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1. iNTRODUCTION
The enhanced GOP concept introduced in JVT-B042 was adopted to the JVT coding standard in the second JVT meeting. The enhanced GOP concept organizes pictures in layers and sub-sequences. A sub-sequence represents a number of inter-dependent pictures that can be disposed without affecting the decoding of any other sub-sequence in less enhanced layers. The enhanced GOP concept was proposed for unequal error protection and rate shaping purposes in streaming servers. Consequently, the concept required support only in the file storage format.  JVT-B042 included the changes regarding the interim file format in the working draft. No changes in the JVT syntax were seen necessary at that time.

JVT-C080 proposed a couple of applications that could utilize transmission of enhanced GOP information. However, the JVT did not consider these applications as important enough to justify the inclusion of the enhanced GOP feature in the syntax and semantics of the NAL units. Since the Fairfax meeting, we found a couple of other use cases where the transmitted enhanced GOP information would be beneficial. We present these use cases in this contribution.

The contribution is organized as follows: Section 2 summarizes the use cases for signaling of layers and sub-sequences within the coded data stream. Section 3 presents the proposed changes relative to the JVT CD. Section 4 presents one of the uses, namely the Multimedia Messaging Service.

Proposed agenda category: improvements & enhancements

Keywords for agenda allocation: high-level syntax and semantics

2. Use Cases for Enhanced GOP Signaling

We have identified the following applications for signaling of layers and sub-sequences within the coded data stream:

· Identification of coded data in out-of-decoding-order transmission and recovery of decoding order from transmission order. The out-of-decoding-order transmission can be used to smooth out bit-rate and delay variations, and to have more time for retransmissions of subjectively most important data in streaming systems. See JVT-D093 for details.

· Identification of random access, splicing, and editing operations. See JVT-D097 for details.

· Signaling the reference frames of sync pictures as explained in JVT-D101.

· Signaling of bit-rate-scalable bit-streams when transmitting a file from an encoder to a streaming server. This can be utilized in the Multimedia Messaging Service (MMS) of mobile networks, for example. See section 4 for details.

· Computational scalability in decoders. As explained in JVT-C080, sometimes there is no file or stream suitable for decoder’s computational capabilities available, while a very demanding stream or file has to be used. In multitasking systems the processing power is shared between multiple processes, and therefore the performance of the video decoder may fluctuate depending on the number and complexity of other tasks executed simultaneously. 

· A video communication gateway may sometimes have to tune the bit-rate of a coded video stream. The abilities of bit-rate control methods for coded data are limited. Thus, it is advantageous to carry enhanced GOP information in systems where bit-rate control of coded video is desired. Gateways may decide to forward only certain layers or they may decide to discard one sub-sequence to drop the bit-rate.

3. Proposed Changes in the JVT CD

3.1 Definitions

The following definitions are to be inserted to section 3 of the JVT standard:

3.QQ
sub-sequence layer: A sub-sequence layer contains a subset of the pictures in a coded data stream. A sub-sequence layer is characterized by an average bit-rate and an average frame rate. Sub-sequence layers can be ordered hierarchically based on their dependency on each other, i.e., layer 0 is independently decodable, pictures in layer 1 may be predicted from layer 0, pictures in layer 2 may be predicted from layers 0 and 1, etc. The subjective quality increases along with the number of decoded layers. A layer having a larger layer number is a higher layer than a layer having a smaller layer number.

3.QQ
sub-sequence: A set of pictures that cover a certain period of time within the sequence. The presentation times of pictures in different sub-sequences can overlap partly or entirely. A picture shall reside in one layer and in one sub-sequence only. A sub-sequence shall not depend on any other sub-sequence in the same or in a higher sub-sequence layer. A sub-sequence in layer 0 can be decoded independently of any other sub-sequences and previous long-term reference pictures. 

3.2 Parameter Set

The following parameter is added to the parameter set:

	
num_layers
	0
	e( v )


num_layers 0 indicates that no layer number or sub-sequence identifier is present in slice headers. Value 1 indicates that no layer number is present in slice headers but sub-sequence identifiers are included in slice headers. Values greater than 2 indicate that the layer number field is present in slice headers. 

3.3 Picture-Layer Data

The following parameters are added to the picture layer. If there will be no picture layer in the JVT standard, the parameters may either reside in the slice header or in the parameter set.

	
if (num_layers > 1)
	
	

	

layer_num
	3
	e( v )

	
if (num_layers > 0)
	
	

	

subsequence_id
	3
	e( v )


layer_num indicates the sub-sequence layer number of the picture. 
subsequence_id identifies the sub-sequence within a layer. Consecutive sub-sequences in transmission order shall have a different subsequence_id from each other.

3.4 Supplemental Enhancement Information

The characteristics of layers and sub-sequences as well as dependency information of sub-sequences may be used in sub-sequence-based editing operations. We think that Supplemental Enhancement Information is a correct transport mechanism for this type of information. The presented notation is not aligned to the notation of the JVT CD due to lack of time, but a straightforward conversion can be easily done later.

Layer Information

while (more_data_in_SEI_payload()) {


unsigned int(32) avgBitRate;


unsigned int(32) avgFrameRate;

}

The structure above is repeated until the size of the SEI payload is reached. The first instance of the structure signals the data for layer 0. The second instance of the structure signals the data for layer 1 and so on.

avgBitRate gives the average bit-rate in bits/second of the layer. All NAL units of the layer are taken into account in the calculation. Value zero means an undefined bit-rate.

avgFrameRate gives the average frame rate in frames/(256 seconds) of the layer. Value zero means an undefined frame rate.

The values are in effect from the point they are transmitted until an update of the values is transmitted. 

Sub-Sequence Information

{


uvlc layerNumber;


uvlc subSequenceIdentifer;


uvlc pictureNumber;


uvlc parameterSetAddress;


unsigned int(64) ssDuration;


unsigned int(32) avgBitRate;


unsigned int(32) avgFrameRate;


uvlc numReferencedSubSequences;


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



uvlc layerNumber;



uvlc subSequenceIdentifier;

}

One structure as above exists per one SEI message. 

layerNumber and subSequenceIdentifier identify the sub-sequence.

pictureNumber identifies the first picture of the sub-sequence.

ssDuration indicates the duration of the sub-sequence. ssDuration equal to zero indicates an undefined duration. The clock frequency for ssDuration is fetched from the parameter set indicated by parameterSetAddress.

avgBitRate gives the average bit-rate in bits/second of the sub-sequence. All NALPs of the sub-sequence are taken into account in the calculation. Value zero means an undefined bit-rate.

avgFrameRate gives the average frame rate in frames/(256 seconds) of the sub-sequence within the segment. Value zero means an undefined frame rate.

numReferencedSubSequences gives the number of directly referenced sub-sequences. The following loop lists the referenced sub-sequences, i.e., layerNumber and subSequenceIdentifier within the loop identify a sub-sequence that is used as a motion compensation reference for the current sub-sequence. 

3.5 Decoder Process

Normative decoding process for some of the applications has been proposed in JVT-D093, JVT-D097, and JVT-D101. For the other presented applications, the decoder process is non-normative. The following text may be inserted to a non-normative part of the JVT standard:

The decoder may decide not to decode a certain layer having layer number n. In such a case, the decoder shall not decode any slice having a layer number greater than n and any slice in other sub-sequence that has a same layer number.

The decoder may decide not to decode a certain sub-sequence lies in layer n and have sub-sequence identifier m. In practice, the decoder shall not decode any slice having a layer number equal to n and a sub-sequence identifier equal to m. Once the decoder has received a Sub-Sequence Information SEI message concerning a sub-sequence in layer n and having the sub-sequence identifier m but starting from a different picture number than the discarded sub-sequence, the decoder should stop discarding slices having layer number n and sub-sequence identifier m. 

3.6 Other Syntax Design Alternatives

It could be argued that layer numbers and sub-sequence identifiers could be conveyed in SEI messages. However, because some of the identified use cases require normative decoder process related to sub-sequence identifiers and because standard-compliant decoders may not support SEI messages, the SEI mechanism is not suitable.

Sub-sequences can but do not have to be organized into layers. Layers help to signal long-term characteristics of sub-sequence series. They also help signaling sub-sequence dependencies, as a sub-sequence can only depend on sub-sequences in lower layers. However, there is nothing that would mandate the use of layer numbers in slice headers, and therefore the layer number could be signaled as a part of an appropriate SEI message.

4. Multimedia Messaging Service

This section presents the Multimedia Messaging Service (MMS), discusses video coding requirements for the service, and justifies why the enhanced GOP concept suits MMS.

4.1 Overview

The Multimedia Messaging Service (MMS) can be considered a continuation of the famous Short Message Service (SMS) of GSM mobile networks. 

A simplified flow of operations in an MMS transaction is as follows: A user creates a message. For example, he can shoot a video clip with his mobile camera phone. After creating the message, he selects a receiver and sends the message. In practice, an audio-video message is stored according to the 3GPP flavor of the ISO media file format (.3GP) and uploaded to an MMS server using a reliable transport protocol. Then, depending on the capabilities of the receiver terminal, user preferences, and the capabilities of MMS network elements, the message is either downloaded or streamed to the receiving terminal. 

MMS works in both 2G (GSM and its evolutions) and 3G mobile networks. Consequently, MMS streaming may take place through different types of mobile networks, such as GPRS or UMTS, which are further characterized by a variety of characteristics in the radio access network. Notice also that the downlink network characteristics are unknown when the message is being created. Moreover, the characteristics of the mobile network may change in a function of the location of the terminal and the number of terminals in a cell among other things. Consequently, the network throughput may be highly varying. In order to stream in real-time through a variable bit-rate connection, the MMS server should be able to adjust the media bit-rate easily. 

It is expected that a majority of multimedia messages will be created in hand-held terminals. Generally, at least the following aspects of hand-held terminals limit the possibilities when creating multimedia messages:

· Processing power is limited compared to desktop computers.

· The amount of data and program memory is limited compared to desktop computers.

· Screen size is small compared to desktop computers.

· User interaction is typically limited to a relatively small keyboard.
4.2 JVT Video Coding for MMS

We believe that the JVT codec has good chances to become a mandatory video codec in a future evolution of MMS. Thus, it would be beneficial if the JVT codec provide tools that make it more suitable for MMS (compared to previous video coding standards, for example). 

Due to the presented characteristics of MMS, we consider the following as key features of a video encoder:

· One-pass causal or nearly causal encoding in order to avoid storage of uncompressed frames in a device having limited storage space. (Herein, “causal” refers to encoding of a frame immediately after it is captured.)

· The encoder should output bit-rate-scalable files allowing the MMS server to shape the stream for different network conditions. The dynamic range of scalability should be large. We expect that a practical range of bit-rates is from 10 to 64 kbps in the short run and the range is likely to become broader in the long run.

· Fast encoding.

· Efficient compression.

One of the few bit-rate-scalability tools included in the JVT syntax is the possibility to discard non-stored frames. Conventional B frames provide efficient means for bit-rate-scalable coding, but their relevance decreases in low frame rates (used in very low bit rates expected in MMS), i.e., their compression efficiency drops in low frame rates. Conventional B frames require storage of uncompressed frames, their encoding requires more processing power and more memory than encoding of I and P frames, and the dynamic range of achievable bit-rates is limited, typically up to 50 % bit-rate reduction from the total bit-rate is achievable (in 25-30 Hz frame rates). Thus, we feel that other means for bit-rate-scalability would be desirable.

Encoders can achieve larger dynamics in bit-rate-scalability and use less memory than with conventional B frames when coding streams similar to the one depicted in Figure 1. “SP 6” (and “SP 12”) boxes indicate identical representations of frame 6 (and 12 respectively) based on different reference frames. A streaming server decides which coded SP frame is transmitted based on the temporal resolution of the previously transmitted section of the bitstream. The encoder may switch to a lower or higher temporal resolution after such an SP frame. The compression efficiency of these kinds of coding schemes is nearly as good as in a non-scalable coding scheme as shown in VCEG-M73. 
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Figure 1. Temporal scalability for rate shaping.
It was shown in JVT-B042 that the enhanced GOP concept is optimal for signaling the dependencies of coding scenarios such as the one shown in Figure 1. As audio-video files are uploaded using the ISO media file format, the enhanced GOP concept should be ideally conveyed as metadata in the file format. Thus, in order to ensure the support of enhanced GOP concept in MMS, we propose adding the enhanced GOP signaling possibility into the JVT syntax.
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