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Abstract
This contribution reports the result of using a simplified unified MPM list in the intra mode coding. The list construction follows the same logic as in the unified MPM list adopted in the JVET meeting in Geneva in March 2019, but consists of only 5 MPMs. The complex logic for the adjacency check of the intra modes of the left and top blocks is replaced with a simpler logic. Like the unified list, the simplified list can be used with all coding tools such as the intra prediction with  multiple reference lines (MRL), or intra prediction with sub-partitions (ISP), or the regular intra prediction. Compared to the unified list in VTM5.0,  0.01% coding gain in AI, with 98% encoding and 98% decoding time is observed.
Introduction
In the JVET meeting held in Geneva in March 2019, it was agreed to use a unified MPM list [1] which will be used for all coding tools including MRL and ISP. The unified MPM list consists of six MPMs and always includes the planar and DC modes. The current contribution proposes two simplifications of the unified list when the top and left intra modes are angular and different. The number of MPMs is also reduced to five to remove the inconsistency in the last MPM selection, without losing any coding performance.
Problem definition
The unified 6-MPM list [1] is constructed using the intra modes of the left and above neighbor blocks, and some default modes like the Planar mode, the DC mode, the horizontal mode (H) and the vertical mode (V).  Let the intra modes of the left and above neighboring blocks be denoted as Left and Above. The MPM list is constructed as follows:  
1. If both Left and Above are non-angular: 
a. MPM list  {Planar, DC, V, H, V-4, V+4}. This is the default list.
2. If one of  Left and Above is angular, and the other is non-angular: 
a. MPM list  {Planar, Max, DC, Max -1, Max +1, Max -2}, where Max = max(Left, Above)
3. If Left and Above are both angular and are different:
a. if the absolute difference between modes Left and Above is in the range of 2 to 62, inclusive
i. MPM list  {Planar, Left, Above, DC, Max -1, Max +1}
b. Otherwise
i. MPM list  {Planar, Left, Above, DC, Max -2, Max +2}
        where Max = max(Left, Above).
4. If Left and Above are both angular and equal:
a. MPM list  {Planar, Left, Left -1, Left +1, DC, Left -2}
It is to observe that, in the case of (3), the adjacency check to decide between the two sub-cases (a) and (b) is somewhat complex as it is dependent on knowledge of the total number of angular modes.. Secondly, in the sub-case of 3(b), as Left and Above are adjacent, only one of the adjacent modes of the pair (Left, Above) is included in the list.
[bookmark: _GoBack]It is also to observe that, in both sub-cases 3(a) and 3(b), the larger mode between Left and Above is used to derive the last two MPMs in the list. There is no reason why the larger mode should be always more probable than the smaller mode, that is, min(Left, Above).  The same argument applies to case 1 (V-4/V+4 over V-1/V+1 or V-2/V+2), case 2 (Max- 2 over Max + 2), case 4 (Left-2 over Left + 2)

Proposed solutions
Considering the above arguments, two simplifications are proposed below:
Simplified List 1
1. If both Left and Above are non-angular: 
a. MPM list  {Planar, DC, V, H, DIAG} 
where. DIAG is the diagonal mode (mode 34).
2. If one of  Left and Above is angular, and the other is non-angular: 
a. MPM list  {Planar, Max, DC, Max -1, Max +1}, 
3. If Left and Above are both angular and are different:
i. MPM list  {Planar, Left, Above, Max -1, Max +1}
if Min = Max – 1, replace Max – 1 by Min – 1.
else if Min = Max + 1, replace Max + 1 by Min + 1
4. If Left and Above are both angular and equal:
a. MPM list  {Planar, Left, Left -1, Left +1, DC}

Simplified List 2
1. If both Left and Above are non-angular modes: 
a. MPM list  {Planar, DC, V, H, DIAG} 
where. DIAG is the diagonal mode (mode 34).
2. If one of  Left and Above is angular, and the other is non-angular: 
a. MPM list  {Planar, Max, DC, Max -1, Max +1}, 
3. If Left and Above are both angular and are different:
a. if the absolute difference between modes Left and Above is in the range of 2 to 62, inclusive
i. MPM list  {Planar, Left, Above, Mpm -1, Mpm +1}
b. Otherwise
i. MPM list  {Planar, Left, Above,  Mpm -2, Mpm +2}
        where Mpm = Max if Max >= DIAG, Mpm = Min, otherwise.
4. If Left and Above are both angular and equal:
a. MPM list  {Planar, Left, Left -1, Left +1, DC}
It is to notice that the two proposals differ only in  case 3, when the intra modes of left and above blocks are both angular and are different. They produce identical lists in all other cases.
It is also to observe that, in both simplifications, the Planar mode is always the first MPM in the list, and the DC mode does not belong to the list in case 3.
Since the proposed  lists contain five MPMs, the existing variable length coding is modified to read/write a maximum of 4 bits for the binarization of an MPM.
Experimental Results
Simulations were performed according to CTC described in [2]. AI and RA results are reported below. 
It is to note that the test results with the proposed lists include the encoder code optimization that replaces multiple function calls to generate the MPM list for different cases (MRL, ISP, etc.) inside the RD loop with a single function call.   Since the purpose of the unified list is to use the same list in all tools, it is unnecessary to generate the list for each tool separately inside the RD loop.
Test 1 with Simplified List 1
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Test 2 with Simplified List 2
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Conclusion
This contribution document reports the results of  two simplifications of the unified MPM list used in intra mode coding in VTM 5.0. Like the original unified MPM list, the proposed lists are used for all cases of intra prediction, that is, intra prediction with MRL, ISP and regular intra prediction. Both simplifications yield about the same overall BD-rate gain and complexity reduction. Because of its relatively simpler list construction logic, and slightly better performance over the 2nd simplified list, the Simplified list 1 is proposed to replace the unified MPM list in VTM 5.0.
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image3.emf
All Intra Main10 

Over VTM-5.0

Y U V EncT DecT

Class A1 -0.02% 0.01% 0.02% 96% 96%

Class A2 -0.02% -0.07% -0.03% 98% 97%

Class B -0.01% -0.12% 0.00% 99% 98%

Class C -0.02% -0.11% 0.06% 98% 98%

Class E 0.01% -0.06% -0.05% 97% 99%

Overall 

-0.01% -0.08% 0.00% 98% 98%

Class D 0.00% 0.23% 0.02% 101% 101%

Class F -0.03% 0.01% 0.11% 99% 104%
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Random access Main10 

Over VTM-5.0

Y U V EncT DecT

Class A1 0.00% -0.13% 0.05% 102% 100%

Class A2 0.01% -0.11% 0.05% 101% 97%

Class B -0.01% -0.10% -0.07% 96% 96%

Class C -0.03% -0.19% -0.25% 97% 99%

Class E

Overall -0.01% -0.13% -0.07% 98% 98%

Class D 0.03% -0.01% 0.24% 97% 93%

Class F #VALUE! #VALUE! #VALUE! #NUM! #NUM!
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All Intra Main10 

Over VTM-5.0

Y U V EncT DecT

Class A1 -0.02% 0.04% 0.00% 95% 96%

Class A2 -0.01% 0.02% -0.04% 95% 94%

Class B -0.01% -0.09% 0.02% 97% 97%

Class C -0.04% -0.11% -0.03% 97% 95%

Class E 0.01% -0.01% 0.09% 97% 101%

Overall 

-0.01% -0.04% 0.01% 96% 97%

Class D 0.01% 0.08% -0.12% 99% 99%

Class F -0.02% 0.13% 0.08% 101% 104%
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Random access Main10 

Over VTM-5.0

Y U V EncT DecT

Class A1 0.00% 0.01% 0.22% 99% 96%

Class A2 0.02% -0.09% 0.04% 98% 96%

Class B 0.01% 0.01% 0.00% 97% 98%

Class C -0.04% -0.16% -0.07% 98% 102%

Class E

Overall 0.00% -0.05% 0.03% 98% 98%

Class D -0.02% -0.11% 0.42% 99% 101%

Class F #VALUE! #VALUE! #VALUE! #NUM! #NUM!
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