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1. Introduction

This contribution proposes signaling of timestamp clock frequency, temporal references, decoding timestamps, and presentation timestamps.

The document is organized as follows: Section 2 lists the assumptions that we used when designing the proposed signaling. Section 3 proposes the signaling for timestamp clock frequency. Section 4 concentrates on relative presentation timestamps a.k.a. temporal references. Section 5 proposes the syntax and semantics for decoding and presentation timestamps.

2. Underlying Assumptions

The contribution is based on the following observations and assumptions:

· Relative presentation timestamps are needed in the direct mode of B-pictures. Thus, relative presentation timestamps need to be in the integral part of coded data instead of disposable Supplemental Enhancement Information.

· To allow splicing and editing (cutting-and-pasting) of coded data, no absolute program-level timestamps should be carried within the coded data. Instead, timestamps should be relative to group of pictures.

· Video communication systems have different means to transmit decoding and presentation timestamps. For example, RTP timestamps are typically presentation timestamps, and MPEG-2 Systems is able to carry both decoding and presentation timestamps.

· Decoding timestamps specific to coded pictures are not needed in low-delay applications, where it is desirable to start decoding of a slice while the rest of the picture is still being received.

· Circuit-switched conversational applications may not use presentation timestamps. Instead, they may display the pictures as fast as possible in order to minimize the end-to-end latency. 

· Some pictures may not be displayed at all. For example, a fixed video conferencing system may transmit a picture of the background as a long-term picture prior to live sequence of pictures. This background picture may then be used to code uncovering background while people or objects in the foreground move back and forth.

· Some pictures may not be associated with a decoding timestamp when they are transmitted. For example, if a switch to transmission of a particular inserted commercial message is going to happen soon, the system can start pre-delivering its I frame content if there is not much activity in the current video. The decoding time of the pre-delivered content is not known at the time of its transmission. The pre-delivered content stays in the receiver buffer in its coded form as long as the decoding time is separately signaled using the Supplemental Enhancement Information (SEI) mechanism, for example. 

3. Timestamp Clock Frequency

The granularity of timestamps is a sequence-level issue. Timestamp granularity can be changed only at an instantaneous decoder refresh position. 

We propose adding the following parameters to the parameter set definition:


unsigned int(32) timescale;


unsigned int(32) numUnitsInTick;

timescale is the number of time units which pass in one second. For example, a time coordinate system that measures time in sixtieths of a second has a time scale of 60.

numUnitsInTick is the number of time units according to timescale that correspond to one clock tick. A clock tick is the minimum unit of time that can be presented in the file. For example, if the clock frequency of a video signal is (30 000) / 1001 Hz, timescale should be 30 000 and numUnitsInTick should be 1001.

4. Relative Presentation Timestamp

4.1 Definition

Term “temporal reference” refers to a presentation timestamp that is relative to the beginning of the current independently decodable group of pictures. 

The section assumes that independently decodable GOPs are signaled as proposed in JVT-C083. The main idea of the proposal is to reset the picture number to zero at the beginning of a new independently decodable GOP.

4.2 Parameter Set Syntax and Semantics

The use, precision, and mode of temporal references (TRs) are sequence-level issues. They can be changed only at an instantaneous decoder refresh position. The expected TR difference per picture number can be changed in each picture.

A difference of one in TRs is equal to one clock tick at the timestamp clock frequency.

We propose adding the following parameters to the parameter set definition:


enum TRMode = {none, deltaToPN, independent};


int(16) expectedDeltaTR;


unsigned int(6) numBitsInTR;

The temporal reference mode (TRMode) signals how temporal reference are conveyed in slice headers. TR mode “none” indicates that no TRs are carried in slice headers. “deltaToPN” indicates that TRs are coded relative to picture numbers. “independent” indicates that TRs are coded independently from picture numbers similarly to H.263.

expectedDeltaTR is valid only if TRMode is “deltaToPN”. It signals the expected increment or decrement of TRs per each picture number.

numBitsInTR is valid only if TRMode is “independent”. It signals the number of bits used in the TR field of the slice header.

4.3 Slice Header Syntax and Semantics

TR Prediction Error (TRPE), variable-length code
TR Prediction Error Sign (TRPES), 1-bit fixed-length code
TRPE is present only if the “deltaToPN” TR mode is signaled in the parameter set. When TRPE is zero, the previously calculated TR for this picture is in effect. When TRPE is greater than zero, the temporal reference is calculated as follows. TRPES is present only if TRPE is greater than one. 

// TPN is a cumulative PN without wrapover

// prevPN is the PN in the previous picture

if (is_IDERP_NALP())


TPN = 0;

// Else if wrapover of PNs

else if (PN < prevPN)


TPN += MAX_PN – prevPN + PN + 1;

else


TPN += PN – prevPN;

if (TRPE == 0) {


if (PN == prevPN)



TR = prevTR;


else



; // Problem: no TR signaled for this picture yet

}

else if (TRPE == 1)


TR = TPN * expectedDeltaTR;

else if (TRPES == 1)


TR = TPN * expectedDeltaTR + TRPE - 1;

else


TR = TPN * expectedDeltaTR – TRPE - 1;

Temporal Reference Indication (TRI), 1-bit fixed-length code
TRI is present only if the independent TR mode is signaled in the parameter set. TRI equal to one indicates that the TR field follows. TRI equal to zero signals the absence of the TR field.

Temporal Reference (TR), fixed-length code, length equal to numBitsInTR
TR is present only if TRI is one. The first picture of an independently decodable group of pictures shall have TR zero. The value of TR is formed by incrementing its value in the temporally-previous stored picture header by one plus the number of skipped or non-stored pictures at the timestamp clock frequency since the previously transmitted one. The arithmetic is performed with only the numBitsInTR LSBs. 

4.4 Example

Let us assume an IBBP frame pattern coded at constant 25-Hz picture clock frequency. When the “deltaToPN” TR mode is in use, the following pseudo-code shows the coded parameter values.

// parameter set


timescale = 25;


numUnitsInTick = 1;


TRMode = deltaToPN;


expectedDeltaTR = 3;

// slice headers


// I-picture, capture timestamp 0


PN = 0;


TRPE = 1;


// TR = PN * expectedDeltraTR = 0 * 3 = 0


// P-picture, capture timestamp 3


PN = 1;


TRPE = 1;


// TR = PN * expectedDeltraTR = 1 * 3 = 3


// B-picture, capture timestamp 1


PN = 2;


TRPE = 4; // 5 bits in UVLC


TRPES = 0;


// TR = PN * expectedDeltraTR – TRPE – 1 = 2 * 3 – 4 – 1 = 1


// B-picture, capture timestamp 1


PN = 2;


TRPE = 3; // 5 bits in UVLC


TRPES = 0;


// TR = PN * expectedDeltraTR – TRPE – 1 = 2 * 3 – 3 – 1 = 2

5. Picture Decoding and Presentation Timestamps

5.1 Overview

Some systems, such as RTP-based ones, do not need explicit signaling of a presentation timestamp in the video packet stream, as the information is implicitly carried in transmission protocols. Decoding timestamps are used to control the operation of the pre-decoder buffer. Conversational applications may not need decoding timestamps, as they typically decode as fast as they can. Thus, systems ought to have some freedom to decide, which timestamp information to transmit. Consequently, we propose that the SEI mechanism is used.

A timestamp SEI message needs to be associated with a certain transmitted picture. We propose that a simple timestamp SEI message concerns always the slice immediately following the message in transmission order. In order to guarantee simultaneous and synchronous reception of timestamps and the corresponding slice, use of a compound NAL packet is recommended. The same compound packet carries the timestamp SEI message as well as at least one slice or data partition of the picture. A timestamp SEI message can be repeated for error resilience purposes.

As discussed earlier, some pictures may not be associated with a decoding or presentation timestamp at the time they were transmitted. A decoding and/or presentation timestamp needs to be associated with them later on. Contribution JVT-C080 discusses this issue.

If the presentation and decoding timestamps of a picture were relative to the previous transmitted picture and if the previous picture and/or its timestamps were lost during transmission, a drift in absolute timestamps would occur. Thus, timestamps are absolute within the numbering space of clock tick counts. (The clock tick count wraps over to zero after its maximum value.) If both timestamps are carried in the same SEI message, the decoding timestamp is relative to the presentation timestamp. 

5.2 Parameter Set Syntax and Semantics

We propose adding the following parameters to the parameter set definition. The parameters can be changed only at an instantaneous decoder refresh position.


unsigned int(3) numBytesInPresentationTimeMinusOne;


unsigned int(3) numBytesInDecodingTimeMinusOne;

numBytesInPresentationTimeMinusOne indicates the number of bytes used in presentation timestamps. numBytesInDecodingTimeMinusOne indicates the number of bytes used in decoding timestamps. 

5.3 SEI Message Syntax and Semantics

Three SEI messages are defined:

aligned(8) class PictureTimeStamp aligned(8) extends SEIMessage(SEI_PIC_TIME_STAMP) {


unsigned int((numBytesInPresentationTimeMinusOne + 1) * 8) presentationTime;


int((numBytesInDecodingTimeMinusOne + 1) * 8) relativeDecodingTime;

}

aligned(8) class PresentationTimeStamp aligned(8) extends SEIMessage(SEI_DISP_TIME_STAMP) {


unsigned int(payloadSize) presentationTime;

}

aligned(8) class DecodingTimeStamp aligned(8) extends SEIMessage(SEI_DEC_TIME_STAMP) {


unsigned int(payloadSize) decodingTime;

}

presentationTime signals the presentation time of the next transmitted picture. The length of the presentationTime field is from 1 to 8 bytes, which is indicated with the size of the SEI message payload. The length should match with the value of numBytesInPresentationTimeMinusOne in the latest received parameter set, if no instantaneous decoder refresh is indicated for the next received slice or data partition. (Timestamp granularity can be changed in instantaneous decoder refresh positions.)

decodingTime signals the decoding time of the next transmitted picture. The length of the decodingTime field is indicated similarly to the length of presentationTime. 

In the PictureTimeStamp message, relativeDecodingTime signals the decoding time relative to the presentation time of the picture. The PictureTimeStamp message shall not be used with NAL packets indicating an instantaneous decoder refresh, as the timestamp granularity and the length of the timestamps may be changed in the succeeding packet.
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