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1. Introduction

There are two conceptual layers, VCL (Video Coding Layer) and NAL (Network Adaptation Layer) in the H.26L design. VCL encodes MBs to Slices only and NAL encapsulates them for transmission and storage. TML9 only supports NAL for RTP/IP network. In this contribution, the requirements of two layer design and NAL for MPEG-2 Systems is proposed. 

2. Requirements of two layers design

The JVT has two layers, NAL and VCL. For this design, the interface and conformance between those two layers are important. The standard of the codec should be generic to support a variety of applications and network. The conformance is needed to guarantee the interoperability of the applications. The conformance point should be clarified. In JM1, the conformance between VCL and NAL is important. Parameter Sets (Configuration sets), Slice data, and the boundary of each slice are exchanged between two layers.

It is said in the JM that VCL and NAL are the conceptual layers, but those are not the conceptual layers in some applications. For example, LSI implementation is a reasonable for high quality applications. VCL and NAL can be implemented in the different LSI in order to support various networks. Those may be a independent modules in one LSI, but modularization is needed for the real implementation. Therefore, VCL and NAL are not the conceptual layers but could be a physically separated two layers. In this case, we should study the amount of real data rate and bandwidth between two layers, and complexity.

In addition, for manufacturer, once we implement the JVT decoder/encoder by the software, DSP and/or LSI, it should be re-used in many applications. The cost is not feasible if we implement decoder for all of the applications differently. The business is hard to establish. 

The followings are the summaries.

1. JVT codec should be generic and support various applications and network.

2. Clear definition of conformance between VCL and NAL.

3. Real data rate and bandwidth between VCL and NAL should be studied

4. The cost of manufacturing should be feasible.

Two layer design and the syntax of JVT codec should be defined as considered the above. 

3. Requirements of NAL for MPEG-2 Systems

Entertainment applications are important for the JVT codec. Those applications require high quality video and allow high encoder complexity. The JVT codec may be able to replace the existing standard if coding efficiency is much improved. One of the important requirements is to ensure transmission of JVT stream over MPEG-2 Systems. 

There are two types of applications, one is broadcasting and the other is storage media, like DVD. MPEG-2 Transport Stream supports broadcasting and Program Stream supports storage media. Since both applications are important, JVT should ensure to carriage over two types of MPEG-2 Systems stream. 

When we define the way to transmit JVT stream over MPEG-2 Systems, the current MPEG-2 Systems spec should not be changed, in order to avoid breaking the existing network/applications. JVT codec should be easily incorporated.

Flexibility of MPEG-2 Systems is very high to support many applications. The spec of JVT over MPEG-2 Systems should has this flexibility as much as possible.

If the header at system layer is large, coding efficiency will be reduced. Coding efficiency was one of the big topic of MPEG-2 applications. The coding efficiency of JVT over MPEG-2 Systems should be high.

The summaries are as follows.

1. Broadcasting, DVD applications are important and JVT should be carried by MPEG-2 Systems.

2. Both Program Stream and Transport Stream should be supported.

3. It should be easy to incorporate with the current MPEG-2 Systems spec. (The impact should be as small as possible.)

4. It should not break the existing systems.

5. It should keep high flexibility of multiplexing.

6. Coding efficiency should be high.

4. The carriage of JVT stream over MPEG-2 Systems

The current JVT NAL only considers the transmission over RTP/IP network. In order to carry the JVT stream over MPEG-2 Systems, there are several problems because of the following two reasons.

1. Layering/syntax structure of the JVT codec is quite different from MPEG

2. JVT video doesn’t support unique startcode

In this contribution, we propose rules to map the JVT stream on MPEG-2 Systems. Using this approach, the impact to the existing applications will be very small, and we can re-use the existing tools.

In this section, several problems in the current JVT spec are discussed.

4.1 Startcode

Startcode is one of the most important issues to be solved.

4.1.1 MPEG video startcode

MPEG video is based on picture and it is byte aligned. It starts from unique 32-bits startcode (FLC). Using unique startcode, the application (Systems level) can quickly find each video coding unit without parsing, and simple bitstream level manipulation is possible.

For example storage application, like DVD, this quick search is used for trick play (Fast Forward and Fast Reverse), and random access. It is also used for splicing, editing. Using unique startcode, we don’t need to analyze or parse bitstream. Solution is simple.

Unique startcode can be used for re-synchronization after error recovery.

Many applications require random access functionality. It is not only for storage applications. 

The examples of applications are,

· Random access for storage application, like DVD

· Channel hopping for broadcasting

· Splicing

· Editing

· etc.

4.1.2 Current JVT design

Startcode and byte alignment is handled at NAL, and VCL doesn’t have unique startcode. In order to find the boundary of Picture/Slice, we have to decode/parse UVLC encoded (or coded by arithmetic coding) streams, to identify picture synch. The complexity will be high if we don’t have startcode.

4.1.3 Mapping to packet

In case of RTP, all slices are aligned to RTP packets and RTP startcode can be used for this functionality. When we map JVT stream on MPEG-2 Systems stream, we may be able to align PES packet (1 PES = 1 AU). However this approach is not commonly used in the existing applications (not verified in real applications). Moreover it restricts the flexibility of MPEG-2 System (format flexibility and multiplexing flexibility) and it is not desirable to support various applications. In some applications, multiplexing bit rate will be increase and is not good for coding efficiency. In the real applications, reducing overhead for MUX is very important topic.

4.2 Decoder Configuration Parameters

The video bitstream information higher than picture layer (Sequence, GOP, and Picture) is transmitted out of band. It is generated by VCL and passed to NAL. NAL forms Picture/GOP/Sequence and map it on appropriate place. In the current spec, this information (Sequence/GOP/Picture) is referred to as Parameter Sets and is supposed to be global. However, as it is discussed in JVT-B069, some information, like GOP, attribute to a part of VCL bitstream, and system must maintains the synchronization of these two.

4.3 Userdata

MPEG video can transmit userdata in the bitstream. User can send private data associated with video bitstream. JVT codec should support this functionality. One of the important data is camera parameter. Its value is associated with each picture. The synchronization and link between the userdata and VCL stream must be maintained. The other important data is disparity information. This information is associated with each pixel. In this case, the userdata must be transmitted synchronizing with Slice or MB level VCL stream.

5. Proposal

5.1 Two layer design

There could be several solutions to define layering of JVT codec. 
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Figure 1: Three cases of VCL and NAL
Layer structure in Figure 1 (a) looks simple and generic. However this solution is not possible, because NAL support two functionalities. One is framing to encapsulate higher video layer, and the other is mapping to transport packet. If NAL syntax is needed to change depending on the transport layer, Figure 1 (b) is a possible structure. If we separate the functionality of framing (encapsulation to higher level) and can define common NAL syntax, Figure 1 (c) is the most generic structure. For manufacture, Figure 1 (c) is reasonable.

In the following, Figure 1 (b) is assumed, but it can be applied for Figure 1 (c) in the similar way.

5.2 NAL for MPEG-2

Based on the above discussions, the syntax structure should be similar to that of MPEG. It means that all of AU should starts from unique startcode followed by decoder configuration parameter sets. In this proposal, the rule to form AU is proposed. 

Using this approach, the impact on the MPEG-2 Systems is not so large and re-use the existing technique in MPEG Systems. It also guarantees high flexibility as a generic transport format.

5.3 Forming AU

Form appropriate decoder configuration parameter sets (Sequence/GOP/Picture layer syntax). Before each AU, unique startcode and decoder configuration parameters inserted before each VCL units. Userdata may follow Parameter Sets. Then AUs are mapped into PES packet. After this, the same approach in MPEG-2 System is applied.

NAL for MPEG-2 adds unique startcode and parameter sets before each AU. Then, all AUs are mapped on PES packets. The example is shown in 
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Figure 2: The example of PES packet

5.4 Unique startcode

Unique startcode should be defined for Sequence, GOP, and Picture layers. Especially, unique startcode for GOP is important, since it is a random accessible point. We can define startcode in the similar way as it is in MPEG-2. We also can define unique code following the H.26L UVLC. 31 respective 33 bit long UVLC codeword with INFO=0 can be used for the startcode. Both approach can define unique code and seems to satisfy the requirements. Different unique code should be defined for Sequence, GOP, and Picture.

6. Conclusions

In this contribution, requirements of two layers design, applications and requirements of NAL for MPEG-2, the method to map on MPEG-2 Systems are presented. 

The summaries of the requirements of two layers design are as follows.

1. JVT codec should be generic and support various applications and network.

2. Clear definition of conformance between VCL and NAL.

3. Real data rate and bandwidth between VCL and NAL should be studied

4. The cost of manufacturing should be feasible

The summaries of the requirements of NAL for MPEG-2 are as follows.

1. Broadcasting, DVD applications are important and JVT should be carried by MPEG-2 Systems.

2. Both Program Stream and Transport Stream should be supported.

3. It should be easy to incorporate with the current MPEG-2 Systems spec. (The impact should be as small as possible.)

4. It should not break the existing systems.

5. It should keep high flexibility of multiplexing.

6. Coding efficiency should be high.

The problems in the current JVT to transmit the JVT stream over MPEG-2 Systems are discussed. Those are startcode, synchronization of decoder configuration parameters, and userdata are discussed. The method to form AU at NAL for MPEG-2 System is proposed. 31 respective 33 bit long UVLC codeword with INFO=0 can be used for the startcode. Both approach can define unique code and seems to satisfy the requirements. Different unique code should be defined for Sequence, GOP, and Picture.
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