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1. Introduction

NAL for MPEG-2 Systems was proposed in Geneva in JVT-B049, B063, B070 and B088. It was agreed that the startcode is needed for bit serial communication environment, like MPEG-2 Systems, and adopted in JM. However detail specification to carry JVT stream over MPEG-2 Systems was not discussed in Geneva, because MPEG Systems Gp was not attended the meeting. In this document, more detail definitions of NAL for MPEG-2 Systems, based on the study in JVT-B70, are proposed.

2. NAL for MPEG-2 Systems

Two layer design of NAL for MPEG-2 Systems was proposed in JVT-B70, in order to clarify the structure of NAL and compatibility between NALs for different networks.
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Figure 1: VCL, NAL layer structure

NAL syntax encapsulate VCL stream to higher layer attaching high level syntax (Sequence, GOP, Picture, Slice, and etc). Then it forms AU (Access Unit) and pass it to MPEG-2 Systems. NAL syntax should be the same for all of network for interoperability. 

The interface between VCL and NAL should be clearly defined because those two layers are not conceptual in some application. 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, It should be studied 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. Therefore, the NAL syntax elements should be common to all of networks to enable transcoding easily. 
When we define method to carry JVT stream over MPEG-2, the current specification of MPEG-2 systems should not be change, in order to avoid breaking the existing network and applications. NAL for MPEG-2 Systems should be defined so that JVT stream be easily incorporated.

3. NAL Syntax

In order to avoid breaking the existing systems, the syntax structure should be similar to that of MPEG. NAL for MPEG-2 Systems defines AU for JVT stream. VCL stream is encapsulated to AU and is packetized into MPEG Systems stream. Using this approach, the impact on the MPEG-2 Systems is not so large and we can re-use the existing technique in MPEG Systems. It also gives high flexibility as a generic transport format. 

3.1 Forming AU

VCL stream is encapsulated into AU. All of AUs are started from unique startcode followed by decoder configuration (high level headers). Unique startcode was proposed by JVT-B049, B063, and B070, and adopted in JM in Geneva. It consists of 3 byte startcode prefix (SCP) and 1 byte suffix (PTIB). High level syntax consists of Sequence/GOP/Picture/Slice layer syntax and userdata. When AU is formed, the same method in MPEG-2 Systems is applied, and AUs are packetized in PES packet. The example of AU for JVT stream is shown in Figure 2. 
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Figure 2: The example of AU

3.2 Definition of AU (This section is needed to update) 

In order to form AU of JVT stream, JVT_AU_wrapper is introduced. It encapsulates VCL stream and high level syntax to AU wrapper and pass it to MPEG Systems layer. In MPEG Systems, AU is introduced to define constrain on decoder buffer model for audio and video. AU is the data with the same presentation time and its unit is a frame. In order to define a constraint on decoder buffer, the definition of AU is not needed to extend. However, since JVT codec is designed based on slice, systems may need to access to each slices. For this purpose, inserting unique startcode at each slice can provide this functionality, as the current MPEG applications do so. In the following, JVT_AU_wrapper is defined using startcode mechanism.

JVT_AU_wrapper () {


HighLevelHeaders()


do {



JVT_AU_slice ()


} while (nextbits() == slice_startcode)


next_startcode()

}

JVT_AU_slice() {

HighLevelHeaders();

VCL_stream();

}

However, there may be a need to handle slice at systems layer explicitly. In this case followinf syntax can be used indicating the amount of bits of each slice. 

JVT_AU_wrapper () {


number_of_AU_slice;


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



JVT_AU_slice ()


}

}

JVT_AU_slice() {


AU_data_length

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


JVT_AU_data_byte

}

}

In this case, multiplexer needs to know the amount of each slice, and it increase the delay at encoder. The definition of PTS and DTS may be needed to extend, but identification of reordering will be more complex in this case. 

3.3 NAL Syntax Structure

High level syntax (Sequence, GOP, Picture, Slice header) is included in NAL syntax. Sequence header carry the global configuration parameters. GOP header carry the information that is necessary at random access point. Picture header consists of coding parameters for each frame. Sequence header and GOP header must be transmitted at random access point for resynchronization. 

JVT codec designed slice based in order to recover decoding process at each slice. Decoder would be able to recover from error at slice. In the current software, the Picture header is encoded at each slice. However it reduces the coding efficiency significantly. In the Annex B, the performance with slice header is reported. The preliminary results show that the coding efficiency is reduced when slice is used. There are some reasons as follows.

1. Duplicate transmission of Picture header at each slice

2. Initialization of CABAC

3. Disrupt INTRA prediction

4. Disrupt MV prediction

5. Inefficient encoding method for header information

Duplicate transmission of Picture header is for the resynchronization of decoder at each slice. However the retransmission of high level headers should be determined by applications, and it should be allowed not to send Picture header at slice for the application which require high quality video at error free environment. Therefore we propose the flexible syntax structure as shown in Figure 3. 
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Figure 3: High Level Syntax Structure

The other reason to reduce the coding efficiency is due to the entropy coding of header elements. Currently UVLC is used for syntax elements. However it reduce the coding efficiency significantly. For example, 3 bits are needed to encode 1 bit flag. In Annex B, the results of mini-experiments are shown.

The detail syntax of Sequence, GOP (Random Access), and Picture header is described in Annex A. 

3.4 Startcode

3 bytes prefix of startcode (SCP), 0x00, 0x00, and 0x01, was adopted in Geneva and suffix (PTIB) is defined in Table 8-1 in JM. However, for RTP NAL, the first byte of NAL packet (NALP) was reconsidered during the random access discussion. NALP type is defined in JVT-B109, but it is slightly different from PTIB in JM. Since MPEG-2 NAL should support the same functionality, the startcode should be defined for all NALP type. In NALP definition, error indication flag (EI) is included, however it is not so sure that the error indication is really necessary at MPEG-2 Systems layer. 

Instantaneous decoder refresh packet (IDERP) type is defined for instantaneous decoder refresh random access. But no data type is defined for gradual decoder refresh random access. The signaling to indicate gradual decoder refresh random access point is also needed. The startcode for MPEG-2 NAL is defined in Table 1. 

	Startcode type
	Value

	Sequence startcode
	0x01

	

	Parameter update startcode
	0x10

	Instantaneous decoder refresh startcode
	0x11

	Gradual decoder refresh startcode
	0x12


Table 1: Semantics of Startcode

3.5 Mapping to PES packet

When AU is formed, it is passed to MPEG Systems layer and packetized into PES packet. The example of PES packet and AU is shown in Figure 4. 
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Figure 4: The example of AU and PES packet

3.6 Synchronization between HL headers and VCL stream

In order to keep synchronizing HL headers and VCL streams, AU is formed. HL syntax is attached to VCL stream in AU. SEI is encoded at userdata in NAL syntax.

However, RTP NAL can transmit HL headers out of band. In order to support this, there could be two approaches. One is to use new descriptor of MPEG-2 Systems and the other is to use DSM-CC data carousel. New descriptors for Parameter Set and SEI are needed at MPEG-2 Systems layer. The synchronization between descriptors and VCL stream can be maintained by PMT (Program Map Table) or PSM (Program Stream Map). 

4. Modification of MPEG-2 Systems

　In order to carry JVT stream, the following extensions are needed. 

Stream ID

 New stream_id is needed to indicate ITU-T Rec. H.264 | ISO/IEC 14496-10. “1110 xxxx” can be used for JVT stream. 

Stream Type

 New stream_type is needed to indicate ITU-T Rec. H.264 | ISO/IEC 14496-10.

New Descriptors

 Parameter Set, which is the table of global decoder configuration parameters, may be transmitted out of band. New descriptor to carry Parameter Set is needed at Systems layer. Global_config_descriptor is defined to carry Parameter Set. The syntax is as follows.

Global_config_descriptor() {


descriptor_tag


descriptor_length


ParameterSet()

}

 Supplemental Enhancement Information (SEI) carry some important configuration parameters for JVT. The SEI may be carried as userdata in NAL syntax to keep synchronizing with VCL stream. But it may be transmitted separated from VCL stream. New descriptor is needed to support this purpose. SEI_descriptor is defined as follows.

SEI_descriptor() {


descriptor_tag


descriptor_length


SEI()

}

Descriptor tag

 New tags are needed to identify new descriptors, Global_config_descriptor and SEI_descriptor. 

4.1 Open Issues

The following issues are still needed to study further.

· Buffer & Timing model

· STD for JVT codec

· Clear interface between VCL and NAL

· Interoperability between different networks

· Maximum delay (1 sec. for MPEG-2 and 10 sec. for MPEG-4)

5. Conclusions

In this contribution, NAL syntax and the extension MPEG-2 Systems to carry JVT stream are proposed. MPEG-2 NAL should be defined so that the existing systems will not be broken. 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.

NAL syntax consists of startcode, HL headers, Userdata. AU is formed for each frame of JVT stream. AU fragmentation can be used to support slice based codec. HL header structure is defined in very flexible to improve coding efficiency.

Extension of MPEG-2 Systems is proposed. New descriptors are proposed for Global Configuration Parameters and Supplemental Enhancement Information. 

Annex A: NAL Syntax

JVT_AU_wrapper () {


HighLevelHeaders()


do {



JVT_AU_slice ()


} while (nextbits() == slice_startcode)


next_startcode()

}

JVT_AU_slice() {

HighLevelHeaders()

VCL_stream()

}

HighLevelHeaders() {


next_startcode()


if(nextbits() == sequence_startcode) {



Sequence_header()


} 

if(nextbits() == radomAccessPoint_startcode) {



RandomAccess_header()


} 


if(nextbits() == picture_startcode) {



Picture_header()


}


if(nextbits() == slice_startcode) {



Slice_header()


}

}

Sequence_header(){


sequence_startcode;

...


next_startcode()

}

RandomAccess_header() {


randomAccessPoint_startcode;


timeStamp()

preRollCount;


initalizationDelay;

discontinuity;


VBVBufferOccupancy;


HRD_parameters()


next_startcode()

}

Picture_header() {


picture_startcode;


temporalReference;


pictureType;


pictureStructure;


next_startcode()

}

User_data() {


userdata_startcode;


userdata()


nest_startcode()

}
6. Annex B: Mini-experiments to evaluate coding efficiency with slice

In this Annex, the result of mini-experiments to evaluate the coding efficiency of JVT codec with slice is reported. 

Test Conditions:

Sequence: foreman (CIF) 30 Hz 60 frames

Entropy coding: CABAC

Reference Frame: 5

RD Optimization: ON

Picture Structure: IPPPP.... (Only the first frame is I)

Sequence header: none

Other parameters: default value

As it was suggested during email discussion, 1 slice is set equal to 1 MB row. The results are as follows,

JM1.7

Slice Structure: 1 slice = 22 MB (1 slice = 1 MB row)

QP=16

	The followings are copied from stat file.

	
	bitstream
	slice
	RTP+slice

	Intra
	

	SNRY
	38.0
	37.92
	37.92

	SNRU
	40.84
	40.89
	40.88

	SNRV
	43.89
	44.05
	44.05

	Bits/frame
	60477
	69397
	68337

	All Frames
	

	SNRY
	37.14
	37.10
	37.10

	SNRU
	40.68
	40.77
	40.77

	SNRV
	43.39
	43.38
	43.38

	Bits/frame
	11597
	14057
	13200

	The followings are measured from file size

	Bitrate
	373 kbps

(-24.4% from TML9.6)
	459 kbps

(+23.2%)
	533 kbps

(+42.9%)


JM1.7

Slice Structure: 1 slice = 22 MB (1 slice = 1 MB row)

QP=24
	The followings are copied from stat file.

	
	bitstream
	slice
	RTP+slice

	Intra
	

	SNRY
	33.13
	33.13
	33.13

	SNRU
	38.70
	38.71
	38.71

	SNRV
	40.74
	40.92
	40.92

	Bits/frame
	23101
	29837
	28777

	All Frames
	

	SNRY
	32.82
	32.76
	32.76

	SNRU
	38.48
	38.60
	38.60

	SNRV
	40.49
	40.55
	40.55

	Bits/frame
	4538
	6510
	5653

	The followings are measured from file size

	Bitrate
	154 kbps

(-19.3% from TML9.6)
	217 kbps

(+41.1%)
	290 kbps

(+88.9%)


TML9.6

Slice Structure: 1 slice = 22 MB (1 slice = 1 MB row)

QP=16
	The followings are copied from stat file.

	
	bitstream
	slice
	RTP+slice

	Intra
	

	SNRY
	38.05
	38.01
	38.01

	SNRU
	40.84
	40.85
	40.85

	SNRV
	43.97
	43.95
	43.95

	Bits/frame
	62308
	71360
	68337

	All Frames
	

	SNRY
	37.15
	37.13
	37.13

	SNRU
	40.85
	40.93
	40.93

	SNRV
	43.39
	43.31
	43.31

	Bits/frame
	15644
	18223
	17487

	The followings are measured from file size

	Bitrate
	493 kbps
	583 kbps (+18.2%)
	660 kbps (+33.8%)


TML9.6

Slice Structure: 1 slice = 22 MB (1 slice = 1 MB row)

QP=24
	The followings are copied from stat file.

	
	bitstream
	slice
	RTP+slice

	Intra
	

	SNRY
	33.20
	33.17
	33.17

	SNRU
	38.74
	38.92
	38.92

	SNRV
	40.64
	41.04
	41.04

	Bits/frame
	23688
	30244
	29256

	All Frames
	

	SNRY
	32.91
	32.84
	32.84

	SNRU
	38.49
	38.63
	38.63

	SNRV
	40.34
	40.42
	40.42

	Bits/frame
	6040
	8086
	7350

	The followings are measured from file size

	Bitrate
	190 kbps
	263 kbps (+38.2%)
	340 kbps (+78.7%)
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