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Abstract
Real-time video transmission applications such as TV conference and ENG (Electric News Gathering) require codec delay of less than one hundred milliseconds. Wireless Display application is much more sensitive to codec delay and requires less than several milliseconds.
In order to achieve such very low delay coding, the intra MB line refresh scheme is used to minimize the delay caused by bitstream buffers. The correct reconstruction of pictures at each recovery point with the use of existing standards such as MPEG-4 AVC/H.264 can be guaranteed by inserting slice headers in each picture and restricting coding parameters at encoder side. But the coding efficiency of those tends to decrease.

This contribution proposes to design the HEVC standard so that the very low delay coding of less than one hundred milliseconds is supported with minimal loss of coding efficiency.
1 Problem Statement
1.1 Background
The requirements for HEVC [1] include the support of low delay coding.

Applications such as TV conference, video chat, ENG (Electric News Gathering) and Wireless Display are delay-sensitive. Those applications require the codec delay of less than one hundred milliseconds, which is the maximal delay that the user of real-time video transmission can permit. Some video transmission equipments which support low-delay coding less than or around one hundred milliseconds appear in the market [2][3][4][5].

The codec delay consists of the delay inside an encoder and decoder (including the reordering of pictures), and the transmission delay caused by bitstream buffers both inside the encoder and the decoder.

The delay caused by the bitstream buffers increases in proportion to the maximum amount of bits of a picture under the fixed bitrate condition. The usage of I-Picture is not suitable for achieving the codec delay of less than one hundred milliseconds because the amount of bits for I-Picture tends to be much larger than the average bits per picture. The typical delay of the bitstream buffers is around five hundreds milliseconds.
1.2 Intra MB line refresh
The intra MB line refresh scheme is often used in order to minimize the delay caused by the bitstream buffers and to realize the correct reconstruction of pictures when the decoding process starting from a recovery point. 
The intra MB line refresh scheme generally encodes all pictures (except the first picture of a bitstream) as P-Picture instead of inserting I-Picture periodically. The group of intra-coded MBs is inserted in each picture. The group of intra-coded MBs moves, for example, from the top to the bottom of a picture so that the area in which all MBs are correctly reconstructed (hereafter referred to as a refreshed area) expands from the top to the bottom of a picture. When the group of intra-coded MBs reaches the bottom of a picture, whole area of the picture is refreshed. The duration of the circulation of the group of intra-coded MBs is called a refresh period.
The area which is outside a refreshed area is referred to as a non-refreshed area. Pixels inside the non-refreshed area are typically coded by inter prediction mode, and are not correctly reconstructed unless the whole pixels of a reference picture are correctly reconstructed (i.e. after decoding the second picture marked as the recovery point).
Figure 1 shows the two typical structures of the intra MB line refresh scheme.

The horizontal intra MB line refresh can average the amount of bits for each picture. The horizontal intra MB line refresh is also known as “intra slice”.
The vertical intra MB line refresh can average the amount of bits for each MB row. 
The vertical intra MB line refresh is much more preferred to achieve very low delay because the amount of bits per MB row is expected to be averaged.
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Figure 1  Intra MB line refresh scheme

When a decoder starts the decoding process from a recovery point, simply inserting the group of intra MBs in the bitstream does not guarantee the correct reconstruction of all pixels in a picture within a constant delay (normally the refresh period N in Figure 1). Several restrictions should be added to the bitstream at encoder side.
Firstly, the deblocking filtering process adopted in MPEG-4 AVC/H.264 should not be applied to the MB boundary where the boundary between a refreshed area and a non-refreshed area (hereafter referred to as an area boundary) exists in order to avoid the contamination of pixels inside the refreshed area from pixels inside the non-refreshed area. This restriction can be realized by inserting a new slice boundary on the area boundary and by setting the value disable_deblocking_filter_idc of a slice header to “2”
Similar restriction should also be applied to the intra prediction. In this case, it is realized by just inserting a slice boundary.
Secondly, the search area of a motion vector for a MB inside the refreshed area should be restricted to the area inside the refreshed area of a reference picture
. If any pixel inside the non-refreshed area of a reference picture is used for motion compensation, the correct reconstruction of the MB cannot be guaranteed because the correct reconstruction of pixels in the non-refreshed area is not guaranteed.
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Figure 2  Restriction of motion vector
1.3 Problems in using intra MB line refresh scheme
When the intra MB line refresh scheme is used with existing standards, especially MPEG-4 AVC/H.264, the following problems occur.

1.3.1 Degradation of coding efficiency by inserting slices
As described in subclause 1.2, the insertion of slices is necessary in order to guarantee the correct reconstruction of pixels in the refreshed area. However, the insertion of slices leads to the increment of bits of a coded picture. The first reason is that a slice header shall be coded additionally when a new slice is inserted in a picture. Secondly, the coding efficiency of CABAC decreases because the context of CABAC shall be initialized at the beginning of a new slice. Thirdly, the efficiency in prediction of a motion vector and in the intra prediction also decreases because the reference to a neighboring block at a different slice is not permitted. Thus Additional insertion of slices decreases the coding efficiency. 

The vertical intra MB line refresh is much more preferred than the horizontal intra MB line refresh for very low delay because the coding delay of the vertical intra MB line refresh is much more smaller. But the coding efficiency of the vertical intra MB line refresh is worse than that of the horizontal intra MB line refresh. This is because the number of additional slices for the vertical intra MB line refresh is larger than that for the horizontal intra MB line refresh. When the format of input video is HDTV, the number of additional slices for the vertical intra MB line refresh is sixty eight.
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Figure 3  Number of additional slices

The degradation of coding efficiency of the vertical intra MB line refresh is around -1 dB in BD-PSNR. Figure 4 demonstrates the degradation of coding efficiency caused by insertion of slice headers in each MB row
.
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Figure 4  Degradation of coding efficiency by insertion of a slice per MB line
The FMO (Flexible Macroblock Ordering) can minimize the number of slices in the case of the vertical intra MB intra refresh by assigning the refreshed area to the first slice and the non-refreshed area to the second slice. However, the processing of each slice should wait the arrival the last row of a picture. This restriction increases the codec delay.

The realization of both very low delay and minimal coding loss of intra MB line refresh scheme at the same time is needed for real-time video transmission applications,
1.3.2 Restriction on motion vector
When an inter-coded block is inside the refreshed area, the motion vector of the block should be restricted so that all pixels referred by the motion vector are inside the refreshed area of a reference picture. When the motion vector has non-integer value, the restriction of motion vector becomes more serious because of the size of the interpolation filter. 
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Figure 5  Restriction of motion vector
For example, in Figure 5, the motion vector (vx, vy) = (0, 0) is allowed because all referred pixels are inside the refreshed area of the reference picture. The motion vector (vx, vy) = (-1.75, 0) which points more inside the refreshed area than the motion vector (vx, vy) = (0, 0) is not allowed because pixels at the most right column of the referred region extend to the non-refreshed area due to the size of the interpolation filter.
Thus the coding efficiency decreases due to the strong restriction on motion vector for blocks inside the refreshed area.

1.4 Anticipated problems in HEVC
In addition to the problems described above subclause, other problems emerge when new tools described in the TMuC document are used.

1.4.1 Motion Vector Competition
The motion vector competition tool utilizes motion vectors of a collocated block (and its neighboring blocks) in a reference picture as the candidates of motion vector predictors. The motion vector competition shall be restricted by any means when the decoding process starts from a recovery point rather than an IDR picture. The reason is that a motion vector which is coded using the motion vector competition cannot be correctly decoded when a decoder is decoding the first picture (i.e. the motion vector of a collocated block is unknown) or the motion vectors in a reference picture are reconstructed incorrectly. The motion vector is reconstructed incorrectly when its predictor is unknown or reconstructed incorrectly. In order to prevent the use of a motion vector whose correct reconstruction is not guaranteed, the motion vector competition tool should not use the motion vector of a collocated block as the candidate of motion vector predictor when a decoding block is inside the refreshed area of the decoding picture and its collocated block in a reference picture is inside the non-refreshed area. In addition, the motion vector competition tool should not use the motion vector of neighboring blocks as the candidate of motion vector predictor when a decoding block is inside the refreshed area of the decoding picture and its neighboring blocks in the processing picture are inside the non-refreshed area because the correct reconstruction of the motion vector of a block inside the non-refreshed area is not guaranteed.
1.4.2 Adaptive In-loop Post-filter
Similar restriction to that of the deblocking filter is necessary for pixels which locate near the area boundary when the adaptive in-loop post-filter is used.
2 Proposal
In order to make the HEVC standard widely adopted in the real-time video transmission applications, we propose to start discussing how to realize the efficient very low delay coding.
This contribution suggests the following syntax and semantics as the initial idea for discussion. The main concept is to replace the conventional slice structure with the new structure for the description of the area boundary.
The detailed syntax and semantics will be provided when the basic structure of the test model becomes stable.
2.1 New syntax describing the geometric information of the area boundary 
The new syntax which describes the geometry of the area boundary at each picture is added in addition to the conventional slice syntax. When this syntax is used, a conventional slice header shall not be used to describe the area boundary. The main difference between the new syntax and the conventional slice syntax is that the new syntax includes the information which side of the divided two areas in a picture is the refreshed area.
Figure 6 shows the example of the area boundary and its geometry information.
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Figure 6  Example of the area boundary and its geometric information
2.2 New semantics of asymmetric limitation of reference

The new semantics which limits the reference of coding parameters in an asymmetric manner is introduced.
The term “reference” in this subclause means the action of using the coding parameters in a block which is already processed in order to reconstruct the coding parameters of a processing block.
The coding parameters include pixel values of a block for the intra/inter prediction and for the in-loop post-filtering, a motion vector as a motion vector predictor.

The new semantics prohibits the reference from a processing block in the refreshed area of a processing picture to blocks in the non-refreshed area both of the processing picture and of reference pictures. When a processing block is in the non-refreshed area, such restriction is not applied in order not to decrease the coding efficiency in the non-refreshed area. Table 1 summarizes the suggested asymmetric limitation of reference.
Table 1 Suggested asymmetric limitation of reference 
	
	Reference to

	
	Refreshed area
	Non-refreshed area

	Reference 

from
	Refreshed area
	Allowed
	Not allowed

	
	Non-refreshed area
	Allowed
	Allowed


Unlike the conventional slice header, the context of CABAC engine is not initialized at the area boundary.
Additional merit of the new semantics is that a decoder can easily decide which pixels are correctly reconstructed or not. This leads to the early recovery from a bitstream error. When the error occurs in the non-refreshed area, the correct reconstruction of all pixels is guaranteed at the next recovery point.
2.3 Examples of asymmetric limitation of reference for each tool
The examples of the asymmetric limitation of reference for each tool are described in the following subclauses.

2.3.1 PMV deviation (including Motion Vector Competition)

When a processing block is inside the refreshed area and its collocated block is inside the non-refreshed area of a reference picture, the motion vector of the collocated block is regarded as “not available” in the process of listing the candidates for motion vector prediction. Similarly, when a processing block is inside the refreshed area and its neighboring blocks are inside the non-refreshed area of the processing picture, the motion vectors of the neighboring blocks are regarded as “not available” in the process of listing the candidates for motion vector prediction. 

On the contrary, no limitation is imposed on a processing block when it is inside the non-refreshed area.

Figure 7 illustrates the asymmetric limitation of reference for PMV deviation including the motion vector competition. MB_A in Figure 7 corresponds to the first case (i.e. a block inside the refreshed area). MB_B in Figure 7 corresponds to the second case (i.e. a block inside the non-refreshed area).
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Figure 7  Example of modified semantics of PMV deviation

2.3.2 In-loop Post-filter
The deblocking filtering process only uses pixels in the refreshed area when the processing pixel is in the refreshed area. As illustrated in Figure 8, the deblocking filtering in horizontal direction at the position of p0, p1 and p2 (which are inside the left MB) is not performed. This behavior is equal to what MBs in the refreshed area treat the area boundary as the boundary of the processing picture. 
On the contrary, when the processing pixel is in the non-refreshed area, the deblocking filtering process uses both pixels in the refreshed area and pixels in the non-refreshed area. As illustrated in Figure 8, the deblocking filtering at the position of q0, q1 and q2 (which are inside the right MB), is performed using the pixels p’0 and p’1, which are inside the refreshed area.
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Figure 8  Example of modified semantics of deblocking filter

The same asymmetric limitation on reference should also be applied to the adaptive in-loop post filter.

2.3.3 Motion compensation
When a processing block is inside the refreshed area and its referring pixels are inside the non-refreshed area of a reference picture, the values of the referring pixels are extrapolated from pixels in the refreshed area near the referring pixels. This semantics is equal to what the area boundary is treated as the picture boundary. The efficiency of motion compensation for blocks in the refreshed area improves.
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Figure 9  Example of modified semantics of motion compensation
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� No such restriction on motion vector is necessary for a MB which in inside the non-refreshed area of a processing picture.


� This value is obtained using our proprietary H.264 codec software. Only one slice is inserted in each picture at the reference condition. One slice header is inserted in each MB line at the test condition. The GOP structure of both conditions is IPPP. The tested 720p sequences are “city” (-1.4 dB) and “optis” (-0.9 dB).
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