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Abstract
This document propose to set the intra mode number to be 35 for intra 4x4 PU to simplify the intra mode coding and remove the mapping of most probable mode in HM5.0, no performance lost observed when setting the intra mode number to be 35 from 18 for intra 4x4 PU.
1 Introduction and description
Table 1. Intra mode number for intra in HM5.0 and Proposed
	PU size
	Intra mode number

	
	HM5.0
	Proposed

	4x4 
	18 
	35

	8x8
	35 
	35

	16x16
	35 
	35

	32x32 
	35 
	35

	64x64 
	35
	35


In HM5.0, the intra mode number for all PUs except for 4x4 PU is 35. For 4x4 PU, the intra mode number is 18. Two problems exists in current design.
(1). When coding/decoding the intra mode when the current intra mode is not equal to any most probable mode, the encoder/decoder have to decide writing/reading 4 or 5 bits according to the current PU size which will increase the implementing and parsing cost, for example, 4 bits for 4x4 PU and 5 bits for other PU size if not considering the escape bit. 
(2). In Intra mode coding, MPM of current block is predicted based on neighbor blocks. When Intra mode number of neighbor block is larger than the maximum Intra mode number of current block, a remapping is used to obtain the MPM of current block.
To simplify and unify the intra mode encoding/decoding and MPM deriving, we propose to set the intra mode number of 4x4 PU to be 35 as listed in Table1. By using the proposed intra mode number, the above mentioned problems will never exist. Table 2 shows BD-Rate results for the modifications.

Table 2 35 intra modes for 4x4 PU
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A (8bit)
	0.1%
	0.0%
	0.1%
	0.0%
	0.1%
	0.0%

	Class B
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%
	-0.1%

	Class C
	-0.1%
	0.0%
	0.0%
	-0.2%
	0.0%
	0.0%

	Class D
	0.0%
	0.1%
	0.1%
	-0.2%
	0.1%
	0.1%

	Class E
	0.0%
	0.0%
	0.0%
	-0.1%
	0.1%
	0.0%

	Overall
	0.0%
	0.0%
	0.0%
	-0.1%
	0.0%
	0.0%

	　
	0.0%
	0.0%
	0.0%
	-0.1%
	0.0%
	0.0%

	Class F
	-0.3%
	0.1%
	0.1%
	-0.4%
	0.2%
	0.0%

	Enc Time[%]
	102%
	105%

	Dec Time[%]
	98%
	99%


From table 2, no considerable performance difference is observed except for slightly encoding time increase. When reduce the candidate mode number in encoder RDO for 4x4 from 8 to 6 as following, the result is shown in table 3, also no considerable performance difference is observed, and no obvious encoding time increase.

const UChar g_aucIntraModeNumFast[7] =

{

  3,  //   2x2

#if MODE_4x4_35_FAST

  6,  //   4x4

#else

  8,

#endif

  8,  //   8x8

  3,  //  16x16   

  3,  //  32x32   

  3,  //  64x64   

  3   // 128x128  

};
Table 3 35 intra modes for 4x4 PU with 6 candidate modes at encoder
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A (8bit)
	0.1%
	0.0%
	0.0%
	0.1%
	0.0%
	-0.1%

	Class B
	0.0%
	-0.1%
	-0.1%
	0.1%
	-0.2%
	-0.2%

	Class C
	0.0%
	-0.1%
	-0.1%
	-0.1%
	-0.1%
	-0.2%

	Class D
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%

	Class E
	0.0%
	0.0%
	-0.1%
	-0.1%
	-0.1%
	0.0%

	Overall
	0.0%
	0.0%
	-0.1%
	0.0%
	-0.1%
	-0.1%

	　
	0.0%
	0.0%
	-0.1%
	0.0%
	-0.1%
	-0.1%

	Class F
	-0.2%
	0.1%
	-0.1%
	-0.3%
	0.1%
	-0.1%

	Enc Time[%]
	99%
	102%

	Dec Time[%]
	97%
	99%


2 Conclusion
Based on no loss in performance and obvious simplification on intra mode coding/decoding and MPM derivation, we proposed to set the intra mode of 4x4 PU to be 35 in HEVC.
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