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Abstract
This contribution proposes a 6 most probable modes (MPM) based intra mode coding method. The MPM list is generated based on the left and top neighboring modes. The truncated binary coding is used to signal the remaining 61 non-MPM modes. It is reported that under All Intra configuration this proposal can achieve −0.32%/−0.26%/−0.24% Y/U/V BD-rate for VTM2.0.

Introduction
In VTM2.0.1, for luma intra mode coding, a list of 3 MPMs is generated from above (A) and left (L) neighboring modes. Figure 1 shows the locations of the neighboring modes used in VTM2.0.1.
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Figure 1: Neighboring modes for MPM generation in VTM2.0

In VTM2.0.1, after extracting the left neighboring mode (leftIntraDir) and above neighboring mode (aboveIntraDir), the MPM list (mpm[]) is constructed as follows:

    offset = 62;
    mod = offset + 3;
    if (leftIntraDir == aboveIntraDir)
    {
      if (leftIntraDir > DC_IDX)   // angular modes
      {
        mpm[0] = leftIntraDir;
        mpm[1] = ((leftIntraDir + offset) % mod) + 2; // -1 mode of left mode
        mpm[2] = ((leftIntraDir - 1) % mod) + 2;      // +1 mode of left mode
      }
      else   // non-angular
      {
        mpm[0] = PLANAR_IDX;
        mpm[1] = DC_IDX;
        mpm[2] = VER_IDX;
      }
    }
    else
    {

      mpm[0] = leftIntraDir;
      mpm[1] = aboveIntraDir;

      if (leftIntraDir && aboveIntraDir)   // both modes are non-planar
      {
        mpm[2] = PLANAR_IDX;
      }
      else
      {
        mpm[2] = (leftIntraDir + aboveIntraDir) < 2 ? VER_IDX : DC_IDX;
      }
    }
For the remaining 64 modes, a 6-bit fixed-length-code (FLC) is used to send the remaining mode indices. 
Proposed method
MPM list generation
[bookmark: _GoBack]As in VTM2.0.1, this proposal uses two neighbors to derive the MPM list, however, the locations of neighbors are different than in VTM2.0.1. Figure 2 shows the location of the neighbors of the proposed method. If any of the neighboring modes is unavailable, that mode is replaced by the planar mode. 
 

A
L


Figure 2: Neighboring modes for MPM generation

In the proposed method, the MPM generation part is categorized into 3 cases. Cases are defined based on the number of available angular modes (Nang) in left (L) and above (A) neighbors. 
Case 0: if none of the neighboring modes are angular (Nang  = =  0)
In this case, the 6 MPM list is generated as follows:

	mpm[0] = PLANAR_IDX;
	mpm[1] = DC_IDX;
	mpm[2] = VER_IDX;
	mpm[3] = HOR_IDX;
	mpm[4] = VER_IDX - 4;
	mpm[5] = VER_IDX + 4;

Case 1: if only one angular mode is found in the neighboring modes (Nang  = =  1)
In this case, the insertion order of the modes in the MPM list is given below:
{left mode, above mode, planar, DC, left mode - 1, left mode + 1, vertical mode, horizontal mode}
It is worth noting that a special case occurs when the left and above mode are the same angular mode. In such case, the above mode will be skipped in the insertion order.
Assume:
· leftIntraDir = left mode
· aboveIntraDir = above mode
· AngMode is the available angular mode after checking left and above modes.
· availNonAngMode is the available non-angular mode after checking left and above modes. If any non-angular mode is unavailable, availNonAngMode = -1.

    offset = 62;
    mod = offset + 3;

if (both top and left modes are available and they are different)
{
   mpm[0] = leftIntraDir;
   mpm[1] = aboveIntraDir;
   mpm[2] = (availNonAngMode == PLANAR_IDX) ? DC_IDX : PLANAR_IDX;
}
else
{
   mpm[0] = AngMode;
   mpm[1] = PLANAR_IDX;
   mpm[2] = DC_IDX;
}

mpm[3] = ((AngMode + offset) % mod) + 2; // -1 mode of angular mode
mpm[4] = ((AngMode - 1) % mod) + 2; // +1 mode of the angular mode
mpm[5] = (AngMode > 48 && AngMode < 52) ? HOR_IDX: VER_IDX;

Case 2: if two different angular modes are found in neighboring modes (Nang  = =  2)
According to the definition, both the top and left modes in this case are angular modes and they are different. The insertion order of the modes in the MPM list is given below:
{left mode, above mode, planar, DC, left mode - 1, left mode + 1, above mode - 1, above mode + 1}
It is worth noting that a special case occurs when “left mode - 1” equals the above mode. In such case, the candidate “above mode – 1” is inserted before “left mode + 1”.
Assume:
· leftIntraDir = left mode
· aboveIntraDir = above mode

      mode = leftIntraDir;
      angMinus = ((mode + offset) % mod) + 2; // angular -1 ;
      angPlus =  ((mode - 1) % mod) + 2; // angular +1 ;

      mpm[0] = leftIntraDir;
      mpm[1] = aboveIntraDir;
      mpm[2] = PLANAR_IDX;
      mpm[3] = DC_IDX;
      if (angMinus == aboveIntraDir)
      {
        mpm[4] = ((aboveIntraDir + offset) % mod) + 2; // above; angular -1 ;
        mpm[5] = angPlus;
      }
      else
      {
        mpm[4] = angMinus;
        if (aboveIntraDir == angPlus) mpm[5] = ((aboveIntraDir - 1) % mod) + 2;
        else                             mpm[5] = angPlus;
      }

Signalling MPM and non-MPM indices
In the proposed method, truncated unary coding is used to signal the MPM index. All of the bins of the MPM index are coded with bypass coding, and there is no context coding used for signalling the MPM index. The remaining 61 (67 total modes – 6 MPM modes) non-MPM modes are truncated binary coded with a pre-processing step, where the intra mode to be encoded deducts an offset based on its value and the intra modes in the MPM lists. This pre-processing step ensures the intra mode value range between 0 to 60.

Simulation results
The proposed method is implemented in BMS2.0.1 with VTM configuration. Table 1 shows the simulation results of the proposed method. 

· VTM simulations:
· Anchor: VTM2.0.1
· Test: VTM2.0.1 + proposed method
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Table 1. Simulation results of the proposed methods compared to VTM2.0.1
Conclusions
Compared to VTM2.0.1, this proposal reportedly achieves BD-rates of -0.32%/-0.26%/-0.24% for Y/U/V, respectively, in All Intra configuration. 
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Y U V EncT DecT

Class A1 -0.24% -0.24% -0.21% 101% 98%

Class A2 -0.29% -0.23% -0.28% 101% 99%

Class B -0.32% -0.22% -0.18% 101% 99%

Class C -0.34% -0.28% -0.18% 100% 100%

Class E -0.44% -0.38% -0.41% 100% 100%

Overall  -0.32% -0.26% -0.24% 101% 99%

Class D -0.23% -0.03% -0.33% 100% 101%

Class F (optional) #VALUE! #VALUE! #VALUE! #VALUE! #VALUE!

All Intra Over VTM-2.0.1
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Y U V EncT DecT

Class A1 -0.15% -0.11% -0.03% 101% 101%

Class A2 -0.13% -0.06% -0.13% 102% 101%

Class B -0.12% -0.11% -0.14% 100% 101%

Class C -0.11% -0.08% -0.06% 100% 101%

Class E

Overall -0.13% -0.09% -0.09% 101% 101%

Class D 0.01% -0.14% 0.04% 100% 102%

Class F (optional) #VALUE! #VALUE! #VALUE! #VALUE! #VALUE!

Random Access Over VTM-2.0.1
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