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1. Summary

We propose unified terminology for decoding, transmission, and display order of data units in section 2 of the contribution. Restrictions and liberties on NAL unit transmission and decoding order are presented in section 3. It is proposed the transmission order and decoding order of NAL units may not be the same, and the NAL decoder operation for rearranging the NAL units in decoding order for the VCL decoder is presented. Section 4 justifies the proposed decoupling of transmission and decoding order.

Proposed agenda category: 1b) Bug fix & clean-up, not completely uncontroversial

Keywords for agenda allocation: definitions, high-level decoder process

2. Terminology

The JVT CD (JVT-D015d5) defines a variety of data orders. Unfortunately, the terminology is not aligned throughout the text.

2.1 Decoding Order

Coded order is defined in section 3 of the JVT CD: 

3.19
coded order: The order in which the pictures are transmitted and decoded. This order is not necessarily the same as the display order.

However, “coded order” is not referred to from other locations than section 3. Instead, a variety of terms are used:

· “Coding order” is used in the semantics of frame_num and slice_id (section 8.2.5 of the JVT CD).

· “Data-dependency order” is used in the introduction for B frames (section 11.1 of the JVT CD).

· “Bitstream order” is used in the HRD definition (section 13.2 of the JVT CD).

As the standard discusses the decoding process, we think that it would be logical to refer to “decoding order”. We argue that the transmission order may be deliberately different from the decoding order (see section 4). Consequently, we propose that the phrases above will be replaced with “decoding order” defined as follows:

3.QQ
decoding order: The order in which the NAL units and the corresponding EBSPs and RBSPs are intended to be decoded. This order is not necessarily the same as the display order or the transmission order.

2.2 Transmission Order

Transmission order is needed in the Supplemental Enhancement Information section: 

8.2.4
Supplemental enhancement information RBSP semantics

…

The transmission of SEI units is synchronous relative to other NAL units. An SEI message may concern a slice, a part of a picture, a picture, any group of pictures, or a sequence in the past, currently decoded, or in the future. An SEI message may also concern one or more NAL units previous or next in transmission order.

The definition of transmission order is missing from section 3 of the JVT CD. We argue that the transmission order may be deliberately different from the decoding order (see section 4). Thus, we propose the following definition for the transmission order

3.QQ
transmission order: The order in which the NAL units and the corresponding EBSPs and RBSPs are intended to be transmitted. 

2.3 Display Order

The JVT CD defines:

3.36
display order: The order in which the decoded pictures are intended to be displayed. [Ed.Note: revise according to TR discussion]

We believe that the display order is needed and therefore the definition can be left as it is.

The HRD definition (section 13.3 of the JVT CD) discusses presentation order. We propose replacing any occurrence of the phrase “presentation order” with “display order”.

Note that a presentation timestamp seems to be a more common phrase than a display timestamp. From that perspective, it would also be justified to replace all references to “display order” with “presentation order”.

3. Proposal

The transmission order of NAL units does not have to be the same as the decoding order. See section 4 for motivation to allow this flexibility. However, the following constraints are applied to supplemental enhancement information and parameter set information:

· The transmission order of supplemental enhancement information messages shall be the same as the decoding order. 

· The parameter set information shall be conveyed before it is referenced.

The NAL decoder recovers the decoding order of NAL units. This is done in two steps: First, independent GOPs are recognized and handled separately. Second, the NAL units of one independent GOP are organized in decoding order. See more details below.

We propose the optional signaling of sub-sequence identifiers as proposed in JVT-D098. If sub-sequence identifiers are not in use, the transmission order of independent GOPs shall be the same as the decoding order. If sub-sequence identifiers are in use, NAL units of consecutive independent GOPs in decoding order may be interleaved as long as the transmission order of IDR pictures remains the same as their decoding order.

The decoding order of independent GOPs is resolved as follows: Decoding of independent GOPs is done in transmission order of the corresponding IDR pictures. If sub-sequence identifiers are not in use, all data received before the IDR picture of the next independent GOP shall be decoded before any data belonging to the next independent GOP. An independent GOP begins from an IDR picture and last until the next IDR picture in transmission order. SEI and PSI (Parameter Set Information) NAL Units are associated with the slice or data partition that follows them in transmission order. If sub-sequence identifiers are in use, all data having the same sub-sequence identifier as the initial IDR picture shall be decoded first. SEI and PSI NAL unit types belong to the sub-sequence of the next slice or data partition in transmission order.

The decoding order of NAL units of an independent GOP is resolved as follows: Data is decoded in increasing order of frame numbers (in modulo max_frame_num arithmetic). If one or more non-stored frames share the same frame number as a stored frame, the non-stored frames are decoded first in their transmission order. Parameter set and supplemental enhancement information units are decoded just before the next slice or data partition unit in transmission order is decoded. 

Slices of a picture can be decoded at any order and should be decoded in transmission order. The NAL decoder forms a slice layer RBSP from the data partition NAL units of a slice (if existing).

4. Decoupling of Transmission and Decoding Order: Motivation

4.1 Pre-Delivery of Spliced Content

4.1.1 Use Case

The following scenario was introduced in JVT-C141 but was never handled in the Fairfax meeting due to lack of time.

The reference picture selection scheme of JVT video allows to use the reference pictures not only in a FIFO manner (as it is usually done when using H.263 Annex N or MPEG-4’s NEWPRED), but also to address some of the picture buffers directly.  This feature opens the door to a technique that could prove very valuable when missing real-time encoded content, possible in a close-to-real-time environment, and pre-recoded content such as a commercial.

Consider the following application: A football game is broadcast live in a packet data network. The service provider’s business model is based on the insertion of commercials into the ongoing broadcast. The exact time for this insertion, however, is not known precisely, as the broadcaster will not want to interrupt an ongoing game and wait for a break. 

Since there is a complete scene change between the football game and the commercial, there is normally a need for an I picture.  Transmitting this picture in a high quality normally requires a significantly higher number of bits, which may add delay and buffer space requirements (because you never know exactly where this I picture is added – it may follow an I picture that was just transmitted as part of the usual broadcast strategy).  Hence, it would be advisable to have this I picture readily available at the time the commercial starts.

One way to achieve that is to transmit slices of this picture beforehand, probably over the course of many seconds.  Every time the real-time encoder senses available bits due to low scene activity, another I slice could be sent.  When it is finally time for the commercial, the I picture would almost (or completely) be available in the receiver. 

4.1.2 Implementation Alternatives

In order to decode one picture at a time, the NAL unit types containing the commercial have to be identified before decoding them. There are two possibilities where to detect them. First, they could be identified prior to the NAL decoder in the receiver’s data processing order. However, this would require the receiver be aware of the JVT syntax, which would violate a layered protocol implementation. Second, they can be identified in the NAL decoder, which we prefer.

There are at least two alternatives for the processing time of the commercial: First, the I picture of the commercial could be decoded as soon as all the slices belonging to it are received. This is basically the approach proposed in JVT-C141. The I picture must be stored as a long-term picture in the multi-frame buffer. This requires that the live video stream is aware of the long-term buffer slot assigned for this purpose. Displaying of the I picture must be omitted by sending a “Freeze Picture Request” just before sending the last slice of the I picture. A “Freeze Picture Release” can be issued when the next normal picture is decoded. When it is time to display the I picture, a “Display Command” SEI message could be used, as proposed in JVT-C141.

A second alternative to process the I picture of the commercial is to leave the bitstream in the pre-decoder buffer until it is time to decode and display it. The decoding time of the I picture is separately signaled using the Supplemental Enhancement Information (SEI) mechanism, as proposed in JVT-C080. The decoding time message must be associated with a correct picture explicitly, which requires unique identification of coded pictures.

We prefer the explicit decoding time SEI signaling to the display command SEI signaling due to the following reasons:

· The display command SEI signaling requires reservation of one picture buffer slot in the multi-frame buffer for the I picture of the commercial. This buffer slot can be used to improve compression efficiency or error resiliency or to reduce memory requirements in the explicit decoding time SEI signaling approach.

· The display command SEI signaling is practically limited to sending one picture in advance (due to large buffer size requirements of uncompressed pictures). There are no such strict limitations in the explicit decoding time SEI signaling because buffer use of the pre-decoder buffer can be controlled easily in live broadcast.

· As the I picture of the commercial is decoded during the live broadcast, decoders may need extra computational power to carry out decoding of the I picture and the live broadcast at the same time. Levels limit picture rates (or macroblock processing rates), which may cause I picture insertion violate the level definition used in the live broadcast. In the explicit decoding time SEI signaling, the commercial is decoded separately from the live stream, and therefore no computational trade-offs are needed.

4.2 Transport Order Prioritization

Streaming clients typically have a receiver buffer that is capable of storing a relatively large amount of data.  Initially, when a streaming session is establish, a client does not start playing the stream back immediately, but rather it typically buffers the incoming data for a few seconds.  This buffering helps to maintain continuous playback, because, in case of occasional increased transmission delays or network throughput drops, the client can decode and play buffered data.  Otherwise, without initial buffering, the client has to freeze the display, stop decoding, and wait for incoming data.  The buffering is also necessary for either automatic or selective retransmission in any protocol level.  If any part of a picture is lost, a retransmission mechanism may be used to resend the lost data.  If the retransmitted data is received before its scheduled decoding or playback time, the loss is perfectly recovered.  When this mode is in use, stored pictures can be sent earlier than their natural coding order indicates, whereas non-stored pictures, such as conventional B pictures, can be sent later than their natural coding order indicates.  Consequently, any retransmitted parts of stored pictures are more likely to be received before their scheduled decoding or playback time compared to parts of retransmitted disposable pictures.
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