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1. summary

Decoded pictures need to be buffered for two purposes: one is to be used for reference and the other is to be used for reordering (reorder from decoding order to output order). In order to save memory, the draft standard combines the two kinds of buffered pictures into one buffer, which is known as the Decoded Picture Buffer (DPB). However, reference picture buffering is done as specified in subclause 8.2.7 and buffering for reordering is done as specified in the HRD specification. We believe now that the two kinds of buffers have been unified, the operation on the DPB should also be unified. Specifically, if timing and/or decoded picture buffering according to the HRD are not applied, the incomplete DPB management will cause problems.

The contribution is organized as follows: Section 2 identifies 10 problems on the DPB management; Section 3 gives the overview of our solutions for the problems. Section 4 proposes the details of the DPB management, including related definitions, sequence of the DPB management operations, and required updates on the HRD.

2. Problems

2.1 Problem 1 – Lack of Decoder Output Specification

The output of the entire decoding process is not specified clearly in the main body of the draft standard. It is probably clear for JVT experts that pictures are output in ascending order of picture order count (i.e., in output order). If picture timing SEI messages or externally carried output timestamps, such as RTP timestamps, are present, a picture is naturally output when its output timestamp expires. However, no output timestamps may be carried in some systems, such as H.324 video telephony. Moreover, the main body of the JVT standard is specified so that it is unaware of time and timestamps. Thus, the picture reordering process from the decoding order to the output order has to be specified without use of timestamps in the main body of the standard. Without the reordering process specified in the main body of the standard, a standard-compliant decoder cannot be mandated to output pictures in correct output order.

2.2 Problem 2 – MMCO Dependency on Decoding Time

Subclause 8.2.7.3.6 and subclause 8.2.7.3.7 specify the assignment process for marking all non-reference pictures “unused” or all non-reference and reference pictures “unused”. The process is triggered if the Memory Management Control Operation (MMCO) in the slice header is 6 or 7 respectively. An “unused” picture is unused both for reference and output.

A similar MMCO can be achieved with the non_ref_pic_reset_flag that is present in the slice headers of an IDR picture. The semantics of non_ref_pic_reset_flag are as follows:

non_ref_pic_reset_flag indicates how the non-reference pictures are treated for an IDR picture.  A value of 1 indicates that the non-reference pictures are removed from the decoded picture buffer. A value of 0 indicates that the non-reference pictures remain in the decoded picture buffer.

MMCO types 6 and 7 as well as the non_ref_pic_reset_flag couple the decoding time of a picture to the contents of the DPB. The JVT decoding process has been decoupled from decoding and output timestamps. However, in order to have a deterministic behavior, MMCO types 6 and 7 as well as the non_ref_pic_reset_flag should be coupled with a certain decoding timestamp. Otherwise, one decoder implementation may decode a non_ref_pic_reset_flag in moment t1 and another decoder implementation may decode it in moment t2 where t2 > t1. The second decoder would output frames whose output timestamp is in the range t1 to t2, whereas the first decoder would not. In other words, it cannot be controlled accurately which pictures are output and which pictures are removed from the DPB. Thus, the output of decoders may be different from each other.

The buffering process for picture reordering from the decoding order to the output order is specified in the HRD specification. A conformant decoder does not have to implement buffering from the decoding order to the output order as specified in the HRD specification. Therefore MMCO types 6 and 7 as well as the non_ref_pic_reset_flag cannot have normative semantics or decoding process.

2.3 Problem 3 – Coupling of Reference Picture Buffering with Output Time

Subclause 8.2.7.2 specifies the following about adding a new reference picture to the DPB using the “Sliding Window” buffering mode: 

If NumFramesInDPB equals DPBcapacity, NumShortTermRefFrames shall be greater than zero, and the short-term reference frame that was decoded first is marked as “unused for reference”. 

This statement requires that the instant when a picture is ready from the decoding process has to be tightly synchronized with the picture output. Otherwise, in one moment the condition above may be true and the oldest reference frame is marked as “unused for reference”, but in the very next moment a frame is displayed and removed from the DPB and the condition above is not true anymore and the new reference picture can be inserted into the DPB without marking any older reference frames as “unused for reference”. Reaching such tight synchronization is not feasible in practical implementations, because the time required for picture decoding varies in a non-deterministic way.

2.4 Problem 4 – Dependency on Decoding of Non-Reference Pictures

The informative note in subclause 8.2.7.2 specifies the following about the relation between num_ref_frames and DPBcapacity:

NOTE - num_ref_frames may be less than DPBcapacity to allow specific space in the decoded picture buffer for frames that are marked as “unused for reference”. However, the number of frames that are marked as “unused for reference” may be greater than DPBcapacity - num_ref_frames, but in this case it should be noted that it may not be possible to discard non stored pictures without attempting to decode them, as they may interact with the operation of the sliding window.

The capability of discarding non-reference is highly desirable and must not be compromised. 

2.5 Problem 5 – Inability to Assign a Long-Term Index to a Newly Decoded Picture

Subclause 8.2.7.3.3 specifies the assignment process of a long-term index. The process uses the syntax element difference_of_pic_nums_minus1 to signal the picture number of the short-term picture that is to be assigned as a long-term picture. difference_of_pic_nums_minus1 is relative to the picture number of the current picture. However, due to the “minus1” part of the syntax element, the current picture cannot be referred and assigned as a long-term picture.

Immediate assignment of a long-term index to a newly decoded picture is essential in handling of sub-sequences, for example (see document JVT-B042 for an introduction to sub-sequences). Figure 1 shows an example of a stream containing sub-sequences. If the sub-sequence containing frames P1 to P5 was never transmitted and the decoder receives frame P6 after frame I0, the decoder is required to act as if frames P1 to P5 were added to the decoded picture buffer in sliding window buffering mode and mark the corresponding frames in the DPB with the “invalid” index flag (see subclause 8.2.6.2 of the draft standard). The sliding window buffering operation would cause frame I0 to be removed from the DPB. Consequently, a long-term index must be assigned to the I0 right after it is decoded.
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Figure 1. An example of a stream containing sub-sequences.

2.6 Problem 6 – MMCO Forbidden in IDR Pictures

The syntax of the slice header disallows the use of memory management control operations in an IDR picture. However, assigning a long-term index to an IDR picture immediately after it is decoded is essential as demonstrated in the previous subsection. Moreover, setting the maximum long-term index should also be possible in an IDR picture.

2.7 Problem 7 – max_dec_frame_buffering Unclear

The semantics of max_dec_frame_buffering in the VUI specification are not clear. The semantics are reprinted below:

max_dec_frame_buffering specifies the maximum extent of buffering of frames from decoding time to output time in the sequence.  The sequence shall not require a decoded picture buffer with capacity of more than max_dec_frame_buffering frames to enable the output of decoded pictures at the output times of the HRD. The value of max_dec_frame_reordering shall not exceed 15.

“from decoding time to output time in the sequence” makes us confused. What does “in the sequence” refer to? How to apply buffering “from decoding time to output time”?

2.8 Problem 8 – max_dec_frame_reordering Unclear

max_dec_frame_reordering is specified in the VUI section of the draft standard as follows:

max_dec_frame_reordering specifies the maximum extent of reordering of frames from decoding order to output order in the sequence.  The sequence shall not require a decoded picture buffer with capacity of more than max_dec_frame_reordering frames to enable the output of decoded pictures in the output order indicated by the picture order count.  The value of max_dec_frame_reordering shall not exceed the value of max_dec_frame_buffering.

For example, if max_dec_frame_reordering is equal to 0, then the output order of pictures in the bitstream shall be the same as the decoding order.  If max_dec_frame_reordering is equal to 2, then no more than two pictures that follow any picture in decoding order may precede it in output order.

First, we have difficulties to understand the description of max_dec_frame_reordering. Second, we don’t understand what max_dec_frame_reordering is used for.

2.9 Problem 9 – Error Resiliency of Reference Picture Buffering

If any MMCO command is lost, the contents of the reference picture buffer part of the DPB may remain incorrect until the next IDR picture or the next MMCO “reset” command (MMCO type 5). For example, if the command for setting the maximum long-term index is lost, the number of pictures involved in the sliding window buffering operation may be incorrect. The decoded picture buffer management repetition SEI message was introduced to improve the error resiliency of memory management operations. However, the SEI message is not able to specify the absolute contents of the reference picture buffer, but rather it describes a change from one buffer state to another, the decoder has no means to verify that the buffer state is correct.

2.10 Problem 10 – Field Coding and DPB

The current draft standard allows the following cases, which may cause difficulties in the DPB management and have no practical benefits: 

· Both fields of a frame are coded with one field being used for reference and the other not.

· Two consecutive (in decoding order) dangling non-reference fields with opposite parities and from different frames are coded.

· Two fields of one frame are not consecutive in decoding order.

3. Overview of the Proposed Solutions

3.1 Solution for Problems 1 to 4 – DPB and Decoder Output Specification

We propose that the operation of the DPB, including both the reference picture buffering aspect and the reordering from decoding order to output order aspect, is specified in the main body of the standard. The normative specification of the DPB operation guarantees that every standard-compliant decoder always outputs pictures in correct output order, and different conformant decoders have the same output if they have the same input. 

In practical systems, a picture is output when its output timestamp expires. The proposed DPB specification is fully compatible with practical systems: if output timestamps are in use, the DPB specification indicates when pictures are removed from the DPB. Decoders should ensure that a picture is not decoded until the next picture to be removed from the DPB has been output according to its output timestamp. 

The proposed DPB process does not depend on decoding time or output time. Thus, no implementation differences or timing inaccuracies affect the state of the DPB.

In particular, we propose removal of MMCO types 6 and 7 as well as the non_ref_pic_reset_flag.

As a response to problem 4, the reference picture buffering operation of the DPB does not depend on the reordering process from the decoding order to the output order. Thus, any non-reference picture can be disposed without affecting the operation of reference picture buffering. The number of frames marked as “unused for reference” but used in the reordering process from the decoding order to the output order at any time is limited to be less than or equal to DPBcapacity – num_ref_frames. 

A detailed description of the proposal is given in section Section 4.

3.2 Solution for Problem 5

We propose that instead of difference_of_pic_nums_minus1, difference_of_pic_nums is specified for MMCO type 3 (long-term index assignment) signaling the picture number of the picture to be assigned as a long-term picture relative to the current decoded picture.

3.3 Solution for Problem 6

We propose to remove the conditional call to def_pic_buffer_management( ) in the slice header syntax (subclause 7.3.3). The piece of the syntax to be replaced in the draft standard is:

	
if( nal_unit_type  = =  5 )
	
	

	

non_ref_pic_reset_flag
	4
	u(1)

	
else
	
	

	

dec_pic_buffer_management( )
	4
	


The proposed piece of slice header syntax to replace the above piece of syntax is:

	
dec_pic_buffer_management( )
	4
	


We propose that the semantics of dec_pic_buffer_management allow the use of operations 0 (end of MMCO loop), 3 (assign a long-term index to a picture), and 4 (specify a maximum long-term picture index) for an IDR slice. The use of other MMCOs is disallowed with an IDR slice.

3.4 Solution for Problem 7

We propose the following text where changes are highlighted with yellow background:

max_dec_frame_buffering specifies the minimum size of the Decoded Picture Buffer in units of frame stores.  The sequence shall not require a decoded picture buffer with capacity of more than max_dec_frame_buffering frames to enable the output of decoded pictures at the output times of the HRD. The value of max_dec_frame_buffering shall not exceed 15.

3.5 Solution for Problem 8

We propose to remove max_dec_frame_reordering from VUI, since num_reorder_frames is proposed in sequence parameter set. 

3.6 Solution for Problem 9

We propose the following SEI message that describes the contents of the DPB. The following syntax and semantics assume that the DPB proposed in this paper is adopted. However, the syntax and semantics can easily be modified to support the current draft standard.

	dpb_state( PayloadSize ) {
	C
	Descriptor

	
num_occupied_frame_stores
	7
	ue(v)

	
max_long_term_pic_index_plus1
	7
	ue(v)

	
for( i = 0; i < num_occupied_frame_stores; i++ ) {
	
	

	

idr_pic_flag
	7
	u(1)

	

field_occupied_idc
	7
	u(2)

	

used_for_reference_flag
	7
	u(1)

	

used_for_reorder_flag
	7
	u(1)

	

subseq_info_present_flag
	7
	u(1)

	

frame_poc
	
	i(32)

	

if( field_occupied_idc & 1 )
	
	

	


top_field_poc_diff
	
	ue(v)

	

if( field_occupied_idc & 2 )
	
	

	


bottom_field_poc_diff
	
	ue(v)

	

if( field_occupied_idc = = 3 )
	
	

	


top_field_first_flag
	
	u(1)

	

if( used_for_reference_flag ) {
	
	

	


frame_num
	7
	u(v)

	


long_term_flag
	7
	u(1)

	


if( long_term_flag )
	
	

	



long_term_index
	7
	ue(v)

	

}
	
	

	

if( subseq_info_present_flag ) {
	
	

	


subseq_layer_num
	7
	ue(v)

	


subseq_id
	7
	ue(v)

	


subseq_frame_num_flag
	7
	u(1)

	


if( subseq_frame_num_flag )
	
	

	



subseq_frame_num
	7
	ue(v)

	

}
	
	

	
}
	
	

	}
	
	


The DPB state SEI message is used to describe the contents of the Decoded Picture Buffer before the current picture is decoded.

num_occupied_frame_stores signals the amount of frame stores that contain at least one field or frame which is marked as “used for reference” and/or “used for reordering”. num_occupied_frame_stores shall be in the range from 0 to DPBcapacity, inclusive.

max_long_term_pic_index_plus1 equal to 0 signals that no long-term frame stores exist. Otherwise, max_long_term_pic_index_plus1 – 1 signals the maximum index for long-term pictures. max_long_term_pic_index_plus1 shall be in the range from 0 to num_ref_frames + 1, inclusive.

Frame stores are looped in decoding order of frames starting from the earliest frame in decoding order. Each frame store is characterized with the following syntax elements.

idr_pic_flag equal to 1 signals that the frame store contains an IDR picture. Otherwise, there is no IDR picture in the frame store.

field_occupied_idc equal to 0 indicates that the frame store contains a decoded frame that was frame-coded. field_occupied_idc equal to 1 indicates that the frame store contains a decoded top field, whereas the bottom field of the frame store is unoccupied. field_occupied_idc equal to 2 indicates that the frame store contains a decoded bottom field, whereas the top field of the frame store is unoccupied. field_occupied_idc equal to 3 indicates that the frame store contains a frame that was coded as two fields.

used_for_reference_flag equal to 0 indicates that the frame store is marked as “unused for reference”. used_for_reference_flag equal to 1 indicates that the frame store is marked as “used for reference”.

used_for_reorder_flag equal to 0 indicates that the frame store is marked as “unused for reorder”. used_for_reorder_flag equal to 1 indicates that the frame store is marked as “used for reorder”.

subseq_info_present_flag equal to 0 indicates that no sub-sequence information is present for the frame store. subseq_info_present_flag equal to 1 indicates that the sub-sequence layer and the sub-sequence identifier of the frame store are conveyed in the message. 

frame_poc signals the FramePicOrderCnt of the frame as specified in subclause 8.2.2. frame_poc shall be in the range of –231 to 231-1, inclusive.

top_field_poc_diff signals the difference between the TopPicOrderCnt and the FramePicOrderCnt of the frame. In other words, top_field_poc_diff = TopPicOrderCnt – FramePicOrderCnt. top_field_poc_diff shall be in the range of 0 to 215-1, inclusive.

bottom_field_poc_diff signals the difference between the BottomPicOrderCnt and the FramePicOrderCnt of the frame. In other words, bottom_field_poc_diff = BottomPicOrderCnt – FramePicOrderCnt. bottom_field_poc_diff shall be in the range of 0 to 215-1, inclusive.

top_field_first_flag equal to 1 indicates that the top field precedes the bottom field in decoding order. Otherwise the bottom field precedes the top field in decoding order.
frame_num indicates the frame_num of the frame/field(s) stored in the frame store. frame_num shall be in the range of 0 to MaxFrameNum – 1, inclusive. frame_num is coded as an unsigned integer of (log2_max_frame_num_minus4 + 4) bits.

long_term_flag equal to 1 indicates the frame in the frame store is used as a long-term reference frame. long_term_flag equal to 0 indicates that the frame in the frame store is used as a short-term reference frame.

long_term_index specifies the index of the long-term reference frame stored in the frame store. long_term_index shall be in the range of 0 to max_long_term_pic_index_plus1 – 1, inclusive.

subseq_layer_num indicates the sub-sequence layer number of the frame stored in the frame store as specified in the sub-sequence information SEI message.

subseq_id indicates the sub-sequence identifier of the frame stored in the frame store as specified in the sub-sequence information SEI message.

subseq_frame_num_flag indicates the presence of the subseq_frame_num syntax element in the SEI message.

subseq_frame_num indicates the subseq_frame_num of the frame stored in the frame store as specified in the sub-sequence information SEI message. subseq_frame_num shall be less than MaxFrameNum.

NOTE: Decoders may use the sub-sequence information to conclude to which sub-sequences missing frame numbers belong to and to determine if decoding of some sub-sequences can be continued regardless of missing frame numbers.

3.7 Solution for Problem 10

It is proposed to disallow the field coding patterns mentioned in problem 10. 

4. dpb operations

4.1 Definitions

FrameStoreUsage is present for each frames store and indicates the usage of a frame store. Value 0 means that the frame store is empty and it can be overwritten safely. Value 1 means that the frame store is used for reference only, value 2 means that the frame store is used for reordering only. Value 3 means that the frame store is used for both reference and reordering. The initial value of FrameStoreUsage shall be 0.

An additional frame store is used to save the newly decoded picture, which is called the immediate frame store hereinafter. The DPB plus the immediate frame store is called the Extended DPB (EDPB).

The DPB is characterized by following values:

· DPBcapacity as specified in Annex A of the standard. Gives the minimum amount of frame stores that a level-compliant decoder shall support.

· num_ref_frames. The largest number of frame stores that are used for reference, which is signaled in sequence parameter set.
· num_reorder_frames. The number of frame stores that are used for reordering. We propose to add this parameter to sequence parameter set. 
4.2 Sequence of the DPB Operations

It shall be noticed that marking a picture as “unused for reference” and marking a picture as “unused for reordering” are decoupled. The details of the DPB operations for a decoded picture are presented step by step.

4.2.1 Step 1: Decoding

The picture to be decoded can be either a frame or a field.

The newly decoded picture resides in the immediate frame store. If it is a reference picture, the FrameStoreUsage is set to 3 otherwise 2. The immediate frame store is always marked as “used for reordering” at first, because it cannot be determined whether the newly decoded picture needs reordering or not at this step without information about the DPB.

4.2.2 Step 2: Reordering

Before following steps, decoder needs to know whether there is at least one more picture to be decoded and some information from the slice header of the next picture to be decoded. This limitation is only expected to simplify the description of the operations, which can be removed safely in realistic implementations with minor modifications to the flow control.

Step 2.1 Condition for Step 2.1: There is at least one more picture to be decoded and the number of frames to be reordered in the DPB is less than num_reorder_frames. No picture is outputted. If the newly decoded picture is used for reference, go to Step 3; otherwise go to Step 4.

Step 2.2 Condition for Step 2.2: There is at least one more picture to be decoded and the number of frames to be reordered in the DPB is equal to num_reorder_frames. If none of the following conditions is true, go to Step 1 to decode the opposite parity field. Otherwise continue.

· A frame resides in the immediate frame store.

· Two fields reside in the immediate frame store.

· A single field resides in the immediate frame store, and the next picture to be decoded is not its opposite parity field of the same frame.

The first picture in output order among the pictures to be reordered in the EDPB is outputted. See section 4.4.1 on how to determine the first picture in output order. If the outputted picture is a field and its opposite parity field of the same frame is present, both fields are outputted. The outputted frame is marked as “unused for reordering”. 

If the newly decoded picture is outputted and is not used for reference, go to Step 1 to decode the next picture. If the newly decoded picture is used for reference only, set FrameStoreUsage to 1 and go to Step 3. If the newly decoded picture is used for reordering only, set FrameStoreUsage be 2 and then go to Step 4 to store it for reordering. If the newly decoded picture is used for both reference and reordering, set FrameStoreUsage be 3 and then go to Step 3.

Step 2.3 Condition for Step 2.3: There are no more pictures to be decoded. All the pictures that are marked as “used for reordering” are output in output order. Finally, the decoder process stops.

More discussions about reordering at some special points can be found in section 4.4.2.

4.2.3 Step 3: Marking picture “unused for reference”

If the newly decoded picture is a reference picture, the sliding window or adaptive memory control mechanism is applied to the frame stores that are marked as “used for reference”. The sliding window and adaptive memory control for reference frames in subclause 8.2.7 need updates.

4.2.4 Step 4: Storing

If the newly decoded picture is a frame, go to Step 4.1. Otherwise go to Step 4.2.

Step 4.1 There should be at least one empty frame store in the DPB before storing the newly decoded frame. FrameStoreUsage is set to be equal to FrameStoreUsage of the immediate frame store.  Go to Step 1 to decode the next picture.

Step 4.2 For a newly decoded field, the destination frame store will be an empty frame store if its opposite parity field of the same frame is not in the DPB. In this case FrameStoreUsage is set to be equal to FrameStoreUsage of the immediate frame store. Otherwise, the newly decoded picture should be stored into the same frame store as its opposite parity field and FrameStoreUsage is unchanged.  Go to Step 1 to decode the next picture.

4.3 Examples for reordering

To help understand the operations in section 4.2, we will show two examples for the reordering process. The blue numbers indicate the frame_num. Reference pictures are indicated by red color. ‘x’ means no picture is reordered before decoding the next picture.

Example 1. num_reorder_frames = 1, 10 frames are coded.

	Coded pictures in output order
	I0
	B1
	B2
	P3
	B4
	B5
	P6
	B7
	B8
	P9

	Decoding order
	I0 0
	P3 1
	B1 2
	B2 2
	P6 2
	B4 3
	B5 3
	P9 3
	B7 4
	B8 4

	After reordering
	x
	I0
	B1
	B2
	P3
	B4
	B5
	P6
	B7
	B8, P9


Example 2. num_reorder_frames = 2, 13 frames are coded.

	Coded pictures in output order
	I0
	B1
	B2
	B3
	P4
	B5
	B6
	B7
	P8
	B9
	B10
	B11
	P12

	Decoding order
	I0 0
	P4 1
	B2 2
	B1 3
	B3 3
	P8 3
	B6 4
	B5 5
	B7 5
	P12 5
	B10 6
	B9 7
	B11 7

	After reordering
	x
	x
	I0
	B1
	B2
	B3
	P4
	B5
	B6
	B7
	P8
	B9
	B10, B11, P12


4.4 More Discussions on DPB

4.4.1 Sliding Window Operation for Reordering

The num_reorder_frames is used to define the sliding window operation for reordering purpose. Once the number of pictures to be reordered reaches num_reorder_frames, the earliest picture in output order is outputted. This subsection specifies how to find the earliest picture in output order among the pictures that are marked as “used for reordering”.

Step 1. Initialization. Set the oldest picture in decoding order in the EDPB be the candidate picture.

Step 2. Loop among the pictures marked as “used for reordering” from the second oldest picture to the latest picture (in decoding order) and use i as the loop counter. The loop is composed by Step 2.1 and Step 2.2.
  Step 2.1 If picture i is an IDR picture, the candidate picture is the picture we are looking for, break the loop.
  Step 2.2 If the POC of picture i is less than the POC of the candidate picture, set picture i as the candidate picture.

Step 3. End. The candidate picture is the oldest picture in output order.

4.4.2 DPB Operation When Sequence Parameter Set Is Changed

The num_ref_frames and num_reorder_frames are signaled in sequence parameter set. Each time when a different sequence parameter set becomes effective, num_ref_frames or num_reorder_frames may change thus special care on the DPB should be taken.

4.4.2.1 Changing of num_reorder_frames
When num_reorder_frames increases, 0 picture per one decoded picture is output in (new num_reorder_frames) - (old num_reorder_frames) pictures after (old num_reorder_frames) pictures since the decoded picture uses the new sequence parameter set. For example, the num_reorder_frames of two parts of the bitstream are 1 and 2 respectively. When P3 is decoded, no picture is outputted.

	Decoding order
	I0
	P2
	B1
	P4
	B3
	I0
	P3
	B2
	B1
	P6
	B5
	B4

	After reordering
	x
	I0
	B1
	P2
	B3
	P4
	x
	I0
	B1
	B2
	P3
	B4, B5, B6


When num_reorder_frames decreases, more than one picture is outputted at the decoded picture using the new sequence parameter set. For example, the num_reorder_frames of two parts of the bitstream are 2 and 1 respectively. When I0 is decoded, two pictures B5 and P6 are outputted at the same time. 
	Decoding order
	I0
	P3
	B2
	B1
	P6
	B5
	B4
	I0
	P2
	B1
	P4
	B3

	After reordering
	x
	x
	I0
	B1
	B2
	P3
	B4
	B5, P6
	I0
	B1
	P2
	B3, P4


4.5 Updates on HRD

We propose that the DPB is specified in the main body of the standard. Both a real decoder implementations and the HRD shall fulfill the DPB specification. Thus, we propose that the description about the DPB operation in subclause C.1.2 of the draft standard is replaced with the following one:

The DPB verifier maintains a decoded picture buffer according to the DPB specification specified in subclause QQ [Ed. note: specified in this contribution]. A picture enters the DPB at its removal time tr(n) from the CPB [Ed. note: TODO delayed removal time to be taken into account]. A picture’s DPB output time to,dpb(n) is computed by

to,dpb(n) =
tr(n) + tc · dpb_output_delay(n)

(C-10)

A transmitted or stored stream of coded data conforming to this Recommendation | International Standard fulfils the following requirements.

· Decoding Time – Output Time Consistency. When picture B is marked as “unused for reorder” as a response to inserting picture A into the DPB, then tr(A) shall be greater than or equal to to,dpb(B).

· Maximum Output Rate. The difference between the output time of a picture and that of the picture output immediately preceding it shall be larger than the ratio of the number of macroblocks in the picture to the maximum sample processing rate for the bitstream’s level in macroblocks per second (see subclause A.3.1).

Note that the “Decoding Time – Output Time Consistency” condition replaces the earlier DPB buffer overflow check. The condition guarantees that no picture is removed from the DPB earlier than its output time.
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