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Abstract
This document proposes a limitation of the number of context coded bins per residual transform block and some associated small modifications intended to minimize the loss in coding efficiency caused by this limitation. Simulation results for the proposed changes are reported. 
1. Proposed method
In the current T.261, the entropy coding uses Context-based Adaptive Binary Arithmetic Coding (CABAC). There, either context coded bins or bypass coded bins are used. Context coded bins estimate the binary probability based on the underlying context model which gets updated with each coded bin. With an accurate probability estimation, this can lead to significant coding gains. However, updating the context model leads to a sequential dependency between the bins. On the other hand, bypass coded bins do not need an update as they assume a constant probability of 0.5 . However, this limits the coding gain substantially. It is asserted that in an envisioned use case of real-time encoders on low-power devices like implants and wearables, an unlimited number of context coded bins per sample may lead to high computational complexity and low throughput. Therefore, it is proposed to introduce a (configurable) limit for the number of context coded bins per (residual) transform coefficient (DCT-II or transform skip) to obtain a good gain complexity tradeoff and to ensure that the standard can be implemented on all devices. 
In order to limit the number of context coded bins to a fixed but configurable maximum number like 16, 8 or 4, , the following constraints are proposed. First, for a given transform block (DCT-II or transform skip), the number of still available context coded bins is initialized as the product of the block size and the maximum number. If, for an entropy coding step of a  current coefficient to be coded, the number of still available context coded bins is higher or equal to the number of context coded bins needed for the next step, apply the entropy coding as usual and, afterwards, subtract the number of context coded bins used for this step from the number of still available context code bins. If the number of still available context coded bins is lower than what would be used in the next coding step, apply the entropy coding using bypass coded bins only. If no context coding is supported anymore because the maximum limit is reached, the truncated unary part of the binarization is skipped. The reasoning for this proposed change is that one can assume that the coefficients are quite large if the available context coded bins are already consumed completely.. Therefore, using bypass coded Exponential-Golomb(EG) or Rice codes is more efficient than using bypass coded truncated unary code. In the proposed approach, the significance flag is context coded for all coefficients of a block where the number of required context coded bins for the significance flags of all coefficients is subtracted from the number of still available context coded bins beforehand. 
Limiting the number of context coded bins in this way and leaving the current BWC-5.0 unmodified otherwise would still lead to a significant loss in coding performance. Thus, the following modifications are proposed:
· Employ the changes from the VCEG document on transform skip coding submitted to this meeting
· Change the entropy coding for the Exponential-Golomb code in the DCT coding path if the bypass bins are used by choosing one of the following options:
· Increase the order of the EG code 
· Derive the order of the EG code adaptively by calculating the optimal EG order for previously bypass coded coefficients and calculating the average of up to 4 previous optimal EG orders
With the proposed modification, the loss introduced by limiting the number of context coded bins per sample can be removed for higher maximum numbers of context coded bins and can be significantly reduced in all cases.
Software for the proposed modifications will be made available as a draft merge request for the BWC reference software before the meeting.
2. Software and configurations
The proposed changes are evaluated under the BWC Common Test Conditions (CTC). The limit of 4, 8 and 16 context coded bins per coefficient is tested.
3. Experimental results
a. Limit context coded bins on BWC-5.0
 Anchor BWC-5.0; Test BWC-5.0 with limited context coded bins with 16, 8 and 4 bins per coefficient, respectively 
CTC - Joint channel coding
	
	16 bins per coeff
	8 bins per coeff
	4 bins per coeff

	
	Lossy Compression
	Lossy Compression
	Lossy Compression

	
	Over BWC-5.0
	Over BWC-5.0
	Over BWC-5.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	0,00%
	0,00%
	100%
	101%
	0,00%
	0,00%
	100%
	101%
	0,08%
	0,08%
	100%
	101%

	INCART (ECG)
	0,03%
	0,03%
	100%
	101%
	0,22%
	0,21%
	99%
	101%
	0,94%
	0,94%
	98%
	100%

	CHBMIT (EEG)
	0,09%
	0,09%
	101%
	102%
	0,50%
	0,50%
	100%
	101%
	1,88%
	1,89%
	99%
	98%

	NMR55 (EEG)
	0,69%
	0,70%
	100%
	100%
	1,92%
	1,95%
	99%
	96%
	4,18%
	4,24%
	97%
	90%

	NMR57 (EEG)
	0,11%
	0,11%
	100%
	103%
	0,61%
	0,62%
	99%
	102%
	2,32%
	2,33%
	98%
	99%

	TILT ILLUSION (EEG)
	0,29%
	0,29%
	100%
	101%
	1,35%
	1,35%
	98%
	96%
	3,56%
	3,56%
	97%
	91%

	Ozdemir (EMG)
	0,64%
	0,64%
	101%
	101%
	2,60%
	2,61%
	100%
	96%
	5,62%
	5,63%
	98%
	89%

	PTT (PPG)
	0,05%
	0,05%
	100%
	103%
	0,38%
	0,39%
	99%
	102%
	1,75%
	1,80%
	96%
	98%

	WristPPG (PPG)
	4,65%
	4,65%
	95%
	89%
	9,22%
	9,20%
	89%
	76%
	13,85%
	13,80%
	84%
	65%

	Overall 
	0,73%
	0,73%
	100%
	100%
	1,87%
	1,87%
	98%
	97%
	3,80%
	3,81%
	96%
	92%



	
	16 bins per coeff
	8 bins per coeff
	4 bins per coeff

	
	Lossless Compression
	Lossless Compression
	Lossless Compression

	
	Over BWC-5.0
	Over BWC-5.0
	Over BWC-5.0

	
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT

	 
	BWC
	BWC
	BWC

	MIT (ECG)
	0,00%
	100%
	101%
	0,00%
	100%
	102%
	0,02%
	98%
	101%

	INCART (ECG)
	0,01%
	99%
	102%
	0,26%
	97%
	98%
	0,84%
	92%
	90%

	CHBMIT (EEG)
	0,13%
	100%
	101%
	0,71%
	97%
	93%
	1,94%
	90%
	81%

	NMR55 (EEG)
	0,68%
	97%
	100%
	2,38%
	92%
	98%
	4,95%
	85%
	88%

	NMR57 (EEG)
	0,09%
	100%
	108%
	0,57%
	99%
	102%
	2,03%
	95%
	83%

	TILT ILLUSION (EEG)
	0,43%
	97%
	102%
	1,72%
	92%
	101%
	3,60%
	85%
	88%

	Ozdemir (EMG)
	0,60%
	96%
	101%
	2,23%
	89%
	99%
	4,09%
	81%
	86%

	PTT (PPG)
	0,00%
	100%
	103%
	0,18%
	97%
	102%
	1,49%
	91%
	95%

	WristPPG (PPG)
	15,16%
	77%
	93%
	26,90%
	64%
	80%
	33,04%
	56%
	69%

	Average
	1,90%
	96%
	101%
	3,88%
	92%
	97%
	5,78%
	86%
	87%

	 
	ACoM
	ACoM
	ACoM

	UC1
	24,71%
	70%
	74%
	33,79%
	58%
	55%
	37,63%
	52%
	45%

	UC3
	35,35%
	55%
	#DIV/0!
	40,82%
	42%
	#DIV/0!
	43,73%
	36%
	#NUM!

	UC5
	43,23%
	56%
	60%
	50,13%
	45%
	46%
	53,40%
	40%
	39%

	UC9-Circor
	3,50%
	85%
	100%
	12,29%
	74%
	86%
	18,54%
	66%
	75%

	UC9-CoughVID
	1,75%
	97%
	#DIV/0!
	3,70%
	94%
	#DIV/0!
	4,69%
	91%
	#DIV/0!

	UC9-KAUH
	0,05%
	99%
	#DIV/0!
	0,35%
	93%
	#DIV/0!
	1,29%
	86%
	#DIV/0!

	UC10
	9,00%
	83%
	80%
	15,39%
	73%
	69%
	19,08%
	66%
	59%

	UC11
	3,58%
	88%
	86%
	7,80%
	78%
	79%
	10,88%
	71%
	68%

	UC12-SongDescriber
	8,74%
	81%
	72%
	15,61%
	70%
	60%
	19,55%
	63%
	50%

	Average
	14,43%
	79%
	#DIV/0!
	19,99%
	70%
	#DIV/0!
	23,20%
	63%
	#NUM!

	Overall 
	8,17%
	87,82%
	#DIV/0!
	11,94%
	80,75%
	#DIV/0!
	14,49%
	74,69%
	#NUM!


CTC - Independent channel coding
	
	16 bins per coeff
	8 bins per coeff
	4 bins per coeff

	
	Lossy Compression
	Lossy Compression
	Lossy Compression

	
	Over BWC-5.0
	Over BWC-5.0
	Over BWC-5.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	0,00%
	0,00%
	100%
	102%
	0,00%
	0,00%
	100%
	101%
	0,06%
	0,06%
	100%
	101%

	INCART (ECG)
	0,05%
	0,05%
	100%
	102%
	0,32%
	0,32%
	99%
	101%
	1,19%
	1,18%
	99%
	99%

	CHBMIT (EEG)
	0,20%
	0,20%
	100%
	101%
	0,87%
	0,87%
	100%
	99%
	2,64%
	2,65%
	98%
	94%

	NMR55 (EEG)
	0,81%
	0,82%
	100%
	99%
	2,29%
	2,33%
	99%
	94%
	4,81%
	4,86%
	97%
	87%

	NMR57 (EEG)
	0,66%
	0,66%
	100%
	99%
	1,94%
	1,94%
	98%
	96%
	4,22%
	4,24%
	96%
	91%

	TILT ILLUSION (EEG)
	0,53%
	0,53%
	99%
	98%
	2,28%
	2,29%
	97%
	91%
	5,28%
	5,30%
	94%
	83%

	Ozdemir (EMG)
	0,64%
	0,64%
	100%
	101%
	2,61%
	2,62%
	99%
	96%
	5,64%
	5,66%
	98%
	89%

	PTT (PPG)
	0,05%
	0,05%
	100%
	101%
	0,33%
	0,34%
	100%
	100%
	1,54%
	1,58%
	99%
	97%

	WristPPG (PPG)
	4,65%
	4,64%
	94%
	88%
	9,25%
	9,24%
	90%
	75%
	13,89%
	13,88%
	87%
	64%

	Overall 
	0,84%
	0,84%
	99%
	99%
	2,21%
	2,22%
	98%
	95%
	4,36%
	4,38%
	96%
	90%



	
	16 bins per coeff
	8 bins per coeff
	4 bins per coeff

	
	Lossless Compression
	Lossless Compression
	Lossless Compression

	
	Over BWC-5.0
	Over BWC-5.0
	Over BWC-5.0

	
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT

	 
	BWC
	BWC
	BWC

	MIT (ECG)
	0,00%
	100%
	102%
	0,00%
	100%
	104%
	0,02%
	99%
	101%

	INCART (ECG)
	0,01%
	99%
	101%
	0,09%
	97%
	100%
	0,31%
	93%
	94%

	CHBMIT (EEG)
	0,19%
	99%
	100%
	1,02%
	94%
	94%
	2,59%
	84%
	84%

	NMR55 (EEG)
	0,93%
	96%
	100%
	3,04%
	89%
	96%
	5,84%
	80%
	87%

	NMR57 (EEG)
	0,99%
	98%
	97%
	3,25%
	92%
	90%
	6,32%
	82%
	80%

	TILT ILLUSION (EEG)
	2,10%
	88%
	71%
	5,80%
	77%
	66%
	9,86%
	66%
	58%

	Ozdemir (EMG)
	0,57%
	96%
	101%
	2,17%
	91%
	98%
	4,03%
	84%
	86%

	PTT (PPG)
	0,00%
	99%
	101%
	0,17%
	97%
	100%
	1,44%
	92%
	95%

	WristPPG (PPG)
	15,26%
	81%
	95%
	27,49%
	70%
	82%
	33,31%
	63%
	71%

	Average
	2,23%
	95%
	96%
	4,78%
	90%
	92%
	7,08%
	83%
	84%

	 
	ACoM
	ACoM
	ACoM

	UC1
	24,71%
	71%
	74%
	33,79%
	59%
	56%
	37,62%
	53%
	45%

	UC3
	35,34%
	57%
	#DIV/0!
	40,81%
	44%
	#DIV/0!
	43,72%
	37%
	#NUM!

	UC5
	43,13%
	59%
	60%
	50,01%
	49%
	46%
	53,27%
	44%
	39%

	UC9-Circor
	3,51%
	86%
	101%
	12,29%
	76%
	87%
	18,54%
	69%
	76%

	UC9-CoughVID
	1,78%
	97%
	#DIV/0!
	3,90%
	94%
	#DIV/0!
	4,95%
	91%
	#DIV/0!

	UC9-KAUH
	0,05%
	99%
	#DIV/0!
	0,40%
	93%
	#DIV/0!
	1,44%
	87%
	#DIV/0!

	UC10
	9,04%
	85%
	80%
	15,46%
	75%
	69%
	19,16%
	69%
	59%

	UC11
	4,22%
	89%
	84%
	8,94%
	80%
	77%
	12,27%
	74%
	66%

	UC12-SongDescriber
	10,08%
	84%
	71%
	17,58%
	74%
	59%
	21,74%
	68%
	49%

	Average
	14,65%
	81%
	#DIV/0!
	20,35%
	72%
	#DIV/0!
	23,64%
	66%
	#NUM!

	Overall 
	8,44%
	88,02%
	#DIV/0!
	12,57%
	80,63%
	#DIV/0!
	15,36%
	74,23%
	#NUM!



b. Adopt transform skip changes
Anchor BWC-5.0; Test BWC-5.0 with limited context coded bins with 16, 8 and 4 bins per coefficient, respectively; with transform skip changes 
CTC - Joint channel coding
	
	16 bins per coeff
	8 bins per coeff
	4 bins per coeff

	
	Lossless Compression
	Lossless Compression
	Lossless Compression

	
	Over BWC-5.0
	Over BWC-5.0
	Over BWC-5.0

	
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT

	 
	BWC
	BWC
	BWC

	MIT (ECG)
	0,00%
	101%
	101%
	0,00%
	101%
	100%
	0,04%
	99%
	100%

	INCART (ECG)
	-0,02%
	101%
	99%
	0,14%
	99%
	96%
	1,26%
	94%
	90%

	CHBMIT (EEG)
	-0,01%
	100%
	97%
	0,32%
	98%
	90%
	2,65%
	91%
	80%

	NMR55 (EEG)
	-0,19%
	97%
	98%
	0,95%
	93%
	96%
	5,28%
	86%
	87%

	NMR57 (EEG)
	-0,03%
	100%
	99%
	0,22%
	99%
	94%
	2,91%
	96%
	80%

	TILT ILLUSION (EEG)
	-0,31%
	95%
	85%
	-0,31%
	90%
	85%
	0,74%
	87%
	82%

	Ozdemir (EMG)
	-0,27%
	96%
	97%
	-0,26%
	91%
	97%
	1,72%
	81%
	88%

	PTT (PPG)
	-0,78%
	101%
	101%
	-0,76%
	99%
	101%
	3,55%
	93%
	95%

	WristPPG (PPG)
	-0,36%
	75%
	68%
	0,81%
	70%
	67%
	5,00%
	61%
	60%

	Average
	-0,22%
	96%
	94%
	0,12%
	93%
	92%
	2,57%
	88%
	85%

	 
	ACoM
	ACoM
	ACoM

	UC1
	-1,04%
	62%
	45%
	-0,92%
	58%
	45%
	0,15%
	53%
	38%

	UC3
	-1,39%
	46%
	#NUM!
	-1,16%
	41%
	#NUM!
	0,01%
	36%
	#NUM!

	UC5
	-1,69%
	47%
	33%
	-1,58%
	43%
	33%
	-0,82%
	40%
	32%

	UC9-Circor
	-0,28%
	81%
	82%
	-0,19%
	74%
	82%
	1,31%
	68%
	72%

	UC9-CoughVID
	0,79%
	96%
	#DIV/0!
	2,06%
	94%
	#DIV/0!
	3,36%
	91%
	#DIV/0!

	UC9-KAUH
	-0,05%
	98%
	#DIV/0!
	0,17%
	93%
	#DIV/0!
	2,02%
	87%
	#DIV/0!

	UC10
	0,06%
	78%
	64%
	0,25%
	73%
	62%
	1,86%
	68%
	55%

	UC11
	0,32%
	84%
	77%
	0,53%
	79%
	74%
	2,40%
	72%
	67%

	UC12-SongDescriber
	0,64%
	76%
	58%
	1,01%
	70%
	53%
	2,83%
	63%
	47%

	Average
	-0,29%
	74%
	#NUM!
	0,02%
	69%
	#NUM!
	1,46%
	64%
	#NUM!

	Overall 
	-0,26%
	85,20%
	#NUM!
	0,07%
	81,36%
	#NUM!
	2,01%
	75,91%
	#NUM!


CTC - Independent channel coding
	
	16 bins per coeff
	8 bins per coeff
	4 bins per coeff

	
	Lossless Compression
	Lossless Compression
	Lossless Compression

	
	Over BWC-5.0
	Over BWC-5.0
	Over BWC-5.0

	
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT

	 
	BWC
	BWC
	BWC

	MIT (ECG)
	0,00%
	101%
	100%
	0,00%
	100%
	100%
	0,03%
	99%
	100%

	INCART (ECG)
	-0,19%
	101%
	100%
	-0,18%
	98%
	99%
	0,78%
	94%
	94%

	CHBMIT (EEG)
	-0,06%
	99%
	98%
	0,26%
	95%
	94%
	2,86%
	86%
	85%

	NMR55 (EEG)
	-0,18%
	96%
	97%
	0,93%
	90%
	95%
	5,26%
	82%
	86%

	NMR57 (EEG)
	0,48%
	98%
	96%
	1,66%
	94%
	90%
	5,41%
	84%
	81%

	TILT ILLUSION (EEG)
	0,98%
	83%
	63%
	1,25%
	75%
	60%
	2,33%
	69%
	58%

	Ozdemir (EMG)
	-0,28%
	96%
	97%
	-0,27%
	92%
	96%
	1,62%
	86%
	88%

	PTT (PPG)
	-0,77%
	101%
	102%
	-0,75%
	98%
	102%
	3,26%
	93%
	96%

	WristPPG (PPG)
	-0,21%
	76%
	70%
	0,85%
	70%
	69%
	4,69%
	64%
	63%

	Average
	-0,02%
	94%
	91%
	0,42%
	90%
	89%
	2,91%
	84%
	83%

	 
	ACoM
	ACoM
	ACoM

	UC1
	-1,04%
	63%
	45%
	-0,92%
	59%
	45%
	0,17%
	54%
	38%

	UC3
	-1,39%
	47%
	#NUM!
	-1,17%
	42%
	#NUM!
	0,03%
	38%
	#NUM!

	UC5
	-1,69%
	51%
	33%
	-1,58%
	47%
	33%
	-0,82%
	44%
	32%

	UC9-Circor
	-0,28%
	82%
	80%
	-0,19%
	76%
	81%
	1,35%
	70%
	73%

	UC9-CoughVID
	0,82%
	96%
	#DIV/0!
	2,25%
	94%
	#DIV/0!
	3,58%
	92%
	#DIV/0!

	UC9-KAUH
	-0,04%
	98%
	#DIV/0!
	0,22%
	94%
	#DIV/0!
	2,18%
	88%
	#DIV/0!

	UC10
	0,09%
	80%
	64%
	0,29%
	75%
	62%
	1,91%
	70%
	55%

	UC11
	0,28%
	85%
	74%
	0,42%
	80%
	72%
	2,27%
	75%
	64%

	UC12-SongDescriber
	0,44%
	79%
	56%
	0,72%
	74%
	52%
	2,42%
	69%
	46%

	Average
	-0,31%
	76%
	#NUM!
	0,01%
	71%
	#NUM!
	1,45%
	67%
	#NUM!

	Overall 
	-0,17%
	85,14%
	#NUM!
	0,21%
	80,88%
	#NUM!
	2,18%
	75,51%
	#NUM!



c. Adopt transform skip changes and increase the order of the EG code
Anchor BWC-5.0; Test BWC-5.0 with limited context coded bins with 16, 8 and 4 bins per coefficient, respectively; additionally with transform skip changes and EG code order 6,5 and 4, respectively
CTC - Joint channel coding
	
	16 bins per coeff
	8 bins per coeff
	4 bins per coeff

	
	Lossy Compression
	Lossy Compression
	Lossy Compression

	
	Over BWC-5.0
	Over BWC-5.0
	Over BWC-5.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	0,00%
	0,00%
	102%
	102%
	0,00%
	0,00%
	102%
	102%
	0,01%
	0,01%
	101%
	102%

	INCART (ECG)
	0,00%
	0,00%
	103%
	102%
	0,03%
	0,03%
	102%
	101%
	0,34%
	0,33%
	101%
	100%

	CHBMIT (EEG)
	0,01%
	0,01%
	103%
	102%
	0,07%
	0,07%
	103%
	101%
	0,53%
	0,53%
	102%
	97%

	NMR55 (EEG)
	0,05%
	0,05%
	102%
	100%
	0,26%
	0,26%
	101%
	97%
	1,13%
	1,14%
	100%
	91%

	NMR57 (EEG)
	0,02%
	0,02%
	102%
	101%
	0,14%
	0,14%
	101%
	99%
	1,54%
	1,55%
	100%
	96%

	TILT ILLUSION (EEG)
	0,01%
	0,01%
	102%
	100%
	0,09%
	0,10%
	100%
	95%
	0,77%
	0,77%
	99%
	90%

	Ozdemir (EMG)
	0,03%
	0,03%
	103%
	102%
	0,22%
	0,23%
	102%
	97%
	1,01%
	1,01%
	101%
	90%

	PTT (PPG)
	0,00%
	0,00%
	102%
	102%
	0,06%
	0,07%
	102%
	101%
	0,98%
	1,01%
	100%
	97%

	WristPPG (PPG)
	0,11%
	0,10%
	97%
	88%
	1,03%
	1,02%
	91%
	75%
	3,39%
	3,37%
	87%
	64%

	Overall 
	0,02%
	0,02%
	102%
	100%
	0,21%
	0,21%
	100%
	97%
	1,08%
	1,08%
	99%
	92%



	
	16 bins per coeff
	8 bins per coeff
	4 bins per coeff

	
	Lossless Compression
	Lossless Compression
	Lossless Compression

	
	Over BWC-5.0
	Over BWC-5.0
	Over BWC-5.0

	
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT

	 
	BWC
	BWC
	BWC

	MIT (ECG)
	0,00%
	101%
	100%
	0,00%
	101%
	100%
	0,01%
	99%
	100%

	INCART (ECG)
	-0,04%
	101%
	99%
	-0,06%
	99%
	99%
	0,57%
	94%
	96%

	CHBMIT (EEG)
	-0,07%
	100%
	100%
	0,06%
	97%
	96%
	1,50%
	91%
	94%

	NMR55 (EEG)
	-0,21%
	97%
	99%
	0,92%
	93%
	97%
	5,08%
	86%
	90%

	NMR57 (EEG)
	-0,06%
	100%
	106%
	0,09%
	99%
	103%
	2,41%
	95%
	95%

	TILT ILLUSION (EEG)
	-0,37%
	95%
	93%
	-0,32%
	90%
	90%
	0,70%
	87%
	87%

	Ozdemir (EMG)
	-0,27%
	96%
	97%
	-0,26%
	91%
	97%
	1,68%
	82%
	88%

	PTT (PPG)
	-0,78%
	101%
	102%
	-0,77%
	99%
	102%
	3,49%
	93%
	97%

	WristPPG (PPG)
	-0,38%
	76%
	69%
	0,73%
	71%
	67%
	4,90%
	62%
	61%

	Average
	-0,24%
	97%
	96%
	0,04%
	93%
	95%
	2,26%
	88%
	90%

	 
	ACoM
	ACoM
	ACoM

	UC1
	-1,04%
	62%
	45%
	-0,92%
	58%
	45%
	0,15%
	53%
	37%

	UC3
	-1,39%
	46%
	#NUM!
	-1,18%
	41%
	#NUM!
	-0,02%
	36%
	#NUM!

	UC5
	-1,69%
	47%
	33%
	-1,58%
	43%
	33%
	-0,83%
	40%
	31%

	UC9-Circor
	-0,30%
	81%
	82%
	-0,22%
	75%
	81%
	1,23%
	68%
	74%

	UC9-CoughVID
	0,28%
	96%
	#DIV/0!
	1,28%
	94%
	#DIV/0!
	2,65%
	91%
	#DIV/0!

	UC9-KAUH
	-0,06%
	98%
	#DIV/0!
	0,04%
	93%
	#DIV/0!
	1,61%
	86%
	#DIV/0!

	UC10
	-0,16%
	79%
	67%
	0,07%
	73%
	63%
	1,69%
	68%
	56%

	UC11
	0,10%
	85%
	80%
	0,35%
	79%
	75%
	2,25%
	72%
	67%

	UC12-SongDescriber
	0,12%
	76%
	64%
	0,54%
	71%
	56%
	2,36%
	64%
	48%

	Average
	-0,46%
	74%
	#NUM!
	-0,18%
	70%
	#NUM!
	1,23%
	64%
	#NUM!

	Overall 
	-0,35%
	85,46%
	#NUM!
	-0,07%
	81,49%
	#NUM!
	1,75%
	75,91%
	#NUM!


CTC - Independent channel coding
	
	16 bins per coeff
	8 bins per coeff
	4 bins per coeff

	
	Lossy Compression
	Lossy Compression
	Lossy Compression

	
	Over BWC-5.0
	Over BWC-5.0
	Over BWC-5.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	0,00%
	0,00%
	101%
	102%
	0,00%
	0,00%
	101%
	102%
	0,01%
	0,01%
	101%
	102%

	INCART (ECG)
	0,01%
	0,01%
	102%
	102%
	0,06%
	0,06%
	101%
	101%
	0,62%
	0,63%
	100%
	99%

	CHBMIT (EEG)
	0,02%
	0,02%
	102%
	102%
	0,13%
	0,13%
	101%
	99%
	0,76%
	0,76%
	100%
	94%

	NMR55 (EEG)
	0,05%
	0,05%
	101%
	100%
	0,27%
	0,28%
	100%
	95%
	1,19%
	1,20%
	98%
	88%

	NMR57 (EEG)
	0,10%
	0,10%
	101%
	100%
	0,50%
	0,50%
	100%
	97%
	2,34%
	2,35%
	98%
	92%

	TILT ILLUSION (EEG)
	0,00%
	0,00%
	101%
	99%
	0,14%
	0,14%
	98%
	91%
	0,97%
	0,97%
	96%
	83%

	Ozdemir (EMG)
	0,03%
	0,03%
	102%
	101%
	0,23%
	0,23%
	101%
	97%
	1,02%
	1,02%
	99%
	90%

	PTT (PPG)
	0,00%
	0,00%
	102%
	102%
	0,07%
	0,07%
	101%
	101%
	0,93%
	0,95%
	100%
	98%

	WristPPG (PPG)
	0,08%
	0,08%
	96%
	88%
	0,97%
	0,97%
	91%
	74%
	3,24%
	3,26%
	88%
	64%

	Overall 
	0,03%
	0,03%
	101%
	100%
	0,26%
	0,26%
	99%
	95%
	1,23%
	1,24%
	98%
	90%



	
	16 bins per coeff
	8 bins per coeff
	4 bins per coeff

	
	Lossless Compression
	Lossless Compression
	Lossless Compression

	
	Over BWC-5.0
	Over BWC-5.0
	Over BWC-5.0

	
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT

	 
	BWC
	BWC
	BWC

	MIT (ECG)
	0,00%
	101%
	100%
	0,00%
	101%
	99%
	0,01%
	99%
	99%

	INCART (ECG)
	-0,19%
	101%
	99%
	-0,18%
	99%
	99%
	0,68%
	94%
	95%

	CHBMIT (EEG)
	-0,09%
	100%
	99%
	0,01%
	95%
	95%
	1,89%
	85%
	90%

	NMR55 (EEG)
	-0,20%
	96%
	97%
	0,88%
	90%
	95%
	5,01%
	82%
	88%

	NMR57 (EEG)
	0,17%
	98%
	97%
	0,92%
	93%
	91%
	4,10%
	83%
	82%

	TILT ILLUSION (EEG)
	-0,02%
	86%
	83%
	0,53%
	75%
	63%
	1,67%
	69%
	59%

	Ozdemir (EMG)
	-0,27%
	97%
	97%
	-0,26%
	92%
	96%
	1,58%
	86%
	88%

	PTT (PPG)
	-0,77%
	101%
	100%
	-0,75%
	99%
	100%
	3,21%
	94%
	96%

	WristPPG (PPG)
	-0,23%
	76%
	70%
	0,80%
	71%
	69%
	4,63%
	65%
	63%

	Average
	-0,18%
	95%
	93%
	0,22%
	91%
	90%
	2,53%
	84%
	84%

	 
	ACoM
	ACoM
	ACoM

	UC1
	-1,04%
	64%
	45%
	-0,92%
	59%
	45%
	0,16%
	54%
	39%

	UC3
	-1,39%
	48%
	#NUM!
	-1,19%
	43%
	#NUM!
	0,00%
	38%
	#NUM!

	UC5
	-1,69%
	51%
	33%
	-1,59%
	47%
	33%
	-0,83%
	44%
	32%

	UC9-Circor
	-0,30%
	83%
	84%
	-0,21%
	77%
	81%
	1,26%
	70%
	73%

	UC9-CoughVID
	0,29%
	96%
	#DIV/0!
	1,34%
	94%
	#DIV/0!
	2,77%
	92%
	#DIV/0!

	UC9-KAUH
	-0,06%
	98%
	#DIV/0!
	0,08%
	94%
	#DIV/0!
	1,69%
	88%
	#DIV/0!

	UC10
	-0,14%
	80%
	67%
	0,10%
	75%
	63%
	1,74%
	70%
	56%

	UC11
	0,07%
	85%
	77%
	0,28%
	80%
	73%
	2,15%
	75%
	64%

	UC12-SongDescriber
	0,03%
	79%
	61%
	0,37%
	74%
	54%
	2,06%
	69%
	47%

	Average
	-0,47%
	76%
	#NUM!
	-0,19%
	71%
	#NUM!
	1,22%
	67%
	#NUM!

	Overall 
	-0,32%
	85,43%
	#NUM!
	0,01%
	81,00%
	#NUM!
	1,88%
	75,39%
	#NUM!



d. Adopt transform skip changes and adaptive derivation of the order of the EG code
Anchor BWC-5.0; Test BWC-5.0 with limited context coded bins with 16, 8 and 4 bins per coefficient, respectively; additionally with transform skip changes and EG code order 6,5 and 4, respectively
CTC - Joint channel coding
	
	16 bins per coeff
	8 bins per coeff
	4 bins per coeff

	
	Lossy Compression
	Lossy Compression
	Lossy Compression

	
	Over BWC-5.0
	Over BWC-5.0
	Over BWC-5.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	0,00%
	0,00%
	113%
	101%
	0,00%
	0,00%
	113%
	101%
	0,00%
	0,00%
	113%
	101%

	INCART (ECG)
	0,00%
	0,00%
	114%
	102%
	0,02%
	0,00%
	115%
	101%
	0,15%
	0,14%
	116%
	101%

	CHBMIT (EEG)
	0,00%
	0,00%
	113%
	101%
	0,03%
	0,03%
	114%
	100%
	0,25%
	0,25%
	115%
	97%

	NMR55 (EEG)
	-0,01%
	-0,01%
	114%
	99%
	0,06%
	0,06%
	115%
	96%
	0,43%
	0,43%
	117%
	92%

	NMR57 (EEG)
	0,00%
	0,00%
	108%
	100%
	0,04%
	0,04%
	108%
	100%
	0,50%
	0,50%
	110%
	98%

	TILT ILLUSION (EEG)
	0,01%
	0,01%
	109%
	100%
	0,08%
	0,08%
	110%
	96%
	0,50%
	0,51%
	112%
	92%

	Ozdemir (EMG)
	0,03%
	0,03%
	116%
	100%
	0,20%
	0,20%
	117%
	97%
	0,72%
	0,72%
	118%
	91%

	PTT (PPG)
	0,00%
	0,00%
	113%
	102%
	0,04%
	0,04%
	113%
	101%
	0,34%
	0,35%
	115%
	99%

	WristPPG (PPG)
	-0,21%
	-0,24%
	116%
	90%
	0,08%
	0,05%
	119%
	79%
	0,88%
	0,84%
	125%
	71%

	Overall 
	-0,02%
	-0,02%
	113%
	99%
	0,06%
	0,06%
	114%
	97%
	0,42%
	0,42%
	116%
	94%



	
	16 bins per coeff
	8 bins per coeff
	4 bins per coeff

	
	Lossless Compression
	Lossless Compression
	Lossless Compression

	
	Over BWC-5.0
	Over BWC-5.0
	Over BWC-5.0

	
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT

	 
	BWC
	BWC
	BWC

	MIT (ECG)
	0,00%
	101%
	100%
	0,00%
	101%
	100%
	0,01%
	100%
	101%

	INCART (ECG)
	-0,05%
	101%
	99%
	-0,09%
	100%
	99%
	0,14%
	96%
	100%

	CHBMIT (EEG)
	-0,07%
	100%
	100%
	0,01%
	99%
	97%
	0,87%
	93%
	103%

	NMR55 (EEG)
	-0,22%
	97%
	98%
	0,89%
	95%
	97%
	4,89%
	89%
	94%

	NMR57 (EEG)
	-0,06%
	100%
	105%
	0,01%
	100%
	104%
	1,29%
	97%
	118%

	TILT ILLUSION (EEG)
	-0,38%
	95%
	93%
	-0,34%
	92%
	91%
	0,64%
	90%
	89%

	Ozdemir (EMG)
	-0,27%
	97%
	97%
	-0,26%
	93%
	97%
	1,64%
	86%
	90%

	PTT (PPG)
	-0,78%
	101%
	102%
	-0,77%
	100%
	102%
	3,38%
	96%
	99%

	WristPPG (PPG)
	-0,39%
	78%
	68%
	0,63%
	75%
	68%
	4,67%
	68%
	63%

	Average
	-0,25%
	97%
	96%
	0,01%
	95%
	95%
	1,95%
	91%
	95%

	 
	ACoM
	ACoM
	ACoM

	UC1
	-1,04%
	66%
	45%
	-0,92%
	62%
	45%
	0,14%
	58%
	39%

	UC3
	-1,39%
	51%
	#NUM!
	-1,25%
	46%
	#NUM!
	-0,33%
	42%
	#NUM!

	UC5
	-1,69%
	51%
	33%
	-1,62%
	48%
	33%
	-0,92%
	45%
	31%

	UC9-Circor
	-0,33%
	84%
	84%
	-0,27%
	79%
	82%
	1,01%
	74%
	76%

	UC9-CoughVID
	-0,07%
	96%
	#DIV/0!
	-0,27%
	94%
	#DIV/0!
	-0,04%
	92%
	#DIV/0!

	UC9-KAUH
	-0,08%
	98%
	#DIV/0!
	-0,14%
	94%
	#DIV/0!
	0,84%
	89%
	#DIV/0!

	UC10
	-0,57%
	81%
	76%
	-0,60%
	77%
	68%
	0,50%
	72%
	63%

	UC11
	-0,32%
	87%
	88%
	-0,33%
	83%
	81%
	1,00%
	78%
	75%

	UC12-SongDescriber
	-0,69%
	80%
	79%
	-0,72%
	76%
	66%
	-0,01%
	72%
	62%

	Average
	-0,69%
	77%
	#NUM!
	-0,68%
	73%
	#NUM!
	0,24%
	69%
	#NUM!

	Overall 
	-0,47%
	86,80%
	#NUM!
	-0,34%
	84,05%
	#NUM!
	1,10%
	79,90%
	#NUM!


CTC - Independent channel coding
	
	16 bins per coeff
	8 bins per coeff
	4 bins per coeff

	
	Lossy Compression
	Lossy Compression
	Lossy Compression

	
	Over BWC-5.0
	Over BWC-5.0
	Over BWC-5.0

	
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT
	BD-PSNR1
	BD-PSNR2
	EncT
	DecT

	MIT (ECG)
	0,00%
	0,00%
	111%
	102%
	0,00%
	0,00%
	111%
	102%
	0,00%
	0,00%
	111%
	102%

	INCART (ECG)
	0,00%
	0,00%
	113%
	102%
	0,03%
	0,03%
	114%
	102%
	0,23%
	0,23%
	115%
	100%

	CHBMIT (EEG)
	0,01%
	0,01%
	113%
	102%
	0,07%
	0,07%
	113%
	100%
	0,36%
	0,36%
	115%
	96%

	NMR55 (EEG)
	-0,01%
	-0,01%
	112%
	100%
	0,07%
	0,07%
	113%
	96%
	0,47%
	0,48%
	115%
	90%

	NMR57 (EEG)
	0,03%
	0,03%
	114%
	100%
	0,18%
	0,18%
	115%
	98%
	0,81%
	0,82%
	119%
	94%

	TILT ILLUSION (EEG)
	0,00%
	0,00%
	113%
	99%
	0,10%
	0,10%
	114%
	93%
	0,63%
	0,63%
	117%
	87%

	Ozdemir (EMG)
	0,03%
	0,03%
	114%
	101%
	0,20%
	0,20%
	115%
	97%
	0,73%
	0,73%
	117%
	92%

	PTT (PPG)
	0,00%
	0,00%
	113%
	102%
	0,03%
	0,03%
	113%
	101%
	0,32%
	0,33%
	115%
	99%

	WristPPG (PPG)
	-0,22%
	-0,22%
	115%
	90%
	0,02%
	0,02%
	117%
	78%
	0,75%
	0,76%
	123%
	70%

	Overall 
	-0,02%
	-0,02%
	113%
	100%
	0,08%
	0,08%
	114%
	96%
	0,48%
	0,48%
	116%
	92%



	
	16 bins per coeff
	8 bins per coeff
	4 bins per coeff

	
	Lossless Compression
	Lossless Compression
	Lossless Compression

	
	Over BWC-5.0
	Over BWC-5.0
	Over BWC-5.0

	
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT
	BR-R
	EncT
	DecT

	 
	BWC
	BWC
	BWC

	MIT (ECG)
	0,00%
	100%
	99%
	0,00%
	100%
	100%
	0,01%
	100%
	100%

	INCART (ECG)
	-0,19%
	100%
	99%
	-0,19%
	99%
	99%
	0,61%
	97%
	98%

	CHBMIT (EEG)
	-0,09%
	100%
	99%
	-0,03%
	96%
	96%
	1,49%
	90%
	95%

	NMR55 (EEG)
	-0,21%
	97%
	97%
	0,84%
	92%
	96%
	4,72%
	87%
	94%

	NMR57 (EEG)
	0,09%
	98%
	98%
	0,39%
	95%
	93%
	2,18%
	89%
	90%

	TILT ILLUSION (EEG)
	-0,20%
	88%
	88%
	0,26%
	80%
	69%
	1,06%
	76%
	65%

	Ozdemir (EMG)
	-0,27%
	97%
	96%
	-0,26%
	94%
	97%
	1,54%
	89%
	91%

	PTT (PPG)
	-0,77%
	101%
	100%
	-0,75%
	99%
	100%
	3,13%
	96%
	96%

	WristPPG (PPG)
	-0,24%
	79%
	70%
	0,73%
	75%
	69%
	4,44%
	70%
	65%

	Average
	-0,21%
	95%
	94%
	0,11%
	92%
	91%
	2,13%
	88%
	88%

	 
	ACoM
	ACoM
	ACoM

	UC1
	-1,04%
	66%
	45%
	-0,92%
	63%
	45%
	0,15%
	59%
	40%

	UC3
	-1,39%
	52%
	#NUM!
	-1,26%
	48%
	#NUM!
	-0,32%
	44%
	#NUM!

	UC5
	-1,69%
	54%
	33%
	-1,62%
	52%
	33%
	-0,92%
	49%
	32%

	UC9-Circor
	-0,33%
	85%
	84%
	-0,27%
	81%
	82%
	1,03%
	76%
	76%

	UC9-CoughVID
	-0,07%
	96%
	#DIV/0!
	-0,28%
	95%
	#DIV/0!
	-0,06%
	93%
	#DIV/0!

	UC9-KAUH
	-0,09%
	98%
	#DIV/0!
	-0,17%
	95%
	#DIV/0!
	0,73%
	90%
	#DIV/0!

	UC10
	-0,58%
	82%
	75%
	-0,60%
	79%
	69%
	0,50%
	74%
	63%

	UC11
	-0,37%
	87%
	86%
	-0,38%
	83%
	79%
	0,99%
	79%
	73%

	UC12-SongDescriber
	-0,72%
	81%
	75%
	-0,75%
	77%
	64%
	-0,05%
	73%
	59%

	Average
	-0,70%
	78%
	#NUM!
	-0,69%
	75%
	#NUM!
	0,23%
	71%
	#NUM!

	Overall 
	-0,45%
	86,73%
	#NUM!
	-0,29%
	83,56%
	#NUM!
	1,18%
	79,48%
	#NUM!


4. Observation and Summary
The experimental results show that the proposed modifications can significantly reduce the coding loss due to limiting the context coded bins. Furthermore, the limitation to 16 context coded bins provides virtually no loss in coding effiency. If changing to the adaptive EG order, an improvement of coding efficiency can be achieved. Based on these findings, it is requested to incorporate the proposed modifications into the next version of T.261
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