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Abstract
In the latest WD for VVC ver.2, there is a prevention mechanism to deactivate extended precision even when sps-level enabled flag (extended_precision_processing_flag) is set to 1. This prevention mechanism loses an encoder flexibility to use extended precision for low bit-depth. In addition, extended precision provides minor gain (roughly -0.1% for AI, -0.1% for RA and -0.1% for LB) for YUV420 10-bit sequences at low QP. This contribution proposes to remove its prevention mechanism, which gives encoders flexibility to use extended precision for low bit-depth (proposal#1). 
If necessary to disable extended precision for low bit-depth coding, rather than having a prevention mechanism, this contribution suggests to 
· impose a bitstream constraint which indicates such a tool shall be disabled for bit-depth less than or equal to 10 in the profile like HEVC or semantics (proposal#2), or 
· omit signaling of extended_precision_processing_flag depending on BitDepth to avoid unnecessary signaling (proposal#3). 
A patch for disabling a prevention mechanism of extended precision relative to VTM-13.0 is attached.
In v2, the results were updated.

Introduction
At the last JVET-V meeting, several tools were adopted to improve coding performance for high bit-depth coding as below:
7.3.2.22 Sequence parameter set range extension syntax
	sps_range_extension( ) {
	Descriptor

		extended_precision_processing_flag
	u(1)

	[bookmark: _Hlk71235874]	sps_ts_residual_coding_rice_present_in_sh_flag
	u(1)

		sps_rrc_rice_extension_flag
	u(1)

		sps_persistent_rice_adaptation_enabled_flag
	u(1)

	}
	



Current WD [1] has a prevention mechanism to deactivate extended transform precision for bit-depth less than or equal to 1 even when its enabled flag is set to 1 as shown in Table 1 (related semantics are highlighted in green). This prevention mechanism loses an encoder flexibility to use extended precision for low bit-depth coding. 
Table 1: Semantic of Extended precision
extended_precision_processing_flag equal to 1 specifies that an extended dynamic range may be used for transform coefficients and transform processing. extended_precision_processing_flag equal to 0 specifies that the extended dynamic range is not used. When not present, the value of extended_precision_processing_flag is inferred to be equal to 0.
The variable ExtendedPrecisionFlag is derived as follows:
–	If extended_precision_processing_flag is equal to 1 and BitDepth is greater than 10, ExtendedPrecisionFlag is set equal to 1.
–	Otherwise (extended_precision_processing_flag is equal to 0 or BitDepth is less than or equal to 10), ExtendedPrecisionFlag is set equal to 0.
The variable Log2TransformRange is derived as follows:
Log2TransformRange = ExtendedPrecisionFlag ? Max( 15, Min( 20, BitDepth + 6 ) ) : 15	(X)

To evaluate coding performance of operation range extension tools for low bit-depth, following two tests were conducted for YUV420 10-bit common test sequences at normal QPs (QP=22, 27, 32, 37) and low QPs (QP=2, 7, 12, 17). Note that first 100 frames were used for low QP test.
	Test#1: VTM-13.0 vs VTM-13.0 w/ operation range extension tools including a prevention mechanism of extended precision
· Anchor: VTM-13.0 with a macro JVET_R0351_HIGH_BIT_DEPTH_ENABLED equal to 0
· Test: VTM-13.0 with a macro JVET_R0351_HIGH_BIT_DEPTH_ENABLED equal to 1
· Encoder options for Test: --ExtendedPrecision=1 --TSRCRicePresent=1 --ExtendedRiceRRC=1 --GolombRiceParameterAdaptation=1 --Profile=none

Test#2: VTM-13.0 vs VTM-13.0 w/ operation range extension tools and excluding a prevention mechanism of extended precision
· Anchor: VTM-13.0 with a macro JVET_R0351_HIGH_BIT_DEPTH_ENABLED equal to 0
· Tested: VTM-13.0 with a macro JVET_R0351_HIGH_BIT_DEPTH_ENABLED equal to 1
· Encoder options for Test: --ExtendedPrecision=1 --TSRCRicePresent=1 --ExtendedRiceRRC=1 --GolombRiceParameterAdaptation=1 --Profile=none	
· Enforcedly extended precision is enabled by removing its prevision mechanism.

Table 1 shows the summary of each test for AI, RA and LB, respectively. For more details, please refer to Table 2 through Table 5. Supplementally, Table 6 and Table 7 shows the coding performance of Test#2 Tested over Test#1 Tested at normal QPs and low QPs, respectively.
As can be seen, at low QPs extended precision provides minor gain (roughly -0.1% for AI, -0.1% for RA and -0.1% for LB) while less gain (roughly 0.0% for AI, 0.0% for RA and -0.0%) at normal QPs.

Table 1: Summary results of coding performance of each Test 
	QP
	Test
	AI

	
	
	Y
	U
	V
	EncT
	DecT

	normal QP
	Test#1
	-0.01%
	-0.07%
	-0.04%
	106%
	107%

	
	Test#2
	-0.02%
	-0.08%
	-0.03%
	104%
	104%

	
	delta 
= Test#2 - Test#1
	0.00%
	-0.01%
	0.02%
	-2%
	-3%

	low QP
	Test#1
	-0.28%
	-0.32%
	-0.33%
	109%
	105%

	
	Test#2
	-0.37%
	-0.48%
	-0.50%
	107%
	102%

	
	delta 
= Test#2 - Test#1
	-0.09%
	-0.16%
	-0.17%
	-2%
	-2%



	QP
	Test
	RA

	
	
	Y
	U
	V
	EncT
	DecT

	normal QP
	Test#1
	0.02%
	-0.12%
	-0.10%
	108%
	111%

	
	Test#2
	0.02%
	-0.05%
	-0.10%
	106%
	108%

	
	delta 
= Test#2 - Test#1
	0.00%
	0.06%
	0.00%
	-2%
	-3%

	low QP
	Test#1
	-0.05%
	-0.07%
	-0.07%
	107%
	111%

	
	Test#2
	-0.12%
	-0.29%
	-0.26%
	107%
	107%

	
	delta 
= Test#2 - Test#1
	-0.08%
	-0.22%
	-0.20%
	0%
	-4%



	QP
	Test
	LB

	
	
	Y
	U
	V
	EncT
	DecT

	normal QP
	Test#1
	0.02%
	0.07%
	0.47%
	104%
	104%

	
	Test#2
	-0.01%
	0.03%
	0.12%
	103%
	105%

	
	delta 
= Test#2 - Test#1
	-0.04%
	-0.04%
	-0.35%
	-1%
	1%

	low QP
	Test#1
	-0.01%
	-0.05%
	-0.05%
	104%
	105%

	
	Test#2
	-0.09%
	-0.26%
	-0.27%
	102%
	105%

	
	delta 
= Test#2 - Test#1
	-0.08%
	-0.21%
	-0.22%
	-2%
	0%



Test#1
Table 2: Coding performance of operation range extension tools including a prevention mechanism of extended precision over VTM-13.0 at normal QPs (Test#1 Normal QP)
	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over VTM-13.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.04%
	-0.07%
	0.05%
	104%
	110%

	Class A2
	0.01%
	0.01%
	-0.01%
	106%
	112%

	Class B
	-0.01%
	-0.03%
	-0.04%
	102%
	102%

	Class C
	0.00%
	-0.10%
	-0.08%
	111%
	108%

	Class E
	-0.04%
	-0.21%
	-0.13%
	110%
	106%

	Overall 
	-0.01%
	-0.07%
	-0.04%
	106%
	107%

	Class D
	0.03%
	-0.16%
	0.04%
	113%
	115%

	Class F
	-0.01%
	-0.10%
	-0.05%
	102%
	100%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over VTM-13.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.03%
	-0.21%
	-0.07%
	107%
	116%

	Class A2
	0.02%
	0.04%
	-0.05%
	111%
	118%

	Class B
	0.00%
	-0.17%
	-0.08%
	103%
	100%

	Class C
	0.07%
	-0.10%
	-0.17%
	112%
	116%

	Class E
	　
	
	　
	　
	　

	Overall
	0.02%
	-0.12%
	-0.10%
	108%
	111%

	Class D
	0.08%
	-0.08%
	0.29%
	110%
	120%

	Class F
	-0.04%
	-0.08%
	0.03%
	104%
	94%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over VTM-13.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	0.01%
	-0.18%
	0.37%
	106%
	117%

	Class C
	0.01%
	-0.26%
	0.18%
	103%
	99%

	Class E
	0.06%
	0.92%
	1.02%
	102%
	91%

	Overall
	0.02%
	0.07%
	0.47%
	104%
	104%

	Class D
	0.16%
	0.01%
	0.32%
	113%
	119%

	Class F
	0.04%
	0.39%
	-0.08%
	102%
	98%



Table 3: Coding performance of operation range extension tools including a prevention mechanism of extended precision over VTM-13.0 at low QPs (Test#1 Low QP)
	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over VTM-13.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.02%
	-0.11%
	-0.10%
	107%
	104%

	Class A2
	-0.27%
	-0.26%
	-0.25%
	111%
	106%

	Class B
	-0.23%
	-0.26%
	-0.26%
	103%
	97%

	Class C
	-0.51%
	-0.49%
	-0.52%
	115%
	109%

	Class E
	-0.31%
	-0.45%
	-0.48%
	113%
	110%

	Overall 
	-0.28%
	-0.32%
	-0.33%
	109%
	105%

	Class D
	-0.68%
	-0.77%
	-0.80%
	115%
	108%

	Class F
	-0.28%
	-0.38%
	-0.42%
	111%
	108%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over VTM-13.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.03%
	-0.05%
	109%
	114%

	Class A2
	-0.03%
	-0.06%
	-0.07%
	110%
	118%

	Class B
	-0.03%
	-0.06%
	-0.07%
	104%
	112%

	Class C
	-0.11%
	-0.11%
	-0.07%
	108%
	104%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.05%
	-0.07%
	-0.07%
	107%
	111%

	Class D
	-0.15%
	-0.10%
	-0.23%
	111%
	115%

	Class F
	-0.46%
	-0.34%
	-0.24%
	107%
	107%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over VTM-13.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	-0.01%
	-0.05%
	-0.04%
	103%
	112%

	Class C
	-0.04%
	-0.01%
	-0.01%
	104%
	97%

	Class E
	0.01%
	-0.10%
	-0.12%
	105%
	105%

	Overall
	-0.01%
	-0.05%
	-0.05%
	104%
	105%

	Class D
	-0.05%
	-0.02%
	-0.07%
	107%
	110%

	Class F
	-0.18%
	-0.18%
	-0.27%
	106%
	104%



Test#2
Table 4: Coding performance of operation range extension tools and excluding a prevention mechanism of extended precision over VTM-13.0 at normal QPs (Test#2 Normal QP)
	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over VTM-13.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.05%
	-0.15%
	-0.02%
	104%
	111%

	Class A2
	0.00%
	0.04%
	-0.01%
	104%
	111%

	Class B
	-0.02%
	-0.04%
	0.00%
	102%
	101%

	Class C
	-0.01%
	-0.03%
	0.07%
	108%
	100%

	Class E
	-0.02%
	-0.28%
	-0.23%
	104%
	99%

	Overall 
	-0.02%
	-0.08%
	-0.03%
	104%
	104%

	Class D
	0.04%
	-0.19%
	0.02%
	113%
	117%

	Class F
	0.00%
	-0.12%
	-0.03%
	101%
	100%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over VTM-13.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.02%
	-0.06%
	-0.10%
	107%
	117%

	Class A2
	0.01%
	0.01%
	-0.08%
	110%
	123%

	Class B
	0.00%
	-0.10%
	-0.04%
	103%
	100%

	Class C
	0.07%
	-0.04%
	-0.18%
	106%
	103%

	Class E
	　
	
	　
	　
	　

	Overall
	0.02%
	-0.05%
	-0.10%
	106%
	108%

	Class D
	0.09%
	-0.07%
	-0.11%
	112%
	123%

	Class F
	-0.01%
	-0.09%
	-0.03%
	100%
	92%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over VTM-13.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	-0.01%
	0.00%
	0.45%
	107%
	121%

	Class C
	0.03%
	-0.16%
	-0.08%
	101%
	100%

	Class E
	-0.08%
	0.32%
	-0.18%
	98%
	88%

	Overall
	-0.01%
	0.03%
	0.12%
	103%
	105%

	Class D
	0.15%
	0.53%
	-0.48%
	107%
	108%

	Class F
	-0.02%
	0.92%
	-0.04%
	101%
	98%



Table 5: Coding performance of operation range extension tools and excluding a prevention mechanism of extended precision over VTM-13.0 at normal QPs (Test#2 Low QP)
	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over VTM-13.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.10%
	-0.39%
	-0.40%
	108%
	106%

	Class A2
	-0.48%
	-0.42%
	-0.42%
	120%
	117%

	Class B
	-0.32%
	-0.44%
	-0.44%
	101%
	95%

	Class C
	-0.55%
	-0.54%
	-0.59%
	111%
	102%

	Class E
	-0.38%
	-0.61%
	-0.63%
	101%
	97%

	Overall 
	-0.37%
	-0.48%
	-0.50%
	107%
	102%

	Class D
	-0.74%
	-0.77%
	-0.78%
	117%
	110%

	Class F
	-0.31%
	-0.41%
	-0.42%
	102%
	98%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over VTM-13.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.06%
	-0.46%
	-0.41%
	114%
	112%

	Class A2
	-0.15%
	-0.24%
	-0.23%
	111%
	108%

	Class B
	-0.12%
	-0.26%
	-0.25%
	104%
	111%

	Class C
	-0.16%
	-0.23%
	-0.20%
	101%
	99%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.12%
	-0.29%
	-0.26%
	107%
	107%

	Class D
	-0.20%
	-0.19%
	-0.23%
	112%
	112%

	Class F
	-0.50%
	-0.39%
	-0.28%
	102%
	98%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over VTM-13.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	-0.09%
	-0.23%
	-0.21%
	104%
	114%

	Class C
	-0.10%
	-0.11%
	-0.13%
	99%
	96%

	Class E
	-0.09%
	-0.51%
	-0.54%
	102%
	105%

	Overall
	-0.09%
	-0.26%
	-0.27%
	102%
	105%

	Class D
	-0.11%
	-0.06%
	-0.08%
	109%
	107%

	Class F
	-0.19%
	-0.30%
	-0.28%
	101%
	99%



Supplement: Test2# Tested over Test#1 Tested
Table 6: Coding performance of Test#2 Tested over Test#1 Tested at normal QPs
	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over Test#1 Tested
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	-0.09%
	-0.07%
	100%
	101%

	Class A2
	-0.01%
	0.02%
	-0.01%
	98%
	100%

	Class B
	0.00%
	-0.01%
	0.04%
	100%
	100%

	Class C
	-0.01%
	0.07%
	0.15%
	97%
	93%

	Class E
	0.02%
	-0.06%
	-0.10%
	94%
	94%

	Overall 
	0.00%
	-0.01%
	0.02%
	98%
	97%

	Class D
	0.01%
	-0.03%
	-0.02%
	100%
	102%

	Class F
	0.00%
	-0.02%
	0.02%
	99%
	100%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over Test#1 Tested
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.15%
	-0.03%
	100%
	101%

	Class A2
	0.00%
	-0.03%
	-0.03%
	99%
	104%

	Class B
	0.00%
	0.07%
	0.04%
	100%
	100%

	Class C
	0.00%
	0.06%
	0.00%
	94%
	89%

	Class E
	　
	
	　
	　
	　

	Overall
	0.00%
	0.06%
	0.00%
	98%
	98%

	Class D
	0.01%
	0.01%
	-0.39%
	101%
	103%

	Class F
	0.03%
	-0.01%
	-0.06%
	96%
	98%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over Test#1 Tested
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	-0.02%
	0.18%
	0.08%
	101%
	103%

	Class C
	0.03%
	0.11%
	-0.26%
	98%
	101%

	Class E
	-0.14%
	-0.59%
	-1.19%
	97%
	97%

	Overall
	-0.04%
	-0.04%
	-0.35%
	99%
	101%

	Class D
	-0.01%
	0.52%
	-0.80%
	95%
	91%

	Class F
	-0.07%
	0.53%
	0.04%
	98%
	100%



Table 7: Coding performance of Test#2 Tested over Test#1 Tested at low QPs
	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over Test#1 Tested
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.08%
	-0.29%
	-0.30%
	101%
	102%

	Class A2
	-0.22%
	-0.16%
	-0.17%
	108%
	110%

	Class B
	-0.08%
	-0.18%
	-0.18%
	98%
	98%

	Class C
	-0.04%
	-0.05%
	-0.08%
	96%
	93%

	Class E
	-0.07%
	-0.16%
	-0.16%
	90%
	88%

	Overall 
	-0.10%
	-0.16%
	-0.17%
	98%
	98%

	Class D
	-0.06%
	-0.01%
	0.02%
	101%
	102%

	Class F
	-0.03%
	-0.03%
	0.00%
	92%
	91%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over Test#1 Tested
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.06%
	-0.43%
	-0.36%
	105%
	98%

	Class A2
	-0.11%
	-0.17%
	-0.17%
	102%
	91%

	Class B
	-0.09%
	-0.20%
	-0.18%
	100%
	99%

	Class C
	-0.05%
	-0.13%
	-0.12%
	94%
	95%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.08%
	-0.22%
	-0.20%
	100%
	96%

	Class D
	-0.06%
	-0.09%
	0.01%
	100%
	97%

	Class F
	-0.04%
	-0.05%
	-0.04%
	95%
	92%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over Test#1 Tested
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	-0.07%
	-0.18%
	-0.17%
	100%
	102%

	Class C
	-0.06%
	-0.11%
	-0.12%
	95%
	99%

	Class E
	-0.11%
	-0.41%
	-0.42%
	97%
	99%

	Overall
	-0.08%
	-0.21%
	-0.22%
	98%
	100%

	Class D
	-0.06%
	-0.04%
	0.00%
	102%
	97%

	Class F
	0.00%
	-0.11%
	-0.01%
	95%
	95%



Proposal
Since extended precision provides minor gain for YUV420 10-bit sequences at low QP, this contribution proposes to remove its prevention mechanism (proposal#1). It gives encoders flexibility to use extended precision for low bit-depth. 
If necessary to disable extended precision for low bit-depth coding, rather than having a prevention mechanism, it is suggested to 
· impose a bitstream constraint which indicates such a tool shall be disabled for bit-depth less than or equal to 10 in the profile like HEVC or semantics (proposal#2), or 
· omit signaling of extended_precision_processing_flag depending on BitDepth to avoid unnecessary signaling (proposal#3).

Removal of a prevention mechanism of extended precision (proposal#1)
It is proposed to remove a prevention mechanism of extended precision. Proposed changes relative to JVET-V2005 are as below:

	sps_range_extension( ) {
	Descriptor

		extended_precision_processing_flag
	u(1)

		sps_ts_residual_coding_rice_present_in_sh_flag
	u(1)

		sps_rrc_rice_extension_flag
	u(1)

		sps_persistent_rice_adaptation_enabled_flag
	u(1)

	}
	



extended_precision_processing_flag equal to 1 specifies that an extended dynamic range is may be used for transform coefficients and transform processing. extended_precision_processing_flag equal to 0 specifies that the extended dynamic range is not used. When not present, the value of extended_precision_processing_flag is inferred to be equal to 0.
The variable ExtendedPrecisionFlag is set equal to extended_precision_processing_flag. derived as follows:
–	If extended_precision_processing_flag is equal to 1 and BitDepth is greater than 10, ExtendedPrecisionFlag is set equal to 1.
–	Otherwise (extended_precision_processing_flag is equal to 0 or BitDepth is less than or equal to 10), ExtendedPrecisionFlag is set equal to 0.
The variable Log2TransformRange is derived as follows:
Log2TransformRange = ExtendedPrecisionFlag ? Max( 15, Min( 20, BitDepth + 6 ) ) : 15	(X)

Bitstream constraint (Proposal#2)
If necessary to disable extended precision for low bit-depth coding, it is suggested to impose a following bitstream constraint which indicates such a tool shall be disabled for bit-depth less than or equal to 10 in a profile definition like HEVC or its semantic on top of proposal#1.

[Case#1: Constraint in the semantic]
It is a requirement of bitstream conformance that the value of extended_precision_processing_flag shall be equal to 0 when BitDepth is less than or equal to 10.

[Case#2: Constraint in the profiles]
Bitstreams conforming to the “Operation Range Extension profiles” shall obey the following constraints:
– In bitstreams conforming to the “Operation Range Extension low bit-depth profile” (e.g. Main 10 Intra, Main 4:2:2 Intra or Main 4:4:4 10 Intra profiles in HEVC), referenced SPSs shall have extended_precision_processing_flag equal to 0.
– In bitstreams conforming to the “Operation Range Extension high bit-depth profile” (e.g. Main 12, Main 4:2:2 12, Main 4:4:4 12, or Main 4:4:4 16 Intra profiles in HEVC), referenced SPSs shall have extended_precision_processing_flag equal to 1 (or 0…1).

Omit signaling of sps enabled flag for low bit-depth (Proposal#3)
Alternatively, it is suggested to omit signaling of extended_precision_processing_flag depending on BitDepth. The benefit compared to proposal#2-1 is to avoid unnecessary signaling.

Proposed changes relative to JVET-V2005 are as below:
	sps_range_extension( ) {
	Descriptor

	 if (BitDepth>10)
	

		extended_precision_processing_flag
	u(1)

	 }
	

		sps_ts_residual_coding_rice_present_in_sh_flag
	u(1)

		sps_rrc_rice_extension_flag
	u(1)

		sps_persistent_rice_adaptation_enabled_flag
	u(1)

	 
	

	}
	



extended_precision_processing_flag equal to 1 specifies that an extended dynamic range is may be used for transform coefficients and transform processing. extended_precision_processing_flag equal to 0 specifies that the extended dynamic range is not used. When not present, the value of extended_precision_processing_flag is inferred to be equal to 0.
The variable ExtendedPrecisionFlag is set equal to extended_precision_processing_flag. derived as follows:
–	If extended_precision_processing_flag is equal to 1 and BitDepth is greater than 10, ExtendedPrecisionFlag is set equal to 1.
–	Otherwise (extended_precision_processing_flag is equal to 0 or BitDepth is less than or equal to 10), ExtendedPrecisionFlag is set equal to 0.
The variable Log2TransformRange is derived as follows:
Log2TransformRange = ExtendedPrecisionFlag ? Max( 15, Min( 20, BitDepth + 6 ) ) : 15	(X)

Conclusion
Since extended precision provides minor gain for YUV420 10-bit sequences at low QP, it is proposed to remove the prevention mechanism of extended precision (proposal#1). It is recommended to adopt this cleanup for the next VTM.
If necessary to disable extended precision for low bit-depth coding, rather than having a prevention mechanism, it is suggested to 
· impose a bitstream constraint which indicates such a tool shall be disabled for bit-depth less than or equal to 10 in a profile like HEVC or its semantic (proposal#2), or 
· omit signaling extended_precision_processing_flag depending on BitDepth to avoid unnecessary signaling (proposal#3).
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