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1. Proposal

We have understood that the primary reason for using VLC in all codewords has been extensibility of the codeword space. However, in the case of certain slice header parameters, the maximum codeword value is limited by the parameter set in use. Thus, an extension of the range of these parameters actually requires a change in the corresponding values in the parameter set. Consequently, a fixed length code whose length depends on the maximum values given in the parameter set could be used. We analyzed the bit-rate savings of fixed-length coding of certain parameters in Section 2. Also bit-rate savings obtained by introducing a sequence level quantization parameter and coding the slice quantization parameters differentially with respect to that are analyzed. Based on the analysis, we propose changes and additions into the definitions of the parameter set and the slice header.

1.1 Proposed Changes to the Parameter Set

Following changes are proposed to the definition of the parameter set:

· Legal values for the maximum picture number (MAX_PN) are 2MAX_PN_LEN – 1, MAX_PN_LEN = 2, 3, 4, ...

· Slice size granularity (SSG) signals which is the minimum size of a slice in number of macroblocks. A slice can contain one or many sets of SSG macroblocks in raster scan order. Every SSG’th macroblock is a possible slice start position. Possible slice start positions are enumerated in raster scan order starting from zero.

· Maximum slice size (MAX_SS) signals the maximum size of a slice in number of sets of SSG macroblocks.

· Sequence Quantization Parameter (SeQP) signals the reference quantization parameter that is used to decode the slice quantization parameters.

Maximum slice start position (MAX_SSP) is calculated based on SSG and the number of macroblocks in a picture (NUM_MBS): 
MAX_SSP = NUM_MBS / SSG + (NUM_MBS % SSG > 0) - 1, 
where / donates division by truncation, % donates the modulo of the division, and > is a “greater than” comparison operator that results into 1 if the condition is true and 0 otherwise.

JVT-C078 proposes four parameter set types, namely independent GOP, picture, slice, and presentation parameter set. If JVT-C078 gets adopted, SSG and MAX_SS belong to the picture parameter set, as their value must not be changed during a picture. SeQP belongs to the slice parameter set, as the value of the reference quantization parameter can be changed slice by slice.

1.2 Proposed Changes to the Slice Header

The slice header is modified as follows:

· Picture Number (PN) is a fixed-length code, whose size is MAX_PN_LEN bits.

· Slice start position (SSP) replaces “First MB in slice”. SSP is a fixed-length code, whose size is ceil(log2(MAX_SSP)) bits. The macroblock number (in raster scan order) of the first macroblock of the slice is equal to SSP x SSG.

· Slice size (SS) replaces “Number of macroblocks in a slice”. SS is present only if MAX_SS is greater than one. SS is a fixed-length code, whose size is ceil(log2(MAX_SS – 1) bits. The number of macroblocks in a slice is equal to (SS + 1) x SSG.

· Slice Difference Quantization Parameter (SDQP) is transmitted instead of the Slice Quantization Parameter (SQP). The value of the SQP is obtained by adding the values of SeQP and SDQP.

Note that if the on-line calculation of MAX_SSP, ceil(log2(MAX_SSP)), and ceil(log2(MAX_SS – 1) is considered too cumbersome for the decoder, their values could be added to the parameter set as well.

A single UVLC codeword is used to represent the SDQP. Codeword indexes for the SDQP are mapped starting from zero and increasing as the absolute value of the differences increases, not allocating codewords for difference values leading to overflowing or underflowing SQP. The SeQP is coded in the same way using the maximum allowed QP value 39 as prediction. The SPQP parameter is proposed to be coded using the same approach and SQP as the prediction. The same mapping of codeword indexes is proposed also for Macroblock Dquant values for consistency, compression efficiency (no wrapping of high probability codewords to the other end of the parameter space) and complexity (no modulo operations) reasons.

Annex A of the contribution contains a change-bar version of section 8 of JVT WD2r7 that contains the proposed slice header modifications.

2. Analysis of Bit-Rate Savings

2.1 Picture Number

Picture Number (PN) shall be incremented by 1 for each coded and transmitted picture, in modulo MAX_PN operation, relative to the PN of the previous stored picture.  For non-stored pictures, PN shall be incremented from the value in the most temporally recent stored picture, which precedes the non-stored picture in bitstream order. 

Next, we take some examples how many bits could be saved when coding PN in FLC:

· Assuming MAX_PN of 255, the average length of PN is about 13 bits, whereas the corresponding fixed-length code would be 8 bits long. 

· Assuming MAX_PN of 1023, the average length of PN is about 17 bits, whereas the corresponding fixed-length code would be 10 bits long.

In order to make the bit-rate savings more concrete, we considered an example case of video communication over a mobile channel. We assumed QCIF picture size, bit-rate of 64000 bits/sec, an average of 100 bytes per slice, and 8-bit picture numbers. The bit-rate saving caused by fixed-length coding of PN was 400 bits/sec ( 0.6 %.

2.2 Slice Start Position and Size

Two ways to signal the position of a slice have been proposed in the JVT standardization previously:

1. The number of the first macroblock of the slice. Macroblocks are numbered in raster scan order. The top-left macroblock of the picture has index 0.

2. The horizontal position (column) and the vertical position (row) of the first macroblock in the slice are signaled in separate codewords. Columns are enumerated from left to right starting from 0. Rows are enumerated from top to bottom starting from 0.

Next, we take some examples how many bits could be saved when coding slice start position as a fixed-length code:

· Let us assume QCIF picture size and arbitrary slice start position. If macroblock positions are enumerated in raster scan order and coded with VLC, the expected codeword length is about 10.6 bits. A similar fixed length code could be signaled with 7 bits. If column and row are signaled separately with VLC, their expected lengths are 5 and 4.6 bits respectively. 

· Let us assume CIF picture size and arbitrary slice start position. If macroblock positions are enumerated in raster scan order and coded with VLC, the expected codeword length is about 14.5 bits. A similar fixed length code could be signaled with 9 bits. If column and row are signaled separately with VLC, their expected lengths are 6.6 and 6.1 bits respectively. 

In order to make the bit-rate savings more concrete, we considered an example case of video communication over a mobile channel. We assumed QCIF picture size, bit-rate of 64000 bits/sec, and an average of 100 bytes per slice. The bit-rate saving caused by fixed-length coding of the slice start position was about 204 bits/sec ( 0.3 %.

A fixed number of macroblocks per slice, such as a row of macroblocks, is likely to be used in many video communication systems. To reflect these coding scenarios, we propose that a new parameter called slice size granularity (SSG) is added to the parameter set. SSG signals which is the minimum size of a slice in number of macroblocks. A slice can contain one or many sets of SSG macroblocks in raster scan order. Every SSG’th macroblock is a possible slice start position. Possible slice start positions are enumerated in raster scan order starting from zero. For example, if we code a QCIF picture and want to have one slice per macroblock row, slice size granularity is 11. Moreover, the left-most macroblock in each macroblock row is a possible slice start position, and the slice start positions run from 0 to 8. Consequently, the slice start position requires a 4-bit fixed-length code. Assuming QCIF picture size and 15 Hz frame rate, the bit-rate saving compared to fixed-length coding of a complete macroblock address (7 bits per slice) is 405 bits/sec.

For CABAC entropy coding, the number of macroblocks contained in the slice is transmitted in the slice header. The maximum slice size (MAX_SS) could be signaled in the parameter set in units defined by SSG. For example, if one slice is always a macroblock row, no slice size needs to be transmitted in the slice header. Assuming QCIF picture size, 15 Hz frame rate, and one slice per macroblock row, 945 bits/sec would be saved.

2.3 Slice Quantization Parameter

The JM spends significant overhead to code the quantization parameters in every slice header. The slice QP in JM 2.0 is coded as difference to the maximum possible QP value 39. For example, 9 bits are needed to code a QP between 9 and 24. In a 15 Hz QCIF case with one row of Macroblocks in each slice, this corresponds to more than 1.2 kbps overhead.

Attached spreadsheet JVT-C079.xls contains examples of bitrate savings achieved with the proposed change. One to five percent of the total bitrate is saved in QCIF test sequences, when slices containing one row of Macroblocks are used.
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