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Abstract
This document proposes modifications in the transform skip coding and reports on the simulation results of these changes. A coding gain for the newly proposed ACoM datasets and for the existing medical datasets can be observed. 
1. Background
At the preceding 78th VCEG Meeting, it was decided to add the datasets from the Audio Coding for Machines (ACOM) CTC of MPEG WG6 to the BWC CTC 6 for lossless coding. In VCEG-BZ24.  a combination of the DCT with linear predictive filtering (LPF) was proposed to improve the compression performance particularly on these newly added datasets, but also for the previous BWC CTC sequences. In this document, minor modifications and extensions to the current BWC entropy coding scheme are proposed which are shown to yield a compression benefit for these new signal types. Four modifications are proposed: increasing the range of the available Rice parameters, adding a set of context models per Rice parameter, using an altered derivation of the Rice parameters and using an adaptive cutoff for the Rice code based on the bit depth of the block signal. The detailed modifications are as follows:
· The maximum Rice parameter is increased from 4 to 14.
· A different set of context models is added for each Rice parameter for the prefix of the Rice code (while the number of used context models per coefficient stays the same).
· In the current version of T.261, the Rice parameter is chosen adaptively by taking the average of the previously coded coefficients and deriving the optimal Rice parameter based on that average. In the proposed change, the parameter is chosen adaptively by deriving the optimal Rice parameter for each previously coded coefficient, during entropy encoding and decoding, and averaging these Rice parameters to get the parameter for the current coefficient that is to be encoded or decoded. 
· Before using the Rice code, a number of greater flags is used where the number is set by the parameter CUTOFF_FOR_RICE (default 4). It is proposed to replace the cutoff parameter with a new parameter cfr that depends on the bit depth of the block (input bit depth – zlsb count) as follows: 
 .
2. Software and configurations
The proposed changes are evaluated under the BWC Common Test Conditions (CTC) for lossless coding since the transform skip coding is not enabled in the CTC for lossy coding. Additionally, the changes where also evaluated with the DCT coding mode disabled to show the impact if the transform skip coding has no fallback in the RDO search. Note that the impact of disabling the DCT under the current CTC is rather minor, see Table in Section 3b below. In this setting, the changes are shown iteratively, since some changes such as the altered derivation of the Rice parameters did not show much change unless the list of Rice parameters was also extended. 
Overall, as shown in 3.a, the combination of the four modifications results in 0,42% and 0,40% rate reduction for joint and independent channel coding, respectively, with considerable runtime reduction.
Software incorporating the proposed changes will be provided as a draft merge request before the meeting.
3. Experimental results
a. [bookmark: _Ref227331373]Overview Lossless CTC
Anchor BWC-5.0; Test BWC-5.0 with proposed changes 
	
	Lossless Compression
	Lossless Compression 

	
	Over BWC-5.0
	Over BWC-5.0 ICC

	
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT

	 
	BWC
	BWC

	MIT (ECG)
	0,00%
	101%
	105%
	0,00%
	100%
	104%

	INCART (ECG)
	-0,04%
	101%
	102%
	-0,19%
	101%
	104%

	CHBMIT (EEG)
	-0,07%
	101%
	103%
	-0,10%
	101%
	104%

	NMR55 (EEG)
	-0,22%
	99%
	105%
	-0,22%
	99%
	104%

	NMR57 (EEG)
	-0,06%
	101%
	104%
	0,08%
	100%
	101%

	TILT ILLUSION (EEG)
	-0,37%
	97%
	95%
	-0,08%
	94%
	96%

	Ozdemir (EMG)
	-0,28%
	100%
	104%
	-0,27%
	99%
	103%

	PTT (PPG)
	-0,78%
	101%
	107%
	-0,77%
	101%
	106%

	WristPPG (PPG)
	-0,39%
	88%
	72%
	-0,24%
	88%
	75%

	Average
	-0,25%
	99%
	100%
	-0,20%
	98%
	100%

	 
	ACoM
	ACoM

	UC1
	-1,05%
	78%
	46%
	-1,05%
	78%
	46%

	UC3
	-1,40%
	64%
	#NUM!
	-1,40%
	64%
	#NUM!

	UC5
	-1,70%
	63%
	34%
	-1,70%
	66%
	34%

	UC9-Circor
	-0,30%
	93%
	91%
	-0,30%
	93%
	95%

	UC9-CoughVID
	-0,02%
	97%
	#DIV/0!
	-0,02%
	97%
	#DIV/0!

	UC9-KAUH
	-0,07%
	99%
	#DIV/0!
	-0,06%
	100%
	#DIV/0!

	UC10
	-0,40%
	88%
	81%
	-0,39%
	89%
	81%

	UC11
	-0,20%
	92%
	96%
	-0,22%
	92%
	94%

	UC12-SongDescriber
	-0,27%
	86%
	83%
	-0,33%
	88%
	80%

	Average
	-0,60%
	84%
	#NUM!
	-0,61%
	85%
	#NUM!

	Overall 
	-0,42%
	91,54%
	#NUM!
	-0,40%
	91,78%
	#NUM!



b. DCT disabled
Anchor BWC-5.0; Test BWC-5.0 with DCT disabled
	
	Lossless Compression
	Lossless Compression

	
	Over BWC-5.0
	Over BWC-5.0

	
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT

	 
	BWC
	BWC

	MIT (ECG)
	0,01%
	74%
	99%
	0,01%
	80%
	100%

	INCART (ECG)
	0,91%
	72%
	89%
	0,02%
	77%
	97%

	CHBMIT (EEG)
	0,77%
	61%
	84%
	0,75%
	60%
	90%

	NMR55 (EEG)
	0,12%
	58%
	97%
	0,12%
	56%
	97%

	NMR57 (EEG)
	0,82%
	77%
	80%
	3,23%
	65%
	84%

	TILT ILLUSION (EEG)
	0,07%
	67%
	96%
	1,48%
	55%
	68%

	Ozdemir (EMG)
	0,01%
	70%
	99%
	0,00%
	75%
	99%

	PTT (PPG)
	0,06%
	75%
	98%
	0,05%
	77%
	99%

	WristPPG (PPG)
	0,19%
	66%
	95%
	0,13%
	67%
	99%

	Average
	0,33%
	69%
	93%
	0,64%
	68%
	93%

	 
	ACoM
	ACoM

	UC1
	0,02%
	68%
	88%
	0,02%
	69%
	88%

	UC3
	0,00%
	63%
	#DIV/0!
	0,00%
	65%
	#DIV/0!

	UC5
	0,01%
	69%
	100%
	0,01%
	71%
	100%

	UC9-Circor
	0,02%
	66%
	99%
	0,02%
	68%
	102%

	UC9-CoughVID
	2,54%
	78%
	#DIV/0!
	2,75%
	82%
	#DIV/0!

	UC9-KAUH
	0,65%
	74%
	#DIV/0!
	0,82%
	76%
	#DIV/0!

	UC10
	0,79%
	70%
	83%
	0,83%
	73%
	82%

	UC11
	0,97%
	70%
	82%
	0,77%
	73%
	83%

	UC12-SongDescriber
	1,57%
	69%
	70%
	1,31%
	73%
	72%

	Average
	0,73%
	70%
	#DIV/0!
	0,73%
	72%
	#DIV/0!

	Overall 
	0,53%
	69,25%
	#DIV/0!
	0,68%
	70,12%
	#DIV/0!



c. DCT disabled + Increase maximum Rice parameter
Anchor BWC-5.0 with DCT disabled; Test BWC-5.0 with DCT disabled and increased Rice parameter
	
	Lossless Compression
	Lossless Compression 

	
	Over BWC-5.0
	Over BWC-5.0 ICC

	
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT

	 
	BWC
	BWC

	MIT (ECG)
	0,00%
	99%
	101%
	0,00%
	99%
	100%

	INCART (ECG)
	0,08%
	99%
	101%
	0,08%
	99%
	100%

	CHBMIT (EEG)
	0,11%
	100%
	100%
	0,13%
	100%
	99%

	NMR55 (EEG)
	0,16%
	96%
	96%
	0,18%
	96%
	95%

	NMR57 (EEG)
	0,16%
	100%
	100%
	0,24%
	98%
	98%

	TILT ILLUSION (EEG)
	0,17%
	98%
	97%
	0,32%
	93%
	93%

	Ozdemir (EMG)
	0,29%
	98%
	97%
	0,29%
	98%
	97%

	PTT (PPG)
	0,51%
	99%
	100%
	0,50%
	99%
	100%

	WristPPG (PPG)
	1,07%
	80%
	67%
	1,25%
	81%
	67%

	Average
	0,28%
	97%
	95%
	0,33%
	96%
	94%

	 
	ACoM
	ACoM

	UC1
	-0,69%
	68%
	51%
	-0,69%
	69%
	51%

	UC3
	-0,98%
	43%
	#NUM!
	-0,98%
	46%
	#NUM!

	UC5
	-1,33%
	48%
	35%
	-1,33%
	53%
	35%

	UC9-Circor
	0,22%
	88%
	81%
	0,22%
	90%
	79%

	UC9-CoughVID
	0,01%
	95%
	#DIV/0!
	0,01%
	96%
	#DIV/0!

	UC9-KAUH
	0,10%
	97%
	#DIV/0!
	0,10%
	98%
	#DIV/0!

	UC10
	-0,14%
	82%
	75%
	-0,14%
	84%
	76%

	UC11
	0,04%
	88%
	89%
	0,03%
	89%
	87%

	UC12-SongDescriber
	-0,14%
	79%
	76%
	-0,20%
	83%
	72%

	Average
	-0,32%
	76%
	#NUM!
	-0,33%
	78%
	#NUM!

	Overall 
	-0,02%
	86,63%
	#NUM!
	0,00%
	87,12%
	#NUM!



d. DCT disabled + Increase maximum Rice parameter + different context models for the Rice prefix per Rice parameter
Anchor BWC-5.0 with DCT disabled; Test BWC-5.0 with DCT disabled, increased Rice parameter and different set of context models for the Rice prefix per Rice parameter
	
	Lossless Compression
	Lossless Compression 

	
	Over BWC-5.0
	Over BWC-5.0 ICC

	
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT

	 
	BWC
	BWC

	MIT (ECG)
	0,00%
	100%
	101%
	0,00%
	99%
	100%

	INCART (ECG)
	-0,08%
	101%
	101%
	-0,13%
	100%
	101%

	CHBMIT (EEG)
	0,06%
	101%
	103%
	0,08%
	100%
	100%

	NMR55 (EEG)
	0,04%
	97%
	98%
	0,05%
	97%
	96%

	NMR57 (EEG)
	0,02%
	100%
	110%
	0,10%
	98%
	99%

	TILT ILLUSION (EEG)
	0,04%
	99%
	103%
	0,17%
	94%
	94%

	Ozdemir (EMG)
	-0,04%
	99%
	98%
	-0,05%
	98%
	98%

	PTT (PPG)
	-0,07%
	100%
	103%
	-0,06%
	100%
	101%

	WristPPG (PPG)
	0,35%
	81%
	68%
	0,54%
	82%
	68%

	Average
	0,04%
	98%
	98%
	0,08%
	96%
	95%

	 
	ACoM
	ACoM

	UC1
	-0,86%
	68%
	51%
	-0,87%
	69%
	51%

	UC3
	-1,09%
	44%
	#NUM!
	-1,09%
	46%
	#NUM!

	UC5
	-1,43%
	48%
	35%
	-1,43%
	53%
	35%

	UC9-Circor
	-0,04%
	89%
	84%
	-0,04%
	90%
	79%

	UC9-CoughVID
	-0,01%
	96%
	#DIV/0!
	-0,02%
	96%
	#DIV/0!

	UC9-KAUH
	0,09%
	98%
	#DIV/0!
	0,10%
	98%
	#DIV/0!

	UC10
	-0,29%
	82%
	76%
	-0,29%
	84%
	76%

	UC11
	-0,11%
	88%
	90%
	-0,13%
	89%
	88%

	UC12-SongDescriber
	-0,29%
	80%
	77%
	-0,35%
	83%
	74%

	Average
	-0,45%
	77%
	#NUM!
	-0,46%
	79%
	#NUM!

	Overall 
	-0,21%
	87,26%
	#NUM!
	-0,19%
	87,68%
	#NUM!


 
e. DCT disabled + Increase list of Rice parameters + different context models for the Rice prefix per Rice parameter + modified Rice parameter derivation
Anchor BWC-5.0 with DCT disabled; Test BWC-5.0 with DCT disabled, increased Rice parameter, different set of context models for the Rice prefix per Rice parameter and new derivation for Rice parameter
	
	Lossless Compression
	Lossless Compression 

	
	Over BWC-5.0
	Over BWC-5.0 ICC

	
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT

	 
	BWC
	BWC

	MIT (ECG)
	0,00%
	99%
	100%
	0,00%
	99%
	99%

	INCART (ECG)
	-0,17%
	101%
	102%
	-0,19%
	100%
	102%

	CHBMIT (EEG)
	-0,11%
	102%
	105%
	-0,12%
	102%
	103%

	NMR55 (EEG)
	-0,21%
	100%
	104%
	-0,21%
	100%
	103%

	NMR57 (EEG)
	-0,23%
	101%
	112%
	-0,26%
	101%
	101%

	TILT ILLUSION (EEG)
	-0,22%
	101%
	108%
	-0,11%
	98%
	98%

	Ozdemir (EMG)
	-0,24%
	101%
	103%
	-0,25%
	99%
	103%

	PTT (PPG)
	-0,93%
	101%
	107%
	-0,92%
	101%
	104%

	WristPPG (PPG)
	-0,37%
	83%
	75%
	-0,24%
	84%
	74%

	Average
	-0,28%
	99%
	102%
	-0,25%
	98%
	99%

	 
	ACoM
	ACoM

	UC1
	-1,02%
	69%
	52%
	-1,03%
	70%
	52%

	UC3
	-1,23%
	46%
	#NUM!
	-1,24%
	49%
	#NUM!

	UC5
	-1,55%
	50%
	37%
	-1,55%
	55%
	37%

	UC9-Circor
	-0,28%
	91%
	89%
	-0,27%
	92%
	87%

	UC9-CoughVID
	-0,06%
	96%
	#DIV/0!
	-0,06%
	97%
	#DIV/0!

	UC9-KAUH
	-0,07%
	99%
	#DIV/0!
	-0,07%
	100%
	#DIV/0!

	UC10
	-0,47%
	84%
	80%
	-0,47%
	86%
	80%

	UC11
	-0,28%
	90%
	95%
	-0,30%
	90%
	93%

	UC12-SongDescriber
	-0,48%
	81%
	81%
	-0,53%
	84%
	78%

	Average
	-0,60%
	78%
	#NUM!
	-0,61%
	80%
	#NUM!

	Overall 
	-0,44%
	88,64%
	#NUM!
	-0,43%
	89,27%
	#NUM!


f. Overview with DCT disabled
Anchor BWC-5.0 with DCT disabled; Test BWC-5.0 with DCT disabled, increased Rice parameter, set of context models per Rice parameter, new derivation for Rice parameter and adaptive cutoff
	
	Lossless Compression
	Lossless Compression 

	
	Over BWC-5.0
	Over BWC-5.0 ICC

	
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT

	 
	BWC
	BWC

	MIT (ECG)
	0,00%
	100%
	105%
	0,00%
	99%
	103%

	INCART (ECG)
	-0,17%
	101%
	105%
	-0,19%
	100%
	105%

	CHBMIT (EEG)
	-0,13%
	102%
	106%
	-0,14%
	102%
	105%

	NMR55 (EEG)
	-0,23%
	99%
	105%
	-0,23%
	99%
	104%

	NMR57 (EEG)
	-0,16%
	101%
	107%
	-0,09%
	101%
	104%

	TILT ILLUSION (EEG)
	-0,39%
	96%
	95%
	-0,21%
	90%
	91%

	Ozdemir (EMG)
	-0,28%
	100%
	104%
	-0,28%
	99%
	103%

	PTT (PPG)
	-0,79%
	101%
	107%
	-0,77%
	101%
	107%

	WristPPG (PPG)
	-0,41%
	82%
	75%
	-0,27%
	83%
	73%

	Average
	-0,28%
	98%
	101%
	-0,24%
	97%
	100%

	 
	ACoM
	ACoM

	UC1
	-1,07%
	68%
	52%
	-1,07%
	70%
	52%

	UC3
	-1,39%
	43%
	#NUM!
	-1,40%
	46%
	#NUM!

	UC5
	-1,70%
	47%
	34%
	-1,70%
	53%
	34%

	UC9-Circor
	-0,30%
	90%
	89%
	-0,30%
	91%
	87%

	UC9-CoughVID
	-0,07%
	96%
	#DIV/0!
	-0,08%
	96%
	#DIV/0!

	UC9-KAUH
	-0,09%
	98%
	#DIV/0!
	-0,10%
	99%
	#DIV/0!

	UC10
	-0,50%
	83%
	80%
	-0,50%
	85%
	80%

	UC11
	-0,32%
	89%
	95%
	-0,34%
	90%
	93%

	UC12-SongDescriber
	-0,51%
	81%
	81%
	-0,57%
	83%
	77%

	Average
	-0,66%
	77%
	#NUM!
	-0,67%
	79%
	#NUM!

	Overall 
	-0,47%
	87,61%
	#NUM!
	-0,46%
	88,07%
	#NUM!



4. Observation and Summary
The experimental results show that the combination of the four modifications under the CTC result in 0,42% and 0,40% rate reduction for joint and independent channel coding, respectively, and rate reduction for nearly all data sets. Additionally, a considerable runtime reduction in the encoder and partially in the decoder can be achieved. When evaluating the proposed modifications with the DCT coding mode disabled, the benefit is even greater. Based on these findings, it is requested to incorporate the proposed modifications into the next version of T.261.    
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