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Summary

Several issues related to the HRD are covered.
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1 Decoded Pictures Buffer syntax

A proposal will be made for the operation of a decoded pictures buffer.  As part of this proposal, the notion of an output time stamp (OTS) appears.  I propose that this be carried in the bitstream as a delay with respect to the pre-decoder removal time of the same picture, in the same units as the pre-decoder removal delays are carried, and in the same picture level SEI message.

2 Pre-decoder removal delay issues

Some experts believe a higher clock rate than 90 kHz should be used for the initial_pre_dec_removal_delay (D.2.4).  A value of 180 kHz has been suggested because it represents a least common multiple of many picture rates, including the NTSC field rate (60,000/1001).  It might also be preferable to harmonize this with the time_scale parameter, by making the time_scale parameter quite large (say 180 kHz) and using it instead of a separate 90 kHz clock.

In addition, the upper limit on the initial pre-decoder removal delay in the FCD is only roughly 0.7 seconds.  It has been suggested that this value is too low.

2.1 Intro

Over the months, some proposals/requests have been made to change the time base for the initial pre-decoder delay from the fixed 90 kHz clock either to:

 - a higher value like 180 kHz

 - something harmonized with the time base for the (non-initial) pre-decoder removal delays.

Below, I propose a flexible alternative in line with the second suggestion.

2.2 Background:

The initial pre-decoder removal delay, like the MPEG-2 vbv_delay, is defined as the time between when a picture's bits start to enter the buffer and the time when they are removed.  It is only sent for IDR pictures, i.e. at random access points.  This number typically requires a granularity much higher than that of a picture period.

The (non-initial) pre-decoder removal delay, sent for each picture, is relative to the removal of the previous picture.  The meaning is different, and the required granularity is much lower.  In the FCD, the granularity is num_units_in_tick/time_scale in seconds.  I anticipate that this granularity will also be used for the DPB removal delay; it certainly should be sufficient.

Note that num_units_in_tick and time_scale are bitstream elements (with no restrictions on their values at the moment).  There is no other way to specify a picture rate or frame rate.

2.3 Flexibility in Time Scale

One good feature of the num_units_in_tick/time_scale method is that intermixing of multiple picture rates is supported by proper selection of the two parameters.  For example, if one wants to support the mixing of 24, 30 and 60 Hz, the values


time_scale 


= 120


num_units_in_tick 
= 1

would work.

If one wanted to support 23.976, 29.97 and 59.94, the smallest numbers that work are


time_scale 


= 120,000


num_units_in_tick 
= 1001

Note that adding 25 frames per second to this example results in the same value of time_scale but num_units_in_tick = 1.

Other combinations can be analyzed, but I suspect that 99% of scenarios are covered by these three examples.

2.4 Proposal (harmonized)

a. Mandate that time_scale be at least 120,000.

b. Require the initial pre-decoder removal delay to be in units of 1/time_scale (and size the syntax element accordingly to provide a good range of delays).

2.5 Addendum (coding efficiency)

One point worth attention is that if time_scale is large and num_units_in_tick is small, the pre-decoder removal delays can be rather large.  In the third example of {23.976, 25, 29.97, 59.94}, the removal delays for the four different picture periods are {5005, 4800, 4004, 2002}.  These require 21-25 bits to Exp-Golumb encode.  Not necessarily a show-stopper, but I wanted people to be aware of the issue.  I thought of constructing a downloadable table of favorite values which could be assigned to the shortest codewords, but that seems like overkill to save less than 30 bits per picture.  A 16-bit fixed length code would be more efficient for that case, but would waste bits for the more common cases, were the delays are very small integers.

3 Mandatory Carriage of HRD Data

Conformance of a bitstream to the HRD is mandatory, unless both the nal_hrd_flag and vcl_hrd_flag are equal to ‘0’.  But carriage of HRD information is currently optional.  This may encourage stream producers to create non-conformant streams.

3.1 Proposal

Insert text to the semantic constraints subclause (currently 8.2.1) stating that carriage of HRD information is mandatory in the byte stream format, and indicating where it should be placed.  For VCL conformance, HRD information may be supplied “out of band.”

4 Level-related HRD Issues

It is not clear to which entity the HRD related Level constraints apply, since the H.264 HRD can be applied to both the VCL and the NAL.

4.1 Proposal

Specify that the Annex A bitrate and buffer size limits apply to the VCL and that the NAL bitrate and buffer limits may be 1.2x their VCL counterparts.  For example, add notes to the two columns of Table A-1, as follows.

Table A‑1 – Level Limits

	Level #
	
	
	
	Max 
Video
Bitrate (1000 bits/sec)1
	Max
HRD/VBV Buffer Size
(bits)1
	
	
	

	1
	
	
	
	64
	163 840
	
	
	

	…
	
	
	
	…
	…
	
	
	

	5
	
	
	
	TBD
	(1s @ max bps)
	
	
	


1 The HRD bitrate and buffer size limits in this table apply to the VCL.  The corresponding limits for the NAL are 20% higher.
5 EAT-LB or CAT-LB or both?

The merit of using the constrained arrival time leaky bucket has been questioned from two angles.  One concern is the affect on the initial pre decoder removal delay.  For some streams, the CAT-LB (constrained arrival time) can have a larger delay than the EAT-LB (earliest arrival time).  The other concern is a form of compatibility with MPEG-2 TS systems.  From the point of view of arrival schedule, the EAT-LB is more similar to one form of the MPEG-2 VBV than the CAT-LB.

6 Default HRD parameters (Annex E)

Annex E refers in a general way to default values for HRD parameters.  But for some HRD parameters, default values are not appropriate.  Needs to be cleaned up.

6.1 Proposal (the simple fix)

Change “each” to “some” in the second paragraph of E.1.

7 "prev_buf_period_duration" – redundant if DPB present?

This syntax element was introduced to prevent the DTS of a picture from drifting too far from the presentation time (in the absence of an explicit presentation time being sent in the stream).  Now that we will have a presentation time, compliance will prevent this drift, and we should probably remove this syntax element.

7.1 Proposal

Remove the syntax element.

8 Clarity of the pre-decoder buffer example

The buffer fullness curve in Figure C4 contains features that are not easy to understand.

8.1 Proposal

Provide additional wording along the following lines in the paragraph following Figure C4.

“It can be noted that data enters the buffer continuously at rate R until t=14.5 seconds.  At that time, fifteen pictures have entered the buffer, and the sixteenth picture cannot enter because its earliest possible arrival time is t=15.  Thus there is a 0.5 second flat spot from 14.5 to 15 seconds.  The reason it takes until t=14.5 for this to occur is that the initial picture took five picture periods to enter the buffer.”

9 Consistent Terminology

Recently, the terms “Compressed Picture Buffer” and “Decoded Pictures Buffer” have been used.  Earlier, we were using “pre-decoder buffer” and “post-decoder buffer.”  We must choose one.  If we adopt the newer terminology, some syntax elements will have to be renamed.  I have no proposal.

Also, “bitstream” and “bytestream” are both used.  Most people seem to prefer byte stream.  Subclause 6.1 is also very confusing on the general terminology.  This needs to be cleaned up.
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Joint Video Coding Experts Group - Patent Disclosure Form
(Typically one per contribution and one per Standard | Recommendation)

Please send to:

JVT Rapporteur Gary Sullivan, Microsoft Corp., One Microsoft Way, Bldg. 9, Redmond WA 98052-6399, USA

Email (preferred): Gary.Sullivan@itu.int  Fax: +1 425 706 7329 (+1 425 70MSFAX)

This form provides the ITU-T | ISO/IEC Joint Video Coding Experts Group (JVT) with information about the patent status of techniques used in or proposed for incorporation in a Recommendation | Standard.  JVT requires that all technical contributions be accompanied with this form. Anyone with knowledge of any patent affecting the use of JVT work, of their own or of any other entity (“third parties”), is strongly encouraged to submit this form as well.

This information will be maintained in a “living list” by JVT during the progress of their work, on a best effort basis.  If a given technical proposal is not incorporated in a Recommendation | Standard, the relevant patent information will be removed from the “living list”.  The intent is that the JVT experts should know in advance of any patent issues with particular proposals or techniques, so that these may be addressed well before final approval.

This is not a binding legal document; it is provided to JVT for information only, on a best effort, good faith basis.  Please submit corrected or updated forms if your knowledge or situation changes.

This form is not a substitute for the ITU ISO IEC Patent Statement and Licensing Declaration, which should be submitted by Patent Holders to the ITU TSB Director and ISO Secretary General before final approval.

	Submitting Organization or Person:

	Organization name
	Conexant Systems, Inc.
	

	Mailing address
	20450 Stevens Creek Blvd

Cupertino, CA 95014
	

	Country
	USA
	

	Contact person
	Eric Viscito
	

	Telephone
	1-408-861-7087
	

	Fax
	1-408-861-7100
	

	Email
	eric.viscito@conexant.com
	

	Place and date of submission
	5th JVT meeting October 9 – 17, Geneva
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	JVT
	

	Title
	HRD Requirements
	

	Contribution number
	JVT-E075
	

	
	
	


(Form continues on next page)

	Disclosure information – Submitting Organization/Person  (choose one box)
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	2.0
The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.

or,

	The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,
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	2.1
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.
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	2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above Recommendation | Standard.


Such negotiations are left to the parties concerned and are performed outside the ITU | ISO/IEC.
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	2.2.1
The same as box 2.2 above, but in addition the Patent Holder is prepared to grant a “royalty-free” license to anyone on condition that all other patent holders do the same.
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	2.3
The Patent Holder is unwilling to grant licenses according to the provisions of either 2.1, 2.2, or 2.2.1 above.  In this case, the following information must be provided as part of this declaration:

· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;

	In the case of any box other than 2.0 above, please provide the following:

	Patent number(s)/status
	
	

	Inventor(s)/Assignee(s)
	
	

	Relevance to JVT
	
	

	Any other remarks:
	
	

	(please provide attachments if more space is needed)
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Third party patent information – fill in based on your best knowledge of relevant patents granted, pending, or planned by other people or by organizations other than your own.

	Disclosure information – Third Party Patents (choose one box)
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	3.1
The submitter is not aware of any granted, pending, or planned patents held by third parties associated with the technical content of the Recommendation | Standard or Contribution.
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	3.2
The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.



	For box 3.2, please provide as much information as is known (provide attachments if more space needed) - JVT will attempt to contact third parties to obtain more information:



	3rd party name(s)
	
	

	Mailing address
	
	

	Country
	
	

	Contact person
	
	

	Telephone
	
	

	Fax
	
	

	Email
	
	

	Patent number/status
	
	

	Inventor/Assignee
	
	

	Relevance to JVT
	
	

	
	
	


	Any other comments or remarks:
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