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1. Introduction

Timing information issue has been discussed in the email reflector since Fairfax meeting. In this document, we will not call the timing information used in VCL a TR(temporal reference) because some experts do not want the terms like ‘temporal’ to be used in video layer, instead we will call it a relative timing information. This document shows why the relative timing information is needed in video layer by enumerating the context in current CD related to timing information. 

2. Context connected with relative timing information

The relative timing information in video layer indicates display order of each picture which gives the direction information of reference pictures in B pictures, and also helps to get temporal distance between two pictures which is useful to derive motion vectors of direct mode or to scale one motion vector in bi-predictive mode with two motion vectors existing in the same direction. It is essential that current B picture knows which reference picture is in forward direction(i.e., temporally-preceding side) and in backward direction(i.e., temporally-following side). Without the relative timing information, there is no way to resolve the display order of pictures using the normative part of the coded JVT stream. In addition, as noted in the email reflector, the equation of current CD that calculates direct motion vector not by using the actual temporal distance but the set of parameters transmitted in picture level can significantly deteriorate the coding performance of B pictures.
The followings show four contexts that CD uses the display order(direction information) and temporal distance. To begin with, we need to remember that the terms such as ‘forward’ and ‘backward’ in CD have nothing to do with direction or time. 
(1) Subclause 9.2.1.2 defines the default index order for B pictures based on the display order for each reference picture. 

	9.2.1.2
Default index order for B pictures
The default index order for B frames is defined such that short-term frames that temporally precede the B frame are distinguished from short-term frames that temporally follow the B frame, based on the display order for each reference frame. The default order for forward prediction (subclause 8.2.13.2.1) is specified in a manner that gives a lower index order to short-term frames that temporally precede the current frame, and the default order for backward prediction (subclause 8.2.13.2.1) is specified in a manner that ordinarily gives a lower index order to short-term frames that temporally follow the current frame.
9.2.1.2.1 Forward prediction in B pictures
Within the set of short-term pictures, the default order for B-frame forward prediction shall be for the frames to be ordered starting with the most recently-transmitted temporally-preceding reference frame and proceeding through to the temporally-preceding reference frame in the short-term buffer that was transmitted first.  These temporally-preceding frames shall then be followed by the temporally-following reference frames, starting with the most recently-transmitted temporally-following reference frame in the short-term buffer and proceeding through to the temporally-following reference frame in the short-term buffer that was transmitted first.
…
9.2.1.2.2 Backward prediction in B pictures
The default order for B picture backward prediction is defined in a similar manner as for forward prediction, but giving preference in the order for pictures that temporally follow the B picture and swapping the order of the first two pictures if this would result in an identical forward and backward default indexing order.

…


If there is no relative timing information in video, B picture cannot set the default forward and backward index from the reference picture buffer because it does not know which is the temporally-preceding reference picture, and vice versa: for example, if a sequence of pictures is transmitted as P1 P2 B3 B4 B5, the available display order is P1 B3 B4 B5 P2, P1 B4 B3 B5 P2, P1 B5 B4 B3 P2, P1 B5 B3 B4 P2, or P1 P2 B3 B4 B5 and the default forward and backward index assigned to each reference picture are different in each case (as shown in Figure 1) so that decoder side can cause mismatch with encoder side.
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Figure 1. Available display order for P1 P2 B3 B4 B5 decoding order
(2) Subclause 11.4.1 defines motion vector prediction in B pictures.

	11.4.1
Differential motion vectors

…
The only difference is that forward motion vectors are predicted only from forward motion vectors in surrounding macroblocks, and backward motion vectors are predicted only from backward motion vectors in surrounding macroblocks. 
…
If a neighbouring macroblock does not have a respective forward and/or backward motion vector candidate predictor for the current block, the predictor is set to zero


In above sentence, the terms such as forward and backward include the direction information. For example, prediction of motion vector with forward direction has to be formed as the median of motion vectors with only forward direction of three adjacent macroblocks. Therefore, each macroblock adjacent to target macroblock needs to know which direction its own motion vector is taking. Especially, if an adjacent macroblock has bi-predictive mode, it is essential to distinguish the directions of two motion vectors. This can be resolved only by referencing the relative timing information that reference pictures have. 

(3) Subclause 11.4.2 describes how to derive two motion vectors taking the same direction in bi-predictive mode.

	11.4.2
Motion vector decoding with scaled MV
…
First, the scaled motion vector (scaled mv) is calculated from the coded motion vector for the nearest reference picture r1 (MV1). Then, the motion vector for the farthest reference picture r2 (MV2) is calculated by adding the coded differential motion vector (DMV) to the scaled mv.
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where picture_distance_1 and picture_distance_2 are motion vector scaling factors for the nearest reference picture (r1) and the farthest reference picture (r2), respectively.


Before anything else, the above equation has to be changed to

MV2 = picture_distance_2 x MV1 / picture_distance_1 + DMV

The macroblock having bi-predictive mode usually records the motion vector information into mvd_fwd and mvd_bwd and the reference picture information into ref_idx_fwd and ref_idx_bwd, regardless of directions. For decoding the macroblock having bi-predictive mode, decoder needs to know whether or not two motion vectors (MV1 and MV2) exist in the same direction by looking the relative timing information that their reference pictures have. After confirming that two motion vectors exist in the same direction, MV2 is calculated by adding DMV to scaled MV1, in which the scaled MV1 is used as prediction of MV2. Here, the scaling factors, such as picture_distance_1 and picture_distance_2, are obtained at block layer according to ref_idx_fwd (=r1) and ref_idx_bwd (=r2) as shown in Figure 2. Those scaling factors have to be actually temporal distances measured from current B picture to r1 and r2 because it is an available situation that there is any skipped picture or non-stored B picture between each reference picture and B picture. 
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Figure 2. Motion vector scaling and differential MV coding
(4) Subclause 11.5.1 uses the display order when selecting implicit ABP coefficients.
	11.5.1 Implicit B Prediction Block Weighting
Prediction signal generation procedure is specified in the following table. If display order of ref_fwd <= display order of ref_bwd, ABP coefficient (1/2, 1/2, 0) is used. Otherwise, (2, -1, 0) is used.


Literally, display order of ref_idx_fwd and one of ref_idx_bwd can be obtained by referencing the relative timing information of each reference picture.

3. Conclusion

As shown above, the relative timing information is needed at decoding process so we suggest that the relative timing information is kept in video coding layer.
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