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Abstract
In HM5.0, Chroma QP can only take values in the range of [0, 39]. This proposal extends Chroma QP to the range of [0, 51]. Such extension enhances the functionality, flexibility and friendliness of HEVC for various potential applications, such as rate control at low bit-rate including the flexibility to obtain the desired performance balance point between luma/chroma, and for handling video sources with different color formats (e.g. RGB).
1 Problem statement
 The current Chroma QP derivation process in HEVC replicates that of the H.264/AVC specification as shown in Table 1. For QP values in the range of 0 to 29 a linear relationship (QPC = QPY ) is followed, whereas a logarithmic relationship is followed for higher QP values. Chroma QP also saturates at a maximum value of 39 without any consideration of the color format that may be used.  This table actually defines the relationship between Luma and Chroma at different quality levels. However, this topic has not been thoroughly studied and evaluated in JCTVC meetings. Limiting Chroma QP in the range of [0, 39] has several disadvantages.

Table 1 H.264/AVC specification: Table 8-15 – Specification of QPC as a function of qPI

	qPI
	<30
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51

	QPC
	=qPI
	29
	30
	31
	32
	32
	33
	34
	34
	35
	35
	36
	36
	37
	37
	37
	38
	38
	38
	39
	39
	39
	39


Firstly, problems in the bit consumption for luma and chroma arise when the bit-rate is very low. Experimental results using HM5.0 show that at high QPs (e.g. QP= 38, 42, 46, 50) luma and chroma consume almost the same number of bits for their residual coding, which is significantly different from what is observed for the common test conditions (i.e. QP= 22, 27, 32 and 37). Under common test conditions, the ratio of luma residual bits and chroma residual bits is around 9:1. With the limitation of Chroma QP, rate control algorithms may have difficulty in allocating or finding the desired bit budget balancing point between luma and chroma. In the scenario of low bit-rate applications, rate control algorithms may need to limit chroma bits by increasing Chroma QP, while saturating at 39 for Chroma QP could change such attempts to unachievable tasks.  A second problem is that this property does not allow the codec to properly quantize chroma to the desirable extent. 
Another problem for rate control is that the previous observation makes rate much more unpredictable and possibly unstable. In general, for rate control algorithms, one needs to design a model for bit to QP mapping. Quite commonly, algorithms tend to use luma information (distortion) and ignore chroma. But formerly mentioned, chroma bits at low bitrates can have a severe impact in the total bit-rate. Note that interestingly enough the models used follow a quadratic relationship between bits and QP. Given the logarithmic behavior of Chroma QP that model may be less accurate. 
Video sequences may have color components that might not follow the possibly logarithmic relationship between luma and chroma and their impact on subjective quality that seems to have inspired the chroma QP derivation process. Instead, it may be desirable to provide more flexibility in controlling these QP parameters, handling a more generic content space, but also be able to properly handle other color spaces and formats (e.g. RGB or YCoCg among others). Video coding standards should provide the functionality and flexibility for video sources with different color components or even other color formats (e.g. RGB and YCoCg). When video sources have a different relationship between Luma and Chroma components, assumed by Table 1, the codec may behave unpredictably.
2 Solution
In this proposal, we remove the mapping table g_aucChromaScale[52] and set Chroma QP equal to Luma QP such that Chroma QP can take values in the range of [0, 51] as follows.






QPCb = Clip(0, 51, QPY+Cb_QP_offset),                                                (1)
QPCr = Clip(0, 51, QPY+Cr_QP_offset),                                                (2)
where Cb_QP_offset and Cr_QP_offset are the two Chroma QP offset parameters introduced in JCTVC-G509 [1]. One can still emulate the behavior of the existing model, if so desired, by controlling the Chroma QP offset parameters.
3 Results

The proposed technique is implemented into HM5.0. The simulation is conducted using the common test conditions in [1]. A summary of the test results is shown in Table 2, and detailed results are available in “JCTVC-H0400.xls”.

Table 2. Summary of BD-rate results
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A (8bit)
	-1.0%
	6.0%
	6.2%
	-1.2%
	5.9%
	6.2%

	Class B
	-1.1%
	6.2%
	6.1%
	-1.3%
	6.4%
	6.6%

	Class C
	-1.1%
	5.9%
	6.1%
	-1.4%
	6.0%
	6.1%

	Class D
	-1.1%
	5.6%
	6.1%
	-1.2%
	5.8%
	6.0%

	Class E
	-0.8%
	7.0%
	7.1%
	-0.8%
	6.6%
	6.7%

	Overall
	-1.0%
	6.1%
	6.3%
	-1.2%
	6.2%
	6.3%

	 
	-1.0%
	6.7%
	6.8%
	-1.2%
	6.6%
	6.7%


Simulation is also conducted using high QPs, i.e. QP=38, 42, 46, 50. The RD-curve is shown in Figure 1. HM5.0 turns to have very small chroma PSNR difference for two adjacent test QPs and chroma PSNR saturates at certain levels, which confirms the limitation of HM5.0 in quantizing chroma to the desirable extent. REF _Ref314757767 \h 
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Figure 1 RD curves of Chroma_U at QP=38,42,46,50
4 Conclusion
This proposal extended Chroma QP to the range of [0, 51], which simplified the design and enhanced the functionality of the standard. We propose to adopt this proposal into HEVC.
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