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Abstract
In the current version of H.BWC, a linear mean squared error (LMS) prediction mode is supported, where, for the lossy coding mode, the LMS-prediction is carried out in the DCT-II domain. The LMS prediction mode is activated if the value of the syntax element lms_lpc_flag is equal to 1. Currently, the LMS mode can be applied only as a stand-alone coding mode for a given block that consist of all samples in all channels within a fixed time interval. If the LMS mode is activated, all other prediction modes supported by the current H.BWC version, like block-matching and cross-channel prediction, are disabled. Moreover, if the LMS mode is activated, in the current H.BWC version, the DCT-II transform coefficients are entropy coded using Huffman coding while, in all other cases, the transform coefficients are entropy coded using Context Based Adaptive Binary Arithmetic Coding (CABAC).
In this contribution, it is proposed to replace the Huffman coding used for the LMS prediction mode by the CABAC entropy coding mode and thus to unify the entropy coding scheme of H.BWC. Here, some adjustments to the current version of the H.BWC context modelling are proposed in  order to make the latter efficient also for larger block-sizes. The details for this change are described in the accompanying document VCEG-BX15 submitted to this meeting. Moreover, it is proposed to support a combination of the LMS prediction mode with the other prediction modes of the current H.BWC version.
Experimental results are presented which show that even in a scenario where only the LMS prediction mode is used, the proposed replacement of the Huffman entropy coding by CABAC yields compression gains without significant encoder runtime increase. Moreover, experimental results are shown which demonstrate that for EEG-data, where the LMS prediction mode is most effective in terms of compression efficiency, the proposed combination of the LMS-prediction mode with CABAC entropy coding and cross channel prediction can increase the compression efficiency over the current H.BWC, the latter being run under the current CTC, at a significantly reduced encoder runtime. 
Thus, it is argued that on the one hand, when properly combined with other entropy coding and prediction modes, the LMS prediction mode can significantly contribute to the overall performance of H.BWC, while, on the other hand, there is technically no justification to keep the burden of supporting two paths of entropy coding in H.BWC. 
It is suggested to investigate the proposed changes in a Core Experiment. 
1 Experimental results in an LMS-only setting
Description of the H.BWC-LMS-Baseline
For the LMS-only experiments, as a baseline, the current H.BWC is configured such that it only uses the current LMS-version of H.BWC which is based on Huffman coding. Thus, no block-wise prediction mode is carried out on each block but only the LMS-prediction mode in combination with Huffman coding, as specified in the current version of H:BWC, is used. This is achieved by running the current H.BWC reference software with the following settings: 
--CodecMode=1,
--LOG2_MAX_BLOCK_SIZE=11,
--MAX_SPLIT_DEPTH=0. 
The H.BWC software run under this setting will be called H.BWC-LMS-Baseline from now on. Compared to the current H.BWC-anchor, the following bit-rate changes, encoder and decoder runtimes are reported for H.BWC-LMS-Baseline, where the bit-rate is measured as specified in the current CTC:
ECG-data:
Bit-Rate change: 48.35 %, Encoder-Runtime: 3.13 %, Decoder-Runtime: 82.66 %
EEG-data (CHB-MIT):
Bit-Rate change: 12.88 %, Encoder-Runtime: 1.78 %, Decoder-Runtime: 118.66 % 
EMG-data:
Bit-Rate change: 2.88 %  Encoder-Runtime: 2.95 %, Decoder-Runtime: 110.95 % 
These results indicate that the H.BWC-LMS-Baseline runs under a significantly lower encoder-runtime compared to the current CTC with a loss in compression performance that is most significant for ECG. For a different H.BWC-configuration for ECG, which has a significant encoder-runtime reduction but also provides significantly higher compression performance than the H.BWC-LMS-Baseline, it is referred to the document VCEG-BX12 submitted to this meeting.
Description of the H.BWC-LMS-Test
For the test, the Huffman entropy coding of the DCT-II- coefficient levels of the LMS mode is replace by the CABAC-entropy coding mode which is used in H.BWC for the non LMS-cases. Here, in order to adjust the CABAC-entropy coding mode to larger block-sizes, the changes proposed in the document VCEG-BX15 are enabled. The codec version where only the entropy coding is changed in that way but which otherwise runs in exactly the same setting has the H.BWC-LMS-Baseline shall be called H.BWC-LMS-Test.
The H.BWC-LMS-Test is run in three different configurations that differ in the used quantization algorithm. For H.BWC-LMS-Test-SimpleQuant, scalar quantization without an entropy constraint quantization algorithm at the encoder is used. For H.BWC-LMS-Test-RDOQ, scalar quantization with enabling entropy constraint scalar quantization at the encoder is used. Finally, for H.BWC-LMS-Test-TCQ, trellis coded quantization with 4 states is used. Thus, H.BWC-LMS-Test-SimpleQuant and H.BWC-LMS-Test-RDOQ can be run using the same decoder while for H.BWC-LMS-Test-TCQ, a different reconstruction, i.e. “inverse quantization” algorithm at the decoder needs to be used. 
The H.BWC-LMS-Test versions are now compared against the H.BWC-LMS-Baseline. The following results are obtained:

H.BWC-LMS-Test-SimpleQuant
ECG-data:
Bit-Rate change: ‑4.28 %, Encoder-Runtime: 91.72 %, Decoder-Runtime: 86.31 %  
EEG-data (CHB-MIT):
Bit-Rate change: ‑6.34 %, Encoder-Runtime: 113.61 %, Decoder-Runtime: 140.29 %
EMG-data:
Bit-Rate change: 0.00 %, Encoder-Runtime: 102.88 %, Decoder-Runtime: 158.23 %

H.BWC-LMS-Test-RDOQ
ECG-data:
Bit-Rate change: ‑6.50 %, Encoder-Runtime: 100.18 %, Decoder-Runtime: 84.27 %
EEG-data (CHB-MIT):
Bit-Rate change: ‑8.52 % , Encoder-Runtime: 129.70 %, Decoder-Runtime: 138.02 % 
EMG-data:
Bit-Rate change: ‑1.71 %, Encoder-Runtime: 112.60 %, Decoder-Runtime: 154.56 %

H.BWC-LMS-Test-TCQ
ECG-data:
Bit-Rate change: ‑10.40 %, Encoder Runtime: 182.99 %, Decoder Runtime: 85.84 %
EEG-data (CHB-MIT):
Bit-Rate change: ‑12.98 %, Encoder-Runtime: 218.90 %, Decoder-Runtime: 139.94 %
EMG-data:
Bit-Rate change: ‑4.77%, Encoder-Runtime: 233.80 %, Decoder-Runtime: 157.37 %
2 Experimental results for combining LMS with other predictions
It is also proposed to support a combination of the LMS prediction mode with the other prediction modes of the current H.BWC version. This means that the LMS prediction mode is carried out on the prediction residuals for the other prediction modes supported in H:BWC like inter-channel and block-matching prediction. Here, the entropy coding method is the CABAC entropy coding method of H.BWC with the modifications for larger block sizes as above. The software modified in this way will be called H.BWC-LMS-Pred-Combine. 
As above, H.BWC-LMS-Pred-Combine was run in three version: Scalar quantization without entropy constraint quantization, which will be called H.BWC-LMS-Pred-Combine-SimpleQuant, scalar quantization with entropy constraint quantization, which will be called H.BWC-LMS-Pred-Combine-RDOQ, and trellis coded quantization, which will be called H.BWC-LMS-Pred-Combine-TCQ.
Currently, results for this combination are only presented for EEG-data. The reason is that for EEG-data, the LMS-prediction mode seems to be most effective in terms of compression efficiency. Extension to all datasets are proposed to be studied in the upcoming CE.
Fast EEG preset without LMS prediction
As a baseline, the current H.BWC is run under a faster encoder preset that does not contain any LMS prediction. For this preset, the constant blocksize 2048 is used. As a transform, only the DCT-II transform is enabled, whereas the DST and the identity transform are disabled. As prediction modes, only the DC-prediction and the inter-channel prediction are enabled. The LMS-prediction mode is entirely disabled. Moreover, trellis coded quantization is used. This baseline will be called H.BWC-EEG-Preset-NoLMS. 
The following results are obtained for H.BWC-EEG-Preset-NoLMS compared to the H.BWC anchor when run under the current CTC:
EEG-data (CHB-MIT):
Bit-Rate change: 10.28%, Encoder-Runtime: 8.85%, Decode-Runtime: 108.04%
Comparison of fast EEG presets with and without LMS prediction 
Next, H.BWC-EEG-Preset-NoLMS is compared to H.BWC-LMS-Pred-Combine. It is pointed out that for this comparison, both test and anchor are run under the same configuration. Thus, for both of them, the constant blocksize 2048 is used, only the DC and the inter-channel prediction are enabled as block based prediction modes and only the DCT-II transform is used. However, for H.BWC-EEG-Preset-NoLMS, the LMS prediction is entirely disabled while for H.BWC-LMS-Pred-Combine, the LMS prediction is always used on the prediction residual, always in combination with the CABAC entropy coding path.  
The following results are obtained for the EEG-data CHB-MIT:
H.BWC-LMS-Pred-Combine-SimpleQuant:
Bit-Rate change: ‑8.94 % , Encoder-Runtime: 98.71 %, Decoder-Runtime: 153.98 %
H.BWC-LMS-Pred-Combine-RDOQ:
Bit-Rate change: ‑ 11.77 %, Encoder-Runtime: 117.89 %, Decoder-Runtime: 151.13 % 
H.BWC-LMS-Pred-Combine-TCQ:
Bit-Rate change: ‑16.10 %, Encoder-Runtime:  197.90 %, Decoder-Runtime: 152.56 %
Comparison of fast EEG preset with LMS to the H.BWC anchor
The performance of the H.BWC-LMS-Pred-Combine, configured as before, can also be compared against the current H.BWC anchor. Here, for the H.BWC anchor, the CTC settings are used which means that significantly more tools are enabled than for H.BWC-LMS-Pred-Combine. 
The following results are obtained for the EEG-data CHB-MIT:
H.BWC-LMS-Pred-Combine-SimpleQuant:
Bit-Rate change: -0.03 %, Encoder-Runtime: 8.74 %, Decoder-Runtime: 166.36 %
H.BWC-LMS-Pred-Combine-RDOQ:
Bit-Rate change: ‑3.22 %,  Encoder-Runtime: 10.44 %, Decoder-Runtime: 163.28 % 
H.BWC-LMS-Pred-Combine-TCQ:
Bit-Rate change: ‑7.77 %,  Encoder-Runtime: 17.52 %, Decoder-Runtime: 164.83 % 
This shows that, when combining the LMS-prediction mode with CABAC entropy coding and the other prediction modes of H.BWC, the compression performance of H.BWC can be further improved while, at the same time, the encoder runtime can be significantly reduced.
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