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NORMATIVE INDICATION OF RECOVERY POINT

TECHNICAL FIELD

[001] This disclosure relates to video encoding and decoding,.
BACKGROUND

[002] 1. HEVC and VVC

[003] High Efficiency Video Coding (HEVC), a.k.a. H.265 is a block-based video
codec standardized by ITU-T and MPEG that utilizes both temporal and spatial prediction.
Spatial prediction is achieved using intra (I) prediction from within the current picture.
Temporal prediction is achieved using inter (P) or bi-directional inter (B) prediction on block
level from previously decoded reference pictures. 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 before transmitted together with necessary
prediction parameters such as prediction mode and motion vectors, also entropy coded. By
quantizing the transformed residuals, a tradeoff between bitrate and quality of the video may
be controlled. The level of quantization is determined by the quantization parameter (QP). The
decoder performs entropy decoding, inverse quantization and inverse transformation to obtain

the residual, and then adds the residual to an intra or inter prediction to reconstruct a picture.

[004] MPEG and ITU-T is working on the successor to HEVC within the Joint Video
Exploratory Team (JVET). The name of this video codec under development is Versatile
Video Coding (VCC). When the latest draft of VVC is referred to in this description the
version 5 of the VVC draft of JVET-L1001 is considered.

[005] 1.1 Slices

[006] The concept of slices in HEVC divides the picture into independently coded
slices, where each slice is read in raster scan order in units of CTUs. 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. The main purpose of slices is to enable resynchronization in case of data loss.
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[007] 1.2 Tiles

[008] The HEVC video coding standard includes a tool called tiles that divides a picture
into rectangular spatially independent regions. Using tiles, a picture in HEVC can be partitioned
into rows and columns of samples where a tile is an intersection of a row and a column. The tiles

in HEVC are always aligned with CTU boundaries.

[009] VVC is expected to not use traditional slices as in HEVC. Instead tiles are
expected to play a larger role in VVC due to increased demand for spatial random access from

video services including VR streaming.

[0010] The concept of tile groups was agreed to be included in the current VVC draft at
the last JVET meeting. A tile group is used to group multiple tiles to reduce the overhead of each

tile.
[0011] 1.3 Parameter Sets
[0012] HEVC 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.
[0013] 1.4 Intra random access point (IRAP) pictures

[0014] An IRAP picture in HEVC does not refer to any pictures other than itself for
prediction in its decoding process and may be the first picture in the bitstream in decoding order
or may appear later in the bitstream. The first picture in the bitstream in decoding order must be
an IRAP picture. Provided that the necessary parameter sets are available when they need to be
activated, the IRAP picture and all subsequent non- random access skipped leading (non-RASL)
pictures in decoding order can be correctly decoded without performing the decoding process of
any pictures that precede the IRAP picture in decoding order. There may be pictures in a
bitstream that do not refer to any pictures other than itself for prediction in its decoding process

that are not IRAP pictures.
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[0015] HEVC specifies three types of IRAP pictures, the broken link access (BLA)
picture, the instantaneous decoder refresh (IDR) picture and the clean random access (CRA)
picture.
[0016] Each IDR picture is the first picture of a CVS in decoding order. An IDR picture

may have associated random access decodable leading (RADL) pictures. An IDR picture does

not have associated RASL pictures.

[0017] Each BLA picture starts a new CVS and has the same effect on the decoding
process as an IDR picture. However, a BLA picture contains syntax elements that specify a non-
empty reference picture set (RPS). A BLA picture may have associated RASL pictures, which
are not output by the decoder and may not be decodable, as they may contain references to
pictures that are not present in the bitstream. A BLA picture may also have associated RADL

pictures, which are specified to be decoded.

[0018] A CRA picture may have associated RADL or RASL pictures. As with a BLA
picture, a CRA picture may contain syntax elements that specify a non-empty RPS. For CRA
pictures a flag can be set to specify that the associated RASL pictures are not output by the
decoder, because they may not be decodable, as they may contain references to pictures that are

not present in the bitstream.
[0019] 1.5 Picture Order Count

[0020] In HEVC, the picture order count (POC) is defined as a variable that is associated
with each picture, uniquely identifies the associated picture among all pictures in the CVS, and,

when the associated picture is to be output from the decoded picture buffer, indicates the position
of the associated picture in output order relative to the output order positions of the other pictures

in the same CV'S that are to be output from the decoded picture buffer.
[0021] 1.6 NAL Units and picture types

[0022] The concept of the network abstraction layer (NAL) was introduced in the
Advanced Video Coding (AVC) standard and is also used in HEVC. The main goal of the NAL

is to provide a network-friendly video representation for various video applications including
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broadcasting, physical storage, video-on-demand and video streaming using different transport

protocols.

[0023] All video data is encapsulated into NAL units, where each NAL unit contains an
integer number of bytes. The NAL unit in HEVC has a header which specifies the NAL unit type
of the NAL unit, the layer ID and the temporal ID for which the NAL unit belongs to. The NAL
unit type is transmitted in the nal unit_type codeword in the NAL unit header and the type
indicates and defines 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. It is tentatively agreed to use NAL units also for VVC.

[0024] A NAL unit may contain Video Coding Layer (VCL) or non-VCL data. A VCL
NAL unit contains data that represents the values of the samples in the video pictures. A non-
VCL NAL unit contains any additional associated data including parameter sets and
supplemental enhancement information (SEI) messages, see below. A series of NAL units
produced by an encoder is referred to as a NAL unit stream. The table below (TABLE 1), taken
from the HEVC specification, defines the HEVC NAL unit type codes and its corresponding
NAL unit type class. Here one also sees the different picture types in HEVC. The picture types
with NAL unit type between 0 and 9 are inter-coded, i.e. trailing pictures (TRAIL), temporal
sublayer access (TSA), step-wise temporal sublayer access (STSA), random access decodable
leading (RADL) and random access skipped leading (RASL). The picture types with NAL unit
type between 16 and 21 are intra coded intra random access point (IRAP) pictures, i.e. broken
link access (BLA), instantaneous decoder refresh (IDR) and clean random access (CRA)

pictures.

[0025] For single layer coding in HEVC, an access unit (AU) is the coded representation
of a picture, which may consist of several video coding layer (VCL) NAL units as well as non-
VCL NAL units. A coded video sequence (CVS) in HEVC and in the VVC draft is a series of
access units starting at an intra random-access point (IRAP) access unit up to, but not including
the next IRAP access unit in decoding order. 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
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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.

TABLE 1
nal_unit_type Name of Content of NAL unit and RBSP syntax structure NAL unit
nal_unit_type type class

0 TRAIL N Coded slice segment of a non-TSA, non-STSA trailing VCL
1 TRAIL_R picture

slice_segment layer rbsp()
2 TSA N Coded slice segment of a TSA picture VCL
3 TSA R slice_segment layer rbsp()
4 STSA N Coded slice segment of an STSA picture VCL
5 STSA R slice_segment layer rbsp()
6 RADL N Coded slice segment of a RADL picture VCL
7 RADL R slice segment layer rbsp()
8 RASL N Coded slice segment of a RASL picture VCL
9 RASL R slice_segment layer rbsp()
10 RSV_VCL_NI10 Reserved non-IRAP SLNR VCL NAL unit types VCL
12 RSV_VCL NI12
14 RSV_VCL_N14
11 RSV_VCL R11 Reserved non-IRAP sub-layer reference VCL NAL unit VCL
13 RSV _VCL R13 types
15 RSV_VCL RI15
16 BLA_ W_LP Coded slice segment of a BLA picture VCL
17 BLA W _RADL slice_segment _layer rbsp()
18 BLA N LP
19 IDR_ W _RADL Coded slice segment of an IDR picture VCL
20 IDR N LP slice_segment_layer_rbsp()
21 CRA NUT Coded slice segment of a CRA picture VCL

slice_segment layer 1bsp()
22 RSV_IRAP_VCL22 | Reserved IRAP VCL NAL unit types VCL
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23 RSV_IRAP_VCL23
24.31 RSV _VCL24.. Reserved non-IRAP VCL NAL unit types VCL
RSV_VCL31
32 VPS_NUT Video parameter set non-VCL
video_parameter_set _rbsp( )
33 SPS NUT Sequence parameter set non-VCL
seq_parameter set_tbsp( )
34 PPS NUT Picture parameter set non-VCL
pic_parameter_set_rbsp()
35 AUD NUT Access unit delimiter non-VCL
access_unit_delimiter rbsp()
36 EOS_NUT End of sequence non-VCL
end of seq rbsp()
37 EOB_NUT End of bitstream non-VCL
end of bitstream_rbsp( )
38 FD_NUT Filler data non-VCL
filler_data_rbsp()
39 PREFIX_SEI NUT | Supplemental enhancement information non-VCL
40 SUFFIX SEI NUT | sei_rbsp()
41..47 RSV _NVCLA41.. Reserved non-VCL
RSV_NVCL47
48..63 UNSPEC4S8.. Unspecified non-VCL
UNSPEC63
[0026] In the latest VVC draft the table (see TABLE 2) is rather short and does not yet

contain very specific VCL NAL unit types. The final draft of VVC is expected to have more

NAL unit types specified.
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TABLE 2
nal_unit_type Name of Content of NAL unit and RBSP syntax structure NAL unit
nal_unit_type type class
0 NON_IRAP NUT Coded slice segment of a non-IRAP picture VCL

slice_layer_rbsp()

1 IRAP_NUT Coded slice of an IRAP picture VCL

slice_layer_tbsp()

2-15 RSV_VCL_NUT Reserved VCL NAL Units VCL

16 SPS NUT Sequence parameter set non-VCL
seq_parameter_set rbsp()

17 PPS_NUT Picture parameter set non-VCL

pic_parameter_set_rbsp()

18 EOS_NUT End of sequence non-VCL
end_of seq rbsp()

19 EOB_NUT End of bitstream non-VCL
end_of bitstream_rbsp( )

20,21 PREFIX_SEI NUT | Supplemental enhancement information non-VCL
SUFFIX_SEI_NUT | sei_tbsp()

22-26 RSV_NVCL Reserved non-VCL
27-31 UNSPEC Unspecified non-VCL
[0027] 2. Recovery Points
[0028] A recovery point is used to perform a random access operation in a bitstream

using only temporal predicted pictures. A recovery point is also useful for refreshing the video in

case of video data loss.

[0029] A decoder performing a random access operation in a bitstream decodes all
pictures in a recovery point period without outputting them. When it reaches the last picture of

the recovery point period, the recovery point picture, the video has been fully refreshed and the
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recovery point picture and the following picture may be outputted. The recovery point
mechanism is sometimes referred to as gradual decoding refresh (GDR) since it refreshes the

video gradually picture by picture.

[0030] In practice a GDR is created by gradually refreshing the video using intra coded
blocks (e.g. CTUs). For each picture in the recovery point period a larger part of the video is

refreshed until the video has been fully refreshed.

[0031] FIG. 1A and FIG. 1B shows two different example patterns for gradual decoding
refresh of the video over five pictures. The white blocks are non-refreshed blocks (or “dirty”
blocks), dark grey blocks are intra coded blocks, and dark and medium grey blocks are refreshed
blocks (or “clean” blocks). FIG. 1A illustrates gradual refresh using vertical lines of intra coded
blocks. FIG. 1B illustrates gradual refresh using a pseudo-random pattern. Other common
patterns exist too, including horizontal lines and block-by-block in raster scan order. The blocks

in the example may be CTUs.

[0032] Refreshed blocks may be configured to only predict from other refreshed blocks
in the current (spatial intra prediction) and previous pictures (temporal prediction). This prevents

artifacts from spreading into refreshed areas between pictures.

[0033] Slices or tiles can be used to restrict predictions between non-refreshed and
refreshed blocks in an efficient way since slice and tile boundaries may turn off predictions
across the boundaries but allow predictions elsewhere. In the first example, the picture may be
divided into two tiles where one tile comprises the refreshed blocks and the other tile comprises
the non-refreshed blocks. This is illustrated in FIG. 1C, which shows an example of using the
restrictions in tiles for GDR. Tile borders are shown with thick lines. One tile is used for the
clean area and one tile is used for the dirty area Note that the tile distribution and tile sizes are
then not constant over time. Some degree of artifacts could alternatively be allowed by not

restricting, or just partially restricting temporal and spatial prediction to refreshed areas.
[0034] 2.1 Recovery Point SEI message in HEVC

[0035] A mechanism used in AVC and HEVC for sending messages in the bitstream that
are not strictly needed for the decoding process but may aid the decoder in various ways, is the

supplemental enhancement information (SEI) messages. SEI messages are signaled in a SEI
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NAL unit, but are not normative - - i.e., not mandatory for a decoder conforming to HEVC to
support. As noted in the HEVC specification: “SEI messages assist in processes related to
decoding, display or other purposes. However, SEI messages are not required for constructing
the luma or chroma samples by the decoding process. Conforming decoders are not required to
process this information for output order conformance to this Specification (see Annex C and
clause F.13 for the specification of conformance). Some SEI message information is required to

check bitstream conformance and for output timing decoder conformance.”

[0036] One SEI message defined by HEVC and AVC is the Recovery Point SEI
message. The recovery Point SEI message is sent in the position (at the picture) in the bitstream
where the recovery period starts. When a decoder tunes in to the bitstream, it may start decoding
all pictures in decoding order from this position without outputting them, until it reaches the

recovery point picture, from where all pictures should be fully refreshed and ok to output.

[0037] The syntax for the recovery point SEI in HEVC is shown below in TABLE 3.
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TABLE 3
recovery point( payloadSize ) { Descriptor
recovery_poc_cnt se(v)
exact match flag u(1)
broken_link flag u(l)
)

recovery_poc_cnt specifies the recovery point picture from where the decoder

can start outputting pictures.

exact_match_flag equal to 1 specifies that the recovery point picture resulting
from tuning in to the recovery point exactly matches the recovery point picture
as if the bitstream was decoded from the previous IRAP picture.
exact_match_flag equal to O specifies that the recovery point picture should be
virtually the same as if the bitstream was decoded from the previous IRAP

picture, but it may not be an exact match.

broken_link flag is used to indicate if there is a broken link in the bitstream at
the location of the SEI message. If the broken link flag is set equal to 1,
pictures produced by starting the decoding at the location of a previous IRAP
picture may contain undesirable visual artifacts that should not be displayed

before the recovery picture.

[0038] 2.2 Work on Recovery Points in JVET

[0039] At the 11" JVET meeting in Ljubljana an ad hoc group (AHG14) was formed to
study recovery points for VVC. For the following meeting in Macao the following two proposals

were discussed:

[0040] In JVET-L0079, it is first discussed what non-normative changes needs to be
done to the coding tools on the encoder side to enable exact match using the Recovery point SEI
message in HEVC. The coding tools discussed are advanced temporal MV prediction (ATMVP),

intra prediction, intra block copy, inter prediction, and in-loop filters comprising the sample
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adaptive offset (SAO) filter, deblocking filters and the adaptive loop filter (ALF). The document
also discusses some normative changes that could be applied to the coding tools to increase

compression efficiency.

[0041] JVET-L0161 proposes to signal information about the intra refresh in the SPS,
PPS and at the slice level. The signaled intra refresh information in SPS/PPS comprises a flag for
enabling intra refresh tools, intra refresh mode (column, line, pseudo), size of the intra refresh
pattern (e.g. width of column or length of line) and intra refresh delta QP. The signaled intra
refresh information at slice level comprises intra refresh direction (right to left/left to right/top to
bottom/ bottom to top) to be used to determine motion vector constraints, and intra refresh
position specifying the position of the intra refresh blocks given by the size of the intra refresh
pattern. The intra refresh pattern is derived at the picture level according to the intra refresh

position values if a CU belongs to the intra refresh area.

SUMMARY

[0042] Certain challenges exist. For example, a problem with the current solution in
HEVC to send a Recovery Point in an SEI message is that the encoder may not be aware if an
unknown decoder supports the recovery point SEI message or not and thus the encoder needs to
send periodic IRAP pictures to ensure that the decoder will be able to tune in to a bitstream. This

is sub-optimal in terms of bandwidth and may constitute a bottleneck for low-delay applications.

[0043] The recovery point SEI message may not be supported in a consistent way in
external specifications, e.g. in Digital Video Broadcasting (DVB) specifications and in the

ISO/IEC 1449-15 specification, which may cause interoperability issues.

[0044] It seems useful to allow a CVS to start with a recovery point, e.g. after splitting
low-delay bitstreams encoded with recovery points for instance for recording or archiving
purposes. However, a bitstream starting with a non-IRAP picture and a recovery point SEI
message is not a legal bitstream in neither of AVC, HEVC, nor the VVC draft, since SEI

messages are not normatively specified.
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[0045] JVET-L0079 and JVET-L0161 focus on restrictions to coding tools to support
GDR, which may anyway be fixed by using border restrictions of tiles. JVET-L0079 does not
mention any other solution for indicating the start and end of a recovery point apart from the
Recovery point SEI message in HEVC. Indicating the presence of recovery points non-
normatively in a SEI message may cause issues if support of the recovery points in coding tools

is specified normatively in VVC.

[0046] Certain aspects of the present disclosure and their embodiments may provide
solutions to these or other challenges. In one aspect, the problems mentioned above are solved
by signaling by normative means the indication of the recovery point (a.k.a., “the recovery point
indication”). Various ways of signaling the normative recovery point indication are described

herein.

[0047] In a first embodiment the generic solution for signaling a recovery point

indication in a normative way is described.

[0048] In a second preferred embodiment the recovery point indication is signaled in a
non-VCL NAL unit

[0049] In a third embodiment, the start and end of the recovery period is signaled by
VCL NAL units using new recovery point indication VCL NAL unit types.

[0050] In a fourth embodiment a VCL NAL unit and a non-VCL picture type NAL unit
are defined, where the random access point indication is signaled in the non-VCL picture type
NAL unit.

[0051] In a fifth embodiment the recovery point indication is signaled in the PPS
[0052] In a sixth embodiment the recovery point indication is signaled in a picture header
[0053] In a seventh embodiment the scope of the recovery point is not the whole picture

but a segment of the picture.

[0054] In an eighth embodiment it is signaled in the SPS whether the bitstream supports

recovery points or not.
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[0055] Certain embodiments may provide one or more of the following technical
advantage(s). For example, having the indication of the recovery point normatively specified has

the following advantages:

[0056] (1) The encoder will know that all decoders support the normative recovery point
indication. Thus, no additional IRAP pictures need to be encoded to ensure random access when

the decoder implementation is unknown.

[0057] (2) Alignment between external specifications is ensured. By a normative
signaling of the recovery point indication in the VVC specification, there is no need for external
specifications to mandate the SEI message. Thus, the usage of recovery points would be aligned

between external specifications.

[0058] (3) Splitting of bitstreams on recovery points is enabled. A bitstream encoded
with normative recovery points may be partitioned into legal CVSs at the recovery points. A

CVS may thus start with a recovery point access unit.

[0059] (4) Specific coding level tools may be used for recovery points. Normative coding
level tools for progressive intra refresh may be defined for VVC. Indicating the presence of
recovery points normatively enables normative progressive intra coding tools to be used for
random access in a straight-forward way. Since SEI messages are not normative, it is not
mandatory for a decoder to decode them. Introducing mandatory syntax, semantics or processes
based on SEI messages is not possible but basing them on normative recovery point information

would not have any such problems.

[0060] Also, having the indication of the recovery point specified as a non-VCL NAL

unit type according to the second embodiment has the following advantages:
[0061] (1) The recovery point indication is easily accessed from the systems layer;

[0062] (2) A decoder only needs to parse the NAL unit headers to know where possible

recovery point tune in points are located in the bitstream; and

[0063] (3) Using a non-VCL NAL unit type would add signaling overhead in the
bitstream only when the recovery point indication is present, i.e. no need to signal any data

indicating that there is no recovery point.
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[0064] In one aspect a method for decoding a video bitstream is provided. The video
bitstream comprises a sequence of pictures comprising a picture A and a picture B, wherein
picture A starts a recovery point period and picture B ends the recovery point period. The
method includes obtaining the video bitstream and decoding from the video bitstream a
normative indication of the recovery point period, wherein the normative indication of the
recovery point period indicates that picture A starts the recovery point period and/or that picture

B ends the recovery point period.

[0065] In another embodiment the method for decoding the bitstream includes the steps
of obtaining from the bitstream a normative recovery point period indication (RPI) and
determining a value from one or more syntax elements of the normative RPI, wherein the value

specifies a recovery point picture.

[0066] In another embodiment the method for decoding the bitstream includes the steps
of receiving a network abstraction layer, NAL, unit contained in the bitstream, the NAL unit
containing a type value; determining whether the type value specifies that the NAL unit
comprises recovery point picture information that identifies a recovery point picture; and

determining the recovery point picture based on the recovery point picture information.

[0067] In one aspect a method for encoding a bitstream is provided. The method includes
the steps of: determining whether a particular picture is the start of a recovery point period,
wherein a recovery point picture is the last coded picture in decoding order in the recovery point
period, and, as a result of determining that the particular picture is the start of the recovery point
period, then performing the steps of: a) defining the particular picture as a gradual decoding
refresh, GDR, picture; b) determining the recovery point picture; and c¢) encoding a normative
recovery point period indication in the bitstream, wherein the normative recovery point period
indication comprises information indicating the position of the recovery point picture in the

bitstream and/or information indicating the position of the particular picture in the bitstream.

[0068] In another embodiment the method for encoding the bitstream includes the steps
of determining whether a particular picture is the start of a recovery point period, and, as a result
of determining that the particular picture is the start of the recovery point period, then performing

the steps of: determining a position of a recovery point picture for the recovery point period; and
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encoding to the bitstream a recovery point period indication, RPI, network abstraction layer,

NAL, unit.

[0069] In another aspect a computer program is provided. The computer program
includes instructions which when executed by processing circuitry causes the processing
circuitry to perform any of the method described herein. In another aspect a carrier is provided,
where the carrier contains the computer program and the carrier is one of an electronic signal, an

optical signal, a radio signal, and a computer readable storage medium.

[0070] In another aspect a decoding apparatus for decoding a video bitstream is provided.
The video bitstream includes a picture A and a picture B, wherein picture A starts a recovery
point period and picture B ends the recovery point period. The decoding apparatus is adapted to:
obtain the video bitstream; and decode from the video bitstream a normative indication of the
recovery point period, wherein the normative indication of the recovery point period indicates
that picture A starts the recovery point period and/or that picture B ends the recovery point
period. In one embodiment the decoding apparatus includes a computer readable storage
medium; and processing circuitry coupled to the computer readable storage medium, wherein the
processing circuitry is configured to cause the decoding apparatus to perform any one of the

methods disclosed herein.

[0071] In another aspect an encoding apparatus for encoding a video bitstream is
provided. The encoding apparatus is adapted to determine whether a particular picture is the
start of a recovery point period, wherein a recovery point picture is the last coded picture in
decoding order in the recovery point period; and, as a result of determining that the particular
picture is the start of the recovery point period, then perform the steps of: a) defining the
particular picture as a gradual decoding refresh, GDR, picture; b) determining the recovery point
picture; and ¢) encoding a normative recovery point period indication in the bitstream, wherein
the normative recovery point period indication comprises information indicating the position of
the recovery point picture in the bitstream and/or information indicating the position of the

particular picture in the bitstream.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0072] The accompanying drawings, which are incorporated herein and form part of the
specification, illustrate various embodiments.
[0073] FIG. 1A shows an example pattern for gradual decoding refresh (GDR) of a video
over five pictures.
[0074] FIG. 1B shows another example pattern for GDR of a video over five pictures.
[0075] FIG. 1C shows an example of using the restrictions in tiles for GDR.
[0076] FIG. 2 illustrates an example of a reference structure for low-delay video.
[0077] FIG. 3 illustrates an example of using a recovery point indication (RPI) NAL unit
to indicate a recovery point in a bitstream.
[0078] FIG. 4A is a flow chart illustrating a process according to an embodiment.
[0079] FIG. 4B is a flow chart illustrating a process according to an embodiment.
[0080] FIG. 5A is a flow chart illustrating a process according to an embodiment.
[0081] FIG. 5B is a flow chart illustrating a process according to an embodiment.
[0082] FIG. 6 is a flow chart illustrating a process according to an embodiment.
[0083] FIG. 7 is a block diagram of an apparatus according to one embodiment.
DETAILED DESCRIPTION
[0084] Some of the embodiments contemplated herein will now be described more fully

with reference to the accompanying drawings. Other embodiments, however, are contained
within the scope of the subject matter disclosed herein, the disclosed subject matter should not
be construed as limited to only the embodiments set forth herein; rather, these embodiments
are provided by way of example to convey the scope of the subject matter to those skilled in
the art. Additional information may also be found in the document(s) provided in the

Appendix.

[0085] Terminology:
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[0086] Intra random access point (IRAP) picture: A coded picture which does not
reference other pictures than itself for prediction. An IRAP picture may be used for random

accCess.

[0087] Recovery point: A position in the bitstream where a random access operation

can be performed without the use of any IRAP picture

[0088] Recovery point period: The period of the recovery point, i.e. the period from the
first picture where the refresh is started until the last picture where the video is fully decoded
when a recovery point random access operation is performed. The term recovery period is used

interchangeably with recovery point period in this description.

[0089] Gradual decoding refresh (GDR) picture: The first picture in a recovery point
period. The refresh is starting at this picture. The term recovery point begin (RPB) picture is
used interchangeably with GDR picture in this description.

[0090] Recovery point picture: The last picture in the recovery point period. When this
picture, and the previous pictures in the recovery point period have been decoded, the video is

fully refreshed.
[0091] 1. Normative indication of recovery point

[0092] In this embodiment, the presence of a recovery point is indicated in a normative

way, in contrast to HEVC where the recovery point is signaled in a non-normative SEI message.

[0093] The recovery point indication specifies 1) where the recovery point period begins,
i.e. the position of the GDR picture where the refresh is initiated, and 2) where the recovery point
ends, i.e. identification or position of the recovery point picture, where the video has been fully
refreshed. The position of the GDR picture can be explicitly signaled, for example by syntax
elements of a picture or syntax elements included in the access unit of the picture. In an
embodiment, the recovery point indication is signaled at the position of the GDR picture in the
bitstream. In an embodiment, the position of the recovery point picture is explicitly signaled
together with the recovery point indication. The position of the recovery point picture may be
signaled by information sent with the GDR picture or in the access unit of the GDR picture, for

example by signaled information such that a decoder can derive an ID for the recovery point
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picture when the GDR picture or the GDR access unit is decoded. The decoder may then check
for a match with the ID while decoding pictures that follow the GDR picture in decoding order
and the picture with a match is identified as the recovery point picture. The derived ID may be a
frame number, a picture order count number, a decoding order number, or any other number that

a decoder derives for decoded pictures and may act as a picture identifier.
[0094] 1.1 Random access using a normative recovery point

[0095] When tuning in to a bitstream at a recovery point, i.e. performing a random access
to the bitstream or if the bitstream starts with a recovery point, the decoder first locates a
normative recovery point indication in the bitstream. Since it is known by the encoder that the
decoder shall support recovery points, the bitstream can be encoded with recovery points as the
only type of random access points, which will enable random access operations while fulfilling
low-delay requirements at the same time. After the recovery point indication has been located,
the start and end of the recovery point is identified before the pictures in the recovery point
period are decoded starting from the GDR picture. The pictures in the recovery point period

should not be output, except for the recovery point picture.

[0096] A decoder may suppress output of those pictures although the bitstream otherwise
specifies that they should be output. In one version, output of the pictures in the corresponding
recovery point period except the recovery point picture are normatively suppressed if a random
access operation is done at the recovery point. From the recovery point picture and onwards,

pictures are decoded and output as normal.

[0097] In an alternative version of this embodiment, the recovery point picture is the last
picture in decoding order that is not output. In this case, the decoder does not output any picture
in the recovery point period, including the recovery point picture, but starts outputting pictures

that follow the recovery point picture in decoding order.
[0098] 12 Generation of unavailable reference pictures

[0099] When the decoder tunes in to a bitstream at a recovery point, pictures referenced
by the pictures in the recovery point period may not be available, if they are located before the
recovery point indication in decoding order (see FIG 2.). In embodiment, such unavailable

pictures are generated before the decoding of the pictures in the recovery point period.
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Generation of an unavailable picture may comprise allocating memory for a picture, setting
block sizes in that picture to specific values, setting the POC value of that picture to a specific
value, etc. In particular, when generating an unavailable reference picture each value in the
sample array of the picture may be set to a specific value, for instance a midgray color, and each
prediction mode of the reference picture could be set to be mode intra. This is further described

below.

[00100] Referring now to FIG. 2, FIG. 2 illustrates an example of a reference structure for
low-delay video. In FIG. 2, pictures 2-4 are included in a recovery point period associated with a
recovery point, where picture 2 is the GDR picture and picture 4 is the recovery point picture. If
the decoding is initialized at the recovery point, pictures O and 1 referenced by the pictures in the
recovery point period are unavailable and shall be generated to prevent decoder crash (e.g.,

generated as described above).

[00101] If a picture in the recovery point period is lost (in the same temporal layer or
below), the recovery process cannot guarantee a full recovery. The decoder could then wait for

the next recovery point or try to perform error concealment.
[00102] 1.3 Starting a CV'S with a recovery point

[00103] Defining the recovery point indication in a normative way enables a CV'S to start
with a recovery point. This may be useful after splitting a low-delay coded bitstream encoded

with recovery points to support random access.

[00104] In the current draft of VVC, a CVS is defined as:

coded video sequence (CVS): A sequence of access units that consists, in decoding order, of an IRAP access unit,
followed by zero or more access units that are not IRAP access units, including all subsequent access units up to but

not including any subsequent access unit that is an IRAP access unit.

[00105] An access unit is defined as:

access unit: A set of NAL units that are associated with each other according to a specified classification rule, are

consecutive in decoding order, and contain exactly one coded picture.

[00106] Below is an example text for the definition of a CVS for a first version of the

embodiment that allows a normatively specified recovery point to start a CVS, where a recovery
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point indication access unit is an access unit associated with the GDR picture of the recovery

point:

coded video sequence (CVS): A sequence of access units that consists, in decoding order, of an IRAP access unit
or a recovery point indication access unit, followed by zero or more access units that are not IRAP access units,

including all subsequent access units up to but not including any subsequent access unit that is an IRAP access unit.

[00107] In one version of this embodiment a recovery point indication access unit also

defines the end of a CVS. Example text for the definition of CVS is shown below:

coded video sequence (CVS): A sequence of access units that consists, in decoding order, of an IRAP access unit
or a recovery point indication access unit, followed by zero or more access units that are not /[RAP access units and
not recovery point indication access units, including all subsequent access units up to but not including any

subsequent access unit that is an I[RAP access unit or a recovery point access unit.

[00108] The recovery point indication access unit could alternatively be called something

else, for instance GDR access unit, or Recovery Point Begin (RPB) access unit.

[00109] In another version of the embodiment a random access point (RAP) access unit is

defined, which could comprise either an IRAP picture or the GDR picture of the recovery point:

coded video sequence (CVS): A sequence of access units that consists, in decoding order, of a RAP access unit,
followed by zero or more access units that are not RAP access units, including all subsequent access units up to but

not including any subsequent access unit that is a RAP access unit.

random access point (RAP) access unit: An access unit in which the coded picture is an IRAP picture or in which

the access unit contains a recovery point indication.

[00110] 1.4 Exact match

[00111] Exact match could be made by restricting prediction from non-refreshed areas to
refreshed areas. In an embodiment, only exact match is allowed, meaning that prediction from
non-refreshed areas is not allowed during recovery point periods. This ensures that the following

pictures are always identical regardless if the decoding was started at the recovery point or not.

[00112] In another version, a functionality similar to the exact match_flag in the recovery

point SEI message is used in the normative indication of the recovery point, meaning that the
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pictures following the recovery point picture may not be identical depending on if the decoding

was started at the recovery point or not.
[00113] 1.5 Encoder and decoder steps

[00114] Example encoding steps, where all or some of the steps are processed for
encoding a bitstream with recovery points using normative indication of recovery points, are

shown below:

For each picture to be encoded to the bitstream:

1. If the picture is the start of a recovery point
a. Define the picture as a GDR picture
b. Determine the recovery point period and the future recovery point picture position
c. Encode a normative recovery point indication in the bitstream (i.e., add to the
bitstream an encoded normative recovery point indication)
d. Encode a SPS in the bitstream
e. Encode a PPS in the bitstream
f. Encode the GDR picture using partial intra refresh
2. elseif the picture is inside the recovery point period
Encode the picture using partial intra refresh

else

Encode picture normally

[00115] Example decoding steps, where all or some of the steps are executed for tuning in
to a bitstream with recovery points using normative indication of recovery points, are shown

below:

Scan bitstream for a normative recovery point indication

When a normative recovery point indication is found, determine a recovery point POC

value from one or more syntax elements in the normative recovery point indication

Decode SPS from the bitstream

Decode PPS from the bitstream

5. Do{

a. Start decoding a next current picture and derive its POC value currPOC. If
currPOC is less than recovery _pont POC, do steps b and ¢

b. Generate unavailable reference pictures for those pictures that are referenced by
the current picture but have not been decoded

c. Decode the current picture without outputting it, for example by setting a state for

N =

W
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the current picture indicating that it shall not be output
} while (currPOC < recovery _point POC)

6. Decode and output the current picture (the recovery point picture) and the following
pictures

[00116] When starting a CVS with a recovery point, the first step of scanning the

bitstream for a normative recovery point indication, is not necessary.

[00117] In one version of the embodiment, if the associated SPS and PPS can be
acquired by other means, for instance from an earlier instance in the bitstream or signaled out-
of-band, it is not necessary to have the SPS or PPS encoded in or decoded from the same

access unit as the recovery point indication
[00118] 2. Recovery point indication in its own recovery point indication NAL unit

[00119] In an embodiment, the presence of a recovery point is indicated by a recovery
point indication NAL unit. The indication is based on the presence of a recovery point indication
NAL unit such that if a recovery point indication NAL unit is present, a recovery point is
indicated. If a recovery point indication NAL unit is not present, a recovery point is not
indicated. The recovery point is preferably indicated using a non-VCL NAL unit type, meaning
that the NAL unit does not contain any video coding layer data. In contrast to HEVC, which
signals the recovery point SEI in a non-normative (i.e., not mandatory to support) SEI message
(which in turn is signaled in a SEI NAL unit), the idea is to use a dedicated NAL unit type for the
recovery point. In this way, the recovery point becomes normative - - i.e., a part of the

specification.

[00120] FIG. 3 illustrates an example of using a recovery point indication (RPI) NAL unit
to indicate a recovery point in a bitstream. That is, FIG. 3 illustrates a bitstream containing an
RPI NAL unit (NAL unit headers are marked in gray). In the illustrated example, the bitstream
contains one VCL NAL unit per picture, i.e. one slice or one tile group per picture. The RPI

NAL unit is placed before the VCL NAL unit containing the GDR picture that begins the refresh.

[00121] In one version of this embodiment, the VCL NAL unit type of the GDR picture

and all other pictures in the recovery point period may be of any picture type. In another version,
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the picture types of the pictures in the recovery point period are restricted to certain picture

types.

[00122] In one version, the recovery point indication NAL unit is placed before any SPS
and PPS in the access unit in case there is any SPS or PPS in the access unit. In other versions,
the SPS and/or PPS is placed before the recovery point indication in the access unit or signaled

out-of-band.

[00123] In one version, the recovery point indication NAL unit is located before any VCL
NAL unit in the access unit associated with the GDR picture. This access unit may be referred to
as a recovery point access unit or a recovery point begin (RPB) access unit, as in the example
definition below. The access unit may alternatively, as in the example in FIG. 3, be referred to as
a random access point (RAP) access unit. In one version of the embodiment, the IRAP access
unit in VVC is replaced with a RAP access unit, which is an access unit in which the coded

picture is an IRAP picture or an access unit that contains a recovery point indication NAL unit.

[00124] Below is an example set of definitions, syntax, and semantics of how the recovery

point indication could be specified as a NAL unit type on top of the latest VVC draft:

3.18 coded video sequence (CVS): A sequence of access units that consists, in decoding order,

of an IRAP access unit or an RPB access unit, followed by zero or more access units that are not
IRAP access units, including all subsequent access units up to but not including any subsequent

access unit that is an IRAP access unit.

3.74 recovery point: A point in the bitstream where the next bit in the bitstream is the first bit of
a RPB access unit.

3.75 recovery point begin (RPB) access unit: An access unit that contains a recovery point
indication NAL unit.

3.76 recovery point begin (RPB) picture: The coded picture in an RPB access unit.

3.77 recovery point period: The set of pictures including an RPB picture and all pictures that
follow the RPB picture until and including the recovery point picture indicated by the recovery
point indication NAL unit in the access unit containing the RPB picture.

3.78 recovery point picture: The last coded picture in decoding order in a recovery point
period.
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[00125] The table below illustrates the Recovery Point Indication raw byte sequence
payload (RBSP) syntax:
recovery_point_indication_tbsp( ) { Descriptor
recovery_poc_cnt se(v)
tbsp_trailing_bits( )
h
[00126] The table below defines NAL unit header semantics:
nal_unit_type Name of Content of NAL unit and RBSP syntax structure NAL unit
nal_unit_type type class
0 NON_IRAP _NUT Coded slice segment of a non-IRAP picture VCL
slice layer_tbsp( )
1 IRAP_NUT Coded slice of an IRAP picture VCL
slice layer rbsp()
2-15 RSV_VCL NUT Reserved VCL NAL Units VCL
16 SPS NUT Sequence parameter set non-VCL
seq_parameter set tbsp( )
17 PPS_NUT Picture parameter set non-VCL
pic_parameter set rbsp( )
18 EOS NUT End of sequence non-VCL
end of seq tbsp()
19 EOB_NUT End of bitstream non-VCL
end of bitstream_rbsp( )
20 RPI_ NUT Recovery point indication non-VCL
recovery_point_indication_tbsp( )
21,22 PREFIX_SEI NUT | Supplemental enhancement information non-VCL
SUFFIX SEI NUT | sei 1bsp()
23-26 RSV_NVCL Reserved non-VCL
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27-31 UNSPEC Unspecified non-VCL

When nal_unit_type is equal to RPI NUT (i.e., type=20), Temporalld shall be equal to 0.

[00127] The recovery Point Indication RBSP semantics may be defined as follows:

The RPI NAL unit shall precede any VCL NAL units in the access unit containing the RPI NAL
unit. All VCL NAL units in an access unit containing the RPI NAL unit shall have Temporalld
equal to 0.

If an RPB access unit containing an RPI NAL unit is not the first access unit in the CVS and a
random access operation is not initiliazed at the RPB access unit, the RPI NAL unit in the RPB

access unit shall be ignored.

Otherwise, if an RPB access unit containing an RPI NAL unit is the first access unit in the CVS
or a random access operation is initialized at the RPB access unit, the following applies:
- The decoder shall generate all reference pictures included in the RPS of the recovery

point begin (RPB) picture of the RPB access unit according to the process described in
[see example specification text 8.2.1.1 below for this].

- The poc msb cycle val for the RPB picture shall be set to 0 when deriving the
PicOrderCntVal for the RPB picture

- The RPB picture and all pictures that follow the RPB picture in decoding order shall be
decoded.

- The RPB picture and all pictures that follow the RPB picture in decoding order until but
not including the recovery point picture, shall not be output.

- Any SPS or PPS RBSP that is referred to by the picture in a RPB access unit or by any
picture following that picture in decoding order shall be available to the decoding process
prior to its activation.

It is a requirement of bitstream conformance that the decoded pictures that follow the recovery
point picture in decoding order shall be an exact match to the pictures that would be produced by
starting the decoding process at the location of an IRAP or RPB access unit that precedes the
RPB picture that belong to the same recovery point period as the recovery point picture in

decoding order, if any, in the bitstream.
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recovery_poc_cnt specifies picture order count of the recovery point picture. The picture that
follows the current picture in decoding order that has PicOrderCntVal equal to the
PicOrderCntVal of the current picture plus the value of recovery poc cnt is referred to as the
recovery point picture. The recovery point picture shall not precede the current picture in
decoding order. The value of recovery poc_cnt shall be in the range of -MaxPicOrderCntLsb / 2
to MaxPicOrderCntLsb / 2 — 1, inclusive.

[00128] In other versions of this embodiment one or more of a pointer to the recovery
point picture (e.g., the recovery_poc_count value), exact match flag and broken link flag are
signaled in the recovery point indication NAL unit. Syntax and semantics are shown below. Note
that the presence of a broken link flag in a normatively specified recovery point indication NAL

unit may replace the need for specifying a BLA picture type as in HEVC.

recovery_point_indication_rbsp() { Descriptor
recovery_poc_cnt se(v)
exact_match_flag u(l)
broken_link_flag u(l)
tbsp_trailing_bits( )

¥

exact_match_flag indicates whether decoded pictures at and subsequent to the specified
recovery point in output order derived by starting the decoding process at the access unit
associated with the recovery point indication will be an exact match to the pictures that
would be produced by starting the decoding process at the location of a previous IRAP
access unit, if any, in the bitstream. The value 0 indicates that the match may not be exact
and the value 1 indicates that the match will be exact. When exact match_flag is equal to
1, it is a requirement of bitstream conformance that the decoded pictures at and
subsequent to the specified recovery point in output order derived by starting the
decoding process at the access unit associated with the recovery point indication shall be
an exact match to the pictures that would be produced by starting the decoding process at
the location of a previous IRAP access unit, if any, in the bitstream.
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NOTE 1 — When performing random access, decoders should infer all references to unavailable pictures as
references to pictures containing only intra coding blocks and having sample values given by Y equal to ( 1
<< (BitDepthY — 1)), Cb and Crbothequal to (1 << ( BitDepthC — 1)) (mid-level grey), regardless of
the value of exact match flag.

When exact_match_flag is equal to 0, the quality of the approximation at the recovery
point is chosen by the encoding process and is not specified in this Specification.

broken_link flag indicates the presence or absence of a broken link in the NAL unit
stream at the location of the recovery point indication and is assigned further semantics as
follows:

—If broken_link flag is equal to 1, pictures produced by starting the decoding process at
the location of a previous IRAP access unit may contain undesirable visual artefacts to the
extent that decoded pictures at and subsequent to the access unit associated with the
recovery point indication in decoding order should not be displayed until the specified
recovery point in output order.

— Otherwise (broken_link flag is equal to 0), no indication is given regarding any
potential presence of visual artefacts.

Regardless of the value of the broken link flag, pictures subsequent to the specified
recovery point in output order are specified to be correct or approximately correct in
content.

[00129] In another version of this embodiment, the recovery poc_cnt is fixed length
coded and/or byte aligned. By doing so, accessing the information in the recovery point
indication NAL unit is slightly easier, since it is known beforehand which bits to parse, which is

useful when extracting selected information at the systems level. An example of this is shown in

the table below.
recovery_point_rbsp( ) { Descriptor
recovery_poc_cnt u(®6)
exact_match_flag u(l)
broken_link flag u(l)
b
[00130] In one version of this embodiment, the unavailable reference pictures of the

pictures in the recovery point are generated before the decoding of these pictures. In one version,
all pictures in the reference picture set (RPS) of the GDR picture are generated when the

decoding is started with the recovery point, e.g. if the recovery point is first in the bitstream or if
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a random access operation is performed at the recovery point. The table below contains example

specification text for generating unavailable reference pictures.
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8.2.1 Decoding process for generating unavailable reference pictures

8.2.1.1 General decoding process for generating unavailable reference pictures

This process is invoked for any RPB picture in the bitstream if the corresponding RPB access
unit is the first access unit in the CVS or a random access operation is initialized at the RPB

access unit.
The following applies:
— For each RefPicSetStCurrBefore[i], with i in the range of 0 to NumPocStCurrBefore — 1,

inclusive, that is equal to "no reference picture", a picture is generated as specified in clause
8.2.1.2, and the following applies:

— The value of PicOrderCntVal for the generated picture is set equal to PocStCurrBefore][i].
— The value of PicOutputFlag for the generated picture is set equal to O.
— The generated picture is marked as "used for short-term reference".
— RefPicSetStCurrBefore[i] is set to be the generated reference picture.
— The value of nuh_layer _id for the generated picture is set equal to nuh_layer id.
— For each RefPicSetStCurrAfter[i], with i in the range of 0 to NumPocStCurrAfter — 1,

inclusive, that is equal to "no reference picture", a picture is generated as specified in clause
8.2.1.2, and the following applies:

— The value of PicOrderCntVal for the generated picture is set equal to PocStCurrAfter[i].
— The value of PicOutputFlag for the generated picture is set equal to 0.
— The generated picture is marked as "used for short-term reference".
— RefPicSetStCurrAfter[i] is set to be the generated reference picture.
— The value of nuh_layer id for the generated picture is set equal to nuh_layer id.
— For each RefPicSetStFoll[i], with i in the range of 0 to NumPocStFoll — 1, inclusive, that is

equal to "no reference picture", a picture is generated as specified in clause 8.2.1.2Error!
Reference source not found., and the following applies:

— The value of PicOrderCntVal for the generated picture is set equal to PocStFoll[i].

— The value of PicOutputFlag for the generated picture is set equal to 0.
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— The generated picture is marked as "used for short-term reference".
— RefPicSetStFoll[i] is set to be the generated reference picture.

— The value of nuh_layer id for the generated picture is set equal to nuh_layer id of the
current picture.

— For each RefPicSetLtCurt(i], with i in the range of 0 to NumPocLtCurr — 1, inclusive, that is
equal to "no reference picture”, a picture is generated as specified in clause 8.2.1.2, and the
following applies:

— The value of PicOrderCntVal for the generated picture is set equal to PocLtCurt[i].

— The value of slice_pic_order cnt_Isb for the generated picture is inferred to be equal to (

PocLtCurr[i] & ( MaxPicOrderCntLsb — 1) ).

— The value of PicOutputFlag for the generated picture is set equal to O.

The generated picture is marked as "used for long-term reference".

— RefPicSetLtCurr[i] is set to be the generated reference picture.

The value of nuh_layer id for the generated picture is set equal to nuh_layer id.

— For each RefPicSetLtFoll[i], with i in the range of 0 to NumPocLtFoll — 1, inclusive, that is
equal to "no reference picture”, a picture is generated as specified in clause 8.2.1.2, and the
following applies:

— The value of PicOrderCntVal for the generated picture is set equal to PocLtFoll[i].

— The value of slice_pic_order cnt Isb for the generated picture is inferred to be equal
to ( PocLtFoll[i] & ( MaxPicOrderCntLsb — 1) ).

— The value of PicOutputFlag for the generated picture is set equal to 0.
— The generated picture is marked as "used for long-term reference".
— RefPicSetLtFoll[i] is set to be the generated reference picture.

— The value of nuh_layer id for the generated picture is set equal to nuh_layer id of the
current picture.

8.2.1.2 Generation of one unavailable picture
When this process is invoked, an unavailable picture is generated as follows:

— The value of each element in the sample array Sr for the picture is set equal to 1 << (

BitDepthY — 1).
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— When ChromaArrayType is not equal to 0, the value of each element in the sample arrays Scv

and Scr for the picture is set equal to 1 << ( BitDepthC —1).

— The prediction mode CuPredMode[x][y] is set equal to MODE INTRA for x =

0..pic_width_in luma samples — 1, y =0..pic_height in luma samples — 1.

[00131] Example encoding steps where all or some of the steps are processed for encoding

a bitstream with recovery points and with recovery point indication in a non-VCL NAL unit:

For each picture to be encoded in the bitstream:

1. If the picture is the start of a recovery point (i.e., a GDR picture)
a. Determine the recovery point period and the recovery point picture position
b. Encode a recovery point indication NAL unit comprising information indicating
the position of the recovery point picture in the bitstream
¢. Add GDR picture to the list of random access point pictures
d. Encode SPS in the bitstream
e. Encode PPS in the bitstream
2. If the picture is inside the recovery point period
Encode the picture using partial intra refresh

else

Encode picture normally

[00132] Example decoding steps for tuning in to a bitstream with recovery points and with

recovery point indication in a non-VCL NAL unit:

1. While (recovery point indication not found) {
Read bytes

If NAL unit header in bytes {

If NAL unit type in NAL unit header equals RPI NUT
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Parse NAL unit and determine from recovery point period or
pointer to the recovery point picture an indicator

recovery _point POC

}
}
§
2. Decode SPS
3. Decode PPS
4. Do {
- Generate unavailable reference pictures referenced by the current picture with
identifier currPOC
- Decode current picture without outputting it
} while (currPOC < recovery point POC)
5. Add GDR picture to the list of random access point pictures

6. Decode and output recovery point picture and following pictures normally

[00133] When starting a CVS with a recovery point, the scanning procedure of the first
step may not be needed and the first step may therefore be done without checking the condition
in the while statement, i.e. it is always true that the recovery point indication has not been

found before the decoding of the CVS has started.

[00134] In one version of the embodiment, if the associated SPS and PPS can be
acquired by other means, for instance from an earlier instance in the bitstream or signaled out-
of-band, it is not necessary to have the SPS or PPS encoded in or decoded from the same

access unit as the recovery point indication

[00135] In other words, a decoder may execute the method described in this embodiment

by all or a subset of the following steps to tune into a bitstream:

[00136] Derive NAL unit type values for NAL units in the bitstream by parsing
NAL unit headers of NAL units in decoding order, compare each derived NAL unit
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type value with a predefined value representing a recovery point indication NAL unit
type, find the first NAL unit in decoding order having a NAL unit type value that is

equal to the predefined value;

[00137] Decode the found NAL unit and decode a picture identification delta

value D from decoded syntax elements of the found NAL unit;

[00138] Find the first NAL unit carrying coded sample values for a picture
(called the GDR picture) following the found NAL unit in decoding order;

[00139] Decode the first NAL unit and derive 1) a picture order count value for
the GDR picture and 2) a list of picture order count values representing picture order
count values of reference pictures that were buffered by the encoder when the picture
was encoded. The list may be a list of the picture order count values of the picture in

the reference picture set for the GDR picture;

[00140] For each picture order count value in the list of picture order count
values, allocate or assign memory for a generated picture and generate the picture by at
least one of the following: Set every luma sample value of the generated picture to a
constant value, set every block mode to a constant value, set the picture order count of

the generated picture to the associated picture order count value in the list.
[00141] Decode the entire GDR picture;

[00142] Derive a picture identification value V by adding the delta value D and

the picture order count value for the GDR picture; and

[00143] Decode pictures that follow the GDR picture in decoding order. For each
decoded picture i, derive a picture order count value Pi and compare the identification
value V with Pi. If the value Pi is less than V, suppress output of picture i. If the value

Pi is equal to or greater than V, do not suppress output of picture i.
[00144] 3. In VCL NAL unit as picture type

[00145] In another embodiment, the indication of the recovery point is signaled as a

picture type in a VCL NAL unit. In one version of this embodiment, two new picture types are
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defined: 1) a picture type NON_IRAP RPI BEGIN that indicates the beginning of a recovery
point and 2) a picture type NON_IRAP RPI_END that indicates the end of the recovery point.

[00146] Example specification text on top of the current VVC draft is shown in the below
table:
nal_unit_type | Name of nal_unit_type Content of NAL unit and RBSP syntax structure NAL unit
type class
0 NON_IRAP NUT Coded slice segment of a non-IRAP picture VCL
slice layer rbsp()
1 NON_IRAP RPI BEGIN | Coded slice segment of a non-IRAP picture starting VCL
_NUT a recovery point
slice_layer_rbsp( )
2 NON_IRAP RPI_END_N | Coded slice segment of a non-IRAP picture ending a VCL
uT recovery point
slice _layer rbsp()
3 IRAP NUT Coded slice of an IRAP picture VCL
slice _layer rbsp()
4-15 RSV_VCL_NUT Reserved VCL NAL Units VCL
16 SPS NUT Sequence parameter set non-VCL
seq_parameter set rbsp()
17 PPS_NUT Picture parameter set non-VCL
pic_parameter set tbsp( )
18 EOS_NUT End of sequence non-VCL
end of seq rbsp()
19 EOB_NUT End of bitstream non-VCL
end of bitstream rbsp( )
20,21 PREFIX_SEI NUT Supplemental enhancement information non-VCL
SUFFIX_SEI NUT sei_tbsp()
22-26 RSV_NVCL Reserved non-VCL
27-31 UNSPEC Unspecified non-VCL
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[00147] In this embodiment, the POC for the recovery point picture does not need to be
explicitly signaled.
[00148] To fully support temporal layers, NON IRAP RPI BEGIN NUT and
NON IRAP RPI END NUT should be restricted to not be set for pictures of different temporal
layers.
[00149] This embodiment, like embodiment 2, has the benefit of easy access to the

recovery point information from the systems layer. One potential problem with this approach is
that the recovery point indication becomes tied to the picture type. To allow for recovery points
in pictures with different picture types (see for instance the many different picture types in
HEVC), NAL unit types for all combinations or a subset of combinations are needed. This
includes if one would like to support a recovery point starting at the same picture as the previous
recovery point ended. Another issue is if the NAL unit with the NAL unit type specifying the end
of the recovery point is lost. The decoder may then not know when the recovery point period is

ending.

[00150] Also, to be able to support overlapping recovery points, a mechanism for mapping

the end of a recovery point to the correct start of a new recovery point is needed.

[00151] In an alternative version of this embodiment, the information about the end of the
recovery point - - i.e. the POC for the recovery point picture - - together with other information
related to the recovery point is signaled by other means, such as in the SPS or in the PPS. Thus,

in this version only NON IRAP RPI BEGIN NUT is signaled as a picture type.

[00152] In a similar alternative version of this embodiment, the end of the recovery point
is signaled with a codeword early in the tile group header with its presence conditioned in the
VCL NUT. That would solve the problem with the loss of the end of the recovery point.

Example syntax and semantics for this alternative version is shown in the below table.
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tile group header() { Descriptor

tile_group pic_parameter_set_id ue(v)
if(nal_unit_type == NON_IRAP RPI BEGIN NUT)

recovery_poc_cnt se(v)
if( NumTilesInPic > 1) {

tile_group address u(v)

num_tiles_in_tile_group_minusl ue(v)
}

if(num tiles in tile group minusl >0) {
offset_len_minusl ue(v)
for(1=0;1<num_tiles in_tile group minusl; i++)

entry_point_offset minus1[i] u(v)

}

byte alignment( )

}

recovery_poc_cnt specifies the recovery point of decoded pictures in output order. The
picture that follows the current picture (with nal unit_type equal to

NON _ IRAP RPI BEGIN NUT) in decoding order in the CVS and that has PicOrderCntVal
equal to the PicOrderCntVal of the current picture plus the value of recovery _poc_cnt is
referred to as the recovery point picture. The recovery point picture shall not precede the
current picture in decoding order. The value of recovery poc_cnt shall be in the range of
—MaxPicOrderCntLsb / 2 to MaxPicOrderCntLsb / 2 — 1, inclusive.

[00153] 4. In a picture type NAL unit (assuming there are picture type NAL units and
picture data NAL units)
[00154] In another embodiment, the VCL NAL units as defined in HEVC and VVC are

divided into two categories: a picture data VCL NAL unit that contains the coded video data and
the picture type non-VCL NAL unit that contains the picture type and related picture type
information for the following picture data VCL NAL unit. An advantage with grouping the
picture types in one NAL unit is that fewer NAL unit types need to be specified, and the NAL

unit header could thus comprise fewer bits, which would save bits overall.
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[00155] In this embodiment the recovery point indication is signaled in a NAL unit of the
second category, the non-VCL picture type NAL unit.

[00156] In a first version of this embodiment, the recovery point is indicated by setting a
flag in the non-VCL picture type NAL unit. Example syntax and semantics for this embodiment

are shown below:

nal_unit_type | Name of nal_unit_type Content of NAL unit and RBSP syntax NAL unit
structure type class
0 PIC_ DATA _VCL _NUT | Coded slice segment of a picture VCL

slice_layer rbsp()

1-14 RSV_VCL_NUT Reserved VCL NAL Units VCL

15 PIC_TYPE NUT Picture type non-VCL
picture type rbsp()

16 SPS NUT Sequence parameter set non-VCL
seq_parameter_set rbsp( )

17 PPS_NUT Picture parameter set non-VCL

pic_parameter set_tbsp()

18 EOS_NUT End of sequence non-VCL
end of seq rbsp()

19 EOB_NUT End of bitstream non-VCL
end of bitstream_rbsp( )

20,21 PREFIX SEI NUT Supplemental enhancement information non-VCL
SUFFIX SEI NUT sei_tbsp()
22-26 RSV_NVCL Reserved non-VCL

27-31 UNSPEC Unspecified non-VCL
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picture_type rbsp() { Descriptor
picture_type u(v)
recovery_point_flag u(l)
if (recovery_point_flag) {
recovery_poc_cnt se(v)
exact_match_flag u(l)
broken_link flag u(l)
3
¥

picture_type specifies the picture type for the picture associated with the access unit.
picture_type equal to O specifies that the picture is an IRAP picture. picture_type equal to 1
specifies that the picture is a non-IRAP picture. picture type shall be in the range of O to 1,
inclusive. [Ed note: Note that there are more picture types anticipated for the final version

of VVC(C]

recovery_point_flag equal to 1 specifies that the current picture is the first picture of a
recovery point. The last picture of the recovery point is specified by recovery poc_cnt.
recovery_point_flag equal to O specifies that the current picture is not the first picture of a

recovery point.

[00157] In the example syntax above, the recovery point indication is signaled with a
separate flag: recovery point_flag. In another version of this embodiment the recovery point
indication is given its own picture type, e.g. 2, signaled in the picture_type syntax element. This

is illustrated in the example syntax and semantics below:



WO 2020/130922 PCT/SE2019/051317

39

picture_type rbsp() {

Descriptor

picture_type

uv)

if (picture _type ==2) {

recovery_poc_cnt

se(v)

exact_match_flag

u(l)

broken_link_flag

u(l)

picture_type specifies the picture type for the picture associated with the
access unit. picture type equal to O specifies that the picture is an IRAP picture.
picture_type equal to 1 specifies that the picture is a non-IRAP picture.

picture _type equal to 2 specifies that the picture is the first picture of a recovery
point where the last picture of the recovery point is specified by

recovery_poc_cnt.

picture_type shall be in the range of 0 to 2, inclusive.

[00158] 5. Signal recovery point indication in PPS

[00159] In another embodiment, the indication of the recovery point is signaled in the

PPS. The below table shows an example syntax and semantics for this:
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pic_parameter set rbsp() { Descriptor
recovery_point_start_flag u(l)
if (recovery_point_start flag) {
recovery_poc_cnt se(v)
exact_match_flag u(l)
broken_link flag u(l)

recovery_point_start flag equal to 1 specifies that the current picture is the first picture of a
recovery point. The last picture of the recovery point is specified by recovery _poc_cnt.
recovery point_start flag equal to O specifies that the current picture is not the first picture of a
recovery point.

[00160] Having the recovery point specified in the PPS has the advantage that the cost for
signaling the presence of a recovery point is relatively low. On the other hand, a flag is needed
for indicating if the recovery point is available or not. The persistence of the recovery point may
also be longer than the persistence of the PPS where it was specified, which may cause problems.
Moreover, a decoder seeking to tune in to the bitstream should preferably not need to parse each

PPS to find out if it is possible to perform a random access.
[00161] 6. Signal recovery point indication in picture header

[00162] It has been discussed that VVC may include a picture header to efficiently code
header data that is identical between slices (will likely be called tile groups). Accordingly, in
another embodiment, the indication of the recovery point is signaled in this new picture header.

The below table shows an example syntax and semantics for the picture header:
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picture_header( ) { Descriptor
recovery_point_start_flag u(l)
if (recovery_point_start flag) {
recovery_poc_cnt se(v)
exact_match_flag u(l)
broken_link flag u(l)

recovery_point_start flag equal to 1 specifies that the current picture is the first picture of a
recovery point. The last picture of the recovery point is specified by recovery _poc_cnt.
recovery point_start flag equal to O specifies that the current picture is not the first picture of a
recovery point.

[00163] A potential drawback with specifying the recovery point indication in a picture
header would be that it may not be well exposed to the systems layer. A way to make it more
accessible to the systems layer is to use fixed length coding for the recovery point syntax and the
syntax elements prior to the recovery point syntax and/or put the recovery point syntax elements

in the beginning of the picture header.
[00164] 7. Recovery point indication per temporal segment

[00165] In another embodiment, in contrast to the previous embodiments, the scope of

the recovery point indication is not the whole picture, but a set of temporally aligned segments
of a picture, where a segment could be a tile, a tile group, a slice or similar. Thus, the recovery
point indication in this embodiment specifies when one or more segments of a picture are fully

refreshed.

[00166] In one version of this embodiment a recovery point indication is signaled right

before each segment, for instance in a NAL unit or a segment header.

[00167] In another version of this embodiment, the recovery point indication is signaled
in the same container, e.g. a NAL unit, a PPS, a SPS or a picture header, for the whole picture
but may have a different starting and/or ending picture for the recovery period for each

segment.
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[00168] In another version of this embodiment, the signaled recovery point indication
may comprise both a starting and ending picture for the recovery point period of the whole
picture and separate starting and/or ending picture for the recovery point period for each

segment.

[00169] In another version of this embodiment, the recovery point indication comprises a

flag to determine if the spatial scope is the whole picture or just a segment in the bitstream.
[00170] 8. Signal in SPS if recovery points are allowed in the bitstream

[00171] In another embodiment a flag is signaled in the SPS specifying if recovery
points may be available in the bitstream or not. When a decoder sees that this flag is turned off,

it will know that it is not possible to tune in to the bitstream at recovery points.

[00172] This flag may alternatively be used as a condition whether to signal at a picture
level if a recovery point is started or not, for instance the recovery point_start flag in the

previous embodiment.

[00173] This flag may alternatively be signaled in another parameter set that has the
whole sequence in scope, for instance a video parameter set (VPS) or a decoder parameter set

(DPS).

[00174] FIG. 4A is a flow chart illustrating a process 400 according to some
embodiments.
[00175] Step s402 comprises obtaining a video bitstream. The video bitstream may

comprise a coded video sequence (CVS) of pictures containing a recovery point period having

a recovery point.

[00176] In some embodiments, the recovery point is a position in the bitstream where
decoding may start at a non-IRAP picture. The recovery period starts at a particular picture
(denoted “picture A”) and ends at a picture B that follows picture A in decoding order. The
video may be fully refreshed at picture B if the decoding is started at picture A and all other
pictures in the recovery period following picture A and preceding picture B in decoding order,

are decoded.
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[00177] Step s404 comprises decoding a normative indication of the recovery point
period from the video bitstream.
[00178] In some embodiments, the normative indication of the recovery point comprises

a temporal position of picture A and/or picture B.

[00179] In some embodiments, the decoding is initialized at the recovery point and
process 400 further comprises determining position of picture A, determining position of
picture B, decoding picture A and all other pictures in the recovery period before picture B in
decoding order without outputting them, and decoding and outputting picture B. Process 400

may further comprise performing a random access operation at the recovery point.

[00180] In some embodiments, a picture in the recovery period references an unavailable
reference picture and the method further comprises generating the unavailable reference

picture before decoding at least one of the pictures in the recovery period.

[00181] In some embodiments, the CVS starts with the recovery point. In some
embodiments, the CVS is a conforming part of the bitstream that conforms to a standard
specification such that a decoder that conforms to the standard specification is required to decode

the CVS.

[00182] In some embodiments, the recovery point indication is decoded from a non-VCL
NAL unit. In some embodiments, the non-VCL NAL unit from which the recovery point
indication is decoded has a non-VCL NAL unit type that indicates that the non-VCL NAL unit

is a recovery point indication non-VCL NAL unit.

[00183] In some embodiments, the recovery point is defined in a random access point

access unit.

[00184] In some embodiments, at least one of indication of start of the recovery point
and indication of end of recovery point is decoded from a NAL unit type syntax element in a
VCL NAL unit. At least one of indication of start of the recovery point and indication of end of

recovery point may be decoded from one of a PPS, SPS or tile group header.

[00185] In some embodiments, process 400 further comprises decoding the picture type

of each picture from a picture type NAL unit and decoding the picture data for each picture
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from a picture data NAL unit. Indication of start of recovery point at picture A and/or
indication of end of recovery point at picture B may be decoded from a picture type NAL unit.

Indication of the recovery point may be decoded from the PPS and/or from a picture head.

[00186] In some embodiments, the recovery point indication is only valid for a spatial
subset of the picture. The bitstream may contain a syntax element in SPS determining if the
bitstream may comprise recovery points or not. In some embodiments, picture A and picture B
are constrained to belong to the same temporal layer. The recovery point indication may
comprise a broken link flag. The recovery point indication and picture A may belong to the

same access unit.

[00187] In some embodiments, the normative indication of the recovery point is ignored
if the recovery point does not start the CVS or if a random access operation is not performed at

the recovery point. Normative recovery point indication may not be contained in an SEI

message.
[00188] FIG. 4B is a flow chart illustrating a process 450 according to some
embodiments.

[00189] Step s452 comprises determining whether a picture is the start of a recovery

point. The recovery point may have a recovery point period and the recovery point period may
have a recovery point picture. In some embodiments, the recovery point picture is the last

coded picture in decoding order in the recovery point period.

[00190] Step s454 comprises if the picture is the start of the recovery point (i.e., the start
of the recovery point period), then performing at least the steps of: i) determining the recovery
point period and the recovery point picture, and ii) encoding a normative recovery point
indication in a bitstream. The normative recovery point indication may comprise information
indicating the position of the recovery point picture in the bitstream. In some embodiments,
step s454 also includes performing the step of defining the picture as a GDR picture if the

picture is the start of the recovery point.

[00191] In some embodiments, the normative recovery point indication specifies 1)
where the recovery point period begins and/or 2) where the recovery point ends. The normative

recovery point indication may not be contained in an SEI message.
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[00192] FIG. 5A is a flow chart illustrating a process 500 according to some
embodiments.

[00193] Step s502 comprises determining whether a picture is the start of a recovery

point. The recovery point may have a recovery point period and the recovery period may have

a recovery point picture.

[00194] Step s504 comprises if the picture is the start of the recovery point, then: 1)
determining the position of the recovery point picture, and i) encoding to a bitstream a

recovery point indication (RPI) NAL unit.

[00195] In some embodiments, the RPI NAL unit comprises information indicating the

recovery point period and/or information indicating the position of the recovery point picture.

[00196] In some embodiments, process 500 further comprises adding the picture to a list
of random access point pictures if the picture is the start of the recovery point. Process 500
may further comprise performing, if the picture is at the start of the recovery point, adding to

the bitstream an encoded SPS and adding to the bitstream an encoded PPS.

[00197] In some embodiments, process 500 further comprises if the picture is inside the

recovery point period, encoding the picture using partial intra refresh.

[00198] FIG. 5B is a flow chart illustrating a process 550 according to some

embodiments.

[00199] Step s552 comprises obtaining from a bitstream a normative recovery point
indication (RPI).

[00200] Step $554 comprises determining a value from one or more syntax elements of

the normative RPI, wherein the value specifies a recovery point picture.

[00201] In some embodiments, the normative RPI is not contained in an SEI message.
[00202] FIG. 6 is a flow chart illustrating a process 600 according to some embodiments.
[00203] Step s602 comprises receiving a NAL unit contained in a bitstream. The NAL

unit may contain a type value.
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[00204] Step s604 comprises determining whether the type value specifies that the NAL
unit is a recovery point indication NAL unit.

[00205] Step s606 comprises as a result of determining that the NAL unit is a recovery

point indication NAL unit, determining a recovery point picture based on information

contained in the recovery point indication NAL unit.

[00206] In some embodiments, the information is a value in the range of —M/2 to M/2 —

1, inclusive, wherein M is a predefined value.

[00207] FIG. 7 is a block diagram of an apparatus 700, according to some embodiments,
for implementing the methods described herein (i.e., implementing an encoder and/or a decoder).
When apparatus 700 implements a decoder, apparatus 700 may be referred to as a “decoding
apparatus 700,” and when apparatus 700 implements an encoder, apparatus 700 may be referred
to as an “encoding apparatus 700.” As shown in FIG. 7, apparatus 700 may comprise:
processing circuitry (PC) 702, which may include one or more processors (P) 755 (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; a network interface 748, for connecting to a network 110, the
network interface 748 comprising a transmitter (Tx) 745 and a receiver (Rx) 747 for enabling
apparatus 700 to transmit data and receive data; and a local storage unit (a.k.a., “data storage
system”) 708, which may include one or more non-volatile storage devices and/or one or more
volatile storage devices. In embodiments where PC 702 includes a programmable processor, a
computer program product (CPP) 741 may be provided. CPP 741 includes a computer readable
medium (CRM) 742 storing a computer program (CP) 743 comprising computer readable
instructions (CRI) 744. CRM 742 may be a non-transitory computer readable medium, such 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 744 of computer program 743 is
configured such that when executed by PC 702, the CRI causes apparatus 700 to perform steps
described herein (e.g., steps described herein with reference to the flow charts). In other

embodiments, apparatus 700 may be configured to perform steps described herein without the
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need for code. That is, for example, PC 702 may consist merely of one or more ASICs. Hence,

the features of the embodiments described herein may be implemented in hardware and/or

software.
[00208] Summary of Various ones of the Disclosed Embodiments
[00209] Al. A method (400) for decoding a video bitstream, the video bitstream

comprising a sequence of pictures comprising a picture A and a picture B, wherein picture A
starts a recovery point period and picture B ends the recovery point period, the method
comprising: obtaining (s402) the video bitstream; and decoding (s404) from the video bitstream
a normative indication of the recovery point period, wherein the normative indication of the
recovery point period indicates that picture A starts the recovery point period and/or that picture
B ends the recovery point period.

[00210] A2. The method of embodiment A1, wherein a video is fully refreshed at picture
B if picture A and all pictures, if any, in the recovery point period following picture A and
preceding picture B in decoding order are decoded.

[00211] A3. The method of embodiment A1, wherein picture A and B are different
pictures and picture B follows picture A in decoding order, or picture A and picture B are the
same picture.

[00212] A4. The method of any one of embodiments A1-A3, wherein the normative
indication of the recovery point period comprises a temporal position of picture A and/or picture
B.

[00213] A5. The method of any one of embodiments A1-A4, further comprising:
determining the position of picture A; determining the position of picture B; decoding picture A
and all other pictures in the recovery point period before picture B in decoding order without
outputting them; and decoding and outputting picture B.

[00214] A6. The method of any one of embodiments A1-AS, further comprising
performing a random access operation at the start of the recovery point period.

[00215] A7. The method of any one of embodiments A1-A6, wherein a picture in the
recovery point period references an unavailable reference picture, and the method further
comprises generating the unavailable reference picture before decoding at least one of the

pictures in the recovery point period.
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[00216] A8. The method of any one of embodiments A1-A7, wherein the sequence of
pictures is a coded video sequence, CVS, and the CVS starts with picture A.

[00217] A9. The method of embodiment A8, wherein the CVS is a conforming part of the
bitstream that conforms to a standard specification such that a decoder that conforms to the
standard specification is required to decode the CVS.

[00218] A10. The method of any one of embodiments A1-A9, wherein the normative
indication of the recovery point period is decoded from a non-video coding layer, non-VCL,
network abstraction layer, NAL, unit.

[00219] All. The method of embodiment A10, wherein the non-VCL NAL unit has a
non-VCL NAL unit type that indicates that the non-VCL NAL unit is a non-VCL NAL unit that
comprises the normative indication of the recovery point period.

[00220] A12. The method of any one of embodiments A1-A11, wherein the recovery point
period is defined in a random access point access unit.

[00221] A13. The method of any one of embodiments A1-A9, wherein an indication of the
start of the recovery point period and/or an indication of the end of the recovery point period is
decoded from a NAL unit type syntax element in a VCL NAL unit.

[00222] A14. The method of any one of embodiments A1-A13, wherein an indication of
the start of the recovery point period and/or an indication of the end of the recovery point period
is decoded from one of a picture parameter set, PPS, sequence parameter set, SPS, or tile group
header.

[00223] A15. The method of any one of embodiments A1-A9, further comprising
decoding a picture type of each picture in the sequence of pictures from a picture type NAL unit;
and decoding picture data for each said picture from a picture data NAL unit, wherein an
indication of the start of the recovery point period at picture A and/or an indication of the end of
the recovery point period at picture B is decoded from a picture type NAL unit.

[00224] A16. The method of any one of embodiments A1-A9, wherein the normative
indication of the recovery point period is decoded from a picture parameter set, PPS.

[00225] A17. The method of any one of embodiments A1-A16, wherein the normative

indication that picture B ends the recovery point period is decoded from a picture header.
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[00226] A18. The method of any one of embodiments A1-A17, wherein decoding the
normative indication of the recovery point period from the video bitstream comprises:
determining, based on a first NAL unit included in the video bitstream, that picture A starts the
recovery point period; and determining, based on a second NAL unit included in the video
bitstream, that picture B ends the recovery point period.

[00227] A19. The method of embodiment A18, wherein determining, based on the first
NAL unit, that picture A starts the recovery point period comprises detecting that the first NAL
unit has a specific NAL unit type, the second NAL unit is a picture header NAL unit for picture
A, and the picture header NAL unit for picture A comprises a syntax element (e.g,.

recovery poc_cnt) that identifies picture B.

[00228] A20. The method of any one of embodiments A1-A9, wherein an indication of the
start of the recovery point period is decoded from a picture header and/or an indication of the end
of the recovery point period is decoded from the picture header.

[00229] A21. The method of embodiment A20, wherein determining that picture A starts
the recovery point period comprises decoding a syntax element in the picture header, and/or
determining that picture B ends the recovery point period comprises decoding a syntax element
(e.g,. recovery_poc_cnt) in the picture header.

[00230] A22. The method of any one of the previous embodiments, wherein the normative
indication of the recovery point period is only valid for a spatial subset of the picture.

[00231] A23. The method of any one of the previous embodiments, wherein the bitstream
contains a syntax element in a sequence parameter set, SPS, indicating whether or not recovery
point periods may be available in the bitstream.

[00232] A24. The method of any one of the previous embodiments, wherein picture A and
picture B are constrained to belong to the same temporal layer.

[00233] A25. The method of any one of the previous embodiments, wherein the normative
indication of the recovery point period comprises a broken link flag.

[00234] A26. The method of any one of the previous embodiments, wherein the normative
indication of the recovery point period and picture A belong to the same access unit.

[00235] A27. The method of any one of the previous embodiments, wherein picture A is a

gradual decoding refresh (GDR) picture.
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[00236] A28. The method of any one of the previous embodiments wherein picture B is a
recovery point picture. A29. The method of any one of the previous embodiments, wherein the
normative indication of the recovery point period is ignored if picture A does not start a CVS and
if a random access operation is not performed at the picture A.

[00237] A30. The method of any one of the previous embodiments, wherein the normative
indication of the recovery point period is not contained in an SEI message.

[00238] A31. A method for decoding a bitstream, the method comprising: obtaining from
the bitstream a normative recovery point period indication, RPI; determining a value from one or
more syntax elements of the normative RPI, wherein the value specifies a recovery point picture.
[00239] A32. The method of embodiment A31, wherein the normative RPI is not
contained in a supplemental enhancement information, SEI, message.

[00240] A33. A method for decoding a bitstream, the method comprising: receiving a
network abstraction layer, NAL, unit contained in the bitstream, the NAL unit containing a type
value; determining whether the type value specifies that the NAL unit comprises recovery point
picture information that identifies a recovery point picture; and determining the recovery point
picture based on the recovery point picture information.

[00241] A34. The method of embodiment A33, wherein the information is a value in the
range of —M/2 to M/2 — 1, inclusive, wherein M is a predefined value.

[00242] A35. A method for encoding a bitstream, the method comprising: determining
whether a particular picture is the start of a recovery point period, wherein a recovery point
picture is the last coded picture in decoding order in the recovery point period; and as a result of
determining that the particular picture is the start of the recovery point period, then performing
the steps of: determining the recovery point picture; and encoding a normative recovery point
period indication in the bitstream, wherein the normative recovery point period indication
comprises information indicating the position of the recovery point picture in the bitstream
and/or information indicating the position of the particular picture in the bitstream.

[00243] A36. The method of embodiment A35, wherein the normative indication of the
recovery point period specifies: 1) where the recovery point period begins and/or 2) where the

recovery point period ends.
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[00244] A37. The method of embodiment A35 or A36, wherein the normative indication
of the recovery point period is not contained in a supplemental enhancement information, SEI,
message.

[00245] A38. The method of any one of embodiments A35-A37, wherein a video is fully
refreshed at the recovery point picture if the particular picture and all pictures, if any, in the
recovery point period following the particular picture and preceding the recovery point picture in
decoding order are decoded.

[00246] A39. The method of any one of embodiments A35-A38, wherein the particular
picture and the recovery point picture are different pictures and the recovery point picture
follows the particular picture in decoding order, or the particular picture and the recovery point
picture are the same picture.

[00247] A40. The method of any one of embodiments A35-A39, wherein the normative
indication of the recovery point period comprises a temporal position of the particular picture
and/or a temporal position of the recovery point picture.

[00248] A41. The method of any one of embodiments A35-A40, wherein the normative
indication of the recovery point period is included in a non-video coding layer, non-VCL,
network abstraction layer, NAL, unit.

[00249] A42. The method of embodiment A41, wherein the non-VCL NAL unit has a
non-VCL NAL unit type that indicates that the non-VCL NAL unit is a non-VCL NAL unit that
comprises the normative indication of the recovery point period.

[00250] A43a. The method of any one of embodiments A35-A42, wherein the information
indicating the position of the recovery point picture in the bitstream and/or the information
indicating the position of the particular picture in the bitstream is encoded in one or more syntax
elements of a picture header.

[00251] A43b. The method of any one of embodiments A35-A43, further comprising
defining the particular picture as a gradual decoding refresh, GDR, picture as a result of
determining that the particular picture is the start of the recovery point period.

[00252] A44. A method for encoding a bitstream, the method comprising: determining
whether a particular picture is the start of a recovery point period; and as a result of determining

that the particular picture is the start of the recovery point period, then performing the steps of’
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determining a position of a recovery point picture for the recovery point period; and encoding to
the bitstream a recovery point period indication, RPI, network abstraction layer, NAL, unit.
[00253] A45. The method of embodiment A44, wherein the RPI NAL unit comprises
information indicating that the particular picture is the start of a recovery point period and/or
information indicating the position of the recovery point picture.

[00254] A46. The method of embodiment A44 or A45, further comprising adding the
particular picture to a list of random access point pictures if the particular picture is the start of
the recovery point period.

[00255] A47. The method of any one of embodiments A35-A46, further comprising
performing the following steps if the particular picture is at the start of the recovery point period:
add to the bitstream an encoded sequence parameter set, SPS; and add to the bitstream an
encoded picture parameter set, PPS.

[00256] A48. The method of any one of embodiments A35-A47, further comprising: if the
picture is inside the recovery point period, then encoding the picture using partial intra refresh.
[00257] A49. A computer program 743 comprising instructions 744 which when executed
by processing circuitry 702 causes the processing circuitry 702 to perform the method of any one
of embodiments 1-48.

[00258] AS0. A carrier containing the computer program of embodiment A49, wherein the
carrier is one of an electronic signal, an optical signal, a radio signal, and a computer readable
storage medium 742.

[00259] A51. A decoding apparatus 700 for decoding a video bitstream comprising a
picture A and a picture B, wherein picture A starts a recovery point period and picture B ends the
recovery point period, the decoding apparatus being adapted to: obtain the video bitstream; and
decode from the video bitstream a normative indication of the recovery point period, wherein the
normative indication of the recovery point period indicates that picture A starts the recovery
point period and/or that picture B ends the recovery point period

[00260] AS52. The decoding apparatus 700 of embodiment A51, the decoding apparatus
being further adapted to perform the method of any one of embodiments 2-34.

[00261] A53. A decoding apparatus 700 for decoding a video bitstream, the decoding

apparatus comprising: a computer readable storage medium 742; and processing circuitry 702
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coupled to the computer readable storage medium, wherein the processing circuitry is configured
to cause the decoding apparatus to perform the method of any one of embodiments 1-34.

[00262] A54. An encoding apparatus 700 for encoding a bitstream, the encoding apparatus
being adapted to: determine whether a particular picture is the start of a recovery point period,
wherein a recovery point picture is the last coded picture in decoding order in the recovery point
period; and as a result of determining that the particular picture is the start of the recovery point
period, then perform the steps of: a) defining the particular picture as a gradual decoding refresh,
GDR, picture; b) determining the recovery point picture; and ¢) encoding a normative recovery
point period indication in the bitstream, wherein the normative recovery point period indication
comprises information indicating the position of the recovery point picture in the bitstream

and/or information indicating the position of the particular picture in the bitstream.

[00263] PA1. A method for decoding a video bitstream, the video bitstream comprising a
coded video sequence (CVS) of pictures containing a recovery point (i.e., at least one recovery
point), wherein: a) the recovery point is a position in the bitstream where decoding may start at a
non- IRAP picture, b) the recovery point has a recovery period starting at a picture A and ending
at a picture B, c) the video is fully refreshed at picture B if the decoding is started at picture A
and all other pictures, if any, in the recovery period following picture A and preceding picture B
in decoding order, are decoded, and d) the method comprises: obtaining (e.g., receiving) the

video bitstream; decoding a normative indication of the recovery point from the video bitstream.

[00264] PA1b. The method of embodiment PA1, wherein picture A and B are different
pictures and picture B follows picture A in decoding order, or picture A and picture B are the

same picture (i.e., the recovery period may start at picture A and also end at picture A).

[00265] PA2. The method of embodiment PA1, where the normative indication of the

recovery point comprises a temporal position of picture A and/or picture B.

[00266] PA3. The method of embodiment PA1 or PA2, wherein the decoding is initialized
at the recovery point and the method further comprises: determining position of picture A;
determining position of picture B; decoding picture A and all other pictures in the recovery
period before picture B in decoding order without outputting them; and decoding and outputting

picture B.
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[00267] Perform random access at recovery point:
[00268] PA4. The method of any one of the previous embodiments, further comprising

performing a random access operation at the recovery point
[00269] Generation of unavailable reference pictures:

[00270] PAS. The method of embodiment PA3, wherein a picture in the recovery period
references an unavailable reference picture, and the method further comprises generating the

unavailable reference picture before decoding at least one of the pictures in the recovery period.
[00271] Start CVS with recovery point:

[00272] PAG6. The method of any one of the previous embodiments where the CVS starts

with the recovery point.

[00273] PAG6b. The method of embodiment PA6, wherein the CVS is a conforming part of
the bitstream that conforms to a standard specification such that a decoder that conforms to the

standard specification is required to decode the CVS.
[00274] In non-VCL NAL unit;

[00275] PA7. The method of any one of embodiments PA1-PA6, where the recovery point
indication is decoded from a non-VCL NAL unit.

[00276] PA7a. The method of embodiment PA7, wherein the non-VCL NAL unit has a
non-VCL NAL unit type that indicates that the non-VCL NAL unit is a recovery point indication
non-VCL NAL unit.

[00277] PAS8. The method of any one of the previous embodiments where the recovery

point is defined in a random access point access unit.
[00278] In VCL NAL unit as picture type:

[00279] PA9. The method of any one of embodiments PA1-PA6, where at least one of
indication of start of the recovery point and indication of end of recovery point is decoded from a

NAL unit type syntax element in a VCL NAL unit.
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[00280] PA10. The method of any one of the previous embodiments, where at least one of
indication of start of the recovery point and indication of end of recovery point is decoded from

one of a PPS, SPS or tile group header.

[00281] In a picture type NAL unit (assuming there are picture type NAL units and picture
data NAL units):
[00282] PA11. The method of any one of the previous embodiments, further comprising

decoding the picture type of each picture from a picture type NAL unit; and decoding the picture
data for each picture from a picture data NAL unit, wherein indication of start of recovery point
at picture A and/or indication of end of recovery point at picture B is decoded from a picture type

NAL unit.
[00283] In PPS:

[00284] PA12. The method of any one of the previous embodiments, where the indication

of the recovery point is decoded from the PPS
[00285] In picture header:

[00286] PA13. The method of any one of the previous embodiments, where the indication
of the recovery point is decoded from a picture header. Embodiment 7 — Recovery point
indication per temporal segment: PA14. The method of any one of the previous embodiments

where the recovery point indication is only valid for a spatial subset of the picture.
[00287] Signal recovery point support in SPS:

[00288] PA15. The method of any one of the previous embodiments, where the bitstream
contains a syntax element in SPS determining if the bitstream may comprise recovery points or

not.

[00289] PA16. The method of any one of the previous embodiments, where picture A and

picture B are constrained to belong to the same temporal layer.

[00290] PA17. The method of any one of the previous embodiments, where the recovery

point indication comprises a broken link flag.



WO 2020/130922 PCT/SE2019/051317

56

[00291] PA18. The method of any one of the previous embodiments where the recovery

point indication and picture A belong to the same access unit.

[00292] PA19. The method of any one of the previous embodiments, where the normative
indication of the recovery point is ignored if the recovery point does not start the CVS and if a
random access operation is not performed at the recovery point. PA20. The method of any one
of the previous embodiments, wherein the normative recovery point indication is not contained

in an SEI message.

[00293] PB1. A method for encoding a bitstream, the method comprising: determining
whether a picture is the start of a recovery point, the recovery point having a recovery point
period and the recovery point period having a recovery point picture, wherein the recovery point
picture is the last coded picture in decoding order in the recovery point period; and if the picture
is the start of the recovery point, then: a) define the picture as a GDR picture; b) determine the
recovery point period and the recovery point picture; and c) encode a normative recovery point
indication in the bitstream, wherein the normative recovery point indication comprises

information indicating the position of the recovery point picture in the bitstream.

[00294] PB2. The method of embodiment PB1, wherein the normative recovery point
indication specifies: 1) where the recovery point period begins and/or 2) where the recovery
point ends.

[00295] PB3. The method of embodiment PB1 or PB3, wherein the normative recovery

point indication is not contained in an SEI message.

[00296] PB4. A method for encoding a bitstream, the method comprising: determining
whether a picture is the start of a recovery point, the recovery point having a recovery point
period having a recovery point picture; and if the picture is the start of the recovery point, then:
a) determine the recovery point period; b) determine the position of the recovery point picture;

and ¢) encode to the bitstream a recovery point indication (RPI) NAL unit.

[00297] PBS. The method of embodiment PB4, wherein the RPI NAL unit comprises 1)
information indicating the recovery point period and/or information indicating the position of the

recovery point picture.
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[00298] PB6. The method of embodiment PB4 or PBS, further comprising adding the

picture to a list of random access point pictures if the picture is the start of the recovery point.

[00299] PB7. The method of any one of embodiments PB1-PB6, further comprising
performing the following steps if the picture is at the start of the recovery point: add to the
bitstream an encoded SPS; and add to the bitstream an encoded PPS.

[00300] PB8. The method of any one of embodiments PB1-PB7, further comprising: if the

picture is inside the recovery point period, then encoding the picture using partial intra refresh.

[00301] PC1. A method for decoding a bitstream, the method comprising: obtaining from
the bitstream a normative recovery point indication (RPI); determining a value from one or more

syntax elements of the normative RPI, wherein the value specifies a recovery point picture.

[00302] PC2. The method of embodiment PC1, wherein the normative RPI is not

contained in an SEI message.

[00303] PC3. A method for decoding a bitstream, the method comprising: receiving a
NAL unit contained in the bitstream, the NAL unit containing a type value; determining whether
the type value specifies that the NAL unit is a recovery point indication NAL unit (i.e. a NAL
unit containing a recovery point indication); as a result of determining that the NAL unit is a
recovery point indication NAL unit, determining a recovery point picture based on information

contained in the recovery point indication NAL unit.

[00304] PC4. The method of embodiment PC3 wherein the information is a value in the

range of —M/2 to M/2 — 1, inclusive, wherein M is a predefined value.

[00305] While various embodiments are described herein (including the Appendix, if any),
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.

[00306] 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.

[00307] The Appendix provided herewith contains the relevant portion of a contribution

providing a proposal to the VVC specification.
[00308] APPENDIX

[00309] This contribution proposes to add a recovery point indication NAL unit to the
VVC specification, using a new non-VLC NAL unit type. The position of the recovery point
indication NAL unit in the bitstream specifies the start of the recovery period. The end of the
recovery period, the recovery point picture, is specified by a recovery poc_cnt UVLC code
word, which is the only payload element in the proposed recovery point indication NAL unit raw
byte sequence payload (RBSP). It is further proposed that starting the decoding at a recovery
point is supported through the following process: 1) decode a recovery point indication NAL unit
that defines a recovery point begin (RPB) access unit and the start and end picture of the
recovery point; 2) start decoding at the start picture; 3) generate unavailable pictures from the
RPS of the start picture; 4) suppress output of the start picture and all pictures that follow in

decoding order until the end picture is decoded.

[00310] In comparison to the recovery point SEI message in HEVC, the proposed solution
is normatively specified and does not contain the exact match flag nor the broken link flag.
Having the indication of the recovery point normatively specified in VVC has the following
advantages: 1) The encoder will know that a decoder shall support the recovery point indication
NAL unit. Thus, no additional IRAP pictures need to be encoded to ensure random access when
the decoder implementation is unknown; 2) By a normative recovery point signaling in the VVC
specification, there is no need for external specifications to mandate the SEI message; 3)
Indicating the presence of recovery points non-normatively in an SEI message may cause issues
if support of recovery point coding tools would be specified normatively in VVC, for example if

syntax or processes are different for any picture in the recovery period than for other pictures.

[00311] In order to make recovery points normative in VVC, the contribution proposes
that a CVS may start with a recovery point signaled by the new NAL unit type. Alternatives for

normatively specifying the recovery point are discussed in the contribution.
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[00312] Introduction

[00313] Both AVC and HEVC specify a recovery point SEI message which assists a
decoder in determining when the decoding process will produce acceptable pictures for display
after the decoder initiates random access at the recovery point or. The SEI message is optional
for the decoder to support although it is made mandatory in some external specifications, such as

the DVB specification.

Table: Recovery point SEI message syntax in HEVC

recovery_point( payloadSize ) { Descript
or
recovery_poc_cnt se(v)
exact match_flag u(1)
broken_link flag u(l)
}
[00314] This contribution addresses the following mandate from AHG14 on progressive

intra refresh: “Study normative solutions to improve intra refresh performance against encoder-

only intra refresh”

[00315] Regardless if coding tools are normatively specified in VVC to support recovery
points or not, it is assessed that a normative solution of indicating the start and end of a recovery

point would be beneficial.
[00316] Problem statement

[00317] The following issues have been identified with indicating recovery points non-

normatively using a SEI message:

[00318] (1) The encoder may not be aware if an unknown decoder supports the recovery
point SEI message or not and may thus need to send periodic IRAP pictures to ensure that the
decoder will be able to tune into a bitstream. This is sub-optimal in terms of bandwidth and

creates a bottleneck in low-delay applications.

[00319] (2) The recovery point SEI message may not be supported in a consistent way for
external specifications, which may cause interoperability issues. For instance, in DVB it is

mandated for the decoder that “HEVC IRDs (Integrated Receiver-Decoders) shall support the
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use of SEI of the following message types: ... - Recovery Point SEI message” and for the
encoder: “When present, the recovery_poc_cnt shall be set to 0, exact match_flag shall be set to
1, and broken link flag shall be set to 0” In ISO/IEC 14496-15 [2] it is stated that “the video
coding system can include the concept of a ‘gradual decoding refresh’ or random access recovery
point recovery. This may be signaled in the bit-stream using a mechanism such as the recovery
point SEI message.“. No restrictions are set for the exact match flag or the broken link flag in
ISO/IEC 14996-15. Thus, the usage of the recovery point SEI message for HEVC is normatively
mandated for decoders in DVB with restrictions for the flags for the encoder. For ISO/IEC
14496-15 the support for the recovery point SEI message is optional without restrictions for the

flags.

[00320] (3) It is assessed that it would be useful to allow a CVS to start with a recovery
point, e.g. after splitting low-delay bitstreams encoded with recovery points. However, a
bitstream starting with a non-IRAP picture and a recovery point SEI message is not a conforming
bitstream in neither of AVC, HEVC, nor the VVC draft, since a CVS may only start with an
IRAP picture.

[00321] (4) Indicating the presence of recovery points non-normatively in a SEI message
may cause issues if support of recovery point coding tools would be specified normatively in
VVC, for example if syntax or processes are different for any picture in the recovery period than

for other pictures.

[00322] Discussion

[00323] Benefits of a normative recovery point indication

[00324] Specifying a recovery point normatively in VVC has at least the following four
advantages:

[00325] (1) Decoder support of recovery points. The encoder will know that a decoder

shall support the recovery point indication NAL unit. Thus, no additional IRAP pictures need to

be encoded to ensure random access when the decoder implementation is unknown.

[00326] (2) Alignment between external specifications. By a normative signaling of the

recovery point indication in the VVC specification, there is no need for external specifications to
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mandate the SEI message. Thus, the usage of recovery points would be aligned between external

specifications.

[00327] (3) Splitting of bitstreams. A bitstream encoded with normative recovery points
may be divided into legal CVSs at the recovery points. A CVS may thus start with a recovery

point access unit.

[00328] (4) Specific coding level tools may be used for recovery points. AHG14 is
investigating potential benefits of specifying normative coding level tools for progressive intra
refresh in VVC. Indicating the presence of recovery points normatively enables normative

progressive intra coding tools to be used for random access in a straight-forward way.

[00329] Accordingly, a normative solution for specifying recovery points including

indicating the start and end of a recovery point would be beneficial.
[00330] Three Options for signaling the normative recovery point indication:

[00331] (1) In a picture header. It has been discussed that VVC may include a picture
header to efficiently code header data that are identical between slices (or tile groups). The
indication of the recovery point may be specified here. However, the recovery point indication

would then not be well exposed to the systems layer.

[00332] (2) As a new NAL unit with a non-VCL NAL unit type and with the recovery
point specified in the recovery point indication NAL unit. Specifying the recovery point
indication as a NAL unit type makes it easy to access at the systems layer. A decoder seeking to
perform a random access in a bitstream only needs to parse the NAL unit headers in the
bitstream to find where to tune in. Also, in comparison to the PPS approach, signaling overhead
is only made when the recovery point indication is signaled (PPS, in contrast, would require a

flag for turning it off).

[00333] (3) In a VCL NAL unit with a new NAL unit type. An alternative is to specify
the start of a recovery point as a new VCL NAL unit type. The end of the recovery point may be
specified in another new VCL NAL unit type. This approach also has the benefit that it is easy to
access the recovery point information from the systems layer. One potential problem with this

approach is that the recovery point indication becomes tied to the picture type. To allow for
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recovery points in pictures with different picture types, NAL unit types for all combinations are
needed. Another issue is if the NAL unit with the NAL unit type specifying the end of the

recovery point is lost. Moreover, overlapping recovery points may be problematic.

[00334] Design considerations for normative recovery points
[00335] Recovery point begin (RPB) access unit
[00336] To indicate as early as possible that an access unit is a recovery point it is desired

to put the recovery point indication early in the access unit, before any VCL NAL units. The
access unit containing the recovery point indication is referred to as the recovery point begin

(RPB) access unit and the picture in the access unit is referred to as the RPB picture.

[00337] The associated SPS and PPS shall be activated prior to the decoding of the

pictures associated with the recovery point.
[00338] Align access of recovery points and IRAP picture

[00339] In order to normatively specify that an access unit containing a recovery point
indication may be used for random access or to start a CVS it is desired to align the access of

recovery points with the access of IRAP pictures.

[00340] The contribution, therefore, proposes to define that a CVS may start with either an
IRAP picture or an RPB picture.

[00341] Generation of unavailable reference pictures

[00342] Compared to the recovery point SEI message in HEVC, a normative recovery
point solution should preferably have a more precise handling of unavailable reference pictures.
One way of solving this is to mandate generation of all reference pictures in the RPS (or similar

picture management system) of the RPB picture.
[00343] Suppression of picture output

[00344] When the decoding is started at a RPB picture, either after a random access
operation has been initialized at the RBP access unit or if the RBP access unit is the first access
unit in a CVS, the RPB and the pictures following the RPB picture in decoding order until but

not including the recovery point picture, may not have correct output.
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[00345] This disclosure, therefore, proposes that the RPB picture and all pictures that
follow the RPB picture in decoding order until but not including the recovery point picture, shall

not be output, if the decoding is started at the RPB picture.
[00346] Proposal

[00347] It is proposed to add a recovery point indication NAL unit to the VVC
specification, using a new non-VLC NAL unit type. The position of the recovery point indication
NAL unit in the bitstream specifies the start of the recovery period. The end of the recovery
period, the recovery point picture, is specified by a recovery _poc_cnt UVLC code word, which

is the only payload element in the proposed recovery point indication NAL unit RBSP. It is
further proposed that starting the decoding at a recovery point is supported through the following
process: 1) decode a recovery point indication NAL unit that defines a recovery point begin
(RPB) access unit and the start and end picture of the recovery point; 2) start decoding at the start
picture; 3) generate unavailable pictures from the RPS of the start picture; and 4) suppress output

of the start picture and all pictures that follow in decoding order until the end picture is decoded.

[00348] It is assessed that the exact match_flag specified in the recovery point SEI
message in HEVC, is not useful when specifying the recovery point in a normative way since an
exact match is required. It is also assessed that the broken_link flag may be useful, but it is not

considered in this proposal since BLA pictures are not defined for VVC.

[00349] Proposed changes to the VVC draft text
[00350] The following syntax and semantics are proposed to be included the next VVC
draft.

3 DEFINITIONS

3.18 coded video sequence (CVS): A sequence of access units that consists, in decoding
order, of an IRAP access unit or an RPB access unit, followed by zero or more access

units that are not IRAP access units, including all subsequent access units up to but not
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3.74

3.75

3.76

3.77

3.78

including any subsequent access unit that is an IRAP access unit.

recovery point: A point in the bitstream where the next bit in the bitstream is the first bit
of a RPB access unit.
recovery point begin (RPB) access unit: An access unit that contains a recovery point

indication NAL unit.

recovery point begin (RPB) picture: The coded picture in an RPB access unit.
recovery point period: The set of pictures including an RPB picture and all pictures that
follow the RPB picture until and including the recovery point picture indicated by the

recovery point indication NAL unit in the access unit containing the RPB picture.

recovery point picture: The last coded picture in decoding order in a recovery point

period.

7.3.2.5 Recovery point indication RBSP syntax

recovery point_indication _rbsp() { Descriptor

recovery_poc_cnt se(v)

rbsp _trailing_bits()

}

7.4.2.2 NAL unit header semantics

Table 7-1 — NAL unit type codes and NAL unit type classes

nal_unit_type Name of Content of NAL unit and RBSP syntax NAL
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nal_unit_type structure unit
type
class
0 NON _ IRAP NUT Coded slice segment of a non-IRAP VCL
picture

slice layer rbsp()
1 IRAP NUT Coded slice of an IRAP picture VCL

slice layer rbsp()
2-15 RSV_VCL NUT Reserved VCL NAL Units VCL
16 SPS NUT Sequence parameter set non-
seq_parameter_set rbsp() VCL
17 PPS NUT Picture parameter set non-
pic_parameter _set rbsp( ) VCL
18 EOS NUT End of sequence non-
end of seq rbsp() VCL
19 EOB_NUT End of bitstream non-
end of bitstream_rbsp( ) VCL
20 RPI_ NUT Recovery point indication non-
recovery point_indication rbsp() VCL
21,22 PREFIX SEI NUT Supplemental enhancement information non-
SUFFIX SEI NUT sei_rbsp( ) VCL
23-26 RSV_NVCL Reserved non-
VCL
27-31 UNSPEC Unspecified non-

VCL
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When nal_unit_type is equal to RPI NUT, Temporalld shall be equal to 0.

7.4.3.5 Recovery Point Indication RBSP semantics

The RPI NAL unit shall precede any VCL NAL units in the access unit containing the RPI NAL
unit. All VCL NAL units in an access unit containing the RPI NAL unit shall have Temporalld
equal to 0.

If an RPB access unit containing an RPI NAL unit is not the first access unit in the CVS and a
random access operation is not initiliazed at the RPB access unit, the RPI NAL unit in the RPB

access unit shall be ignored.

Otherwise, if an RPB access unit containing an RPI NAL unit is the first access unit in the CVS
or a random access operation is initialized at the RPB access unit, the following applies:
- The decoder shall generate all reference pictures included in the RPS of the recovery

point begin (RPB) picture of the RPB access unit according to the process described in
[see example specification text 8.2.1.1 below for this].

- The poc msb cycle val for the RPB picture shall be set to O when deriving the
PicOrderCntVal for the RPB picture

- The RPB picture and all pictures that follow the RPB picture in decoding order shall be
decoded.

- The RPB picture and all pictures that follow the RPB picture in decoding order until but
not including the recovery point picture, shall not be output.

- Any SPS or PPS RBSP that is referred to by the picture in a RPB access unit or by any
picture following that picture in decoding order shall be available to the decoding process
prior to its activation.

It is a requirement of bitstream conformance that the decoded pictures that follow the recovery
point picture in decoding order shall be an exact match to the pictures that would be produced by
starting the decoding process at the location of an IRAP or RPB access unit that precedes the
RPB picture that belong to the same recovery point period as the recovery point picture in

decoding order, if any, in the bitstream.

recovery_poc_cnt specifies picture order count of the recovery point picture. The picture that

follows the current picture in decoding order that has PicOrderCntVal equal to the
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PicOrderCntVal of the current picture plus the value of recovery poc_cnt is referred to as the
recovery point picture. The recovery point picture shall not precede the current picture in
decoding order. The value of recovery_poc_cnt shall be in the range of -MaxPicOrderCntLsb / 2
to MaxPicOrderCntLsb / 2 — 1, inclusive.

8.2 Tile group decoding process
8.2.1 Decoding process for generating unavailable reference pictures

82.1.1 General decoding process for generating unavailable reference pictures

This process is invoked for any RPB picture in the bitstream if the corresponding RPB access

unit is the first access unit in the CVS or a random access operation is initialized at the RPB

access unit.

The following applies:

— For each RefPicSetStCurrBefore[i], with i in the range of 0 to NumPocStCurrBefore — 1,
inclusive, that is equal to "no reference picture", a picture is generated as specified in clause

8.2.1.2 and the following applies:
The value of PicOrderCntVal for the generated picture is set equal to PocStCurrBefore[i].

— The value of PicOutputFlag for the generated picture is set equal to O.
—  The generated picture is marked as "used for short-term reference".
— RefPicSetStCurrBefore[i] is set to be the generated reference picture.
— The value of nuh_layer id for the generated picture is set equal to nuh_layer id.
— For each RefPicSetStCurrAfter[i], with i in the range of 0 to NumPocStCurrAfter — 1,

inclusive, that is equal to "no reference picture", a picture is generated as specified in clause
8.2.1.2 and the following applies:

—  The value of PicOrderCntVal for the generated picture is set equal to PocStCurrAfter][i].
—  The value of PicOutputFlag for the generated picture is set equal to 0.

— The generated picture is marked as "used for short-term reference".

—  RefPicSetStCurrAfter[i] is set to be the generated reference picture.

— The value of nuh_layer id for the generated picture is set equal to nuh_layer id.

— For each RefPicSetStFoll[i], with i in the range of 0 to NumPocStFoll — 1, inclusive, that is
equal to "no reference picture”, a picture is generated as specified in clause 8.2.1.2 and the
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following applies:
— The value of PicOrderCntVal for the generated picture is set equal to PocStFoll[i].
— The value of PicOutputFlag for the generated picture is set equal to 0.
— The generated picture is marked as "used for short-term reference".
— RefPicSetStFoll[i] is set to be the generated reference picture.

— The value of nuh_layer id for the generated picture is set equal to nuh_layer id of the
current picture.

For each RefPicSetLtCurr(i], with i in the range of 0 to NumPocLtCurr — 1, inclusive, that is
equal to "no reference picture", a picture is generated as specified in clause 8.2.1.2 and the
following applies:

— The value of PicOrderCntVal for the generated picture is set equal to PocLtCurr[i].

— The value of slice_pic_order cnt_Isb for the generated picture is inferred to be equal to (
PocLtCurr[i] & ( MaxPicOrderCntLsb — 1) ).

—  The value of PicOutputFlag for the generated picture is set equal to 0.

— The generated picture is marked as "used for long-term reference".

— RefPicSetLtCurr][i] is set to be the generated reference picture.

— The value of nuh_layer id for the generated picture is set equal to nuh_layer id.

For each RefPicSetLtFoll[i], with i in the range of 0 to NumPocLtFoll — 1, inclusive, that is

equal to "no reference picture", a picture is generated as specified in clause 8.2.1.2 and the
following applies:

— The value of PicOrderCntVal for the generated picture is set equal to PocLtFoll[i].

— The value of slice pic order cnt Isb for the generated picture is inferred to be equal
to ( PocLtFoll[i] & ( MaxPicOrderCntLsb — 1) ).

— The value of PicOutputFlag for the generated picture is set equal to O.
— The generated picture is marked as "used for long-term reference".
— RefPicSetLtFoll[i] is set to be the generated reference picture.

— The value of nuh_layer id for the generated picture is set equal to nuh_layer id of the
current picture.

8212 Generation of one unavailable picture

When this process is invoked, an unavailable picture is generated as follows:
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— The value of each element in the sample array S for the picture is set equal to 1 << (
BitDepthY — 1).

— When ChromaArrayType is not equal to 0, the value of each element in the sample arrays Sco

and Scr for the picture is set equal to 1 << ( BitDepthC — 1).

— The prediction mode CuPredMode[ x [ y ] is set equal to MODE INTRA for x =

0..pic_width_in luma samples — 1, y =0..pic_height in luma samples — 1.
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CLAIMS

1. A method (400) for decoding a video bitstream, the video bitstream comprising a
sequence of pictures comprising a picture A and a picture B, wherein picture A starts a recovery
point period and picture B ends the recovery point period, the method comprising:

obtaining (s402) the video bitstream; and

decoding (s404) from the video bitstream a normative indication of the recovery point
period, wherein the normative indication of the recovery point period indicates that picture A

starts the recovery point period and/or that picture B ends the recovery point period.

2. The method of claim 1, wherein a video is fully refreshed at picture B if picture A and
all pictures, if any, in the recovery point period following picture A and preceding picture B in

decoding order are decoded.

3. The method of claim 1, wherein
picture A and B are different pictures and picture B follows picture A in decoding order,
or

picture A and picture B are the same picture.

4. The method of any one of claims 1-3, wherein the normative indication of the recovery

point period comprises a temporal position of picture A and/or picture B.

5. The method of any one of claims 1-4, further comprising:

determining the position of picture A;

determining the position of picture B;

decoding picture A and all other pictures in the recovery point period before picture B in
decoding order without outputting them; and

decoding and outputting picture B.
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6. The method of any one of claims 1-5, further comprising performing a random access

operation at the start of the recovery point period.

7. The method of any one of claims 1-6, wherein
a picture in the recovery point period references an unavailable reference picture, and
the method further comprises generating the unavailable reference picture before

decoding at least one of the pictures in the recovery point period.

8. The method of any one of claims 1-7, wherein
the sequence of pictures is a coded video sequence, CVS, and

the CVS starts with picture A.

9. The method of claim 8, wherein the CVS is a conforming part of the bitstream that
conforms to a standard specification such that a decoder that conforms to the standard

specification is required to decode the CVS.

10. The method of any one of claims 1-9, wherein the normative indication of the
recovery point period is decoded from a non-video coding layer, non-VCL, network abstraction

layer, NAL, unit.

11. The method of claim 10, wherein the non-VCL NAL unit has a non-VCL NAL unit
type that indicates that the non-VCL NAL unit is a non-VCL NAL unit that comprises the

normative indication of the recovery point period.

12. The method of any one of claims 1-11, wherein the recovery point period is defined

in a random access point access unit.

13. The method of any one of claims 1-9, wherein an indication of the start of the
recovery point period and/or an indication of the end of the recovery point period is decoded

from a NAL unit type syntax element in a VCL NAL unit.
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14. The method of any one of claims 1-13, wherein an indication of the start of the
recovery point period and/or an indication of the end of the recovery point period is decoded

from one of a picture parameter set, PPS, sequence parameter set, SPS, or tile group header.

15. The method of any one of claims 1-9, further comprising

decoding a picture type of each picture in the sequence of pictures from a picture type
NAL unit; and

decoding picture data for each said picture from a picture data NAL unit, wherein

an indication of the start of the recovery point period at picture A and/or an indication of

the end of the recovery point period at picture B is decoded from a picture type NAL unit.

16. The method of any one of claims 1-9, wherein the normative indication of the

recovery point period is decoded from a picture parameter set, PPS.

17. The method of any one of claims 1-16, wherein the normative indication that picture

B ends the recovery point period is decoded from a picture header.

18. The method of any one of claims 1-17, wherein decoding the normative indication of
the recovery point period from the video bitstream comprises:

determining, based on a first NAL unit included in the video bitstream, that picture A
starts the recovery point period; and

determining, based on a second NAL unit included in the video bitstream, that picture B

ends the recovery point period.

19. The method of claim 18, wherein

determining, based on the first NAL unit, that picture A starts the recovery point period
comprises detecting that the first NAL unit has a specific NAL unit type,

the second NAL unit is a picture header NAL unit for picture A, and
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the picture header NAL unit for picture A comprises a syntax element (e.g,.

recovery_poc_cnt) that identifies picture B.

20. The method of any one of claims 1-9, wherein an indication of the start of the
recovery point period is decoded from a picture header and/or an indication of the end of the

recovery point period is decoded from the picture header.

21. The method of claim 20, wherein

determining that picture A starts the recovery point period comprises decoding a syntax
element in the picture header, and/or

determining that picture B ends the recovery point period comprises decoding a syntax

element (e.g., recovery _poc_cnt) in the picture header.

22. The method of any one of the previous claims, wherein the normative indication of

the recovery point period is only valid for a spatial subset of the picture.

23. The method of any one of the previous claims, wherein the bitstream contains a
syntax element in a sequence parameter set, SPS, indicating whether or not recovery point

periods may be available in the bitstream.

24. The method of any one of the previous claims, wherein picture A and picture B are

constrained to belong to the same temporal layer.

25. The method of any one of the previous claims, wherein the normative indication of

the recovery point period comprises a broken link flag.

26. The method of any one of the previous claims, wherein the normative indication of

the recovery point period and picture A belong to the same access unit.
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27. The method of any one of the previous claims, wherein picture A is a gradual

decoding refresh (GDR) picture.

28. The method of any one of the previous claims wherein picture B is a recovery point

picture.

29. The method of any one of the previous claims, wherein the normative indication of
the recovery point period is ignored if picture A does not start a CVS and if a random access

operation is not performed at the picture A.

30. The method of any one of the previous claims, wherein the normative indication of

the recovery point period is not contained in an SEI message.

31. A method for decoding a bitstream, the method comprising:
obtaining from the bitstream a normative recovery point period indication, RPI;
determining a value from one or more syntax elements of the normative RPI, wherein the

value specifies a recovery point picture.

32. The method of claim 31, wherein the normative RPI is not contained in a

supplemental enhancement information, SEI, message.

33. A method (600) for decoding a bitstream, the method comprising:

receiving (s602) a network abstraction layer, NAL, unit contained in the bitstream, the
NAL unit containing a type value;

determining (s604) whether the type value specifies that the NAL unit comprises
recovery point picture information that identifies a recovery point picture; and

determining (s606) the recovery point picture based on the recovery point picture

information.
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34. The method of claim 33, wherein the information is a value in the range of —M/2 to

M/2 — 1, inclusive, wherein M is a predefined value.

35. A method (450) for encoding a bitstream, the method comprising:

determining (s452) whether a particular picture is the start of a recovery point period,
wherein a recovery point picture is the last coded picture in decoding order in the recovery point
period; and

as a result of determining that the particular picture is the start of the recovery point
period, then performing (s454) the steps of:

determining the recovery point picture; and

encoding a normative recovery point period indication in the bitstream, wherein the
normative recovery point period indication comprises information indicating the position of the
recovery point picture in the bitstream and/or information indicating the position of the particular

picture in the bitstream.

36. The method of claim 35, wherein the normative indication of the recovery point
period specifies: 1) where the recovery point period begins and/or 2) where the recovery point

period ends.

37. The method of claim 35 or 36, wherein the normative indication of the recovery point

period is not contained in a supplemental enhancement information, SEI, message.

38. The method of any one of claims 35-37, wherein a video is fully refreshed at the
recovery point picture if the particular picture and all pictures, if any, in the recovery point
period following the particular picture and preceding the recovery point picture in decoding

order are decoded.

39. The method of any one of claims 35-38, wherein
the particular picture and the recovery point picture are different pictures and the

recovery point picture follows the particular picture in decoding order, or
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the particular picture and the recovery point picture are the same picture.

40. The method of any one of claims 35-39, wherein the normative indication of the
recovery point period comprises a temporal position of the particular picture and/or a temporal

position of the recovery point picture.

41. The method of any one of claims 35-40, wherein the normative indication of the
recovery point period is included in a non-video coding layer, non-VCL, network abstraction

layer, NAL, unit.

42. The method of claim 41, wherein the non-VCL NAL unit has a non-VCL NAL unit
type that indicates that the non-VCL NAL unit is a non-VCL NAL unit that comprises the

normative indication of the recovery point period.

43. The method of any one of claims 35-42, wherein the information indicating the
position of the recovery point picture in the bitstream and/or the information indicating the
position of the particular picture in the bitstream is encoded in one or more syntax elements of a

picture header.

44. The method of any one of claims 35-43, further comprising defining the particular
picture as a gradual decoding refresh, GDR, picture as a result of determining that the particular

picture is the start of the recovery point period.

45. A method (500) for encoding a bitstream, the method comprising;

determining (s502) whether a particular picture is the start of a recovery point period; and

as a result of determining that the particular picture is the start of the recovery point
period, then performing (s504) the steps of’

determining a position of a recovery point picture for the recovery point period; and

encoding to the bitstream a recovery point period indication, RPI, network abstraction

layer, NAL, unit.
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46. The method of claim 45, wherein the RPI NAL unit comprises information indicating
that the particular picture is the start of a recovery point period and/or information indicating the

position of the recovery point picture.

47. The method of claim 45 or 46, further comprising adding the particular picture to a
list of random access point pictures if the particular picture is the start of the recovery point

period.

48. The method of any one of claims 35-47, further comprising performing the following
steps if the particular picture is at the start of the recovery point period:
add to the bitstream an encoded sequence parameter set, SPS; and

add to the bitstream an encoded picture parameter set, PPS.

49. The method of any one of claims 35-48, further comprising:
if the picture is inside the recovery point period, then encoding the picture using partial

intra refresh.

50. A computer program (743) comprising instructions (744) which when executed by
processing circuitry (702) causes the processing circuitry (702) to perform the method of any one

of claims 1-49.

51. A carrier containing the computer program of claim 50, wherein the carrier is one of
an electronic signal, an optical signal, a radio signal, and a computer readable storage medium

(742).

52. A decoding apparatus (700) for decoding a video bitstream comprising a picture A
and a picture B, wherein picture A starts a recovery point period and picture B ends the recovery
point period, the decoding apparatus being adapted to:

obtain the video bitstream; and
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decode from the video bitstream a normative indication of the recovery point period,
wherein the normative indication of the recovery point period indicates that picture A starts the

recovery point period and/or that picture B ends the recovery point period

53. The decoding apparatus (700) of claim 52, the decoding apparatus being further
adapted to perform the method of any one of claims 2-34.

54. A decoding apparatus (700) for decoding a video bitstream, the decoding apparatus
comprising:

a computer readable storage medium (742); and

processing circuitry (702) coupled to the computer readable storage medium, wherein the
processing circuitry is configured to cause the decoding apparatus to perform the method of any

one of claims 1-34.

55. An encoding apparatus (700) for encoding a bitstream, the encoding apparatus being
adapted to:

determine whether a particular picture is the start of a recovery point period, wherein a
recovery point picture is the last coded picture in decoding order in the recovery point period,
and

as a result of determining that the particular picture is the start of the recovery point
period, then perform the steps of: determining the recovery point picture; and encoding a
normative recovery point period indication in the bitstream, wherein the normative recovery
point period indication comprises information indicating the position of the recovery point
picture in the bitstream and/or information indicating the position of the particular picture in the

bitstream.

56. The encoding apparatus (700) of claim 55, the encoding apparatus being configured

to perform the method of any one of claims 35-49.

57. An encoding apparatus (700) for encoding a bitstream, the encoding apparatus
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comprising:

a computer readable storage medium (742); and

processing circuitry (702) coupled to the computer readable storage medium, wherein the
processing circuitry is configured to cause the encoding apparatus to perform the method of any

one of claims 35-49.



