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Abstract

This contribution proposes signaling of maximum and minimum QP values (MaxQP, MinQP) in a slice at the slice header. By signaling these two values, the range of delta QP (dQPrange) within a slice is also specified. A modified indexing of delta QP according to MaxQP, MinQP and dQPrange is used with a modified binarization table of CABAC or a modified VLC table of CAVLC. The proposed scheme is implemented onto modified version of HM-3.0 software used as the base software for CE4, and simulations are conducted using common test configurations of CE4[1] with MaxCuDQPDepth=3 to evaluate the performance of the proposed scheme. It is reportedly confirmed that the proposed scheme achieves delta QP bit reduction of 2.6, 3.5 and 4.4% for AI-HE/RA-HE/LDB-HE configurations and 8.2%, 10.3% and 11.0% for AI-LC/RA-LC/LDB-LC respectively.
1 Introduction

In HM-3, CU level delta QP syntax is adopted [2]. Several methods of predicting QP value have been proposed, and those proposals have been evaluated in CE4, while keeping the entropy coding for delta QP as it was. In this contribution we propose to signal maximum and minimum QP values (MaxQP, MinQP) in a slice at the slice header to improve the coding efficiency of delta QP syntax. The proposed scheme can be applied with any prediction schemes for CU level QP.
2 Proposed scheme
The encoding process of the proposed scheme is composed of 3 steps as follows:

1) Signaling the MaxQP and the MinQP at the slice header

2) Delta QP indexing

3) Entropy coding using a modified binarization table for CABAC or modified VLC table for CAVLC

2.1 Signaling of MaxQP and the MinQP

  The maximum QP value and minimum QP value within a slice is detected and signaled at the slice header as the difference from the slice QP value, which is also signaled at the slice header.

2.2 Delta QP indexing

  Delta QP (dQP) is the difference between the current QP (curQP) and the predicted QP (predQP). As MaxQP and MinQP are signaled, the possible dQP values are limited from MinQP-predQP to MaxQP-predQP. In this contribution, the index of dQP is specified so that the smaller index number is assigned to the smaller absolute value of dQP. For example, if MaxQP=32, MinQP=24 and predQP=30, the indexing is done as follows:
	Index
	dQP value

	0
	0

	1
	1

	2
	-1

	3
	2

	4
	-2

	5
	-3

	6
	-4

	7
	-5

	8
	-6


2.3 Entropy coding of dQP

2.3.1 CABAC

  Binarization of dQP index specified in the previous section is performed using a truncated unary binarization with maximum value = dQPrange instead of unary binarization.

2.3.2 CAVLC

  Concatenated Truncated Golomb code (CTG code) is used to code the dQP index. Truncated Golomb code is a modified version of the Golomb code where maximum length of the code is specified according to the maximum index value, where the last code of the prefix is removed from the code with the maximum length.
	index
	Golomb code
	Truncated Golomn code (max length=2)
	Truncated Golomn code (max length=4)
	Truncated Golomn code (max length=6)

	0
	1
	1
	1
	1

	1
	010
	0 0
	010
	010

	2
	011
	0 1
	011
	011

	3
	00100
	
	00 00
	00100

	4
	00101
	
	00 01
	00101

	5
	00110
	
	00 10
	00110

	6
	00111
	
	00 11
	00111

	7
	0001000
	
	
	000 000

	8
	0001001
	
	
	000 001

	9
	0001010
	
	
	000 010

	10
	0001011
	
	
	000 011

	11
	0001100
	
	
	000 100

	12
	0001101
	
	
	000 101

	13
	0001110
	
	
	000 110

	14
	0001111
	
	
	000 111

	15
	000010000
	
	
	

	16
	000010001
	
	
	

	17
	     :
	
	
	


CTG code is a series of Truncated Golomb codes to compose a VLC table with the number of index equal to dQPrange. Truncated Golomb codes with maxmum number of index less than the rest of the number of index are concatenated repeatedly until no index is left.
Some examples of the Concatenated Truncated Golomb code are shown below:

	index
	Golomb code
	CTG code

(Max=2)
	CTG code

(Max=4)
	CTG code

(Max=12)
	CTG code

(Max=18)

	0
	1
	1
	1
	1
	1

	1
	010
	0 0
	00
	010
	010

	2
	011
	0 1
	01  1
	011
	011

	3
	00100
	
	01  00
	0000
	00100

	4
	00101
	
	01  01
	0001
	00101

	5
	00110
	
	
	0010
	00110

	6
	00111
	
	
	0011  1
	00111

	7
	0001000
	
	
	0011  010
	000000

	8
	0001001
	
	
	0011  011
	000001

	9
	0001010
	
	
	0011  0000
	000010

	10
	0001011
	
	
	0011  0001
	000011

	11
	0001100
	
	
	0011  0010
	000100

	12
	0001101
	
	
	0011  0011
	000101

	13
	0001110
	
	
	
	000110

	14
	0001111
	
	
	
	000111  1

	15
	000010000
	
	
	
	000111  00

	16
	000010001
	
	
	
	000111  01  1

	17
	000010010     
	
	
	
	000111  01  00

	18
	000010011
	
	
	
	000111  01  01

	19
	000010100
	
	
	
	

	:
	
	
	
	
	


3 Simulations & Results 
The proposed scheme has been implemented on top of the modified HM-3.0 software for CE4, and the simulations have been conducted using the common test configurations for CE4. Table 1 shows the results with a configuration that applies the proposed scheme. 
Table 1. Bitrate savings of the proposed scheme
	　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.1 
	-0.1 
	-0.1 
	-2.7%
	-0.2 
	-0.2 
	-0.2 
	-8.4%

	Class B
	0.0 
	-0.1 
	0.0 
	-1.5%
	-0.2 
	-0.2 
	-0.2 
	-6.8%

	Class C
	-0.1 
	-0.1 
	-0.1 
	-2.3%
	-0.3 
	-0.3 
	-0.3 
	-8.2%

	Class D
	-0.1 
	-0.1 
	-0.1 
	-3.9%
	-0.3 
	-0.3 
	-0.3 
	-10.3%

	Class E
	-0.1 
	-0.2 
	-0.2 
	-2.9%
	-0.3 
	-0.3 
	-0.3 
	-7.7%

	All
	-0.1 
	-0.1 
	-0.1 
	-2.6%
	-0.3 
	-0.3 
	-0.3 
	-8.2%

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	100%
	101%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.2 
	-0.2 
	0.3 
	-3.3%
	-0.3 
	-0.3 
	-0.3 
	-9.8%

	Class B
	-0.1 
	0.0 
	-0.1 
	-2.4%
	-0.3 
	-0.3 
	-0.3 
	-8.7%

	Class C
	-0.1 
	0.1 
	0.0 
	-3.6%
	-0.4 
	-0.4 
	-0.4 
	-10.6%

	Class D
	0.1 
	0.1 
	0.3 
	-5.0%
	-0.3 
	-0.3 
	-0.3 
	-12.7%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	-0.1 
	0.0 
	0.1 
	-3.5%
	-0.3 
	-0.3 
	-0.3 
	-10.3%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	100%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	-0.1 
	-0.2 
	-0.3 
	-2.7%
	-0.4 
	-0.4 
	-0.4 
	-9.5%

	Class C
	-0.1 
	-0.1 
	-0.2 
	-4.2%
	-0.5 
	-0.5 
	-0.5 
	-11.3%

	Class D
	0.0 
	-0.2 
	0.0 
	-5.5%
	-0.4 
	-0.4 
	-0.4 
	-13.4%

	Class E
	-0.1 
	0.6 
	0.2 
	-6.7%
	-0.5 
	-0.5 
	-0.5 
	-13.0%

	All
	-0.1 
	0.0 
	-0.1 
	-4.5%
	-0.4 
	-0.4 
	-0.4 
	-11.6%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	100%


4 Conclusion
In this contribution, a modified intra vertical and horizontal prediction scheme has been proposed. It is confirmed that the proposed scheme achieves delta QP bit reduction of 2.6, 3.5 and 4.4% for AI-HE/RA-HE/LDB-HE configurations and 8.2%, 10.3% and 11.0% for AI-LC/RA-LC/LDB-LC respectively. We propose this scheme to be adopted in HM-4.
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Appendix: Normative descriptions to be reflected to WD text
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