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Abstract
This document proposes changes to the syntax and semantics of the Least-Mean Squares (LMS) prediction parameters of the channel group parameter set (CGPS). The changes concern how the coding parameters are configured rather than processing and hence they do not affect the CTC performance (BD rates 0.0% on all datasets) but resolve three issues discovered in the BWC-4.0 software. The proposed changes are implemented in https://vcgit.hhi.fraunhofer.de/vceg-sw/bwc/-/merge_requests/59. The corresponding changes to the specification are described in the attached draft text document ‘VCEG-BZ18-SpecTextAttachment-v1.docx’ based on the VCEG-BZ02 Draft 4 text provided by the editors. 
Introduction and Problem Statement
The LMS prediction tool reduces entropy by prediction from previously reconstructed Discrete Cosine Transform (DCT) coefficients in the channel and transform coefficients of previous channels (all in the same block). The number of previously reconstructed DCT coefficients used for the prediction in the channel, i.e., the LMS order, is controlled by the CGPS parameter cgps_lms_ar_order_over_four. The number of previous channels used for LMS prediction, i.e., the LMS channel order, is controlled by the CGPS parameter cgps_max_order_cc_lms_minus_one. Below, three related issues along with proposed solutions are reported.
Potential Overflow in the LMS Prediction Accumulation
In BWC-4.0 there is no limit on the maximum total LMS prediction order (e.g., the total number of accumulated weighted previous transform coefficients to predict one transform coefficient) other than the signalling precision of the CGPS parameters (7 bits for cgps_lms_ar_order_over_four and 5 bits for cgps_max_order_cc_lms_minus_one). This results in a theoretical maximum total LMS prediction order of 508+32, which can result in potential overflow issues. In addition, such a high LMS prediction order is not intended. This issue is resolved by introducing a limitation of the total maximum LMS prediction order of 72 which guarantees that no overflow happens. In addition, the signalling precision of cgps_lms_ar_order_over_four is reduced from 7 bits to 4 bits together with semantic changes as outlined below. 
Proposed Semantic Changes 
Old semantic: cgps_lms_ar_order_over_four << 2 defines the LMS order for a block size of 2048 and the LMS order for any smaller block is derived by scaling down this value.  
The maximum LMS channel order is defined as cgps_max_order_cc_lms_minus_one + 1
Proposed new semantic: cgps_lms_ar_order_over_four << 2 defines the LMS order for the largest possible block size defined by CGPS and the LMS order for any smaller block size is derived by scaling down this value. 
Furthermore, the maximum LMS channel order is defined as 
min( 72 - cgps_lms_ar_order_over_four << 2,  cgps_max_order_cc_lms_minus_one + 1)
Note that due to the 4-bits signalling precision for cgps_lms_ar_order_over_four the maximum possible LMS order is 60 and thus cannot exceed the maximum total prediction order of 72.
Effective LMS Prediction Order may be Zero for small Block Sizes
In BWC-4.0 the LMS prediction order for block sizes smaller than 2048 is derived by scaling the CGPS parameter cgps_lms_ar_order_over_four. Due to the limited precision in the scaling process, the derived prediction order may be zero even though cgps_lms_ar_order_over_four is greater than zero which is not the intention. This issue is resolved by always rounding up in the scaling process.
Proposed Scaling Process
The LMS order for a certain block size is currently defined as 
LMS order = lmsOrderOverFourScaled << 2
Where lmsOrderOverFourScaled is defined as 
lmsOrderOverFourScaled = (cgps_lms_ar_order_over_four >> (11-Log2BlockSize))
and Log2BlockSize means log2() of the current block size.
It is proposed that this scaling is replaced by 
lmsOrderOverFourScaled = 
((cgps_lms_ar_order_over_four<<Log2BlockSize)+((1<<Log2MaxBlockSize)-1))>> Log2MaxBlockSize;
Where Log2MaxBlockSize means log2() of the maximum possible block size defined by the current CGPS.
Number of Previous Channels too restricted
In BWC-4.0, the maximum number of previous channels used for LMS prediction is 32 based on the signalling precision of the CGPS parameter cgps_max_order_cc_lms_minus_one of 5 bits. Given the maximum total prediction order of 72 this limit seems too restrictive (especially at small block sizes for which the LMS order typically is low). This issue is resolved by increasing the signalling bits from 5 bits to 6 bits. Note that the limitation of the maximum LMS channel order is as described in section 1.1.1.
Conclusion
In this input contribution, we have proposed updates to the BWC specification and software in order to resolve three issues. Specifically, the first update fixes an issue with potential overflow in the LMS predictor, the second update prevents the LMS order from being zero for small block sizes, and the third update increases the number of previous channels used for LMS prediction to better match the total maximum prediction order. The corresponding changes to the specification are described in the attached document. These updates do not affect the CTC performance, and hence it is proposed to adopt the updates described to the next version of the specification. Finally, we would like to thank Fraunhofer HHI for cross-checking the proposed changes and confirming the results. 
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