, a picture may be partitioned into either raster scan
slices or rectangular slices. A raster scan slice consists of a number of complete tiles in raster
scan order. A rectangular slice consists of a group of tiles that together occupy a rectangular
region in the picture or a consecutive number of CTU rows inside one tile. Each slice has a slice
header comprising syntax elements. Decoded slice header values from these syntax elements are
used when decoding the slice. Each slice is carried in one VCL NAL unit (a.k.a., coded slice

NAL unit). In an early draft of the VVC specification, slices were referred to as tile groups.
[0018] Slice and macroblock structure in earlier standards

[0019] The H.263 and H.264 standards use the macroblock entity which is a 16x16 block
size processing unit and define a slice as an integer number of macroblocks in a particular order.

H.263 and H.264 use the term slice in a different context compared to HEVC and VVC.

[0020] Annex K in H.263 specification describes the optional slice structured mode

which includes two submodes:

[0021] (1) The Rectangular Slice submode (RS). When RS is in use, the slice shall
occupy a rectangular region of width specified by the slice width indication (SW1) parameter of
the slice header in units of macroblocks, and contains a number of macroblocks in scanning
order within the rectangular region. When the Rectangular Slice submode is not in use, the SW1
field is not present in the slice header and a slice contains a number of macroblocks in scanning

order within the picture as a whole.

[0022] (2) The Arbitrary Slice Ordering submode (ASO). When ASO is in use, the slices
may appear in any order within the bitstream. When ASO is not in use, the slices must be sent in
the (unique) order for which the MacroBlock Address (MBA) field of the slice header is strictly

increasing from each slice to each subsequent slice in the picture.

[0023] The H.263 specification describes a coded macroblock indication (COD) as one
bit at the start of macroblock syntax, which when set to “0” signals that the macroblock is coded

and if set to “1”, signals that no further information is transmitted for this macroblock and the
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macroblock is handled as “skipped.” Skipped macroblocks in H.263 are decoded as INTER

macroblocks with motion vector for the whole block equal to zero and with no coefficient data.

[0024] The H.264 specification (T-REC-H.264-202108) also defines a skipped
macroblock as a macroblock for which no data is coded other than an indication that the
macroblock is to be decoded as "skipped.” This indication may be common to several
macroblocks. The elements such as motion vector components and reference indices are derived

for the skipped macroblock according to some defined derivation processes.
[0025] The Slice data semantics in H.264 includes:

TABLE 1

mb_skip_run specifies the number of consecutive skipped macroblocks for which, when decoding a P
or SP slice, mb_type shall be inferred to be P_Skip and the macroblock type is collectively referred to
as a P macroblock type, or for which, when decoding a B slice, mb_type shall be inferred to be B_Skip
and the macroblock type is collectively referred to as a B macroblock type. The value of mb_skip_run

shall be in the range of 0 to PicSizelnMbs — CurrMbAddr, inclusive.

mb_skip_flag equal to 1 specifies that for the current macroblock, when decoding a P or SP slice,
mb_type shall be inferred to be P_Skip and the macroblock type is collectively referred to as P
macroblock type, or for which, when decoding a B slice, mb_type shall be inferred to be B_Skip and
the macroblock type is collectively referred to as B macroblock type. mb_skip_flag equal to 0 specifies

that the current macroblock is not skipped.

[0026] Tiles

[0027] The VVC video coding standard includes a tool called tiles that divides a picture
into rectangular spatially independent regions. Tiles in VVC are similar to the tiles used in
HEVC. Using tiles, a picture in VVC can be partitioned into rows and columns of CTUs where a

tile is an intersection of a row and a column.

[0028] The tile structure is signaled in the picture parameter set (PPS) by specifying the
thickncsscs of the rows and the widths of the columns. Individual rows and columns can have
different sizes, but the partitioning always span across the entire picture, from left to right and

top to bottom respectively.
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[0029] There is no decoding dependency between tiles of the same picture. This includes
intra prediction, context selection for coding and motion vector prediction. One exception is that

in-loop filtering dependencies are generally allowed between tiles.

[0030] In the rectangular slice mode in VVC, a tile can further be split into multiple
slices where each slice consists of a consecutive number of CTU rows inside one tile. FIG. 1A
shows an example of a VVC tile partitioning and FIG. 1B shows an example of a rectangular

slice partitioning using the VVC tile partitioning.
[0031] Subpictures

[0032] Subpictures are supported in VVC where a subpicture is defined as a rectangular
region of one or more slices within a picture. This means a subpicture contains one or more
slices that collectively cover a rectangular region of a picture. In the VVC specification
subpicture location and size are signaled in the Sequence Parameter Set (SPS). Boundaries of a
subpicture region may be treated as picture boundaries (excluding in-loop filtering operations)
conditioned to a per-subpicture flag subpic_treated_as_pic_flag[ i ] in the SPS. Also loop-
filtering on subpicture boundaries is conditioned to a per-subpicture flag

loop_filter_across_subpic_enabled_flag[ i ] in the SPS.

[0033] This is done by a first codeword, sps_num_subpics_minus1, that specifies how
many subpictures there are. Then there is a loop that for each subpicture index i specifies the
location and size for a subpicture. This loop associates each subpicture to its subpicture index
value i. The SPS also specifies for each subpicture whether its boundaries shall be treated as
picture boundaries or not for the motion compensation and/or in-loop filtering processes.
Boundaries of a subpicture region may be treated as picture boundaries (excluding in-loop
filtering operations) conditioned to a per-subpicture flag subpic_treated_as_pic_flag[ i ] in the
SPS. Also loop-filtering on subpicture boundaries is conditioned to a per-subpicture flag

loop_filter_across_subpic_enabled_flag[ i ] in the SPS.

[0034] In the VVC slice header, there is one subpicture ID syntax element and one slice
address syntax element. The subpicture ID specifies the subpicture ID of the subpicture and the
slice address specifies the slice address within the subpicture. All slices that belong to the same
subpicture must have the same subpicture ID value. In order to support bitstream extraction and

merge opcrations without a need to rewrite slice headers, there is a mapping mechanism in VVC
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between subpicture ID values and subpicture index values. This mapping is signalled by either
the sps_subpic id[i] or the pps_subpic_id[i] syntax elements in the SPS and PPS, respectively.
For example, a sps_subpic_id[1] value equal to 3 means that subpicture ID value 3 is mapped to
the subpicture index value 1. By using this mapping mechanism, only SPS or PPS syntax
elements needs to be rewritten during a bitstream extraction or merge operation. Table 2 shows

the subpicture syntax in the SPS in VVC.

TABLE 2 — Subpicture syntax in the SPS in the VVC specification

seq_parameter_set_rbsp() { Descriptor
sps_subpics_info_present_flag u(l)
if( sps_subpics_present_flag ) {
sps_num_subpics_minus1 ue(v)
for(1=0; sps_num_subpics_minusl >0 && i <=
sps_num_subpics_minusl; i++) {
sps_subpic_ctu_top_left_x[i] u(v)
sps_subpic_ctu_top_left_y[i] u(v)
sps_subpic_width_minus1[i] u(v)
sps_subpic_height_minus1[i ] u(v)
sps_subpic_treated_as_pic_flag[i] u(l)
sps_loop_filter_across_subpic_enabled_flag[ i ] u(l)
}
}
[0035] Bitstream extraction and merge operations
[0036] Some video applications involve operations made on bitstreams, including

bitstream extraction and bitstream merge operations. A bitstream extraction operation takes an
input bitstream as input and produces an output bitstream, where the output bitstream represents
a subset of the video content of the input bitstream. A bitstream merge operation takes multiple

input bitstreams as input and produces a single output bitstream, where the output bitstream



10

15

20

25

30

P109661US01 (3602-2832US1) 8

represents the union of the video content of the input bitstreams. For bitstream merge to work, it
is very common that the input bitstreams are created with merge support in mind. Bitstream
merge operations where the bitstreams are encoded fully independently by e.g. different encoders

is typically not possible.

[0037] It is desirable that the bitstream format supports bitstream extraction and merge
operations without requiring low-level bitstream changes, since low-level bitstream changes
infer substantial implementation burden and increased computational complexity. One common
design goal is to enable these operations without any need to manipulate coded slice data. For
example, in VVC it would be acceptable to re-write parameter set data but not acceptable to re-

write slice data or picture header data.

[0038] For extraction and merge to work, the video format needs to support spatial
partitioning of the content into independently coded segments. Slices, tiles and subpictures are
examples of such segments. In HEVC, motion-constrained tile sets (MCTSs) are typically used,
where slices containing one or more complete tiles are encoded such that the slices are
independent. Special care is taken into the HEVC motion compensation processes, where the
HEVC encoder needs to select motion parameters carefully so that the slices become
independent, hence the name MCTS. In VVC, the subpicture partitioning type was introduced,
for which support of less complex bitstream extraction and merge handling was a key reason.
Compared to HEVC MCTSs, VVC subpictures are more compression efficient and do not

require special care related to motion compensation.

[0039] Bitstream extraction and merge operations for subpictures in VVC could for
instance comprise extracting one or more subpictures from a first bitstream, extracting one or

more subpictures from a second bitstream and merging the extracted subpictures into a new third

bitstream.
[0040] Picture order count (POC)
[0041] Pictures in HEVC are identified by their picture order count (POC) values, also

known as full POC values. Each slice contains a code word, pic_order_cnt_Isb, that shall be the
same [or all slices in a picture. pic_order_cnt_lIsb is also known as the least signilicant bits (I1sb)
of the full POC since it is a fixed-length code word and only the least significant bits of the full

POC is signaled. Both encoder and decoder keep track of POC and assign POC valucs to cach
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picture that is encoded/decoded. The pic_order _cnt_Isb can be signaled by 4-16 bits. There is a
variable MaxPicOrderCntLsb used in HEVC which is set to the maximum pic_order cnt Isb
value plus 1. This means that if 8 bits are used to signal pic_order_cnt_lsb, the maximum value
is 255 and MaxPicOrderCntLsb is set to 278 = 256. The picture order count value of a picture is
called PicOrderCntVal in HEVC. Usually, PicOrderCntVal for the current picture is simply
called PicOrderCntVal.

[0042] Reference picture management

[0043] Relerence picture management in HEVC is done using relerence pictures sets
(RPS). The reference picture set is a set of reference pictures that is signaled in the slice headers.
When the decoder has decoded a picture, it is put together with its POC valuc in a decoded
picture buffer (DPB). When decoding a subsequence picture, the decoder parses the RPS syntax

from the slice header and constructs lists of reference picture POC values.

[0044] The reference picture management in the VVC specification differs slightly from
the one in HEVC. In HEVC, the RPS is signaled and the reference picture lists to use for Inter
prediction is derived from the RPS. In the VVC specification, the reference pictures lists (RPL)
are signaled and the RPS is derived. However, in both specifications, signaling of what pictures
to keep in the DPB, what pictures should be short-term and long-term is done. Using POC for

picture identification and determination of missing reference pictures is done the same in both

specifications.
[0045] Parameter Sets
[0046] HEVC and VVC specifies three types of parameter sets, the picture parameter set

(PPS), the sequence parameter set (SPS) and the video parameter set (VPS). The PPS contains
data that is common for a whole picture, the SPS contains data that is common for a coded video
sequence (CVS) and the VPS contains data that is common for multiple CVSs, e.g. data for

multiple scalability layers in the bitstream.

[0047] VVC also specifies one additional parameter set, the adaptation parameter set
(APS). The APS carries parameters needed for the adaptive loop filter (ALF) tool, the luma
mapping and chroma scaling (LMCS) tool and the scaling list tool.
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[0048] Both HEVC and VVC allow certain information (e.g. parameter sets) to be

provided by external means. “By external means” should be interpreted as the information is not
provided in the coded video bitstream but by some other means not specified in the video codec
specification, e.g. via metadata possibly provided in a different data channel, as a constant in the

decoder, or provided through an API to the decoder.
[0049] Decoding capability information (DCI)

[0050] In VVC there is a DCI NAL unit. The DCI specifies information that does not
change during the decoding session and may be good [or the decoder to know about early and
upfront, such as profile and level information. The information in the DCI is not necessary for
opcration of the decoding process. In drafts of the VVC specification the DCI was called
decoding parameter set (DPS).

[0051] The decoding capability information may also contain a set of general constraints
for the bitstream, that gives the decoder information of what to expect from the bitstream, in
terms of coding tools, types of NAL units, etc. In VVC, the general constraint information can be

signaled in the DCI, VPS or SPS.
[0052] Picture header

[0053] In VVC, a coded picture contains a picture header structure. The picture header
structure contains syntax elements that are common for all slices of the associated picture. The
picture header structure may be signaled in its own non-VCL NAL unit with NAL unit type
PH_NUT or included in the slice header given that there is only one slice in the coded picture.
This is indicated by the slice header syntax element picture header in slice header flag, where
a value equal to 1 specifies that the picture header structure is included in the slice header and a
value equal to O specifies that the picture header structure is carried in its own PH NAL unit. For
a CVS where not all pictures are single-slice pictures, each coded picture must be preceded by a

picture header that is signaled in its own NAL unit. HEVC does not support picture headers.
[0054] Layers, OLS and OPI

[0055] The value of the nuh_layer_id syntax element in the NAL unit header in VVC and
HEVC specifies the layer ID to which the NAL unit belongs. In VVC, layers may be coded

indcpendently or dependently from cach other. When the layers are coded independently, a laycr
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with e.g., nuh_layer id 0 may not predict video data from another layer with e.g. nuh_layer id I.
In VVC, dependent coding between layers may be used, which enables support for scalable

coding with SNR, spatial and view scalability.

[0056] The VPS in VVC and HEVC contains scalability layer information that is needed
for handling scalable bitstreams. For HEVC, a VPS must be present for all bitstreams, even
single-layer ones, while for VVC the VPS may be omitted for single-layer bitstreams. The VPS
defines output layer sets (OLSs), where an OLS is a description of a set of layers in the bitstream
with indications of which of the layers in the OLS that should be output. In VVC, only the output
layers are specified, and the full OLS is derived by using bitstream information for how layers
reference other layers. This means that the full OLS is decodable even if all layers that are not
included in the OLS are discarded. In other word, no layer in an OLS depends on any layer not in
the OLS. This also means that some OLS layers may be required to be decoded but no pictures

of those layers are output.

[0057] The operation point information (OPI) in VVC can be used to specify the OLS
index of the target OLS for the decoder to decode. The OPI may additionally specify the highest
temporal sublayer the decoder should decode. When a bitstream contains many layers and
sublayers, the OPI can be useful to tell a decoder what parts of the bitstream to decode and/or
what temporal sublayers that should be discarded when decoding. The target OLS and highest
temporal sublayer to decode can alternatively be specified by external means. If that happens and
there is an OLS in the bitstream, the decoder should use the information provided by external
means and ignore the OLS information. The OPI is signaled in its own non-VCL NAL unit in

VVC.
SUMMARY

[0058] Certain challenges presently exist. For instance, one problem with the existing
technology described above is that all portions of a picture have the same “status” meaning that
in the decoding process all decoded sample values in the picture are equally “valued.” The
existing technology does not allow decoding only a portion of the picture and refraining from
decoding another portion of the picture for a conformant decoder. In other words, the notion of
different portions of the picture having different priority, importance, or status is not recognized

in the existing technology. Hence, the existing technology does not allow a conformant decoder
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to decode only portions of the picture based on, for example, the amount of resources (e.g.,

memory or processing power) available to the decoder, device settings, and/or preferences.

[0059] Another problem with the existing technology is that the existing skip
mechanisms are acting only as encoding tools. For instance, the concept of skipped macroblocks
in H.263 and H.264 is based on refraining from signalling sample values for a macroblock but
encoding a skip indication and then on the decoder side have a decoding process to decode the
macroblock as “skipped,” including a derivation process for motion vector components and
reference indices for the skipped macroblocks in order to decode the sample values. This usage
of skipped macroblocks as a coding tool only saves bits when the macroblock can be
reconstructed on the decoder side by means other than signalling the sample values, rather than
providing flexibility for the decoder to decode only portions of the picture indicated with a
particular “status” in the bitstream. One can also say that the skip indication in H.263 and H.264
really represent a coding option or mode for the macroblock. In that sense, the macroblock is
coded using the cheapest mode in terms of bit cost. It is not the case that the skipped

macroblocks are not coded, they are coded by the skip indication.

[0060] Another problem with the existing technology is that the existing skip
mechanisms applicable to portions of picture are bit saving mechanisms and not a mechanism to
facilitate low delay use cases. It is not supported in the existing image and video coding
standards to not decode parts of the picture, in order to satisfy the low delay or low latency

requirements.

[0061] In applications such as video conferencing, sports broadcasting, and remote
observation of a critical mission, there are use case scenarios where part of the picture is the most
important part of the content, and, from a user perspective, being able to have that portion of the
picture continuously decoded and displayed for every picture is preferred over not decoding and
displaying entire frames. In the existing technology, in scenarios such as when one or more VCL
NAL units in a picture are lost, or the decoder resources become scarce at one point or in case of
connectivity or bandwidth issues during a session, one or more full pictures could be not decoded
and consequently not displayed entirely, resulting in pauses and jumps in the decoded and

displayed video sequence.
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[0062] The video content in some applications has several independent portions in one
frame. The existing technology such as MCTS in HEVC or independent slices and subpictures in
VVC facilitate more efficient and flexible encoding and decoding of this type of content but still
a picture needs to be decoded fully in all those independent portions before being displayed and

hence it is not possible to decode and display only selective parts of the picture.

[0063] Accordingly, in one aspect there is provided a method for decoding a picture from
a bitstream, the picture comprising a first portion and a second portion. The method includes
obtaining, from the bitstream, first status information (e.g., a first indicator value) corresponding
to the first portion of the picture, wherein the first status information does not correspond to the
second portion. The method also includes determining whether or not to decode the first portion

of the picture based on the first status information.

[0064] In another aspect there is provided a method for producing a bitstream comprising
a picture (i.e., an encoded picture), the picture comprising a (irst portion and a second portion.
The method includes determining whether the first portion is required to be decoded by a
decoder. The method also includes, as a result of determining that the first portion is required to
be decoded by a decoder, producing encoded status information for the first portion and
including the encoded status information in the bitstream, where the encoded status information
for the first portion does not correspond to the second portion, and the encoded status
information is for informing the decoder that the decoder should not refrain from decoding the

first portion of the picture.

[0065] In another aspect there is provided a method performed by a network node. The
method includes receiving 1) a first unit (e.g., a first VCL NAL unit) comprising encoded picture
sample values corresponding to a first portion of a picture and ii) first status information (e.g.,
encoded first status information) corresponding to the first portion of the picture, wherein the
first status information does not correspond to a second portion of the picture. The method also
includes receiving a second unit (e.g., second VCL NAL unit) comprising encoded picture
sample values corresponding to the second portion of the picture. The method also includes
based on the first status information, deciding whether or not to forward the first unit to a

receiving device.
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[0066] In another aspect there is provided a computer program comprising instructions
which when executed by processing circuitry of an apparatus causes the apparatus to perform
any of the methods disclosed herein. In one embodiment, there is provided a carrier containing
the computer program wherein the carrier is one of an electronic signal, an optical signal, a radio
signal, and a computer readable storage medium. In another aspect there is provided an apparatus
that is configured to perform the methods disclosed herein. The apparatus may include memory

and processing circuitry coupled to the memory.

[0067] An advantage of the embodiments disclosed herein is that they provide flexibility
in choosing which portions of a picture to decode, which is useful when not all portions of the

picture are of interest or when there are insufficient resources for decoding the full picture. This
introduces a new trade-off different from the existing technology where only full pictures can be

decoded.

[0068] The embodiments (urther have the advantage ol allocating resources (Lime,
memory) to the more critical portions of the picture for instance in a low delay/low latency setup.
If the decoder is not going to decode at least some portions of a picture, that part of the signal

can be skipped entirely, hence smaller buffers could be used.

[0069] Another advantage is that, if only some portions of the picture are going to be
displayed or used in an application and not the fully decoded picture, then the decoder can
decode only the necessary portions of the picture and not the unnecessary portions. The proposed
solution in this case will be more resource efficient and will reduce the unnecessary processing

and power consumption.

[0070] Another advantage is that the user experience is improved in certain applications
by prioritizing the decoding and display of the critical portion of the picture (e.g., in a sports
video the critical portion may be player with the ball) over risking not being able to decode
whole frames due to causes such as packet loss or sudden bandwidth reduction especially in a

low delay setup.
BRIEF DESCRIPTION OF THE DRAWINGS

[0071] The accompanying drawings, which are incorporated herein and form part of the

specification, illustrate various embodiments.
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[0072] FIG. 1A shows an example of a tile partitioning in VVC.

[0073] FIG. 1B shows an example of a rectangular slice partitioning using the tile
partitioning in VVC.

[0074] FIG. 1C illustrates a system according to an embodiment.

[0075] FIG. 2 is a schematic block diagram of an encoder according to an embodiment.
[0076] FIG. 3 is a schematic block diagram of a decoder according to an embodiment.
[0077] FIG. 4A illustrates an example picture.

[0078] FIG. 4B illustrates an example of a first set of portions and a second set of
portions.

[0079] FIG. 5 illustrates an example where two different subpicture layouts using the

same master subpicture layout indicate two different portions of the picture with master status.

[0080] FIG. 6 illustrates an example of how an update on the master subpicture layout

affects the portion of the picture with master status.

[0081] FIG. 7 illustrates an example where the picture is partitioned into subpictures O to

5 and subpictures O to 2 are indicated as master subpictures.
[0082] FIG. 8 illustrates example master areas.

[0083] FIG. 9 illustrates a subpicture being indicated as a master subpicture if it is fully

or partially overlapping with the part of the picture indicated as master area.

[0084] FIG. 10 illustrates a texture and depth picture with an ROI.

[0085] FIG. 11 illustrates a system according to an embodiment.

[0086] FIG. 12 is a flowchart illustrating a process according to an embodiment.

[0087] FIG. 13 is a flowchart illustrating a process according to an embodiment.

[0088] FIG. 14 is a flowchart illustrating a process according to an embodiment.

[0089] FIG. 15 is a schematic block diagram of a decoder according to an embodiment.
[0090] FIG. 16 is a block diagram of an encoding apparatus according to an embodiment.

DETAILED DESCRIPTION
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[0091] FIG. 1C illustrates a system 100 according to an embodiment. System 100
includes an encoder 102 and a decoder 104, wherein encoder 102 is in communication with
decoder 104 via a network 110 (e.g., the Internet or other network). Encoder 102 encodes a
source video sequence 101 into a bitstream comprising an encoded video sequence and transmits
the bitstream to decoder 104 via network 110. In some embodiments, encoder 102 is not in
communication with decoder 104, and, in such an embodiment, rather than transmitting
bitstream to decoder 104, the bitstream is stored in a data storage unit. Decoder 104 decodes the
pictures included in the encoded video sequence to produce video data for display and/or further
image processing (e.g. a machine vision task). Accordingly, decoder 104 may be part of a device
103 having an image processor 105 and/or a display 106. The image processor 105 may perform
machinc vision tasks on the decoded picturcs. One such machine vision task may be identifying
objects in the picture. The device 103 may be a mobile device, a set-top device, a head-mounted

display, or any other device.

[0092] FIG. 2 illustrates functional components of encoder 102 according to some
embodiments. It should be noted that encoders may be implemented differently so
implementation other than this specific example can be used. Encoder 102 employs a subtractor
241 to produce a residual block which is the difference in sample values between an input block
and a prediction block (i.e., the output of a selector 251, which is either an inter prediction block
output by an inter predictor 250 (a.k.a., motion compensator) or an intra prediction block output
by an intra predictor 249). Then a forward transform 242 is performed on the residual block to
produce a transformed block comprising transform coefficients. A quantization unit 243
quantizes the transform coefficients based on a quantization parameter (QP) value (e.g., a QP
value obtained based on a picture QP value for the picture in which the input block is a part and a
block specific QP offset value for the input block), thereby producing quantized transform
coefficients which are then encoded into the bitstream by encoder 244 (e.g., an arithmetic
encoder) and the bitstream with the encoded transform coefficients is output from encoder 102.
Next, encoder 102 uses the quantized transform coefficients to produce a reconstructed block.
This is done by first applying inverse quantization 245 and inverse transform 246 to the
transform coefficients to produce a reconstructed residual block and using an adder 247 to add
the prediction block to the reconstructed residual block, thereby producing the reconstructed

block, which is stored in the reconstruction picture buffer (RPB) 266. Loop filtering by a loop
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filter (LF) stage 267 is applied and the final decoded picture is stored in a decoded picture buffer
(DPB) 268, where it can then be used by the inter predictor 250 to produce an inter prediction
block for the next picture to be processed. LF stage 267 may include any combination of the
following three sub-stages: i) a deblocking filter, ii) a sample adaptive offset (SAO) filter, and
iii) an Adaptive Loop Filter (ALF).

[0093] FIG. 3 illustrates functional components of decoder 104 according to some
embodiments. It should be noted that decoder 104 may be implemented differently so
implementations other than this specific example can be used. Decoder 104 includes a bitstream
parser 301 that receives the bitstream (e.g., retrieves the bitstream from a file or receives the
bitstream via network 110) and parses the bitstream to obtain each NAL unit in the bitstream.
When bitstream parser 301 obtains a NAL unit comprising encoded picture sample values (e.g.,
the encoded quantized transform coefficient values) bitstream parser 301 provides the encoded
sample values to a decoder module 361 (e.g., a function that performs arithmetic decoding) that
decodes the sample values to obtain decoded sample values (e.g., the quantized transform
coefficient values). Decoder 104 also includes a reconstruction stage 398 in which the
quantized transform coefficient values are subject to an inverse quantization process 362 and
inverse transform process 363 to produce a residual block. This residual block is input to adder
364 that adds the residual block and a prediction block output from selector 390 to form a
reconstructed block. Selector 390 either selects to output an inter prediction block or an intra
prediction block. The reconstructed block is stored in a RPB 365. The inter prediction block is
generated by the inter prediction module 350 and the intra prediction block is generated by the
intra prediction module 369. Following the reconstruction stage 398, a loop filter stage 367
applies loop filtering and the final decoded picture may be stored in a decoded picture buffer
(DPB) 368 and output to image processor 105. Pictures are stored in the DPB for two primary
reasons: 1) to wait for picture output and 2) to be used for reference when decoding future

pictures.

[0094] As described above, a challenge presently exists because, presently, a
conformant decoder must decode all portions of a picture (i.e., cannot refrain from decoding one
or more portions of the picture). In other words, the notion of different portions of the picture
having different status (e.g., different importance, different priority, etc.) is not recognized in the

existing technology. Hence, the existing technology does not allow a conformant decoder to



10

15

20

25

P109661US01 (3602-2832US1) 18

refrain from decoding a portion of the picture based on, for example, the status of the portion and
the amount of resources (e.g., memory or processing power) available to the decoder, device

settings, and/or preferences.

[0095] Accordingly, this disclosure provides for, in one aspect, indicating a status for
different portions of a picture. The status for a portion of the picture is proposed to be indicated
in the bitstream, and, based on the status, the decoder may choose to decode or not decode the
portion (e.g., choose to arithmetic decode or not arithmetic decode the arithmetic encoded data

corresponding to the first portion such as quantized residual values).

[0096] Accordingly, as shown in FIG. 15, in one embodiment bitstream parser 301
includes a sclector 1501 that, in onc ecmbodiment, determines, for onc or more picture portions in
the bitstream, a status of the portion (e.g., determines whether the picture has a master status,
determines the group or groups to which the portion belongs, etc.) and then, based on the status
(and possible other information), determines whether (o select the portion [or decoding (i.e.,
determines whether to provide the encoded sample values of the portion to decoding module
361). That is, if a picture portion is selected for decoding, then the encoded samples values of
that picture portion are provided to decoding module 361, otherwise the encoded samples values

are discarded (a.k.a., dropped or sent to the “bit bucket”).

[0097] The status may be indicated for a portion of the picture based on priority,
importance, analysis of the content or other preferences related to that portion of the picture.
Hence, a first decoder may decode only those picture portions that are indicated with status A, a
second decoder may decode only those picture portions which are indicated with status B, and a
third decoder may decode only those picture portions which are indicated with either status A or

B.

[0098] In one embodiment, the encoded bitstream includes several subpictures per
picture {(each subpicture consisting of one or more portions of the picture) and at least one of
these subpictures is indicated as having a “master” status (i.e., the subpicture is a master
subpicture). In one embodiment a subpicture having a master status means that the subpicture
includes content with the highest importance to the user compared to other subpictures in the

picture. A decoder with limited decoding resources may then decode only the one or more
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portions of the picture corresponding to the master subpicture and not decoding other portions

which are not part of a master subpicture.
[0099] Embodiment 1: A Method for Decoding A Picture

[00100] In one embodiment there is provided a method for decoding a picture from a
bitstream, wherein the picture comprises a first portion and a second portion. In one
embodiment, the first portion is “independent” from at least the second portion of the picture. As
used herein, a portion of a picture is “independent” from another portion of the picture when the
portion can be reconstructed correctly without any information (rom the other portion (i.e., the
independent portion does not predict from the other portion). The method comprises obtaining,
from the bitstrcam, first status information (c.g., a first status indicator valuc that indicatcs a
status, such as, for example, a priority level) corresponding to (i.e., related to) the first portion.
The method further includes, determining, based on the first status information corresponding to
the (irst portion, whether or not (o decode the (irst portion. For instance, in one embodiment,
determining whether or not to decode the first portion based on the first status information
comprises determining whether the first status information is equal to a first value and, if the first
status information is equal to the first value, then it is determined to decode the first portion of
the picture. In one embodiment, if the first status information is not equal to the first value, then
it is determined not to decode the first portion (i.e., refrain from decoding the first portion). In
another embodiment, if the first status information is not equal to the first value, then the
determination as to whether or not to decode the first portion may be dependent on other criteria

being met (e.g., the decoder has sufficient resources).

[00101] The first value may be a value that is hardcoded in the decoder or obtained by the

decoder from a configuration file or from the bitstream or from user input.

[00102] In one embodiment, the first status information corresponds to the first portion
and not to the second portion. In one embodiment a portion of the picture is a subpicture, a slice,

atile, a CTU, a set of CTUs, a tile set, or a tile group.

[00103] In one embodiment, the status information is the value of an indicator and is
decoded (rom a syntax element in the bitstream. In one embodiment, the indicator may for
instance be a binary flag where the status information is one of two possible values. In another

cmbodiment, the indicator can encodc onc of three or more valucs.
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[00104] In this disclosure, a status for a portion of a picture may be defined as a specific
value of the indicator associated with that portion signaled in the bitstream. Indicating a status
for a portion of a picture may specify that a process in the decoding of that portion or the whole
picture shall be invoked. The decoder may choose alternative decoding steps for handling
independent portions of a picture based on the status of each portion. One example is an
indicator value in the bitstream indicating that a first portion of a picture has the status of
“master” and the decoding method for decoding this picture comprises decoding the first portion
in response to this portion having the status of “master.” A portion of a picture having a “master”
status may be interpreted as that portion is preferred (e.g., prioritized) over other portions of the
picture not having “master” status, e.g. in case of limited decoding resources. Another
interpretation may be that the portion of the picturc having “master” status, is to be decoded,

whereas other portions of the picture not having “master” status are not to be or may not be

decoded, and for which the bitstream may not even comprise any video coding layer data.

[00105] A portion of the picture with “master” status may be defined as a portion of the
picture which is decoded in all flavors of the decoders. This means that the decoding of the
portion is not optional, and that it is guaranteed that any correctly functioning compliant decoder

must decode (or at least attempt to decode) the portion with “master” status.

[00106] The status may also be seen as a grouping of the one or more portions of the
picture. In one example there are at least two portions in the picture and a status A or a status B
has been assigned to each portion of the picture where at least one portion has status A and at
least one portion has status B. In this example one can say that the picture is divided into two
groups of picture portions, one group are portions with status A and another group are portions
with status B. In one example the decoder decodes portions with status A and does not decode or

may not decode portions with status B in the picture.

[00107] Statuses may bring advantage to the current art by grouping portions according to
their properties, such that some portions of the picture sharing a particular property (e.g, portions
that belong to the same particular view) are decoded while other portions of the picture not
having the particular property (e.g., not belong to the particular view) may not be decoded
depending on other factors (e.g., user preferences, available resources, etc.). The properties may

include the following:
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[00108] (a) Portion view IDs, e.g. a status would indicate a particular portion view ID,
where one or more portions of the picture having a particular status would comprise data for a
particular view in a picture, where a view may be a view in a multi-view setup, a view captured
at a specific angle of a certain content, such as a region of interest (ROI), or a view of a specific

content among multiple contents, and/or

[00109] (b) Type of data, e.g., texture, alpha, depth, point cloud attribute or meta data, etc.
E.g., a status value could correspond to the associated picture portion(s) comprising one of

texture, alpha or depth data, and/or

[00110] (c) Priority of video data to be used for video analysis. E.g. some objects in a

vidco may be morce important to track than others.

[00111] In one example, the first portion is independent from other portions and is a first
subpicture. In this example, an indicator value equal to a first value “master subpicture status” is
decoded from the bitstream and in response to the indicator value being equal to master

subpicture status the first subpicture is decoded.

[00112] As used herein, the phrase “a portion of the picture having a first status” is used
interchangeably with the phrase “a first status portion.” As an example, “a subpicture having a
master subpicture status” is the same as “a master subpicture” and “a subpicture with a master

status.”

[00113] In another example, the picture is partitioned into at least a first portion and a
second portion. In this example, a first status for the first portion is indicated with a first
indicator value in the bitstream for the first portion and a second status for the second portion is
indicated with a second indicator value in the bitstream for the second portion. The indicator
values for the first status and the second status may be signaled in the same syntax element or in
different syntax elements. The method comprises decoding the first portion of the picture in
response to the first indicator value being equal to a first value or the first status being equal to a
status A, and not decoding the first portion of the picture in response to the first indicator value
being equal to a second value or the first status being equal to a status B, different from status A.
Likewise, the second portion of the picture is decoded in response Lo the second indicator value

being equal to the first value or the second status being equal to a status A, and the second
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portion of the picture is not decoded in response to the second indicator value being equal to a

second value or the second status being equal to status B.

[00114] In one embodiment, the first portion of the picture is a first subpicture in the
picture, the second portion of the picture is a second subpicture in the picture, status A means
master subpicture status, and status B means not master subpicture status. For example, when the
first status corresponding to the first portion is equal to status A and the second status
corresponding to the second subpicture is equal to status B, the status for the first subpicture is a
master subpicture status, and the status for the second subpicture is not a master subpicture

status.

[00115] In onc embodiment, the first subpicturc of the picture is decoded in responsc to
determining that the first subpicture of the picture has a status A where status A is a master
subpicture status. In one embodiment, the second subpicture of the picture is not decoded as a
result of determining that the second subpicture has a status B, where status B is not master
subpicture status. In another embodiment, the second subpicture is not decoded as a result of
determining that the second subpicture has a status of “B” and determining a condition is
satisfied (e.g., determining that the amount of available memory and/or available processing
resources are below a threshold and/or determining that a latency requirement will not be met if

an attempt is made to decode the second subpicture).

[00116] Device 103 may perform all or a subset of the following steps for decoding a

picture from a bitstream:

[00117] (1) obtaining the bitstream (e.g., receiving the bitstream via network 110 or
retrieving the bitstream from a storage unit), where the bitstream contains information for

decoding a current picture from the bitstream;

[00118] (2) Decoding information from the bitstream indicating that the current picture
comprises a first portion (the information may also indicate that the first portion is independent

from other portions of the picture);
[00119] (3) obtaining a first indicator value;

[00120] (4) determining whether or not to decode the first portion based on the first

indicator valuc (c.g., decoding the first portion in responsc to the first indicator valuc being cqual
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to a first value, and not decoding the first portion in response to the first indicator value not being

equal to the first value).

[00121] In another embodiment, device 103 may perform all or a subset of the following

steps for decoding a picture from a bitstream:

[00122] (1) obtaining a bitstream containing information for decoding a current picture

from the bitstream;

[00123] (2) Decoding information from the bitstream that the current picture is partitioned

into at least a first portion and a second portion;

[00124] (3) obtaining a first indicator valuc for the first portion (first indicator valuc may

be decoded from the bitstream);
[00125] (4) Determining a first status from the first indicator value;

[00126] (5) Decoding the first portion in response to the first indicator value being equal

to a first value or the first status being equal to status A;

[00127] (6) Not decoding the first portion in response to the first indicator value being

equal to a second value or the first status being equal to status B;

[00128] (7) obtaining a second indicator value for the second portion (the second indicator

value may be decoded from the bitstream);

[00129] (8) Decoding the second portion in response to the second indicator value being

equal to a first value or the second status being equal to status A;

[00130] (9) Not decoding the second portion in response to the second indicator value

being equal to a second value or the second status being equal to status B.

[00131] In onc example, a portion of a picturc must have cither a first or a sccond status
and the first portion of the picture has a first status, and the second portion of the picture does not
have the first status. This may be interpreted as the second portion of the picture has a second

status that is not equal to the [irst status.

[00132] In another example, a picture has more than one portion, every portion of the
picture has a first status or some status different than the first status (i.e., some portions may have

the first status, while other portions do not have the first status), only the portions with the first
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status are expressly indicated such that any portion not expressly indicated as having the first
status necessarily has another status other than the first status (that is, the other portions of the
picture that have not been indicated with the first status are implied to not have the first status).
For example, in one embodiment there is at least one portion in the picture with a status A and at

least one portion in the picture with a status B and the status A and the status B are not the same.

[00133] In one embodiment, the first indicator value is decoded from a parameter set, a
header, or an SEI message. A header may for instance be a picture header, slice header or NAL

unit header.
[00134] In one embodiment, the first portion comprises two or more CTUs.

[00135] Encoder 102 may perform all or a subset of the following steps for encoding a

picture into a bitstream:
[00136] (1) Determining that the picture comprises one or more portions;

[00137] (2) Determining that a first portion of the picture is indicated by an indicator value
wherein the indicator value equal to a first value indicates that the first portion of the picture
shall be decoded by the decoder and: (2a) the indicator value not equal to the first value indicates
that the first portion of the picture may or may not be decoded by the decoder or (2b) the
indicator value equal to a second value indicates that the first portion of the picture may or may

not be decoded by the decoder;

[00138] (3) Encoding the indicator value for the first portion of the picture into the
bitstream:;
[00139] (4) If the indicator value is equal to the first value, encoding the first portion of

the picture into the bitstream;

[00140] (5) If the indicator value is not equal to the first value or is equal to the second
value, encoding the first portion of the picture into the bitstream or refraining from encoding the

first portion of the picture.

[00141] In another embodiment, encoder 102 may perform all or a subset of the following

steps for encoding a picture into a bitstream:
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[00142] (1) Determining that the picture comprises at least a first portion and a second
portion;
[00143] (2) Encoding a first indicator value for the first portion of the picture into the

bitstream, where the indicator value equal to the first value indicates that the first portion of the
picture shall be decoded by the decoder, and the first indicator value not being equal to the first

value indicates that the first portion of the picture may or may not be decoded by the decoder;

[00144] (3) If the first indicator value is equal to the first value, encoding the first portion

of the picture into the bitstream;

[00145] (4) If the first indicator value is not equal to the first value, encoding the first
portion of the picture into the bitstream or refraining from encoding the first portion of the

picture into the bitstream;

[00146] (5) Encoding a second indicator value for the second portion of the picture into
the bitstream, where the second indicator value equal to the first value indicates that the second
portion of the picture shall be decoded by the decoder, and the second indicator value not being
equal to the first value indicates that the second portion of the picture may or may not be

decoded by the decoder;

[00147] (6) If the second indicator value is equal to the first value, encoding the second

portion of the picture into the bitstream;

[00148] (7) If the second indicator value is not equal to the first value, encoding the
second portion of the picture into the bitstream or refraining from encoding the second portion of

the picture into the bitstream.

[00149] Device 103 may in this example perform all or a subset of the following steps for
decoding a picture comprising a first portion and a second portion from a bitstream, wherein the

portions comprised in the picturc arc independent:

[00150] (1) Decoding a first value from the bitstream, the first value specifying that the

first portion has a status A;

[00151] (2) Decoding a second value from the bitstream, the second value being different
than the first value and the second value specifying that the second portion has a status B

different than status A;
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[00152] (3) Decoding the first portion in response to the first portion having status A; and
[00153] (4) Not decoding the second portion in response to the second portion having
status B.

[00154] Embodiment 2: Extra actions for filling sample values without decoding

[00155] This embodiment describes additional action(s) the decoder may take for

decoding a picture from a bitstream. In this embodiment, the decoder does not decode the first
portion in response to the first indicator value not being equal to the first value and in addition

the decoder may:

[00156] (1) Generate samplce valucs for the first portion of the picturc using, for example:
1) a constant sample value, ii) default sample values, and/or iii) previously decoded sample

values; and/or

[00157] (2) Copy, interpolate or extrapolate sample values for the first portion of the
picture from: i) collocated sample values in one or more previously decoded pictures, ii) other
sample values in one or more previously decoded pictures, iii) other sample values in the current
picture, a pre-determined picture, and/or part of a picture, and the decoder fills the sample values

in the first portion with the generated, copied, interpolated, and/or extrapolated sample values.

[00158] In one example, two pictures P1 and P2 with the same sample values except in a
first portion are encoded into bitstream B1 and bitstream B2, respectively, and the first portion in
P1 and the first portion in P2 are indicated not to be decoded by the decoder. Using this
embodiment, the decoder ignores the portions of the bitstream B1 and bitstream B2 which
represent the first portion, however the decoded pictures P'1 and P'2 will have the same sample
values everywhere since the coded values corresponding to the first portion are ignored but the

filling process is the same and so the first portion in P’1 and P’2 are filled with the same values.

[00159] In onc cxample, the decoder has determined that the first subpicture is not a
master subpicture and in response to that the decoder does not decode the first subpicture and in
addition to that the decoder copies the sample values of a collocating area of a previously

decoded picture into the sample values of the [irst subpicture in the current picture.

[00160] In a variant of this embodiment, it is signalled in the bitstream how to generate,

copy, interpolate or extrapolate the sample values for the portions of the picture which are not
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decoded. According to this embodiment, device 103 may perform all or a subset of the following

steps shown in Table 3 for decoding a picture from a bitstream:

TABLE 3

1. Receiving a bitstream containing information for decoding a current picture from the
bitstream
2. Decoding from the bitstream that the current picture is partitioned into at least a first and a
second portion
3. Decoding an indicator value for the first portion
4. Determining a status from the indicator value
5. Decoding the first portion in response to the indicator value being equal to a first value or the
status being a first status
6. Doing the following steps in response to the indicator value being equal to a second value or
the status being a second status:
a. Not decoding the first portion
b. Decoding a second indicator from the bitstream
c. Generate or copy sample values for the first portion of the picture using the second
indicator value
d. Filling the sample values of the first portion of the picture with the generated or

copied sample values

[00161] In one example an indicator value in the bitstream equal to a first value indicates
that the decoder does not decode portions of the picture which do not have master status and the
decoder fills the sample values in all portions of the picture which are not master portions with

gray. The indicator value equal to a second value in this example indicates that the decoder fills

the sample values in all portions of the picture which are not master portions with black.

[00162] In one example the information to decode sample values for the portion which is

not a master portion does not even exist in the bitstream.
[00163] Embodiment 3: Changing subpicture layout in the decoded or output picture

[00164] In this embodiment, the decoder rearranges the positioning and or rescales a

portion of the picture. In this embodiment, a first portion of a picture is decoded in response to
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determining that the first portion of the picture has a first status, and a second portion of the
picture is not decoded in response to determining that the second portion of the picture has a
second status, and in addition the decoder may: (1) relocate at least one of the portions in the
picture; (2) scale or rescale at least one of the portions in the picture; and/or (3) change the

output resolution of the decoded picture or a decoded portion of the picture.

[00165] In one example, the decoder decodes a first subpicture in the picture in response
to the first subpicture having a master subpicture status and the decoder does not decode a
second subpicture in the picture in response to the second subpicture not having a master
subpicture status, and, in addition the decoder scales the first subpicture to cover the full area in

the picture before outputting the picture.

[00166] In one version of this embodiment, the selection of subpictures that are decoded
and output are based on the orientation of the display device, where the display device may for
instance be a phone or TV sel. In an example use case, a picture 400 (see FIG. 4A) consists o[ 9
subpictures (numbered from O to 8 in FIG. 4A) and the picture is larger than what is shown on
any screen. If shown vertically, only subpictures 1, 4, and 7 are displayed and if shown
horizontally only subpictures 3, 4, and 5 are displayed. In this example, subpictures 1, 4 and 7
could be indicated as master subpictures for a vertical display and subpictures 3, 4 and 5 could be
indicated as master subpictures for a horizontal display. Subpictures 0, 2, 6 and 8 are never
displayed and in one version there is no VCL data in the bitstream for subpictures 0, 2, 6, 8. In
another version, only subpicture 4 has a master subpicture status and subpictures 1, 7 have a
status X and subpictures 3, 5 have a status Y. A decoder may then select or be instructed to
decode and output the master subpicture and either the subpictures with status X or the

subpictures with status Y depending on, for example, orientation of the display.

[00167] This may be done without subpictures, but the advantage could be that the
subpictures that will not be displayed do not need to be decoded. It would often be ok to wait one

second if the display orientation is flipped.

[00168] According to this embodiment, device 103 may perform all or a subset of the

steps shown in Table 4 for decoding a picture from a bitstream:

TABLE 4
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1. Obtaining a bitstream containing information for decoding a current picture from the

bitstream

2. Decoding from the bitstream that the current picture is partitioned into at least a first and a

second portion

3. Decoding from the bitstream a first information about the location and or position of the first

and or the second portion.

4, Decoding afirstindicator value from the bitstream for the first portion and a second indicator

value for the second portion

5. Determining a first status for the first portion based on the first indicator value and a second

status for the second portion based on the second indicator value
6. Decoding the first portion in response to the first status being indicated for the first portion

7. Not decoding the second portion in response to the second status being indicated for the

second portion.

8. Rescaling, rearranging, resizing, and/or changing the aspect ratio of the first portion so that
the location, position, size, and/or aspect ratio of the first portion in the output picture is
different from the location, position, size, and/or aspect ratio of the first portion as specified
by the first information in the bitstream. The new location, position, size, and/or aspect ratio
of the first portion may be specified in the bitstream or may be independent from the

bitstream and determined in a pure post processing step.

9. Outputting the decoded picture

[00169] Embodiment 4: Sequence level control on allowing master subpictures

[00170] In this embodiment, it is indicated in the bitstream (e.g., via a control syntax
element) whether it is allowed to decode or not decode a portion of a picture based on a signalled
indicator value in the bitstream or not. In one variant, one value of a decoded control syntax
element means that all portions shall be decoded regardless of their decoded status values.
Another value of a decoded control syntax element means that portions having a certain status

may not or shall not be decoded. In another variant, one value of a decoded control syntax
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element means that there is no status value syntax elements in the bitstream (i.e. the presence of

status value syntax elements in the bitstream is gated by the control syntax element).

[00171] In a variant of this embodiment, it is indicated in the bitstream whether it is
allowed to indicate a status for a portion of a picture in the bitstream or not. In one variant, one
value of a decoded control syntax element means that a certain status value shall not be signalled
in any status value syntax element in the bitstream. Other status values than the certain status
value may be allowed. Another value of a decoded control syntax element means that the certain

status value may be signalled by status value syntax elements in the bitstream.

[00172] The decoded control syntax element may be a sequence level syntax element, and

may be located in a paramcter sct such as a vidco paramcter sct or scquence paramcter sct.

[00173] In one embodiment a third indicator is decoded from the bitstream and the value
of the third indicator being equal to a third value, specifies that the first indicator for at least a
first portion of the picture may be present in the bitstream and the value of the third indicator
being equal to a fourth value, specifies that the first indicator for at least a first portion of the

picture is not present in the bitstream.

[00174] In one embodiment a sequence level indication specifies if the use of master

subpictures is allowed.

[00175] In another example the indication is a flag in the SPS, where the flag equal to 1
specifies that master subpictures may be indicated in the bitstream and the flag equal to 0

specifies that master subpictures shall not be indicated in the bitstream.
[00176] Embodiment 5: Layout information

[00177] In this embodiment, the bitstream contains 1) first layout information (or a “first
layout” for short) where the first layout specifies a first set of picture portions and i1) second
layout information (or a “sccond layout” for short) wherein the sccond layout specifics at lcast
a second set of picture portions where at least one status is indicated for at least one of the

portions in the second set.

[00178] In one example, the first layout signalled in the bitstream specifies, for each
portion of the picture, the x-y coordinates of a corner of the portion and the portion’s dimensions

(e.g., width and height). The x-y coordinates may be in tile units or block units.
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[00179] In one example, the second layout specifies how the picture portions in the first
set are grouped according to their status wherein the portions in each group have the same status.

In a preferred version of this embodiment the first layout and the second layout differ.

[00180] FIG. 4B illustrates an example of a first set of portions (i.e., portions 0, 1, 2, and
3) that are specified by the first layout information and a second set of portions (i.e., portions 0
and 1) that are specified by the second layout information. In one embodiment, each portion that
is a member of the second set of portions is treated as having a certain status (e.g., master status)
by mere virtue of the fact that the portion is a member of the second set. But in another
embodiment, the second layout not only expressly specifies which portions belong to the second
set of portions, but also expressly specifies the status assigned to the second set of portions (e.g.,
master status), and, thereby, implicitly assigned to each portion that is a member of the second

set of portions.

[00181] That is, for example, in one specific embodiment in which portions are
subpictures, the first layout specifies subpicture partitioning and the second layout specifies a
group of the subpictures with the master status. This is illustrated in FIG. 4B, where the first
layout specifies partitioning of the picture into subpicture O to 3 and the second layout specifies

subpicture 0 and 1 as the group of subpictures that have master status.

[00182] In one embodiment, the first layout and second layout are decoded from the
bitstream. In one embodiment, decoding the first layout comprises decoding a code word
specifying the total number of picture portions and then decoding, for each portion, a set of
information specifying the portion (e.g., x-y coordinates, dimensions, and ID). Table 5 shows

an exemplary syntax for the first layout.
TABLE 5

Exemplary syntax for identifying picture portions

parameter_set_rbsp( ) { Descriptor

num_portions_minus1 u(8)

for(1=0;1 <= num_portions_minusl; i++ ) {

portion_ctu_top_left_x[ i ] u(v)

portion_ctu_top_left_y[ i ] u(v)
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portion_width_minus1[ i ] u(v)
portion_height_minus1| i | u(v)
portion_IDJ[ 1] u(v)
}
[00183] In one embodiment, decoding the second layout comprises decoding a code

word specifying the size of the second set of portions (i.e., the total number of portions that are
included in the second set), and then decoding S number code words, where each one of the S

code words identifies a portion that is a member of the second set of portions. Table 6A shows

an exemplary syntax for the second layout:
TABLE 6A

Exemplary syntax for specifying the portions that belong to the second set

parameter_set_rbsp( ) { Descriptor
S minusl u(8)
for(i=0;1 <= S_minusl;i++) {
second_set [ 1] u(v)
}
[00184] That is, the array “second_set” will have S elements. In one embodiment, each

element of the second_set array (which may also be called the “master_set” array) will include a

portion ID. In this way the portions that belong to the second set can be identified.
[00185] Table 6B shows another exemplary syntax [or the second layout:
TABLE 6B

Exemplary syntax for Specifying the portions that belong to the second set

parameter_set_rbsp( ) { Descriptor

second_set u(v)
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[00186] In the embodiment shown in Table 6B, the variable second_set is a bitmask (i.e., a
string of bits) identifying the portions that are a member of the second set. For instance, if the
total number of portions included in the first set is N, the bitmask will have a length of N where
each bit in the bitmask corresponds to one of the N portions, and, if the bit for a portion is set to
1, then the portion is a member of the second_set, otherwise it is not a member of the second set.
As a specific example, if second_set = 0101 then portions 0 and 2 are a member of the second

set, and if second_set = 1000, then only portion 3 is a member of the second set.

[00187] Alternatively, it is indicated for each portion included in the first set of portions
whether or not the portion is a member of the second set of portions. In this alternative, the
number of portions included in the second set need not be indicated by a dedicated syntax
element but derived from the indications for each portion. Table 7 shows an exemplary syntax

for this embodiment.

TABLE 7
parameter_set_rbsp( ) { Descriptor

num_portions_minusl u(8)

for(i=0;1 <= num_portions_minusl; i++ ) {
portion_ctu_top_left_x[i ] u(v)
portion_ctu_top_left_y[i ] u(v)
portion_width_minus1[ i | u(v)
portion_height _minus1]| i ] u(v)
portion_IDJ[ i ] u(v)
portion_member_of second_set_flag| i | u(l)

}

[00188] In another embodiment, a first portion that is included in the first set of portions

is included in a second set of portions (a.k.a., second group or status A) and a second portion
that is included in the first set is included in a third set of portions (a.k.a., third group or status
B). In such an embodiment, decoding the second layout comprises decoding a first code word

specifying a total number of groups (NG) (i.e., total number of distinct statuses), and, for each
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group Gi, 0<1 <NG-1 in the second layout, the portions of the first layout that are included in G;

are identified. Table 8 shows an exemplary syntax for this embodiment.

TABLE 8
parameter_set_rbsp( ) { Descriptor

NG_minusl u(8)

for(i=0;1 <= NG_minusl; i++) {
group_members| i | u(v)
group_status| i | u(v)

}

[00189] As demonstrated by Table 8, the “group_members™ array will have NG elements.

In one embodiment, each element of the group_members array will include a bitmask (i.e., a
string of bits) identifying the portions that are a member of the group. For instance, if the total
number of portions included in the first set is N, then each element in the group_members array
will be an N bit bitmask where each bit corresponds to one of the N portions, and, if the bit for a
portion is set to 1, then the portion is a member of the group, otherwise it is not a member of the
group. As a specific example, if group_members[(] = 0101 then portions 0 and 2 are a member

of group 0, and if group_members[1] = 1000, then only portion 3 is a member of group 1.

[00190] In another embodiment, each element of the group_members array will include a
list of portion IDs (as shown in Table 7, each portion is given a unique portion ID). That is, the
second layout uses portion IDs that are different from portion index but unique to each portion to
indicate the groupings. In one example, the portion index is specified by index i in the Table 5
above, as the loop counter value for each portion in that particular order, so the first portion gets
index 0 and the next portion gets index 1, etc. The portion ID is then signalled in the bitstream
(e.g.. as portion_ID) to create a mapping between each portion index into a unique ID value. A
benefit of this method could be that a status update is possible with only updating the mapping
between index and IDs, without the need to resend the portion partitioning or status values. In
one example of this variant there is a one-to-one mapping of a portion index into a portion ID

and the indication is signalled in a loop over the portion IDs.
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[00191] Additionally, as shown in Table 8, the bitstream may include, for each one of the
NG groups, a code word containing information indicating the status assigned to the group (but
this is not needed in embodiment where each group has an implicit status). Accordingly, a
decoder may obtain from the bitstream: picture portion information specifying a set of picture
portions, group membership information indicating the number of picture portion groups and, for
each picture portion group, the members of the group and the status assigned to the group, if

needed.

[00192] Alternatively, it is indicated for each portion P1 of the first layout which group
in the second layout portion P1 belongs to. In this alternative, the number of groups there are
in the second layout may not be indicated by a dedicated syntax element but derived from the

indications for each portion P1. Table 9 shows an exemplary syntax for this embodiment.

TABLE 9
parameter_set_rbsp( ) { Descriptor
num_portions_minus1 u(8)
for(1=0;1 <= num_portions_minusl; i++ ) {
portion_ctu_top_left_x[ i ] u(v)
portion_ctu_top_left_y[ i ] u(v)
portion_width_minus1[ 1] u(v)
portion_height_minus1| i | u(v)
portion_grouplDJ[i] u(v)
}
[00193] In the example above, the second layout is signalled in the same loop as the first
layout.
[00194] FIG. 5 illustrates an example where two different subpicture layouts using the

same master subpicture layout indicate two different portions of the picture with master status
(the portions with master status are the portions within the dotted rectangle). One advantage of
this embodiment is that to update the area of the picture that has a status A it is enough to update
the picture portions which are in the group specified with status A and the partitioning of the

picture into portions does not need to be modified.
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[00195] FIG. 6 illustrates an example of how an update on the master subpicture layout

affects the portion of the picture with master status.

[00196] In one example a subpicture layout is signalled in the bitstream and a flag or an
index syntax element in a loop in a header or parameter set (e.g. the PH or PPS) specifies
which of the subpictures are master subpictures. In one variant, an index syntax element in the
SPS or PPS or PH specifies which of the subpictures are master subpictures. A similar example

uses slices as portions of the picture.

[00197] In one example, a subpicture layout and a master subpicture layout are signalled
in the SPS.
[00198] In another example a subpicture layout is signalled in the SPS and a master

subpicture layout (a.k.a., master subpicture identification information) is signalled in the PPS. In
this example the master subpicture layout may be updated in the bitstream by signalling a new
PPS with a new master subpicture layout (i.e., new information identifying which portions are
master portions) without the need to update the subpicture layout in the SPS. In another example
the subpicture layout is signalled in the SPS or PPS and the master subpicture is signalled in a
picture header or slice header. In this example the master subpicture layout may be updated for

each picture or slice.

[00199] In another example the second layout is signalled in the same loop as the first
layout is signalled. For instance, an indication that the i-th subpicture is the master subpicture is
signalled in the same loop where subpicture layout is signalled. In one example there is a flag for
each subpicture in the SPS subpicture layout to specify if this subpicture is a master subpicture or
not. Table 10 shows an exemplary syntax for indicating whether the i-th subpicture is a master
subpicture using the flag sps_master_subpic_flag [ 1 ] in the same loop where the subpictures

layout is signalled.

TABLE 10

Excmplary syntax for indicating whether the i-th subpicturc is a master subpicture in the same
loop where the subpictures layout is signalled.

seq_parameter_set_rbsp( ) { Descriptor

sps_num_subpics_minus1 u(8)
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for(1=0;1 <= sps_num_subpics_minusl;i++ ) {
sps_subpic_ctu_top_left_x[ 1] u(v)
sps_subpic_ctu_top_left_y[ 1] u(v)
sps_subpic_width_minus1][ i ] u(v)
sps_subpic_height_minus1| i ] u(v)
sps_master_subpic_flag[ i ] u(l)

}

[00200] In a variant of this embodiment, a first layout may become units for specifying a

second layout. In one example, the picture is partitioned into a grid of rectangular subpictures
and a second layout uses the units of the grid of the first layout to specify portions of the picture
which have a master status. FIG. 7 illustrates an examplce where the picturce is partitioned into
subpictures 0 to 5 and subpictures O to 2 are indicated as master subpictures by signalling the
index of the start and the index of the end subpicture that are indicated as master subpictures, so

in this example values O and 2 are signalled.
[00201] Embodiment 6: Signalling a Master Area

[00202] In this embodiment, the spatial position of a master area is indicated in the picture
independent from the subpicture partitions and the subpicture(s) located in that master area will
be the master subpicture(s). A master area is defined as an area in the picture where all portions
intersecting with this area have a master status. An example is illustrated in FIG. 8 where a
master area is indicated in the left. A first and a second subpicture layouts are assumed where for
the first subpicture layout with 4 subpictures in this example subpicture O is indicated a master
subpicture since subpicture 0 is located in the master area. For the second subpicture layout this
time with 6 subpictures both subpictures 0 and 1 are in the master area and so both are indicated

as master subpictures.

[00203] In a variant of this embodiment a subpicture is indicated as a master subpicture if
it is fully or partially overlapping with the part of the picture indicated as master area, as
illustrated in FIG. 9, where subpictures 0, 1, 3 and 4 are indicated master subpictures since either

fully or partially overlap with the part of the picture indicated as master area.

[00204] Embodiment 7: There is exactly one portion in the picture with status A
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[00205] In this embodiment there is one portion in the picture that has status A and when
one portion in the picture is indicated with status A, no other portion in the picture is indicated
with status A. One example is when it is indicated in the bitstream that only one subpicture has a

master status.

[00206] In one variant of this embodiment, when one portion in the picture is indicated

with status A, it is inferred that all other portions of the picture do not have status A.

[00207] In one embodiment there is only one subpicture in the picture that has a master
status and all other subpictures in the picture do not have a master status. In one example an
identifier value is signalled in a header or parameter set to specify which subpicture is the one

subpicturc with mastcr status.

[00208] In another variant of this embodiment there is exactly one portion in the picture
that has status A. In one embodiment a syntax element in a header or parameter set equal to a

first value indicates that there is one master subpicture per picture.

[00209] In a variant of this embodiment, it is the first portion of the picture that is
indicated to have status A. The first portion may be defined as the first portion in the bitstream or
the first portion in a raster scan order or the portion with the lowest ID. In one example a flag in
a parameter set specifies that the subpicture with subpicture index equal to 0 is a master

subpicture.

[00210] In one example, exactly one portion in the picture has status A or a master status,

and the decoder for decoding the picture in this example takes the following steps:
[00211] (1) Decoding a first index value from a first index syntax element in the bitstream;

[00212] (2) Determining, using the index value, the portion of the picture with the status

equal to status A or the master status;

[00213] (3) Decoding the portion of the picture with the status equal to status A in

response to the first portion having status A or the master status;
[00214] (4) Not decoding any other portions in the picture.

[00215] In another variant of this embodiment the picture may have other portions but

other portions in the picture do not have a status A. In one example, the one portion with a
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master status is the top left subpicture in the picture. In another example the one portion with a

master status is the subpicture with subpicture ID equal to value X.

[00216] In one embodiment, the portion of the picture is a subpicture and the existence of

only one master subpicture is known to the decoder by default or without a dedicated signalling.

[00217] In another example of this embodiment, a syntax element in the bitstream equal to
a first value indicates that there is only one portion in the picture with master status. This syntax

element may be signalled in a header or a parameter set.
[00218] Embodiment 8: Master subpicture indication in the header itself

[00219] In this embodiment, an indication is signalled in the header of the current portion
which indicates that the current portion has status A or not. In one example, the portion is a slice

and the indication that the current slice has status A or not is signalled in the slice header.

[00220] In a variant of this embodiment the portion that does not have status A carries
only the indication that it does not have status A and no more coded sample data. In one example
of this variant, a slice that is not a master slice carries only the indication that this is not a master

slice in the slice header, and no other slice data.

[00221] In another variant of this embodiment the indication specifies if the current

portion of the picture has status A or status B (in this variant more than one status exists).
[00222] Embodiment 9: More than one level, subpicture hierarchy: status A, B, ...

[00223] In this embodiment, based on any of the previous embodiments, there is more
than one status in the picture, e.g., status A, status B and status C, each describing a specific

status or feature.

[00224] In one embodiment, there are more than one possible levels of hierarchy for the
status. For cxample, a portion with status A has a higher status than a portion with status B, and a
portion with status B has a higher status than a portion with status C. The different levels of

status may here be seen as different priorities.

[00225] One example with multiple statuses includes means to prioritize what to send/pass
on if the network conditions are limited or prioritize what to decode, e.g., if the decoding lags for

Some reason.
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[00226] Another example use case of using multiple statuses could be when merging
videos with different frame rates, such as a collage of surveillance videos where the cameras
have different frame rates. Let’s for instance say that a subpicture stream cam1 of 60 fps is
merged side-by-side with a subpicture stream cam?2 of 30 fps. Caml is the main feed and is
marked with status A in the merged-side-by-side video, while every other frame of cam?2 in the
merged side-by-side video is marked as status B or status C. The frames with status B has coded

sample data and the frames with status C has no coded sample data and are thus not decoded.

[00227] In one version of this embodiment the multiple statuses are grouped into
representations (or subsets of the picture). For example, a first representation comprises portions
only with status A, a second representation comprises portions with status A or B and a third

representation comprises potions with status A or C.

[00228] In one example, imagine a picture in the video with texture and depth packed

side-by-side, each with a region ol interest (ROI) area as illustrated in FIG. 10.

[00229] One could then divide this picture into portions with four different statuses: (1)
Status A: Texture ROI (portion 1); (2) Status B: Texture non-ROI (portion 2); (3) Status C:
Depth ROI (portion 3); and (4) Status D: Depth non-ROI (portion 4). Representations for subsets
of this picture could then be: Representation 1: status A (ROI texture); Representation 2: status
A+B (Full texture); Representation 3: status A+C (ROI texture with depth); Representation 4:
status C+D (Full depth); and Representation 5: status A+B+C+D (Full texture with depth).

[00230] In another version of this embodiment, a portion is allowed to have multiple
statuses at the same time. This can be seen as an alternative to grouping statuses. With the same
example picture as above the following statuses could be used: (1) Status A: Texture; (2) Status
B: Depth; (3) Status C: ROI, where the portions would have the following statuses: Portion 1:
Status A and C; Portion 2: Status A; Portion 3: Status B and C; and Portion 4: Status B.

[00231] The representations then comprise of the portions having the following

combinations of statuses:

TABLE 11
Representation Combinations of statuses
1. ROl texture Both status Aand C

2. Full texture At least status A




10

15

20

25

P109661US01 (3602-2832US1) 41

3. ROl texture with depth At least status C
4. Full depth At least status B
5. Full picture with depth Any combination of status A, Band C
[00232] Another example of having multiple statuses is the orientation example from

embodiment 3. In that example the following two statuses could be defined: Status A: Vertical
alignment and Status B: Horizontal alignment, where the subpicture 4 would have status A and
B. subpictures 1 and 7 have status A only, subpictures 3 and 5 have status B only, and

subpictures 0, 2, 6 and 8 would have no status.
[00233] Embodiment 10: Gating condition:

[00234] In this embodiment, the decoding of the portion of the picture with status equal to
status X is conditional for instance by another syntax element in the bitstream. In one
embodiment, a master subpicture status is indicated [or at least one portion ol the picture, and, il
one or more criterions are satisfied (i.e., a criteria is satisfied), only subpictures in the picture
with master subpicture status are decoded otherwise all subpictures are decoded. In one
embodiment, the criteria is satisfied if a flag in a parameter set is set to a specific value (e.g., 1),
the profile, tier, and/or level of the bitstream satisfies a condition (e.g., if bitstream has a level
below a threshold, then the condition is satisfied), and/or the decoder has the resources to timely
decode all portions. In another example, whether nor not the criteria is satisfied depends on one

or more syntax elements in the bitstream.

[00235] In one example, when the encoder does not encode a first portion of the picture a
status A is signalled for that portion of the picture in the bit stream and a flag in a parameter set
is set equal to a first value. In this example the decoder decodes the flag being equal to a first
value and based on that does not decode the first portion of the picture which has a status A. In
other words, the decoder is configured such that, if the decoder determines that a particular
portion has a status of A and the flag is equal to the first value, then the decoder does not decode
the particular portion, otherwise (i.e., status is not A or flag not equal to first value) the decoder

decodes the particular portion.

[00236] Embodiment 11: A mechanism for parameter sets when there are master
subpictures indicated: put a parameter set on hold and retrieve another parameter set, switch

between mode 1 and 2 each mode using a different parameter set, signalled action and default
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action where signalled action involves using one parameter set and the default action involves

using another parameter set in the decoding of the picture.

[00237] In this embodiment there is a first and a second parameter set in the bitstream,
and, if there are any picture portions with status A in the picture, then the first parameter set is
used in the decoding process of the picture, otherwise (i.e., there is no picture portion with status
A in the picture) the second parameter set is used in the decoding process of the picture. The
parameter set that is not used for decoding of the picture is denoted as an “on hold” parameter
set, which may then be retrieved (used again for the decoding process of a new picture) based on

the status of the picture portions in the new picture to be decoded.

[00238] For cxample, the following may apply for putting parameter sct A on hold and
then retrieving it based on having or not having a master subpicture in the picture being

decoded:

[00239] a) Parameter set A is valid for a particular picture (a picture having POC =1)

which does not have any master subpictures,

[00240] b) Master subpicture(s) is indicated in another picture (e.g., a picture having
POC =1+ 1), parameter set A is not valid for picture POC =1 + 1, other means or inference

mechanism or another parameter set B is being used for the picture POC =1+ 1,

[00241] ¢) Master subpicture(s) is not indicated in picture POC = i+2, parameter set A is

again valid for picture with POC = i+2 without being signaled again.

[00242] In one embodiment, two decoding parameter sets (DPS or decoding capability
information (DCI) NAL unit) are signalled in the bitstream which contain the decoding
capability information, one to be used when there are master subpictures in the picture and

another to be used when there are no master subpictures in the picture.

[00243] In onc cmbodiment, the first and the sccond paramcter scts have cqual identifier

values or parameter set IDs.

[00244] In one embodiment, the statuses of the picture portions are signalled in the PPS,
and there are two SPSs with the same parameter set IDs and one is used in the decoding
process if there is at least a portion with status A in the picture (statuses for the portions are

signalled in the PPS for the picture) while the other SPS is used in the decoding process of the
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picture if there is no portion with status A in the picture (statuses for the portion are signalled
in the PPS for the picture). In this example, the syntax elements in the higher parameter set,
here SPS, that are needed for correct parsing of the lower parameter set, PPS here, are the same

in both SPSs.

[00245] In another example, there are portions with status A that the decoder may refrain
from decoding. If the decoder decides not to decode those portions, then the decoder uses one
arrangement for the portions specified in a first SPS, but if the decoder decides to decode those
portions, then a second portion arrangement specified in a second SPS is used. Both SPSs are

in the bitstream with the same ID.

[00246] In yct another cxample, an indicator in the picturc hcader specifics if the picturc
has a portion with status A or not. If the picture has at least one portion with status A, then a

first PPS is used for decoding the picture, otherwise a second PPS is used for decoding this

picture.
[00247] Embodiment 12: An input indicates which subpictures will be decoded.
[00248] In this embodiment, decoder 104 may decode only subpictures indicated as

having status A in the bitstream in response to an input about device 103. The input may
specify aspects related to decoding resources, screen size/resolution/orientation/ratio, memory
or processing aspects, power or screen settings, etc. In one example, device 103, which hosting
decoder 104, is running on power saving mode, and, as a result of receiving input indicating
that the device is in the power saving mode, the decoder decodes only subpictures in the

bitstream that are marked as master subpictures.

[00249] Embodiment 13: Decoder guaranties bit exact decode and output of only master
portions.
[00250] In one embodiment, the decoder guarantees to decode only the picture portions

that are indicated as having status A. In another embodiment, the decode for the subset of the
picture portions that are indicated with status A is guaranteed to be bit exact, which means the
sample values in the decoded portions are guaranteed to have the intended sample values by the
encoder, but the decode of the picture portions which do not have status A may not be bit exact

which means the sample values in the portions without status A may be different from the
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intended sample values by the encoder. In one embodiment, even if there is all the information

for decoding a portion without status A in the bitstream, the decoder will not decode that portion.

[00251] In one example, only subpictures which are indicated as master subpictures are
decoded by the decoder. The encoder might encode sample values for all the portions or only the

portions with master status.

[00252] In a variant of this embodiment, the decoder may not decode picture portions
which do not have status A. In another variant of this embodiment, the decoder shall not decode

picture portions which do not have status A.
[00253] Embodiment 14: Encoder aspects

[00254] In this embodiment, the encoder analyzes different portions of the picture and
indicates status values e.g. defines a priority level such as high, middle and low priority and
indicates for each portion a status A if the portion has a high priority, a status B if the portion has
a middle priority or a status C if the portion has a low priority. The decoder then decodes all

portions or only a set of the portions based on their indicated status values.

[00255] In one embodiment one or more portions in the picture are indicated by the

encoder to have a status value and other portions do not have any status value.

[00256] In another example there are at least two status values A and B and every portion

in the picture is indicated by the encoder with status A or status B.

[00257] In one embodiment, the indication of the status value for a portion of the picture is
based on the properties of the sample values in that picture or the relative variation of the sample

values from one picture to the other, such as movement of the objects in the picture.

[00258] In one variant of this embodiment, the encoder takes in inputs that are then used
by the encoder to partition the picture into portions and/or indicating the status for one or more
portions in the picture. In one example this input comes from another process that processes the
picture content or from an external setting such as a configuration file or preference of a user
such as a particular area in the picture is specified to the encoder as a region of interest (Rol) or

having the more interesting content compared to other portions of the picture.

[00259] Embodiment 15: Preprocessing for setting portion partitions and status values
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[00260] In this embodiment, a pre-processing step (e.g, a neural network (NN) module)
processes the content and sets the partitions in the pictures (e.g. subpicture partitions) that
partitions the picture into picture portions, and/or sets the status regarding each picture portion.
This preprocessing may be part of the encoder or may be performed in a separate entity. The
picture partition and status values may be assigned once for the entire length of a video sequence
or may be updated during a video sequence. The encoder may take in the partitioning and the

status values from the pre-processing step as it is or may modify it before using in the encoding

process.
[00261] Embodiment 16: Network aspects
[00262] In this cmbodiment, a nctwork node 1104, illustrated in FIG. 11, rcecives portions

of a picture (e.g., an encoded picture) from a sender 1102 (e.g., encoder 102) and decides which
portions of the picture to forward to device 103 (labeled “receiver” in FIG. 11). The decision is
based on the status of each portion. In one embodiment, when there is reduced network capacity,
network node 104 can decide to only forward the portions having a high status (e.g., only those
portions having an indicator value that is greater than or equal to a threshold value). For instance,
when there is reduced network capacity, network node 104 can decide to only forward the
portions that are indicated as being a “master” subpicture or forward only portions that have a
status that is included in a determined set of statuses (¢.g., medium priority and high priority are

forwarded, but not low priority).

[00263] In the example shown in FIG. 11, sender 1102 sends towards receiver 103 a
bitstream comprising six subpictures of a picture (e.g., six VCL NAL units, each one
corresponding to a different one of the six subpictures). Network node 1104, which is on the
communication path between sender 1102 and receiver 103, detects that there is reduced network
capacity to device 103, determines from the bitstream that there are two subpictures of a higher
status, e.g. master subpicture status, in the picture and determines to prioritize the two
subpictures with higher status and only pass through the NAL units necessary to decode these

two subpictures to device 103.

[00264] In one version of this embodiment, the priority of the NAL units needed to decode
the subpictures of higher status has further been marked with higher priority at the systems layer,

the network layer, and/or the radio access network (RAN) layer. In one version, the data packets
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comprising these NAL units have additionally been marked using LFS (Low Latency Low Loss
Scalable throughput). Any node in RAN serving an LA4S capable data flow may set the Explicit
Congestion Notification (ECN) bits in the IP header for the flow if congestion is experienced. In
another version, the data packets comprising the NAL units (or portions thereof) have been
marked with a priority indicator in a Packet Data Unit (PDU) set signaling in the RTP protocol,
such that the NAL units needed to decode the two subpictures of higher status gets a higher
priority than the NAL units for the other subpictures.

[00265] Embodiment 17: Output Portion Set (OPS)

[00266] In one embodiment, an active OPS specifies picture portions that shall be

decoded. An active OPS may also spccify picture portions that shall be decoded and output.

[00267] In one embodiment, the OPSs are signaled for an entire sequence of pictures, €.g.,
in a parameter set such as SPS, VPS, or in DCI. In another embodiment, the OPSs may be
signaled more frequently, e.g., for a single picture or a set of pictures in a sequence. In this
embodiment, the OPSs may be signaled in a header, such as the picture header or slice header or
in a parameter set such as the PPS or APS. In one embodiment the OPSs are signaled in one or

more SEI messages.

[00268] In one embodiment, all non-Video Coding Layer (non-VCL) data, e.g. parameter
sets, picture header, picture level and higher level SEI messages, are decoded from the bitstream,
but for VCL data, e.g. coded slice data, only the VCL data corresponding to a picture portion that

is identified by an active OPS is decoded.

[00269] In one embodiment, an OPS comprises a set of portion IDs. An example is shown

in TABLE 12 and example syntax of how this can be signalled is shown in TABLE 13.

TABLE 12
OPSID Portion IDs
OPSO 1-5
OPs1 1-5,9-12
OPS2 1-12
OPS3 1-8

TABLE 13
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output_portion_sets_structure( ) { Descriptor
num_opss_minus1 u(8)
for(1=0;1 <= num_opss_minusl; i++ ) {
num_portions_minus1[ i ] u(v)
for(j=0;) <= num_portions_minusI[i]; j++) {
portion_id [1 ][] u(v)
}
}
1
[00270] Here “num_opss _minus1” plus 1 specifies the number of OPSs signalled in the

output_portion_sets_structure(). This structure may for instance be signalled in a parameter set
like the SPS or the VPS. “num_portions_minus1 [ 1] plus 1 specifies the number of active

portions in the i-th OPS. The active portions are the portions that should be decoded for the OPS.

“portion_id [1][ j ]” specifies the portion ID of the j-th active portion in the i-th OPS.

[00271] In another embodiment (see example in Table 14), an indicator value, e.g., a flag
e.g. portion_active_flag[ i ][ j ]. is signalled in the OPS for each portion of a picture, wherein a

first value of the flag, e.g. 1, specifies that the portion is to be decoded, and a second value, e.g.

0, specifies that the portion is not to be decoded.

TABLE 14

output_portion_sets_structure( ) {

num_opss_minus1 u(8)
for(i=0;1 <= num_opss_minus1; i++) {
num_portions_in_picture_minus1[ i ] u(v)
for(j=0;) <= num_portions_in_picture_minusl[i]; j++ ) {
portion_active_flag [i][j] f(1)
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[00272] In one embodiment, each OPS of the one or more OPSs is used to specify which
portions a conforming decoder shall decode in order to output a set of portions for a given
operation point. When an OPS is activated (or selected), it is said to be an active OPS, and a
conforming decoder shall decode the specified set of portions for the corresponding operation
point. In one embodiment, a set of portions that a decoder shall be able to decode in order to
produce a valid output is the same as the set of outputted portions. In another embodiment, a set
of portions that a decoder shall be able to decode may include more portions than what is output,
i.e., not all the decoded portions are output. In this embodiment, for each portion included in the
OPS, it is also specified whether the portion is output or not. In one embodiment, it is explicitly
signaled for each portion to be decoded whether it should also be outputted. As an example, see

TABLE 15.

TABLE 15
Portions to | Portions to
decode output
OPSO 1-5 1-5
OPS1 1-5,9-12 | 1-5,9-12
OPS2 1-12 1-10
OPS3 1-8 1-6
[00273] An example syntax of how this can be signalled is shown in TABLE 16.
TABLE 16
output_portion_sets_structure( ) { Descriptor
num_opss_minusl u(8)

for(1=0;1 <= num_opss_minus]; i++ ) {

num_portions_minus1][ i | u(v)

for(j=0;) <= num_portions_minusl[1i]; j++ ) {

portion_id [i ][] ] u(v)

output_portion_flag [i ][] ] u(l)
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[00274] The “portion_id [1][j ]” as in the previous syntax specifies the portion ID of the
j-th active portion in the i-th OPS and the “output portion flag [1][ j]” specifies whether that

portion should be output or not, for example only decoded but not output.

[00275] A decoder may perform all or a subset of the following steps for decoding a

picture comprising at least two picture portions:

1. Obtain a bitstream.

2. Obtain information of at least one output portion set (OPS), where an OPS specifies a set
of portions of the picture. An OPS may specily what portions of a picture to decode [or a
given operation point. The OPS may further comprise information of which of the
dccoded portions to also output from the decoder. A portion may be onc or more of a
portion coded independently from other portions, a subpicture, a slice, a tile, a CTU, a
tile set or a tile group. The OPS information may be decoded from the bitstream, e.g.
[rom a header such as a slice header or picture header or in a parameter set such as SPS,
VPS, PPS, APS, in a DCI or in an SEI message. An OPS may specify an operating point
for the decoder.

3. Select a first OPS from the at least one OPSs. The indication of which OPS to use may be
signalled in the bitstream or determined by other external means, e.g., by user input,
hardcoded in the decoder or specifies by external specifications.

4. Determine from the first OPS that a first portion is to be decoded. This may be indicated
with the presence of an identifier for the first portion in the first OPS, or this may be
indicated with an indicator for the first portion in the first OPS having a first value, e.g.,
1.

5. Determine from the first OPS that a second portion is not to be decoded. This may be
indicated with the lack of presence of an identifier for the second portion in the first OPS,
or this may be indicated with an indicator for the second portion in the first OPS having a
second value, e.g., 0.

6. Inresponse to determining from the first OPS that a first portion is to be decoded, decode
the first portion.

7. Inresponse to determining from the first OPS that a second portion is not to be decoded,

do not decode the second portion.
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[00276] Groupings

[00277] In one embodiment, the portions are grouped into one or more groups where the
groups are signaled in the OPS. A group here can be seen as that the picture portions in a group
has a particular status. An example of grouping portions is illustrated in FIG. 4B comprising four
portions numbered from 0 to 3, where portion 0 and 1 belong to one group. The grouped portions

0 and 1 can be said to have a specific status. Portions 2 and 3 does not have the specific status.

[00278] The status (or group belonging) may be signaled for each picture portion, e.g., in
the slice header or the NAL unit header. The status may also be signaled [or each picture portion
in a picture in a loop of a header, e.g., the picture header, or in a parameter set, such as the VPS,

SPS, PPS or APS.

[00279] In one variant, each OPS is expressed as a status. That is, by specifying a
particular status, one is specifying a set of picture portions (i.€., the picture portions having said
particular status). In another variant, each picture portion set is expressed as having one or more

statuses.

[00280] In one embodiment, the decoder decodes a first portion of the picture in response
to the first portion having a specific status (belonging to a certain group) and it does not decode a
second portion of the picture in response to the second portion not having the specific status (not

belonging to the certain group).

[00281] For example, a bitstream may contain OPS information where one OPS is
associated with a particular status or group ID. The bitstream may additionally contain picture
partitioning information where pictures are partitioned into portions. This picture partitioning
information may associate each partition with a status or group ID. Furthermore, the picture
partitioning information may associate each partition with a partition ID. The bitstream
additionally contains coded pictures where each coded picture contains coded portions. The
coded portions contain portion information comprising a partition ID for each portion. Now, a
decoder that uses the one OPS when decoding the bitstream would for each coded portion check
the partition ID and by using the status or group ID determine whether or not to decode the
coded portion. If the status or group ID matches with the one OPS, then the decoder decodes the

coded portion.
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[00282] In one example of this embodiment, the group of portions that are decoded and
output are based on the orientation of the display device, where the display device may for
instance be a phone or TV set. In an example use case, as illustrated in FIG. 4A, a picture
consists of 9 subpictures (numbered from O to 8 in FIG. 4A) and the picture is larger than what is
shown on any screen. If shown vertically, only portions 1, 4, and 7 are displayed and if shown
horizontally only portions 3, 4, and 5 are displayed. In this example, portions 1, 4 and 7 could be
indicated as having a specific first status (belonging to a first group) for a vertical display and
portions 3, 4 and 5 could be indicated as having a specific second status (belonging to a second
group) for a horizontal display. Portions 0, 2, 6 and 8 are never displayed and in one embodiment
there is no VCL data for portions 0, 2, 6, 8. In another embodiment, portion 4 has a specific
status A and portions 1, 7 have a specific status B and portions 3, 5 have a specific status C. A
decoder may then select or be instructed to decode and output the portion with status A and
either the portion with status B or the portion with status C depending on, for example,

orientation of the display.

[00283] This may be done without portions of the picture, but the advantage could be that
the portions that will not be displayed do not need to be decoded. It would often be ok to wait

one second if the display orientation is flipped.

[00284] In another embodiment, there are more than one status in the picture, e.g., status
A, status B and status C, each describing a specific status or feature, and the features may be

combined.

[00285] One example with multiple statuses includes means to prioritize what to send/pass
on if the network conditions are limited or prioritize what to decode, e.g., if the decoding lags for

some reason.

[00286] Another example use case of using multiple statuses could be when merging of
videos with different frame rates, such as a collage of surveillance videos where the cameras
have different frame rates. Let’s for instance say that a subpicture stream cam1 of 60 fps is
merged side-by-side with a subpicture stream cam?2 of 30 fps. Caml is the main feed and is
marked with status A in the merged-side-by-side video, while every other frame of cam? in the

merged side-by-side video is marked as status B or status C. The frames with status B have
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coded sample data and the frames with status C have no coded sample data and are thus not

decoded.

[00287] In one embodiment, the multiple statuses are grouped into representations (or
subsets of the picture). For Example, a first representation comprises portions only with status A,
a second representation comprises portions with status A or B and a third representation

comprises portions with status A or C.

[00288] In another example, imagine a picture in the video with texture + depth packed
side-by-side, each with a region of interest (ROI) area (see, e.g., FIG. 10). One could divide this
picture into portions with four different statuses:

Status A: Texture ROI (portion 1)

Status B: Texture non-ROI (portion 2)

Status C: Depth ROI (portion 3)
Status D: Depth non-ROI (portion 4)

[00289] Representations for subscts of this picturc could then be signaled in OPSs:

OPS 1: status A (ROl texture)

OPS 2: status A+B (Full texture)

OPS 3: status A+C (ROI texture with depth)

OPS 4: status C+D (Full depth)

OPS 5: status A+B+C+D (Full texture with depth)

[00290] The set of picture portion sets, or OPS, may (or instance be called an “output
status set (OSS)” in this embodiment. In one variant, all non-Video Coding Layer (non-VCL)
data, e.g. parameter sets, picture header, picture level and higher level SEI messages, are

decoded, but for VCL data, e.g. coded slice data, only those with a status included in the OPS are

decoded, in this case the OPS consists of one status.

[00291] In yet another example, consider a picture comprising 12 portions, where portions
1-5 have status A (i.e., belong to group A), portions 6-8 have status B (i.e., belong to group B),
and portions 9-12 have status C (i.e., belong to group C). In this example, the bitstream defines
four OPSs with different combination of statuses according to TABLE 17 below. An example
syntax of how this can be signalled is shown in TABLE 18. The statuses in the OPS specifies for

which portions VCL data should be decoded. In this example, all portions have one status. In one
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variant of the embodiment, a portion may have more than one status (i.e., a portion may belong

to more than one group).

TABLE 17
Status
(group)
OPSO A
OPS1 Aand C
OPS2 A,Band C
OPS4 Aand B
TABLE 18
output_portion_sets_structure( ) { Descriptor
num_opss_minus1 u(8)

for(i=0;1 <= num_opss_minusl; i++ ) {

num_groups_in ops_minusl1| i | u(v)

for(j=0;j <= num_groups_in_ops_minusl[1 ]; j++) {

group_id [1][j] u(v)

[00292] Here “num_opss _minus1” plus 1 specifies the number of OPSs signalled in the
output_portion_sets_structure(). “num_groups_in_ops_minus1 [ i ]” plus 1 specifies the number
of groups (with a specific status) there are in the i-th OPS. The groups are the groups of portions
that should be decoded for the OPS. “group_id [ 1 ][ j ]” specifies the group ID (status ID) of the
j-th group in the i-th OPS.

[00293] In another embodiment, both the status and the indicator value of the first

embodiment is signalled as shown in Table 19.

TABLE 19

| Status | Portions
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OPSO A 1-5
OPS1 Aand C 1-5,9-12
OPS2 A, BandC 1-12
OPS3 Aand B 1-8

[00294]

Table 20 below, and example syntax of how this can be signalled is shown in Table 21. Here

In the example where OPSs uses statuses, the output may be specified as shown in

OPS1 specifies that all portions having status A and C are decoded but only portions having

status A are output.

TABLE 20
Status Output
OPSO A Status A
OPs1 AandC Status A
OPS2 A,Band C | Status A,B,C
TABLE 21
outpul_portion_sets_structure( ) { Descriptor
num_opss_minus1 u(8)
for(1=0;1 <= num_opss_minusl; i++ ) {
num_groups_in ops_minus1[ I ] u(v)
for(j=0;j <= num_groups_in_ops_minus1[1i];j++) {
group_id [ ][] ] u(v)
output_group_flag [1 ][] u(l)
}
}
}

[00295]
of portions that should be decoded) in the i-th OPS and the “output_group_flag [ i ][ j ] specifies

The “group_id [ 1 ][ j ]” specifies the group ID of the j-th active group (the group

whether the portions of that group should be output or not, for example only decoded but not

output.

[00296] In another example, based on the example in FIG. 4A, one OPS is specified for
the vertical orientation and another OPS is specified for the horizontal orientation. Yet another

OPS could comprise all subpictures.
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[00297] The OPSs may be signalled in the bitstream or conveyed by external means. In
one embodiment of the embodiment, the OPSs are signalled in the VPS as for the OLSs. In other
embodiments of the embodiment, the OPSs are signalled in another parameter set, such as SPS

or PPS, or in a header, such as a picture header or a slice header, or in an SEI message.
[00298] Indication of which OPS to apply

[00299] Similar to the OPI NAL unit type in VVC, the bitstream may contain an
indication of which of the OPS the decoder should use (i.e., which ones are the “active” OPSs).
This indication may be relerred to as the target OPS indicator and may be said (o indicate the
OPS in scope. This indication may as in VVC be signalled in a separate NAL unit with its own
NAL unit type. The indication may also be signalled in a parameter sct, such as VPS, SPS or
PPS, in a header, such as a picture header or a slice header or be conveyed by external means,

e.g. set by user input, be hard coded in the decoder, be defined by a third party specification, etc.

[00300] In one embodiment, an active OPS is used to determine or specify the operating
point at which a decoder shall operate (possibly in combination with other input, e.g. what layers

and temporal sublayers to decode).

[00301] In one embodiment, an active OPS is used to determine or specify an operation
point for a conforming decoder including which picture portions that shall be decoded and which

picture portions that shall be output for the given operation point.

[00302] In one embodiment, the OPS is combined with the OLS such that the portions and
layers that may be used for decoding and output are specified in the same structure. Similarly,
the indication of which OPS to use could be signalled in the OPI together with the indication of
which OLS to use.

[00303] Output Layout for an OPS

[00304] In this embodiment a layout is signalled for the OPS specifying the positioning of
the decoded portions in the output picture. In a preferred variant of this embodiment the specified
positioning of the decoded portions in the output picture is a post processing step which does not
affect what will be used as a reference picture [or decoding other pictures later. An example

syntax of how this can be signalled is shown in Table 22 below:

TABLE 22
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output_portion_sets_structure( ) { Descriptor

num_opss_minusl u(8)

for(1i=0;1 <= num_opss_minus1; i++ ) {

num_portions_minus1[ i | u(v)

for(j=0;j <= num_portions_minus1[ i |; j++ ) {

portion_id [1 ][] u(v)
portion_output_ctu_top_left x[i][j] u(v)
portion_output_ctu_top_left_y [i][]] u(v)
}
}
}
[00305] In the above example, portion_id[ i ][ j ] specifies which portions are in the i-th

OPS and syntax elements portion_output_ctu_top_left x[1][j ] and
portion_output_ctu_top_left_y[ i ][ j ] specify the location of the top left corner of the j-th

portion of the i-th OPS in the output picture.

[00306] In a variant of this embodiment using the new layout for positioning of the
decoded portions in the output picture is constrained. In one example, a layout] is signalled for
OPS1 and a layout?2 is signalled for OPS2, but the decoder is conditioned to use the layoutl for
the decoded portions in OPS1 only if the portions in OPS2 are not decoded by the decoder. In
this example for instance the signalled layoutl and layout2 will not be used if portions in both

OPS1 and OPS2 are decoded.

[00307] In another variant of this embodiment, the signalling of the locations for the
portions of an OPS is conditioned to only those portions that are being output. In one example
shown in the table below, the new location of a portion in an OPS is signalled only if the portion
is being output. In this example, if value of the syntax element output_portion_flag [ i ][ j ] is
equal to 1 then the portion is going to be output and so the location of this portion in the picture
to be output is signalled with portion_output_ctu_top_left x[1][j] and
portion_output_ctu_top_left_y[ i ][ j I, and if syntax element output_portion_flag [ i ][ j ] is equal
to O then portion_output_ctu_top_left_x[ i ][ j ] and portion_output_ctu_top_left_y[ 1 ][ j] will

not be signalled .

Table 23
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output_portion_sets_structure( ) { Descriptor

num_opss_minusl u(8)

for(1i=0;1 <= num_opss_minus1; i++ ) {

num_portions_minus1[ i | u(v)

for(j=0;j <= num_portions_minus1[ i |; j++ ) {

portion_id [1 ][] u(v)

output_portion_flag [i ][] u(l)

if output_portion_flag [1][j] {
portion_output_ctu_top_left_ x[i][j] u(v)
portion_output_ctu_top_left_y [i][j] u(v)

}

}
}
}
[00308] In another embodiment one OPS, e.g. OPS2 is a subset of another OPS, e.g.

OPS1. In this embodiment the OPS2 may be constrained to only contain portions that are also
contained in OPS1 (ok to not have all) and wherein the portions in OPS2 have the same layout as
the corresponding portions of OPS1 in the output picture. In one example, shown in the table
below, layout of the portions is signalled only for the superset OPS (OPS1 in the above example)
but applied to both the superset and subset OPSs (OPS1 and OPS2 in the above example).

TABLE 24

output_portion_sets_structure( ) { Descriptor

num_opss_minusl u(8)

for(1=0;1 <= num_opss_minusl; i++ ) {

subset_of another_ops[ i ] u(l)

if subset_of_another_ops[ 1]

superset_ops_id[ 1]

num_portions_minus1][ i ] u(v)

for(j=0;) <= num_portions_minusl[1i]; j++ ) {
portion_id [1][j ] u(v)
if ('subset_of_another_ops[ i ]){

portion_output_ctu_top_left x[i][j] u(v)

portion_output_ctu_top_left_y[i][j ] u(v)
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[00309] In the above example, subset_of another ops[ 1] equal to 1 specifies that the
(i+1)-th OPS is a subset of another OPS specified by superset_ops_id[ i ], and a new layoul is not
signalled for the (i+1)-th OPS, whereas subset_of_another_ops[ 1 ] equal to 0 specifies that the
(i+1)-th OPS is not a subsct of anothcr OPS and a ncw layout is signalled for the (i+1)-th OPS
using syntax elements portion_output_ctu_top_left_x[ i ][ j | and portion_output_ctu_top_left_y[
L]0l

[00310] Scaling Portions Specified by an OPS

[00311] In this embodiment, it is also signalled in the bitstream how the portions specified

in an OPS are scaled after decoding by the decoder to be output as the output picture.

[00312] One example in the following table shows how this can be signalled.
Table 25
output_portion_sets_structure( ) { Descriptor
num_opss_minus1 u(8)

for(1=0;1 <= num_opss_minusl; i++ ) {

num_portions_minus1][ i ] u(v)

for(j=0;) <= num_portions_minusl[i]; j++ ) {

portion_id [i][j] u(v)
portion_output_ctu_top_left_x[i][j] u(v)
portion_output_ctu_top_left_y[i][j] u(v)
portion_output_scale_x[i][j] u(v)
portion_output_scale_y[i][j] u(v)
}
)
}
[00313] In the above table, syntax elements portion_output_scale_x[ i ][ j ] and

portion_output_scale_y[ i ][ j ] specify the scaling factor corresponding to the x and y

dimensions of the j-th portion in the i-th OPS.
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[00314] In a variant of this embodiment, signalling of the scale factors are conditioned. In
one example the scale factor for a portion is conditioned only if the portion is going to be

decoded and output.
[00315] Each Portion Belongs to Exactly one OPS

[00316] In this embodiment each portion belongs to exactly one OPS. In one example, the
division of the portions into OPSs is signalled in a loop over the number of portions signalling an

OPS id for each portion, as shown below:

Table 26 (list of OPS ids)

seq_parameter_set_rbsp( ) { Descriptor

num_portions_minusl u(8)

for(j =0;) <= num_portions_minusl; j++ ) {

ops_id[ j | u(v)
}
}
[00317] ops_id[ j ] is an OPS identifier for the j-th partition.
[00318] Sample values for portions which are not in an active OPS
[00319] This embodiment may be combined with any of the previous embodiments and in

addition, for an OPS, it is signalled what sample value to output for the portions which are not

decoded (the portions which are not in the set of active portions of the OPS).

[00320] In one example a portion P of the picture is not decoded at the operation point of
OPS1, and a one-byte syntax element filler val is signalled that specifies the sample value to fill
the not decoded portions with, when the output picture includes not decoded portions such as P.
In this example filler_val = O specifies that the sample values corresponding to the portion P in
the output picture are filled with white and filler_val = 255 specifies that the sample values
corresponding to the not decoded portion P in the output picture are filled with black and every

other value of filler_val specifies a gray scale. This example is shown in Table 27.

Table 27
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output_portion_sets_structure( ) { Descriptor
num_opss_minusl u(8)
filler val u(8)

for(1=0;1 <= num_opss_minus1; i++ ) {

num_portions_minusl1[ i | u(v)

for(j=0;) <= num_portions_minusl[i]; j++ ) {

portion_id[ 1 ][] u(v)
}
}
}
[00321] In the above example one filler val syntax element is specified once for all OPSs.
[00322] In a variant of this embodiment the specification of the output sample values for

the portions which are not decoded is per OPS. Following is an example where filler val[ 1 ]
specifies the value to be used as the filler of not-decoded portions when having the i-th OPS as

the active operation point:

Table 28

output_portion_sets_structure( ) { Descriptor

num_opss_minusl u(8)

for(1=0;1 <= num_opss_minusl; i++ ) {
filler_val[ i ] u(8)

num_portions_minus1][ i | u(v)

for(j=10;j <= num_portions_minus1[i]; j++) {

portion_id[i][]] u(v)

[00323] In another variant of this embodiment the not-decoded sample values in the output

picture are copied from another picture or decoded portions of the current picture. In one
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example of this variant shown in the table below, a syntax element copy_interval = X specifies
that for all defined active operation points OPS[ 1 ] the not-decoded sample values in the output
picture are copied from the collocated sample values of the (X+1)-th former output picture in the

output order, where copy_interval =0 specifies to copy from the previous output picture.

Table 29
output_portion_sets_structure( ) { Descriptor
num_opss_minusl u(8)
copy_interval u(v)

for(i=0;1 <= num_opss_minusl; i++) {

num_portions_minus1[ i ] u(v)

for(j=0;j <= num_portions_minus1[ i ]; j++ ) {

portion_id[ i ][] u(v)
}
}
}
[00324] OPS as a Post Processing SEI
[00325] In this embodiment OPS is a pure post-processing tool, so it does not affect the

decoding of the pictures but signals processes to be applied to the decoded picture in order to
create output pictures. In one example of this embodiment the OPS information is signalled in an
SEI message and includes the information (such as a layout information) of what portions from
the decoded picture to put together to create an output picture. In one example of this
embodiment the OPS information includes POC information specifying portions of which
decoded pictures to be used to create an output picture. The following table shows one example

of an OPS SEI message:

Table 30
output_portion_set( payloadSize ) { Descriptor
ops_id ue(v)
ops_num_portions_minusl u(v)
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for(1=0;1 <= num_portions_minus1; i++ ) {
ops_portion_id [ i] u(v)
ops_portion_output_ctu_top_left x[1 ] u(v)
ops_portion_output_ctu_top_left y[i ] u(v)
}
}
[00326] FIG. 12 is a flowchart illustrating a process 1200 for decoding a picture from a

bitstream, the picture comprising a first portion and a second portion. Process 1200 may begin in
step s1202. Step s1202 comprises obtaining, from the bitstream, first status information (e.g., a
first indicator value) corresponding to the first portion of the picture, wherein the first status
information does not correspond to the second portion. Step s1204 comprises determining
whether or not to decode the first portion of the picture based on the first status information (e.g.,
decoding the first portion of the picture in response to determining that the first status
information indicates that the first portion has a first status and refraining from decoding the first
portion of the picture in response to determining that the first status information indicates that the

first portion does not have the first status and zero or more other criterions are met).

[00327] FIG. 13 is a flowchart illustrating a process 1300 for producing a bitstream
comprising a picture (i.e., an encoded picture), the picture comprising a first portion and a
second portion. Process 1300 may begin in step s1302. Step s1302 comprises determining
whether the first portion is required to be decoded by a decoder. Step s1304 comprises, as a
result of determining that the first portion is required to be decoded by a decoder, producing
encoded status information for the first portion and including the encoded status information in
the bitstream, wherein the encoded status information for the first portion does not correspond to
the second portion, and the encoded status information is for informing the decoder that the

decoder should not refrain from decoding the first portion of the picture.

[00328] FIG. 14 is a flowchart illustrating a process 1400 performed by a network node.
Process 1400 may begin in step s1402. Step s1402 comprises receiving 1) a first unit (e.g., VCL
NAL unit) comprising encoded picture sample values corresponding (o a [irst portion of a picture
and 1i) first status information (e.g., encoded first status information) corresponding to the first

portion of the picture, wherein the first status information does not correspond to a second
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portion of the picture. Step s1403 comprises receiving a second unit (e.g., VCL NAL unit)
comprising encoded picture sample values corresponding to the second portion of the picture.
Step s1404 comprises, based on the first status information, deciding whether or not to forward
the first unit to a receiving device. In one embodiment, if the first status information indicates a
first status the first unit, then the first unit will not be forwarded. Because the first status
information does not correspond to the second portion of the picture, the decision of whether or
not to forward the second unit corresponding to the second portion may be independent of the
first status information. In one embodiment, the first status information is included in the first

unit.

[00329] FIG. 16 is a block diagram of an apparatus 1600 for implementing encoder 102,
decoder 104, and/or network node 1104, according to some embodiments. When apparatus
1600 implements encoder 102, apparatus 1600 may be referred to as an encoder apparatus,
when apparatus 1600 implements decoder 104, apparatus 1600 may be referred to as a decoder
apparatus, and when apparatus 1600 implements network node 1104, apparatus 1600 may be
referred to as a network node. As shown in FIG. 16, apparatus 1600 may comprise: processing
circuitry (PC) 1602, which may include one or more processors (P) 1655 (e.g., one or more
general purpose microprocessors and/or one or more other processors, such as an application
specific integrated circuit (ASIC), field-programmable gate arrays (FPGAs), and the like), which
processors may be co-located in a single housing or in a single data center or may be
geographically distributed (i.e., encoder apparatus 1600 may be a distributed computing
apparatus); at least one network interface 1648 (e.g., a physical interface or air interface)
comprising a transmitter (Tx) 1645 and a receiver (Rx) 1647 for enabling apparatus 1600 to
transmit data to and receive data from other nodes connected to a network 110 (e.g., an Internet
Protocol (IP) network) to which network interface 1648 is connected (physically or wirelessly)
(e.g., network interface 1648 may be coupled to an antenna arrangement comprising one or more
antennas for enabling encoder apparatus 1600 to wirelessly transmit/receive data); and a storage
unit (a.k.a., “data storage system’) 1608, which may include one or more non-volatile storage
devices and/or one or more volatile storage devices. In embodiments where PC 1602 includes a
programmable processor, a computer readable storage medium (CRSM) 1642 may be provided.
CRSM 1642 may store a computer program (CP) 1643 comprising computer readable
instructions (CRI) 1644. CRSM 1642 may be a non-transitory computer readable medium, such
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as, magnetic media (e.g., a hard disk), optical media, memory devices (e.g., random access
memory, flash memory), and the like. In some embodiments, the CRI 1644 of computer program
1643 is configured such that when executed by PC 1602, the CRI causes encoder apparatus 1600
to perform steps described herein (e.g., steps described herein with reference to the flow charts).
In other embodiments, encoder apparatus 1600 may be configured to perform steps described
herein without the need for code. That is, for example, PC 1602 may consist merely of one or
more ASICs. Hence, the features of the embodiments described herein may be implemented in

hardware and/or software.

[00330] Summary of Various Embodiments

Decoder Embodiments

Al. A method 1200 for decoding a picture from a bitstream, the picture comprising a first
portion and a second portion, the method comprising:

obtaining, from the bitstream, first status information (e.g., a first indicator value)
corresponding to the first portion of the picture, wherein the first status information does not
correspond to the second portion; and

determining whether or not to decode the first portion of the picture based on the first

status information.

A2. The method of embodiment A1, wherein the method further comprises

obtaining second status information corresponding to the second portion and not
corresponding to the first portion; and

determining whether or not to decode the second portion of the picture based on the

second status information.

A3. The method of embodiment Al or A2, wherein the first portion of the picture is a

subpicture, a slice, a tile, a CTU, a tile set, or a tile group.

A4. The method of any previous embodiment, wherein the first portion is independent

from other portions in the picture (e.g., is independent from the second portion).
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AS. The method of any previous embodiment, wherein

the first portion comprises a set of one or more coded sample values, and

the method further comprises, in response to determining that the first status information
indicates that the first portion has a first status, decoding the set of coded sample values to

produce a set of decoded sample values.

A6. The method of embodiment AS, wherein the method further comprises using the set

of decoded sample values to generate a set of corresponding reconstructed sample values.

A7. The method of any previous embodiment, wherein

the first status information is a status indicator valuc, and

the method further comprises:

determining a first status for the first portion based on the status indicator value; and

decoding the first portion in response Lo the [irst status being equal Lo a status A or
refraining from decoding the first portion in response to the first status not being equal to status

A.

AS8. The method of any of the previous embodiment, wherein the first status information
indicates that the first portion is master portion (e.g., the status information indicates that no

other portion of the picture has a higher status (importance, priority, etc.) than the first portion).

A9. The method of any previous embodiment, wherein the first status information is

decoded from a parameter set, a header, or an SEI message.

A10. The method of any of the previous embodiment, wherein the first portion comprises

two or more CTUs.

Al1l. The method of any previous embodiment, wherein the method further comprises:
obtaining, from the bitstream, second status information (e.g., a second status indicator
value) corresponding to the second portion of the picture (the second status indicator value may

be equal to or not equal to the first status indicator value); and
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determining whether or not to decode the second portion of the picture based on the

second status information.

Embodiment 2

A12. The method of any previous embodiment, wherein

the method comprises determining not to decode the first portion, and

the method further comprises generating reconstructed sample values corresponding to
the first portion using: constant sample values, default sample values, previously reconstructed
sample values, collocated sample values in one or more previously decoded pictures, other
samplc values in one or morc previously decoded pictures, other sample valucs in the picture,

and/or a pre-determined picture or part of a picture.

A12b. The method of claim A12, wherein the bitstream comprises information [or
indicating that reconstructed sample values corresponding to the first portion should be generated
using: constant sample values, default sample values, previously reconstructed sample values,
collocated sample values in one or more previously decoded pictures, other sample values in one
or more previously decoded pictures, other sample values in the picture, interpolated sample

values, extrapolated sample value, and/or a pre-determined picture or part of a picture.

A13. The method of any previous embodiment, wherein
the method comprises determining not to decode the first portion, and
the method further comprises generating reconstructed sample values corresponding to

the first portion using generated, copied, interpolated, and/or extrapolated sample values.

Embodiment 3— Changing subpicture layout

Al4. The method of any previous embodiment, wherein

the method comprises determining not to decode the first portion, and

the method further comprises:
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rearranging at least a second portion of the picture (e.g., such as subpicture, slice, tile in
the decoded picture);

rescaling at least the second portion of the picture (scales the second portion to cover an
area of picture corresponding to the first portion); and/or

changing the output resolution of the decoded picture.

Embodiment 4— An indication in a sequence level that master subpictures are allowed,

e.g., in the SPS

A15. The method of any previous embodiment, wherein the first status information is
decoded from the bitstrcam in response to a third indicator being decoded from the bitstrcam and
the value of the third indicator being equal to a third value (e.g., a third value indicating that the

first value is encoded in the bitstream).

A16. The method of embodiment A15, wherein the third indicator is decoded from a

parameter set (e.g., SPS or PPS) or a header (e.g., slice header or picture header).

Embodiment 7- There is exactly one portion in the picture with status A

A17. The method of any previous embodiment, wherein

the first status information indicates that the first portion has a particular status (e.g.,
master status), and

the method further comprises, as a result of determining that the first status information
indicates that the first portion has a particular status, determining that no other portion of the

picture has said particular status.
A18. The method of any previous embodiment, wherein
obtaining the first status information from the bitstream comprises decoding the first

status information from a first index syntax element in the bitstream.

A19. The method of embodiment A18, wherein
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the first status information indicates that the first portion has a particular status (e.g.,
master status), and

the method further comprises:

decoding the first portion of the picture in response to determining that the first portion
has said particular status; and

refraining from decoding all other portions of the picture.

Embodiment 8— An indication in the slice header that the current slice has status A or not.
In this embodiment the slice that is not a status A slice carries only the indication that this is not
a status A slice, and no slice data (e.g., no coded samples). In a variant, the indication specifies if

the currcent slice has status A or status B (morc than onc status cxists).

A20. The method of any previous embodiment, wherein
the [irst portion is a slice of the picture, and

the status indication is signalled in a slice header for the slice.

A21. The method of embodiment A20, wherein
the slice header is contained in a VCL NAL unit, and
the VCL NAL unit does not contain any coded sample values (i.e., does not contain any

data that represents picture sample values).

Embodiment 9— More than one level, subpicture hierarchy: status A, B, C, ...

A22. The method of any previous embodiment, wherein

the method further comprises obtaining, from the bitstream, second status information
corresponding to the second portion of the picture,

the first status information indicates that the first portion has a first particular status,
status A (e.g., master status),

the second status information indicates that the second portion has a second particular
status, status B (e.g., non-master status), and

status A has a higher priority than status B.
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A23. The method of embodiment A22, wherein status A having a higher priority than
status B indicates that the first portion with status A is not decoded only if the second portion

with status B is not decoded.

Embodiment 10— Gating condition: If master subpicture is indicated and if condition 1,
only picture portions with status A in the picture are decoded. In one embodiment, condition 1 is

a flag in a higher parameter set or a specific tier/level or decoder capability.

A24.The method of any previous embodiment, wherein
the method further compriscs decoding, from the bitstrcam, a gating value,
the determination as to whether or not to decode the first portion is based not only on the

first status information, but also the gating value.

A25. The method of embodiment A24, wherein
if the first status information has a first particular value, then the first portion is decoded

only if the gating value satisfies a condition.

A26. The method of embodiments A24 and A25, wherein the gating value specifies that

only picture portions having a particular status should be decoded.

Embodiment 11-Mechanism for parameter sets when there are master subpictures
indicated: on hold and retrieve, switch between mode 1 and 2, signalled action and default

action.

A27. The method of any previous embodiment, wherein

the bitstream comprises a set of parameter sets, the set of parameter sets comprising a
first parameter set and a second parameters set,

the method further comprises selecting, based on the first status information, a parameter

set from the set of parameter sets, and



10

15

20

25

30

P109661US01 (3602-2832US1) 70

the method further comprises using the selected parameter in a decoding process for

decoding the picture.

A28. The method of embodiment A27, wherein

the bitstream comprises a picture parameter set (PPS) for the picture,

the first parameter set is a first sequence parameter set (SPS) having a first SPS identifier
(ID),

the second parameter set is a second SPS having the first SPS ID, and

obtaining the first status information from the bitstream comprises decoding the first

status information from a syntax element in the PPS.

A29. The method of embodiment A28, wherein
the method comprises selecting the first SPS as a result of determining that the first status
information indicates that the (irst portion has a particular status or selecting the first SPS as a

result of determining that no portion of the picture has the particular status.

Embodiment 12 An input from the device indicates which subpictures will be decoded.

A30. The method of any previous embodiment, wherein
the method is performed by a decoder of a device, and
the determination as to whether or not to decode the first portion is based not only on the

first status information, but also information regarding the device.

A31. The method of embodiment A30, wherein the information regarding the device
comprises:

screen size information,

screen resolution information,

screen orientation information,

screen ratio information,

memory load information,

processing load information,
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battery level information, and/or

power consumption information.

Embodiment 13 Decoder guaranties bit exact decode and output of only master portions.

A32. The method of any previous embodiment, wherein only picture portions with a

particular status are guaranteed a bit exact decode.

Output Portion Set (OPS)
A33. The method of any previous embodiment, wherein the first status information

indicatcs an output portion sct, OPS, to which the first portion belongs.

Encoder Embodiments

B1. A method 1300 (se FIG. 13) [or producing a bitstream comprising a picture (i.e., an
encoded picture), the picture comprising a first portion and a second portion, the method
comprising:

determining whether the first portion is required to be decoded by a decoder; and

as a result of determining that the first portion is required to be decoded by a decoder,
producing encoded status information for the first portion and including the encoded status
information in the bitstream, wherein

the encoded status information for the first portion does not correspond to the second
portion of the picture, and

the encoded status information is for informing the decoder that the decoder should not

refrain from decoding the first portion of the picture.

B2. The method of embodiment B1, wherein
determining whether the first portion is required to be decoded by a decoder comprises
receiving input from a pre-processor, wherein the input is used to determine whether the first

portion is required to be decoded by a decoder.
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B3. The method of embodiment B2, wherein the input comprises picture partitioning
information that identifies the portions of the picture and, for each identified portion, a status for

the portion.

B4. The method of embodiment B3, wherein
the picture partitioning information identifies a region of interest (Rol) within the picture,
and

the status for the Rol is a first status (e.g., master status).

Network Embodiment. A node in the network only passes through NAL units needed to

decodc subpicturces of a higher status. This may be triggered by reduced nctwork capacity.

C1. A method 1400 (see FIG. 14) performed by a network node, the method comprising:

receiving a [irst unit (e.g., VCL NAL unit) comprising encoded picture sample values
corresponding to a first portion of a picture and first status information (e.g., encoded first status
information) corresponding to the first portion of the picture; and

based on the first status information, deciding whether or not to forward the first unit to a

receiving device.

C2. The method of embodiment C1, wherein

the first status information comprises a first status indicator value, and

deciding whether or not to forward the first unit to a receiving device based on the status
information comprises determining whether the first status indicator value satisfies a criterion
(e.g., determining whether the first status indicator value is less than a threshold or is greater than

a threshold)

C3. The method of embodiment C2, wherein the method further comprises:

receiving second status information corresponding to the second portion of the picture;
and

based on the second status information, deciding whether or not to forward the second

unit to the receiving device, wherein
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the second status information comprises a second status indicator value that is different
than the first status indicator value, and

deciding whether or not to forward the second unit to a receiving device based on the
second status information comprises determining whether the second status indicator value

satisfies said criterion.

D1. A computer program (1643) comprising instructions (1644) which when executed by
processing circuitry (1602) of an apparatus (1600) causes the apparatus to perform the method of

any one of the above embodiments.

D2. A carricr containing thc computer program of cmbodiment D1, wherein the carricr is
one of an electronic signal, an optical signal, a radio signal, and a computer readable storage

medium (1642).

El. An apparatus (1600) configured to perform any of the method of any one of the

above method embodiments.

[00331] While the terminology in this disclosure is described in terms of VVC, the
embodiments of this disclosure also apply to any existing or future codec, which may use a

different, but equivalent terminology.

[00332] Also, while various embodiments are described herein, it should be understood
that they have been presented by way of example only, and not limitation. Thus, the breadth and
scope of this disclosure should not be limited by any of the above-described exemplary
embodiments. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the disclosure unless otherwise indicated herein or

otherwise clearly contradicted by context. As used herein “a”” means “at least one” or “one or

more.”

[00333] Additionally, while the processes described above and illustrated in the drawings

are shown as a sequence of steps, this was done solely for the sake of illustration. Accordingly, it
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is contemplated that some steps may be added, some steps may be omitted, the order of the steps

may be re-arranged, and some steps may be performed in parallel.
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