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1. Introduction

This description of a hypothetical reference decoder represents an attempt to capture the requirements of all parties interested in HRD.  

2. OVERVIEW

In this document, a Hypothetical Reference Decoder (HRD) is described.  This HRD is built of mostly existing models which are already tested in real applications, but also contains some new elements designed specifically for the JVT codec.  With low overhead, this model provides the functionality of all previously used buffering models, accounts for the complication of the Transport Encapsulation Layer, and provides a means to signal finer-grained limitations in rate.

Syntax, semantics and a normative annex for inclusion in the JVT CD have also been produced.

The purpose of a Hypothetical Reference Decoder is solely to provide constraints on the bit-rate variations of a coded data stream, which constraints in turn enable higher layers to multiplex the stream and cost-effective decoders to decode it in real-time.  As part of this, data is placed in the Video Elementary Stream
.  The HRD should not be interpreted as guidance for decoder implementers particularly with regard to decode and presentation timing.
The proposed HRD includes:

· VBR and CBR VBV models for the Video Coding Layer (VCL) very similar to those that in MPEG-2 have been applied to the Video Elementary Stream (and consistent with the HRD of the current JVT Draft)

· a simple low-delay mode for akin to the mode that conversational applications have relied on in previous video coding standards 

· an additional buffering model to manage the bits generated in the process of producing a final video bitstream format or final video packet format from NAL Units

Specifically, the proposed HRD has the following features:

· Two modes of operation, signaled:

· a low-delay mode appropriate for conversational applications

· a delay-tolerant mode appropriate for receive-only applications

· Provisions for indicating the parameters of a Constant Bitrate Video Buffering Verifier (CBR-VBV) buffer with which the Video Coding Layer (VCL) portion of the stream complies.  This VBV Buffer guarantees that the bit-rate variations of the stream are constant within certain limits.  Use of this buffer is optional and is signaled.

· Provisions for indicating the parameters of a set of Variable Bitrate Video Buffering Verifier (VBR-VBV) buffers with which the VCL portion of the stream complies.  A VBR-VBV Buffer guarantees that the bit-rate variations of the stream do not exceed the signaled rate for very long periods of time.  Use of one or more VBR-VBV buffers is optional and is signaled.

· Provisions for indicating the removal time from each of the buffers of each of the pictures.  This removal time indication uses relative removal time-stamps (RRTS), and some picture level attributes including temporal reference.

· Provisions for indicating the parameters of a Buffering Verifier for the Transport Encapsulation Layer (TBV).  The TBV is a simplified Buffering Verifier. 

· Provisions for indicating the parameters of a Macroblock Buffering Verifier (MBV).  This Verifier guarantees that the stream does not exceed the signaled number of bits over the signaled portion of a picture, which is a set of macroblocks.

This MBV has not been included in the normative HRD text.

· Provisions for indicating the maximum number of post-decoder picture buffers.  

All these Buffering Verifiers are indicated in Figure 1.
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Figure 1: General Set of HRD Buffering Verifiers
The two forms of VBV Buffers provide the same sort of bit-rate controls for the JVT Video Coding Layer that are customary in applications of other video compression standards.  The TBV provides a means to guarantee that the overhead in mapping the VCL to a coded bitstream or packet stream via the Transport Encapsulation Layer is limited.  The MBV allows an encoder to signal that the number of bits used to represent small regions of pictures, even single macroblocks, is explicitly limited.

It is possible to signal adherence or not to all the above Buffer Verifiers so that maximum flexibility in bit-rate constraints is assured.  For example, if no VBV Buffers are signaled, the stream is not guaranteed to adhere to any peak or average bit-rate limits.  Even in this case, the MBV could be used, for example, to indicate that the stream does not use an excessive amount of bits to represent a macroblock.

The model also enables flexibility in stream manipulations such as multiplexing and transcoding.  For instance, a VCL encoder may enforce a set of VBV buffers and/or an MBV without enforcing a TBV.  A TEL encapsulator operating on the VCL stream in the standard format (or some other intermediate file format) may add a TBV at a later stage.  Similarly, a TEL transcoder may replace an existing TBV with a TBV suitable for its output.  Other operations that may be more difficult to implement are nonetheless still enabled.  For instance, the transcoding between a data-partitioned VCL and a non-partitioned VCL will change the average rate of the VCL and possible the peak rate as well, and these changes can be accommodated by replacing VBV models (including the associated removal times).

The following information is represented in the parameter set structure and multiplexed - by the NAL or TEL - with the VCL as needed:

· Buffering mode, either low-delay or delay-tolerant.

· CBR Video Buffering Verifier Indicator (VBVI_CBR) – signals that the stream complies with a CBR VBV Buffer at the specified rate and buffer size.

· If VBVI_CBR is present, CBR Buffer Size and Bitrate

· VBR Video Buffering Verifier Indicator (VBVI_VBR) – signals how many VBR VBV Buffers the stream complies with.

· For each signaled VBR-VBV Buffer indicated by VBVI_VBR, VBR Buffer Size and Bitrate

· For the TBV, a TEL Buffering Verifier Indicator (TBVI), TBV Buffer Size and Bitrate

· A Macroblock Buffering Verifier Indicator (MBVI) – signals whether the coded stream conforms to constraints on the number of bits used to represent subsets of pictures.  Not included in the HTD description at this time.
· Indicators for the post-decoder buffer size.

As part of Profile & Level definition, there is a joint storage space for pre-decoder and post-decoder buffers.  Two storage space levels, one for low-delay applications and another one for streaming, have been proposed in JVT-C069.

The following information is signaled in association at least with each Random Access point, as a Buffering Period SEI Message:

· For each VBV Buffer present, periodic relative removal time-stamps (RRTS) which indicate that the associated picture should be removed from the existing VBV Buffer(s) at a future time equal to the time of arrival of the initial VCL byte plus the value of the RRTS.  These RRTS values are represented in ticks of a 90 kHz clock.  In low-delay mode, the RRTS may be sent infrequently or not at all.  It is expected that RRTS will be sent at least as frequently as random access points (possibly more frequently in some applications).  

· For subsequent pictures pstruct, film_mode and film_state, used with the most recent RRTS to iteratively determine the removal time of the picture from the VBV Buffers.  This aspect in the CD is likely to be replaced by an alternative means of computing removal times.
3. Issues For resolution before the final committee draft is published

· Variations from reality of various time-related quantities like bit rate, frame rate, clock frequency must be explicitly and normatively bounded.  This is not described yet.

· The method of computing removal times may change, as discussed above.
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� We define the output of the Transport Encapsulation Layer as the Video Elementary Stream.  The VES is comprised of VCL data and NAL/TEL data.
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