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Absolute Reference Picture Signaling

1 Background
1.1 Technical Background/Existing Technology
1.2 H.264 / HEVC video compression

H.264 (MPEG-4 AVC) is the state of the art video coding standard. It consists of a block based
hybrid video coding scheme that exploits temporal and spatial prediction.

High Efficiency Video Coding (HEVC) is a new video coding standard currently being developed in
Joint Collaborative Team - Video Coding (JCT-VC). JCT-VC is a collaborative project between
MPEG and ITU-T. Currently, an HEVC Model (HM) is defined that includes large macroblocks
(abbreviated LCUs for Largest Coding Units) and a number of other new tools and is considerably
more efficient than H.264/AVC.

Decoded pictures

Compressed
data
DECODER . Q

| |~ Reference frames
Control
information
/\__ Decoded picture
buffer
Receiver
Figure 1a
Page 1 of 21
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At a receiver a decoder receives a bit stream representing pictures, i.e. video data packets of
compressed data. The compressed data comprises payload and control information. The control
information comprises e.g. information of which reference pictures should be stored in a reference
picture buffer. This information is a relative reference to previous received pictures. Further, the
decoder decodes the received bit stream and displays the decoded picture. In addition, the
decoded pictures are stored in reference picture buffer according to the control information. These
stored reference pictures are used by the decoder when decoding subsequent pictures.

1.3

Current decoded picture buffer scheme

A working assumption for the processes of decoded picture buffer operations in the working draft
of HEVC [1] is that they will be inherited from H.264/AVC to a very large extent. A simplified flow
chart of the scheme as it is designed in H.264/AVC is shown in Figure 1.

For each
Unused Short
Term Frame
Num

Figure 1

. Parsing of first slice

header in’picture

Gapsin.

 Cre onof_:é'fhon-egisting"

fl?me'

frame._num?.

A

daptive memory control |

ing window process

| Bumping process

. H.264/AVC reference buffer scheme.

Before the actual decoding of a picture, the frame_num in the slice header is parsed to detect
possible gap in frame_num if Sequence Parameter Set (SPS) syntax element
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gaps_in_frame_num_value_allowed_flag is 1. The frame_num indicates the decoding order. If a
gap in frame_num is detected, “non-existing” frames are created and inserted into the Decoded
Picture Buffer (DPB) (as illustrated in figure 1a).

Regardless of whether there was a gap in frame_num or not the next step is the actual decoding
of the current picture. If the slice headers of the picture contains MMCO commands, adaptive
memory control process is applied after decoding of the picture to obtain relative reference to the
pictures to be stored in the reference picture buffer; otherwise sliding window process is applied to
obtain relative reference to the pictures to be stored in the reference picture buffer. As a final step,
the “bumping” process is applied to deliver the pictures in correct order and on time for display.

1.4 Problems with Existing Solutions x

1.4.1 Error resilience

A problem with H.264/AVC is its vulnerability to losses of pictures that contains Memory
Management Control Operations (MMCO) of type 2, 3, 4, 5 or 6 (as described in Table 1 copied
from H.264/AVC specification).

memory_management_control_operation | Memory Management Control Operation

0 End memory_management_control_operation
syntax element loop

1 Mark a short-term reference picture as
"unused for reference"

2 Mark a long-term reference picture as
"unused for reference"

3 Mark a short-term reference picture as
"used for long-term reference" and assign a
long-term frame index to it

4 Specify the maximum long-term frame index
and mark all long-term reference pictures
having long-term frame indices greater than
the maximum value as "unused for reference"

5 Mark all reference pictures as
"unused for reference" and set the
MaxLongTermFrameldx variable to
"no long-term frame indices"

6 Mark the current picture as
"used for long-term reference" and assign a
long-term frame index to it

Table 1. Memory management control operation values from H.264/AVC.

Loss of a picture that does not contain MMCO, or a picture that contains MMCO of type 1, is of
course severe to the decoding process. Pixel values of the lost picture will not be available and
may affect future picture for a long period of time due to incorrect inter prediction. There is also a
risk that reference picture lists for a few pictures following the lost picture will be wrong, for
example if the lost picture contained MMCO that marked one short-term reference picture as
‘unused for reference” that otherwise would have been included in the reference picture list of the
following picture. However, the decoding process can recover such a loss through usage of
constrained intra blocks, intra slices or by other means.

But if a picture containing MMCO of type 2, 3, 4, 5 or 6 is lost there is a risk that the number of
long term pictures in the DPB is different from what it would have been if the picture was received,
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resulting in an “incorrect” sliding window process for all the following pictures. That is, the encoder
and decoder will contain a different number of short-term pictures resulting in out-of-sync behavior
of the sliding window process. This loss cannot be recovered through usage of constrained intra
blocks, intra slices or similar techniques (not even an open GOP Intra picture). The only way to
ensure recovery from such a loss is through an IDR picture or through an MMCO that cancels the
effect of the lost MMCO. What makes the situation even worse is that a decoder will not
necessarily know that the sliding window process is out-of-sync and thus cannot report the
problem to the encoder or request an IDR picture even in applications where a feedback channel
is available.

One way to reduce the risk of loosing important MMCO information is to use
dec_ref_pic_marking_repetition SEI messages. However the encoder will (most probably) not
know if the decoder is capable of making use of dec_ref_pic_marking_repetition SEI messages.
Further, there is a risk that the dec_ref_pic_marking_repetition SEI message is also lost.

1.4.2 Sliding window

The first-in-first-out (FIFO) scheme of the sliding window process is not well suited for hierarchical
B picture structures. The contribution E399 [2], presents the example of GOP size 16 (15B
pictures in temporal layers 1 — 4). Using sliding window without MMCO requires 8 reference
pictures. If using MMCO, or if a more suitable scheme for buffer usage is applied, it is possible to
only use 5 reference pictures.

However, the solution proposed in E399 does not guarantee correct operation when gaps in
frame_num is allowed. Also it does not minimize the DPB size for all cases, e.g. GOP size 6 with
5B in temporal layers 1-2 as illustrated in Figure 2, where 4 reference pictures are required
instead of the optimal 3.

POC: 0 1 2 3 4 5 6
Decoding order: 0 3 2 5 4 6 1
Temporal id: 0 2 1 2 1 2 0

Figure 2. Example coding structure with 5B.

143 Temporal scalability

Temporal scalability is supported in H.264/AVC (and SVC) through the definition of sub-
sequences (and usage of temporal_id in SVC) and insertion of “non-existing” frames. However, in
order to support temporal scalability, the pictures in the higher temporal layers are restricted when
it comes to usage of MMCO. The encoder is responsible of making sure that the MMCOs in one
temporal layer does not affect pictures of lower temporal layers differently compared to if the
temporal layer is dropped (and “non-existing” pictures are inserted and sliding window process is
applied).

This imposes restrictions on the encoder in selection of coding structure and reference picture
usage. Consider the example in Figure 3.
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POC: 0 1 2 3 4
Frame num: 0 1 2 3 4
Temporal_id: O 1 0 0

Figure 3. Example coding structure with two temporal layers.

Assuming max_num_ref_frames is 3 even though each picture only uses 2 reference pictures for
inter prediction (because each picture must hold one extra picture from the other temporal layer
that will be used for inter prediction by the next picture).

In order to have picture 0 and picture 2 available when decoding picture 4, picture 3 must have an
explicit reference picture marking command marking picture 1 as unavailable.

However, if temporal layer 1 is removed (for example by a network node) there will be gaps in
frame_num for all odd numbered pictures. “Non-existing” pictures will be created for these
pictures and sliding window process will be applied. That will result in having the “non-existing”
picture 3 marking picture 0 as unavailable. Thus it will not available for prediction when picture 4 is
decoded. Since the encoder cannot make the decoding process be the same for the two cases;
when all picture are decoded and when only the lowest layer is decoded, the example coding
structure cannot be used for temporal scalability.

It is explicitly specified in the SVC specification text that:

“With currTld being the value of temporal_id for the current access unit, the bitstream shall not
contain data that result in the marking of pictures with temporal_id less currTld as "unused for
reference” during this invocation of the process in subclause G.8.2.4.4.” Where G.8.2.4 4. is the
“SVC adaptive memory control decoded reference picture marking process” section.

1.4.4 Gaps in frame_num and B slices reference picture list initialization

1.4.41 Missing POC (picture order count=,display order) value

Reference picture list initialization for B slices uses the POC value of the pictures in the DPB in
order to create the correct reference picture lists.

If POC type 0 is used in H.264/AVC, each picture must explicitly signal its POC. A “non-existing”
picture that is inserted into the DPB due to a gap in frame_num is not associated with a POC
when POC type 0 is used.

To ensure correct decoding process, for every B picture that is received when one of the

reference pictures is a “non-existing” picture, the reference picture list modification will have to be
used to explicitly signal the reference pictures in every slice of the picture. This is mentioned in a
note in the H.264/AVC specification:

“NOTE 1 — When gaps_in_frame num_value_allowed flag is equal to 1, encoders should use reference picture list

modification to ensure proper operation of the decoding process (particularly when pic_order_cnt_type is equal to 0, in
which case PicOrderCnt( ) is not inferred for "non-existing" frames).”
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1442 Missing temporal_id

In the current HEVC working draft, reference picture list initialization for B slices uses the
temporal_id value of the pictures in the DPB in order to create the correct reference picture lists. A
picture in the DPB with higher temporal_id than the current picture is not included in the reference
picture list.

The current working draft of HEVC does not specify constraints on temporal_id or gaps in frame
num nor methods for how to assign temporal_id to “non-existing” pictures. If “non-existing”
pictures are not assigned temporal_id it is not possible for a decoder to know if the “non-existing”
picture should be included or not during reference picture list initialization.

2 Summary

A problem with the prior art solutions is that correct decoder reference picture management is
dependant on that previously decoded pictures have been correctly received and decoded.

That is solved by specifying which decoded pictures to be used for reference pictures in an
absolute (explicit) way instead of a relative (implicit) way.

Another way to put it is that the encoded representation (bitstream) for the current picture contains
the information about what pictures to use for reference (reference pictures) independent of the
encoded representations of previous pictures.

It can be said that the logical responsibility for maintaining a correct reference picture buffer is
moved from the decoder to the bitstream.

The embodiments of the invention are strengthened further by applying buffer operations (e.g. the
picture marking process in H.264/AVC where pictures are marked as short-term, long-term and
unused-for-prediction) before the pixel decoding of the current picture thus having the explicit
buffer description to apply to the current picture. This makes reference picture management even
less vulnerable to errors, improves the possibilities for temporal scalability and reduces the
overhead introduced by reference picture list modification signaling.

One way to look at it is to say that the information about what reference pictures to use for inter
prediction and motion vector prediction for a picture P is included in the control information of
picture P.

The embodiments increase the error robustness level of a video decoder. Instead of relying on
correctly delivered and interpreted buffer operations in previous pictures, the decoder will only
have to rely on information contained in the slice header(s) of the current picture.

Using embodiments of the present invention it is possible to apply the optimal buffer scheme
(using as few image buffers as possible) for any coding structure with very little overhead. What is
needed in the slice header is simply a reference to the correct Buffer Description in the picture
parameter set (PPS) or similar. Note that the buffer description can also be put in a picture header
or similar, or a parameter set shared between all slices in a picture. The important property is that
the buffer description to be used to decode a specific picture is sent with this picture and not with
the previous picture in decoding order as in the prior art.

Prior art solutions have problems with temporal scalability for certain coding structures (as
described in section 1.3.3) since the information about the reference pictures for the current
picture is affect by the removal of a previous picture from the bitstream as the reference picture
information is signalled in a relative way. Using embodiments of the present invention, temporal
scalability will not be restricted as in prior art since the reference picture for the current picture is
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not affected by removal of previous pictures from the bitstream since it is signalled in an absolute
way.

According to a first aspect of embodiments of the present invention, a method in a receiver is
provided. In the method, a coded data stream is received, buffer description information is
detected in the decoded data stream, based on the detected buffer description determine absolute
reference to pictures to be used as reference pictures for future decoding, and store the pictures
to be used as reference pictures in a reference picture buffer.

According to another aspect: In the method, a coded data stream containing a coded picture is
received and buffer description information is detected in the decoded data stream. The buffer
description is decoded to determine absolute references to pictures to be used as reference
pictures for decoding of said picture, and the buffer description is used to store and release
reference pictures in a reference picture buffer]

According to a second aspect a method in a transmitter is provided. In the method, an encoder of the
transmitter creates buffer description information e.g. a data structure such as a general table with absolute
information of which pictures to be used for reference pictures, i.e. stored in a reference picture buffer (also
referred to as a decoded picture buffer) to be used for subsequent decoding. At least a part of the buffer
description information is inserted in the bit stream encoded by the encoder. |.e. the buffer description
information may comprise a table as shown in below (table 2), where a general table is transmitted from the
encoder to the decoder and each packet only comprises an entry to be used in the table for determining
absolute references to the pictures to be used as reference pictures or where a list is sent in each packet for
determining absolute references to the pictures to be used as reference pictures. (If explicit signalling is
used, the entire table is not sent in each packet only the information used for that packet i.e. a list
corresponding to one row of table 2). The encoder is free to select which pictures to include in the buffer
description and may base its selection on any aspect (e.g. the closest pictures in display order). Typically,
an encoder selects the buffer descriptions to try to achieve maximum compression efficiency while
complying to a set of side constraints. One examples of such a constraint is a maximum number of
reference pictures due to memory size. Another example is that the video stream shall be decodable also
when certain coded pictures in the bitstream are removed from the bitstream before decoding.

According to a third aspect, a receiver is provided. The receiver comprises an input section for
receiving a coded data stream, a decoder for detecting buffer description information and for
determining absolute reference to pictures to be used as reference pictures for future decoding
based on the detected buffer description, and a buffer for storing the pictures to be used as
reference pictures. The receiver further comprises an output section for outputting pictures to be
displayed.
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Decoded pictures

coded bit S
stream
! N+ DECODER H'[— D

_L— Reference pictures
buffer
description %
information '\——— reference picture

buffer

Receiver

The input section is according to an embodiment also configured to receive a data structure such
as a table comprising general buffer description information. This data structure can be stored in a
memory of the receiver (not shown).

According to a fourth aspect a transmitter is provided. The transmitter comprises an encoder
configured to create buffer description information e.g. a data structure such as a general table
with absolute information of which pictures to be used for reference pictures, i.e. stored in a
reference picture buffer (also referred to as a decoded picture buffer) to be used for subsequent
decoding. At least a part of the buffer description information is inserted in the bit stream encoded
by the encoder. |.e. the buffer description information may comprise a table as shown in below
(table 2), where a general table is transmitted from the encoder to the decoder and each packet
only comprises an entry to be used in the table for determining absolute references to the pictures
to be used as reference pictures or where a list is sent in each packet for determining absolute
references to the pictures to be used as reference pictures. (If explicit signalling is used, the entire

table is not sent in each packet only the information used for that packet i.e. a list corresponding
to one row of table 2)
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3 Detailed description x

According to an embodiment of the present invention, the indication of the absolute reference to
pictures to be used as reference pictures is provided by a Buffer Description. Buffer Description
information is provided in control information of the coded pictures provided from the encoder to
the decoder. At a minimum, the Buffer Description contains information needed by the decoder to
identify the pictures in the reference buffer. Such information is exemplified by a decoding order
number (referred to as frame_num) or a display order number (referred to as POC) or a
combination of display order number and an additional id (POC and additional_picture_id) or any
other information that can be used to unambiguously identify the pictures.

In one embodiment, the Buffer Description contains information about each picture P that is used
by the decoder in the decoding process even if P is not used for inter prediction or motion vector
prediction (reference frames) or any other prediction (i.e. effectively not used for reference). Such
information could include, but is not limited to, decoding order number (frame_num), display order
number (POC), temporal layer information (temporal_id), view information (view_id).

During the decoding process, it may happen that the Buffer Description contains information about
pictures (also referred to as frames) that are not available and therefore can not be used for
reference pictures. In one embodiment, a number of ‘non-existing” pictures is generated by the
decoder if the Buffer Description contains information about pictures that are not available in the
reference picture buffer. Each such picture P can be given values to variables holding information
that is used by the decoder in the decoding process even if P is not used for inter prediction or
motion vector prediction. Such information could include, but is not limited to, decoding order
number (frame_num), display order number (POC), temporal layer information (temporal_id), view
information (view_id).

In addition, pictures may be available in the reference picture buffer but not included in the Buffer
Description. Hence, in one embodiment, pictures that are available in the reference picture buffer
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but not included in the Buffer Description are removed by the decoder from the reference picture
or marked as “unused for prediction”.

In one embodiment, the marking of pictures as “unused for prediction” is performed by the
decoder prior to the picture decoding process of the picture containing the Buffer Description.

In a further embodiment, zero or more of the pictures that are marked as "unused for prediction” by the
decoder according to the Buffer Description are outputted for display by the decoder. One such example
process for output is the “bumping process” from H.264/AVC. Output refers to “output for display”. What
frames to use as reference frames and what frames to output (display) is separated in H.264 and HEVC i.e.
a frame can be outputted before it is “removed as reference frame” (by marking it as “unused for reference”)
or it can be “removed as reference frame” (by marking it as "unused for reference”) before it is outputted.

In yet a further embodiment, the marking of zero or more pictures as “unused for prediction” by
the decoder is followed by output for display of zero or more pictures marked as “used for
prediction” or “unused for prediction”. One such example process for output is the “bumping
process” from H.264/AVC.

In one embodiment, the generation of “non-existing” pictures is performed by the decoder prior to
the picture decoding process of the picture containing the Buffer Description.

In one embodiment, the marking of zero or more pictures is performed by the decoder in a first
step. In a second step, zero or more pictures are outputted by the decoder. In a third step zero or
more “non-existing” pictures are generated by the decoder.

In an alternative embodiment, the marking of zero or more pictures is performed by the decoder in
a first step. Then an iterative process of outputting pictures and generating “non-existing” pictures
is performed by the decoder for each picture described in the Buffer Description that is not
available in the reference picture buffer.

In one embodiment, the Buffer Description is explicitly signalled to the decoder for the picture it
applies to. That explicit signalling might be in the slice header of one, multiple or all slices of one
picture. Alternatively the Buffer Description can be signalled in a Slice Parameter Set or a Picture
Header or another data structure specified by the standard to which the decoder conforms.

In a further embodiment, this explicit signalling is done by signalling a set of reference picture
properties as given above (e.g. frame_num, POC, temporal_id, view_id) relative to the value of
these properties as signalled in the current picture.

In one embodiment, one or more Buffer Descriptions are signalled in a data structure so that
same Buffer Description can be used for multiple pictures. That signalling can be carried in a
Picture Parameter Set, Sequence Parameter Set, a novel parameter set or in another data
structure specified by the standard to which the decoder conforms. To specify which Buffer
Description to use for the current picture an identifier can be signalled for the current picture. An
example of such an identifier is a non negative integer signalled in the slice header(s) of the
current picture representing the number of the Buffer Description in the order in which the Buffer
Descriptions are signalled. An example of such a data structure is a table (table 2) as shown
below.

An example buffer description can be seen in Table where 4 slots for picture buffers are used.
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Temporal id=n+2

Temporal id=n+1

Temporal id=n

POC: 0 1 2 3 4 5 6 7 8
QP: X x+3 x+2 x+3 x+1 x+3 X+2 x+3 x+1
Figure 3 . Coding structure with (sub)GOP size 8.

An IDR picture (An IDR frame is an | frame that removes all dependencies to data transmitted prior to the
IDR frame i.e. it marks all reference pictures as “unused for reference” ) does not need a buffer description
(since it empties the buffer) but the other pictures do. Table 2 shows one example of a Buffer Description
table where deltaPOC (dP) and temporal_id (tId) are indicated. The table is constructed using the scheme
of including the two closest reference pictures (POC(current)-1 and POC(current)-2) and the two from the
lowest temporal layer in the range from POC(current)-3 to POC(current)-10.

Entry Picture buffer 1 Picture buffer 2 | Picture buffer 3 Picture buffer 4
0 dP: -1 tld: 2 dP: -2 tld: 1 dP: -4 tld: 0 dP: -8tld. 0

1 dP:-1tld: 0 dP: -2 tld: 2 dP: -5tid: 0 dP: -9tid: 0

2 dP: -1tld: 2 dP:-2tld: 0 dP: -6 tid: 0 dP: -10 tid: 0

3 dP: -1 tid: 1 dP: -2tld: 2 dP:-3tld: 0 dP: -7 tld: 0

Table 2. Example Buffer Description. dP for deltaPOC and tid for temporal_id

One example use of this table by the encoder is to for a picture with POC=n, signal table entry (n%4) to the
decoder. The reference picture buffer consist of 4 pictures. Which pictures depends on the POC of the
current picture and what entry is used. For example if picture with POC 7 uses entry 3 the reference picture
buffer will consist of pictures with POC {6, 5, 4, 0}

This table may be created in the encoder and transmitted to the decoder. In the control
information of the encoded bit stream the entry number to be used is provided. By using such a
table the decoder can obtain absolute information of which pictures to be used as reference
pictures by detecting the entry number in the decoded bit stream and using that entry number look
up the entry in the table and based on that determine which pictures to be stored in the reference
picture buffer.

According to a further embodiment, explicit signalling of Buffer Descriptions and reference
signalling to an entry in a general Buffer Description such as an entry in the table above, can be
combined by the decoder to form the final Buffer Description for the current picture. One way to
combine the explicit signalling and the reference signaling is to join the set of reference pictures
described by explicit signalling with the set of reference pictures described by reference signaling
to form a joint set of reference pictures. Then one or more reference pictures included in the set of
reference pictures described by reference signalling but not included in the explicit signaling are
possibly removed from the joint set of reference pictures in order to have a final Buffer Description
with no more than max_num_ref_frames number of reference pictures. Preferably pictures are
removed in the order that they are listed in the general Buffer Description starting with the last one
going forward.

In one embodiment, information available for the current picture is used by the decoder to

construct the final Buffer Description for the current from the signalled Buffer Description. Such
information includes but is not limited to current POC [POC(curr)] which together with a signalled
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deltaPOC can be used to calculate the POC of the reference picture [POC(ref)] as POC(ref) =
POC(curr) + deltaPOC.

In one embodiment, temporal layer information (temporal_id) is included for each picture in a
Buffer Description signalled using ceil(log2(max_temporal_layers_minus1)) bits for signalling of
the temporal_id.

In one embodiment, delta display order information (deltaPOC) is included in the Buffer
Description encoded with a variable length code for absolute_delta_POC_minus_one and a flag
(a single bit) for deltaPOC_sign signalled only if number_of_reorder_frames > 0, otherwise the
sign is inferred to be negative.

311 Extension

In one embodiment, the Buffer Description may contain information that is used by the decoder in
reference picture list initialisation or reference picture list modification or reference picture list
combination. One example is that the order in which the pictures are listed in a Buffer Description
can be used as the initial order for one of the reference picture lists in reference picture list
initialisation.

In one embodiment, restrictions are specified for the pictures included in the Buffer Descriptions.
An example restriction is that; a picture A with temporal_id tld(A) described in the Buffer
Description for a picture B with temporal_id tid(B) may not be a “non-existing” picture if tid(A) <
tid(B).

In one embodiment, it is possible to signal changes to the properties of pictures in the reference
picture buffer through Buffer Descriptions. One example is to change temporal layer and/or
display order of pictures through signalling the new value for temporal layer and/or display order in
the Buffer Description.

3.2 Description of the proposal to HEVC standardization

These are the changes that we propose:

¢ Move decoder picture buffer marking from after the decoding of a picture to after parsing of the
first slice header of a picture

¢ Add explicit signaling of the reference pictures (Buffer Description) in each slice header,
containing POC and temporal_id of all reference pictures available for prediction in the DPB

¢ Include Buffer Descriptions in the Picture Parameter Set to minimize the overhead of signaling
available reference pictures (Buffer Descriptions) in slice header

¢ Remove all MMCO commands

¢ Remove the sliding window operation

¢ Remove syntax elements frame_num and gaps_in_frame_num

¢ Require explicit signaling of POC (i.e. remove pic_order_cnt_type 1 and 2 as well as the
syntax element pic_order_cnt_type)

» Remove the conventional concept of long term pictures

These changes are explained in details in the rest of this document.

We propose a scheme where all decoded picture buffer operations are applied after parsing of the
first slice header of a picture but before picture decoding, using a description of the decoded
picture buffer as illustrated in Figure 4. The buffer description is signaled in the slice header either
explicitly or by reference to a predefined structure (Buffer Description) signaled in a Picture
Parameter Set.

It can be noted that the proposal implies large conceptual changes to the decoding process. In
H.264/AVC and current design of HEVC, relative operations are given to the decoder either
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implicitly (sliding window) or explicitly (MMCO) and the decoder is responsible of applying these
relative operations and keeping track of the reference pictures (i.e. which pictures can be used for
reference). In the proposed scheme the reference pictures (i.e. which pictures can be used for
reference) is signaled within the current picture (in the slice header) thus removing the need of
implicitly and explicitly signalled relative operations.

This means that each picture will have an absolute description of the reference pictures instead of
arelative description as in H.264/AVC (where delta-information is retrieved from MMCO or from
the standard text, i.e. sliding window process).

Bdffer :
Description
S Set

l

Figure 4 . Proposed scheme.

3.21 Buffer description

According to an embodiment, the buffer description contains the delta_POC, temporal_id and
additional_picture_id of all reference pictures (in the DPB) in order to provide an absolute
reference to the pictures to be used as reference pictures. The delta_POC is used to calculate the
POC of a reference picture as POC(ref) = POC(current) + delta_POC. Pictures will be identified
by the pair; POC and additional_picture_id. Temporal_id is included in the description to enable
correct reference picture list modification in he case of lost or removed pictures (e.g. temporal
scalability).

All pictures in the DPB that are not a part of the buffer description shall be marked as “unused for
prediction”. The idea is not restricted to the codewords delta_POC, temporal_id and
additional_picture_id. Any codeword that is associated with a picture and used in the reference
picture handling is included in the buffer description, either relative to the value of the current
picture (e.g. POC and delta_POC) or absolute (e.g. temporal_id).
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POC: 0 1 2 3 4

Decoding order: 0 3 2 4 1

Additional picture id: 0 1] 0 0 1]
Figure 5 . Example coding structure.

In the example in Figure 5, the second picture in decoding order will include POC 0 in the buffer
description while the third picture in decoding order will include POC 0 and POC 4 in its buffer
description. The fourth picture in decoding order must include not only POC 0 and POC 2 in its
buffer description but also POC 4 since that picture will be used for reference in the future. The
fifth picture in decoding order does not need to include POC 0 in its buffer description unless it is
going to be used for reference in the future. If POC 0 is not included in the buffer description it will
be made “unused for prediction”.

In the example in Figure §, additional_picture_id is O for all pictures. It is recommended to set
additional_picture_id to 0 unless there are two different pictures available for reference with the
same POC (due to POC wrap-around). If POC is the same for two different pictures the
additional_picture_id shall be different in order to not (unconditionally) replace the older picture
with the newer one. Additional_picture_id is introduced in order to provide all the functionalities
and possibilities that are provided by long term pictures in H.264/AVC.

Consider an example where an encoder would like to use a picture A with POC 14, and
additional_picture_id set to 0, as a “long term picture”. The encoder must then make sure that the
picture A is included in the buffer description in the slice header of all pictures following A for as
long as the encoder wants picture A to be available for reference. If the encoder would like to
encode another picture with POC 14 (due to POC wrap-around) while A is still available for
reference, the encoder should select another value of additional_picture_id, for example 1, to
avoid that A is replaced as a reference picture.

Pictures that are signaled in the buffer description but does not exist in the DPB shall be marked
as “non-existing”. However since the POC and the temporal_id of such pictures are included in
the buffer description, no explicit signaling of reference picture list modification is required. If the
‘non-existing” picture is not used for prediction, the decoding process will proceed correctly
without extra signaling (and without the overhead incorporated with signaling reference picture list
modifications explicitly).

3211 Buffer description entries in Picture Paramter Set

To reduce the bit overhead of signaling the buffer descriptions explicitly in the slice header it is
proposed to introduce buffer description entries in the Picture Parameter Set. These descriptions
can be used for multiple slices/pictures in the same sequence and thus reduce the number of bits
required per picture.

For each buffer description entry in the Picture Parameter Set the delta_POC and temporal_id of
all reference pictures should be present. The additional_picture_id is inferred to be 0 for pictures
described by an entry in the PPS.

3.21.2 Removal of frame_num and gaps_in_frame_num_allowed

In H.264/AVC the syntax element frame_num is used to identify pictures in the DPB and to detect
gaps in frame num. If gaps_in_frame_num_allowed is equal to 1 the decoder shall insert “non-
existing” frames in the DPB in order for the sliding window process to operate correctly.
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In the proposed scheme the combination of POC and additional_picture_id is used to identify
pictures in the DPB. The proposed scheme does not contain a sliding window process. Therefore,
it is proposed to remove the syntax elements frame_num and gaps_in_frame_num_allowed.

3.2.2 Implications on the decoding process

An IDR picture does not need to send a buffer description since it does not use any previous
pictures for reference and removes all reference pictures from the DPB.

For all other types of pictures (not IDR) a buffer description is required in order to construct the
correct decoded picture buffer before decoding of the current picture. Pictures are identified by the
pair POC (calculated as POC(current) + delta_poc) and additional_picture_id. For pictures that will
be used for reference for a short period of time (short term reference pictures) it is recommended
to set additional_picture_id to 0, in order to minimize the bit overhead. For pictures that will be
used for reference for a long period of time (long term pictures) it is recommended that the
encoder makes sure that no two pictures with the same POC and the same additional_picture_id
are available for prediction at the same time.

The total number of reference pictures is indicated by the syntax element max_num_ref_frames in
the SPS.

A buffer description entry in a Picture Parameter Set may have at most max_num_ref_frames
pictures in its description. It may contain fewer pictures in which case the remaining ones are
interpreted as “Empty”.

A picture that does not contain a reference to a buffer description must contain explicit description
of all reference pictures (otherwise the reference pictures will be marked as “unused for
reference”).

In order to reduce bit overhead we propose that it should be possible to both have a reference to
a Buffer Description in a Picture Parameter Set and to explicitly signal Buffer Descriptions in the
same slice header. If a slice header contains both a reference and explicit description(s), the
descriptions (reference pictures) fetched from the PPS will be replaced by the explicit descriptions
starting from the end of the list in the order in which they where described in the PPS.

A picture that is used for reference for a long period of time (long term reference picture) is
preferably indicated by explicit description in the slice headers of the pictures for which it is
available for reference, since it would be inconvenient to include every distance (in POC numbers)
in the Buffer Descriptions in the PPS.

3.23 Implications on temporal scalability

The proposed scheme implies that temporal down-switching is always possible. Each temporal
layer (together with the lower layers) will constitute a sub-sequence. Such sub-sequences need
no explicit signaling.

3.24 Implications on display of pictures

In H.264/AVC the process that delivers pictures for output (referred to as “bumping” process in
figure 1) is sometimes performed prior to decoding (if there was a gap in frame num). The
‘bumping” process is also performed after decoding (and picture marking).

In the proposed scheme the “bumping” process is always applied prior to decoding. It could be
argued that this imposes extra delay in the decoding process before delivery of pictures for output.
However it should be noted that the first picture to display is uniquely defined already after the
decoding process step as soon as the number of non-displayed picures in DPB is larger than or
equal to num_reorder_frames Thus a decoder can deliver that picture for display directly after the
decoding process step. It would be possible to add such a step to the scheme as illustrated in
Figure 6. Alternatively, it could be mentioned in a note in the standard text that this action is
possible to reduce delay. Thus the delay of the proposed scheme is equal to the delay of the
current HEVC scheme. ’
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Parsing of first slice header .
in picture (including buffer ' [= ===+ =D
_ descrpion) .

I Reference picture marking |

A

_ Delivery of one picture /i
: for autput

'

Figure 6 . Alternative scheme.

4 Proposed syntax
Added syntax elements are highlighted (in yellow) and removed syntax elements are marked with
strikethrough.
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slice_header() { Descriptor
first_tb_in_slice ue(v)
entropy_slice_flag u(1)
if( lentropy_slice flag) {
slice_type ue(v)
pic_parameter_set_id ue(v)
Pesme--pin wv)
ddditl ue(v)
if( IdrPicFlag )
idr_pic_id ue(v)
if( pic_order_cnt_type == 0)
pic_order_cnt_Isb /* u(v)
u(1)
ue(v)
ue(v)
ue(v)
u(l)
ue(v)
u(v)
if(slice_type == P || slice_type == B) {
num_ref idx_active_override_flag u(l)
if( num_ref idx_active_override flag ) {
num_ref idx_l0_active_minus1 ue(v)
if( slice_type == B)
num_ref_idx_l1_active_minus1 ue(v)
}
}
ref pic list modification( )
ref_pic_list_combination( )
———+dec—refpie—marldng)
if( entropy_coding_mode_flag && slice type != 1)
cabac_init_idc ue(v)
slice_qp_delta se(v)
if( adaptive_loop_filter_enabled flag)
alf_param()
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if( deblocking_filter control present flag) {

disable_deblocking filter_idc

if( disable_deblocking filter_idc != 1) {

slice_alpha_c0_offset_div2

slice_beta_offset_div2

}

}

if( slice_type==B)

collocated_from_10_flag

u(1)

} else

if( entropy_coding_mode_flag && slice_type 1= 1)

cabac_init_idc ue(v)
}
411 Picture Parameter Set
pic_parameter_set_rbsp() { Descriptor
pic_parameter_set_id ue(v)
seq_parameter_set_id ue(v)
entropy_coding_mode_flag u(l)
num_ref_idx_10_default_active_minusl ue(v)
num_ref_idx_11_default_active_minusl ue(v)
pic_init_ qp_minus26 /* relative to 26 */ se(v)
constrained_intra_pred_flag u(l)
ue(v)
ue(v)
u(l)
ue(v)
u(v)

rbsp_trailing_bits( )

}

5 Proposed semantics

8.2 Slice decoding process

8.2.2 Decoding process for buffer description application

This process is invoked at the beginning of the decoding process for each |, P, or B picture, prior
to decoding of the first Coding Unit in the first slice of the picture and prior to the decoding process
for reference picture list construction as specified in subclause 8.2.3.

The process may result in marking one or more picture as “unused for reference” as described in

8.2.2.1.
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The process may result in the construction of “non-existing” pictures as described in 8.2.2.2.

A reference pictures is identified for use in the decoding process by the variables POC and
additional_picture_id.

A reference picture r in the reference picture buffer is said to be a part of a buffer description if
and only if POC(r) = POC(curr) + delta_POC(i) and additional_picture_id(r) =
additional_picture_id(i) for any i in the range of 0 to number_pictures_in_buffer_description.

8.2.2.1 Sequence of operation for buffer description application
Buffer description application proceeds in the following ordered steps:

1. Depending on whether the current picture is an IDR picture, the following applies.

- If the current pictures is an IDR picture, all reference pictures are marked as unused for
reference.

- Otherwise (the current picture is not an IDR picture), the following ordered steps applies:

I. The buffer description information in the slice header of the first slice of the current picture
is used to create a list of reference pictures, referred to as the buffer description as
described in 8.2.2.2,

II. All reference pictures (in the reference picture buffer) that are not a part of the buffer
description are marked as "unused for reference”.

Hl. If one or more pictures that are included in the buffer description are not available for
reference (i.e. existing in the reference buffer marked as “used for reference”) the
process described in 8.2.2.2 is invoked.

2. The slices of the current picture are decoded.

8.2.2.2 Creation of a buffer description

If buffer_description_reference_flag is 1, a buffer description is created setting deltaPOC to the
deltaPOC of the PPS buffer description entry identified by buffer_description_id, temporal_id to
the temporal_id of the PPS buffer description entry identified by buffer_description_id and
additional_picture_id to 0 for each picture i in the range from 0 to
number_of_pictures_in_buffer_description-1.

If buffer_description_reference_flag is 0, a buffer description is created setting deltaPOC to the
deltaPOC of the explicitly signaled buffer description, temporal_id to the temporal_id of the PPS
explicitly signaled buffer description and additional_picture_id to additional_picture_id of the
explicitly signaled buffer description for each picture i in the range from 0 to
number_of_explicitly_signaled_pictures -1.

8.2.2.3 Creation of non-existing pictures

This process is invoked for each picture that is included in the buffer description of the current
picture but is not available in the decoded picture buffer. That is if the buffer description of the
current picture contains an entry i, with a POC(i) and additional_picture_id(i) such that there is no
picture j in the reference picture buffer marked as “used for reference” with POC(j) == POC(i) and
additional_picture_id(j) == additional_picture_id(i).

For each such description a “non-existing” picture is generated with POC set to POC(i),
additional_picture_id set to additional_picture_id(i), temporal_id set to temporal_id(i) and marked
as “non-existing” and “used for reference”. The sample values of the generated frames may be set
to any value. These generated frames which are marked as “non-existing” shall not be referred to
in the inter prediction process.

The The encoder comprises at least an input section (IN), an output
section (OUT), a processor and one or more memory sections.
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The encoder receives pictures to be encoded via the input section and
the processor is configured to perform the above described procedures.
The functionality of the processor may be realized by software code
portions stored in a memory section. A memory section may also store
buffer description information. When the pictures are coded, the coded
pictures including respective index values are transmitted to the decoder

via the output section.
PROCESSOR

IN ouT Coded pictures

n
>

ENCODER
\_ ~/

A
A 4

MEMORY
@ O

Buffer
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Info
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Fig. A

Accordingly, the above described procedure is performed by a decoder.
An example of a decoder is shown in figure B.

The decoder comprises at least an input section (IN), an output section
(OUT), a processor and one or more memory sections.

The decoder receives encoded pictures via the input section and the
processor is configured to perform the above described procedures. The
functionality of the processor may be realized by software code portions
stored in a memory section. A memory section may also store buffer
description information. When the pictures are decoded, the decoded
pictures are sent for display.
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