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Abstract

This contribution provides the results of an experiment that shows that the characteristics of the local activity in a picture changes at a level finer than the CU size. This indicates that the granularity for QP adjustment at a level finer than CU, as currently allowed in HEVC, is needed to allow more flexibility in adapting QP to the nature of local statistics.  It is recommended to set up a set of experiments to study this further and make appropriates changes in the syntax.
1 Introduction
The current HM [1] allows QP to change at sub-TB level. All TU within the same sub-TB hence use the same QP and dQP is signal when QP is changed from one sub-TB to another sub-TB [2]. Size of sub-TB area is set according to CU size. To control amount of dQP overhead, a global parameter is also used to determine the minimum size of sub-TB area [3]. The scheme used in HM allows QP adjustment to respond to change in content characteristic and buffer condition with assumption that change inside CU is small enough and same QP can be used.

In HM, CU can be of various sizes; e.g., 64x64, 32x32. Hence, QP adjustment at CU or larger may not be fast enough to respond to change in content characteristics and buffer conditions. For example, 64x64 CU may select 2NxN PU type where the two PUs have very different characteristics, like one can be on the edge of an object and the other can be in the background. In this example, it will be beneficial have the freedom to use different QPs for different PUs. QP can also be adapted to adjust compressed bitrate. This QP change inside CU is not supported in the current HM. It is therefore proposed to allow QPs to be changed at a level finer than CU, for example at TU level. 
2 Granularity of QP adjustment 
The granularity of QP adjustment impacts trade-off between complexity and flexibility. In order to keep dQP overhead low, minimum size of QP adjustment parameter can be enforced. The minimum size of QP adjustment parameter is a global parameter defined similar to [3]. This constraint limits the smallest area allowed for QP adjustment and it takes effect when TU size is smaller than this parameter, as specified in eq (1). 

QP(m,n) = QP(p,q) if m≤p and n≤q




(1)

where QP(m,n) is QP of a TU size mxn. m and p are width of coding TU and sub-CU area, and n and q are height of coding TU and sub-CU area, respectively. In case that minimum size of QP adjustment parameter is greater than CU size, QP of all TU inside that CU are the same.
3 Experimental results

Experiments were performed based on CE-4 baseline software with QP adaptation, HM-3.0-dev-r863-CE4_r2. This software calculates activity based on variance within a block. QP can then be computed based on the activity of that block. In this experiment, QP at CU level is first computed, followed by QP at TU level. Tables 1-2 show proportion of TUs out of total TUs in a picture had the quantization parameters that were different than that for the CU if allowed to be different at TU level. The first 9 frames of the Race Horses sequence (416x240) under random access high efficiency, random access low complexity, low delay high efficiency, low delay low complexity test conditions were used. QP slice were set to 22 and 32. The y-axis shows the QP difference between QP at CU level and QP at TU level of TU inside that CU. The x-axis is the TU number in coding order regardless of the TU size. The CU and TU sizes were determined according to the Rate-Distortion optimization done in the software.  
Table 1 proportion of TUs out of total number of TUs that had QP that were different than that for the CU if allowed to be different, QP slice=22
	Condition
	Racehorses
	Vidyo1 
	Cactus

	RA-HE
	37.56%
	25.89%
	27.64%

	RA-LC
	38.64%
	25.87%
	28.42%

	LD-HE
	38.87%
	27.60%
	31.57%

	LD-LC
	41.48%
	27.51%
	32.41%


Table 2 proportion of TUs out of total number of TUs that had QP that were different than that for the CU if allowed to be different, QP slice=32

	Condition
	Racehorses
	Vidyo1 
	Cactus

	RA-HE
	30.73%
	23.30%
	26.68%

	RA-LC
	33.03%
	26.18%
	28.84%

	LD-HE
	26.70%
	21.12%
	15.22%

	LD-LC
	33.37%
	25.19%
	26.89%


4 Conclusion and Recommendations

Current approach in the standard will fix the quantization to be the same for all the units below CU level. It was shown that the characteristics of the local activity changes at a level finer than the CU size. Therefore, to be able to adapt quantization according the characteristics of the content, the flexibility of adjusting the quantization level at the level finer than CU is needed. Experimental results show that QP computed at TU level demonstrates a strong correlation with QP computed at CU level. Hence, efficient QP coding can be designed using QP difference between QP computed at TU level and QP computed at CU level. If varying quantization at too fine a level increases bit rate then an option needs to be provided to signal that the parameter is kept constant at a certain level. For example, the quantization parameter can be kept same for all the TUs (or PUs) of the same size within the CUs. 
It is recommended to conduct more in-depth experiments and study to characterize this further and modify the syntax accordingly. 
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