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1 Extending CAVLC codes for Pext

Up to 13.68 bits can be required to represent valid coefficients for 9-bit residuals (8-bit samples) when using 16x16intra coding.
H.264 12-bit (approximately) CAVLC codes are not currently capable of representing all possible coefficient values for ~real video~ with small QPs. 

Current CAVLC encoders have to limit luma-DC coefficients as large as 13.68 bits to a value that can fit into 12-bits. (The current JM software is currently buggy in its implementation of this limitation.)

To correct this situation for Pext (for which it is expected that small QPs may be more frequently used than for the current H.264 standard), we propose extending the CAVLC codes in a straight-forward manner.

Options:

1)  add for level_prefix = 16 in table 9-6 either the codeword

0000 0000 0000 000 [this choice would prevent future extensions of the code but also prevent the possibility of invalid codes]

OR 

0000 0000 0000 0000 1      

Just as level_prefix = 15 is currently a CAVLC escape-code signaling a 12-bit coefficient suffix, level_prefix = 16 would be a CAVLC escape-code signaling a 14-bit (for 8-bit video), 14+X-bit (for 8+X-bit video and to be able to represent all the same ~real~ coefficients as CABAC).

** The advantage of adding a new code is that we are NOT changing any current codewords, but are redefining a currently invalid codeword to permit an extension (there are a large number of currently invalid codewords in the current CAVLC tables – in general, use of these codes to extend the current codewords for use with Pext could be very desirable since any decoder capable of decoding the Pext codewords would necessarily also be able to compliantly decode the original H.264 codewords)

2) An alternative would be to change the current escape-code (level_prefix = 15) to signal a larger than 12-bit coefficient suffix for PExt. I believe that 15-bits is sufficient to represent all real 9-bit residuals that conform to the standard (due to the *10>>2 scaling factor that is prior to the final 16-bit restriction in the inverse transform/quant). 8+X bit samples should require a 15+X bit length for level_suffix (instead of the current 12).

3) an alternative is to use a exp-Golomb code instead of a straight 12-bit binary codeword for the suffix part of either the existing code used with level_prefix=15 or of the new code with level_prefix=16. This would be capable of representing ALL possible coefficient values (even pathological ones) just as CABAC is, and it would also be already automatically extended to handle any arbitrary bitdepth of samples.

Note: Alternatively, the scaling of chroma-DC and luma-DC could be modified from the current design to make everything fit into 12-bits for 8-bit samples. With the modified scaling, 10 and 12-bit samples would be better represented by CABAC for PExt, due to the 16-bit limits currently placed on the transform and quant.
2 Improving Interoperability between CABAC and CAVLC streams

a. In the current H.264 standard, CABAC transform coefficient values are permitted to use pathological values that exceed those that represent real 9-bit residuals for 8-bit video sample values. ie. as long as the 16-bit restrictions in the inverse transform and quant portion of the standard are observed there are no restrictions on coefficient bitdepth for CABAC, so pathological streams may use coefficients representing residuals much larger than 9-bits even though the sample values will later be reconstructed 8-bits.

b. The longest CAVLC codes for coefficients can represent at most 12.1 to 12.3 bits (the longest CAVLC codes have level_prefix values that signal a 12-bit length level_suffix. If CAVLC codes could ~at least~ represent all valid 9-bit residuals, and if CABAC were restricted to not represent coefficient values that are larger than what are required to represent an arbitrary residual to reconstruct specific real video (ie. disallow larger than 9-bit residuals that in reality only effectively represent 9-bit residuals due to clipping of reconstructed 8-bit samples), ~then~ we could significantly increase the effective interoperability between CABAC and CAVLC streams.

CABAC/CAVLC interoperability (for 9-bit residuals) could be SIGNIFICANTLY improved by either:

A))

1) Extending CAVLC to code 14-bit coefficients

AND

2) limiting all coefficients (including CABAC) to 14-bits

OR

B)) Extending CAVLC to code 16-bit coefficients

OR 

C)) limiting both CABAC & CAVLC to 12-bit coefficients

Benefits of either A)) or B)) :

#1 Enables CAVLC to represent all possible ~real~ coefficient values for 16x16intra and chroma at QP=0

#2 significantly improves interoperability by matching the coefficient range that can be represented by CAVLC and CABAC 

[this point is actually our main concern and the motivation for the proposal]

[method C also has benefit #2, but does not have benefit #1)

Notes: We would suggest that the most desirable solution for 9-bit coefficients is  A)).

3 Our Proposals

1. extend the CAVLC quantized coefficient codes for PExt using one of several possible approaches

2. limit CABAC coefficient bitdepth in PExt to be equal to the bitdepth representable with CAVLC codes, and make both equal to the actual maximum number of bits that can be in non-pathological coefficients. Ie. 14-bits for 8-bit video 

3. Possibly consider modifying the scaling of chroma-DC and luma16x16-DC as an alternative solution to the above mentioned problems, if the above proposals are not deemed to be desirable

4 Conclusion

There is currently an undesirable mismatch between coefficients that can be represented by CAVLC and CABAC that we provide various options to eliminate. This will significantly improve interoperability of the standard between CABAC and CAVLC bitstreams.

There is currently an inability in CAVLC to represent all possible coefficients especially for small QPs and high sample bitdepths (ie. high bitrates) that we provide various options to overcome. This will significantly improve the ability of the CAVLC bitstreams to address the requirements of professional applications.

We suggest an overall strategy for extending CAVLC codes for PExt, which is to define several of the many invalid CALVC codes for use with the extended profile. This strategy could be used for many possible CAVLC code extensions and would provide excellent compatibility between H.264 and H.264/PExt bitstreams.
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