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Overall Summary

= A two-level most probable mode (MPM) coding for luma
Intra prediction mode coding

— 1st-level MPM coding : Mode A or Mode L (the same as HM3.0)

— 2"d-level MPM coding : select at most 3 most probable remaining
mode (MPRM) according to Mode A and Mode L

— Remaining mode : fixed-length coding

«  0.4% of bit rate reduction with 1% encoding time increase
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CABAC Luma Intra Mode Coding in HM3.0
= One-level MPM coding

= 1 or 2 intra modes are selected as MPMs
Intra mode of above PU (Mode A) and left PU (Mode L)

= If current mode is not in MPMSs, use fixed-length coding for
remaining modes (rem_intra_luma_pred_mode)
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A

C==M

PM? L C MPM = {min(A,L), max(A,L) }

C = one of MPM,
prev_pred_mode flag =1

X!: MPM, prev_pred_mode flag =0

If (#MPM == 2)
{C==min(A,L)?}

Encode(prev_pred_mode_flag)

Encode(mpm_idx)

Fixed Length Coding for
Remaining Modes

v
If (C == 2)
{C==DC?}

Encode(planarFlag)

Encode(prev_pred_mode_flag)
Encode(rem_intra_luma_pred_mode)
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Problem

= The probability distribution of remaining modes is not uniform
— Different neighboring mode has different distribution

= The fixed length coding for remaining mode may not be suitable
= Select some modes with higher probability for 2-level MPM coding

Remaining Mode

Neighboring Mode

0 1 2 3 4 h) 6 ] 8 9 10 11 12 13 14 15 16 17
0 891%  325%  3.74%  351% 333%  234% 1.82%  2.21% 1.92% 222%  438% 339%  131% 129% 138% 1.72% = 8.28%
1 8.32% 291%  344%  1.85%  1.65%  1.98%  2871%  3.79%  2.45%  1.67% 157% 136% 1.01% 1.62%  3.72%  394%  7.92%
21 784%  6.46% 429%  290%  2.75% = 2.55%  2.85%  3.46%  289%  2.36%  247%  2.07% 150% 1871% 241% = 2.67%
3 732%  5.64%  4.46% 5.00%  249%  2.55%  448%  3.14%  279%  532%  2.74%  2.01%  135% @ 4.06%  2.55% @ 2.23% = 8.74%
4 9.15%  445%  394%  6.10% 320%  2.48%  2.48%  2.54%  231%  531% < 571%  2.96%  143%  222% < 1.70%  1.74%  8.16%
50 9.09%  489%  422%  3.68%  3.48% 4.64%  240%  322%  390%  240%  353%  498% 3.63% 171% 197%  2.29%  9.81%
6] 651% 638% 454% 3.98% 3.01%  4.29% 295%  578%  6.67%  2.39%  2.58%  249%  2.92%  1.99%  2.75%  3.57%  9.81%
N 520% 620% 4.07%  641%  2.83%  2.16%  2.16% 413%  294%  28%  2.00% 175%  137%  4.62%  5.11%  3.62% = 8.36%
8y 447%  476%  322% 2718%  202%  2.10%  3.03%  2.53% 446% 1.63%  1.83%  1.98% 161% 165% 3.00% 580%  6.93%
9 864% 593% 494%  AT4%  375%  420%  5.21%  3.43%  5.54% 3.00%  3.24%  3.06%  2.75%  236%  310% = 3.26% 10.11%
10y 801% 5.16% 4.69%  915%  195%  3.01%  2.36%  350%  3.26%  3.30% 370%  2.39%  147%  3.68%  220%  2.06%  8.67%
1y 1121%  430% 392%  4.32%  645%  3.83%  254% 218%  2.90%  2.83%  3.02% 429%  1715%  179%  1.82%  2.14%  8.18%
12y 1030%  4.08%  385%  3.51% 3.94%  648%  3.44%  214%  3.19%  3.40%  2.09%  5.00% 272%  1.66%  1.98%  2.34%  8.85%
13y 632% 5.00% 4.68% 3.81% 3.10% 654%  601% 279%  5.06%  641%  2.00%  3.09%  3.68% 1.96%  273%  3.44%  9.82%
14 589%  543% 4T1%  9.51%  4.16%  2.58%  244%  1.29%  4.07%  3.49%  436%  2713%  2.19%  1.73% 375%  3.10%  8.70%
15y 475% 859%  388%  431%  2.28%  2.05%  228%  591%  5.63%  3.62%  1.98%  211% 193% 1.58%  3.00% 5.64%  8.15%
16y 448%  724% 328%  295% 1.95%  1.99%  2.53%  3.16%  8.43% 4.02% 1.50%  2.00% 194% 1.62% 1.89%  4.71% 7.56%
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Proposed Two-level MPM Coding

1st-level : the same as the MPM coding in HM 3.0
2nd-level : select at most 3 MPRMSs according to Mode A and Mode L

Remaining mode : fixed-length coding

Code DC and planar modes as different modes in 2"9-level MPM
coding and remaining mode coding

MPM = {min(A,L),

A

max(A,L) }

C == MPM? L|C

C =one of MPM,
prev_pred_mode_flag =1

1%-level MPM coding

If #MPM == 2)
{C=min(A,L)?}
Encode(prev_pr'ed_mode_flag)
Encode(mpm_idx)

If (C==2)
{C==DC?}
Encode(planarFlag)

C = one of MPRM,
mprm_pred_flag =1

2"%-level MPM coding

Mode# 1
Mode# 2 Mode# 3
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Encode(prev_pred_mode_flag)

Encode(mprm_pred_flag)
Encode(mprm_idx)

MPRM = 3 most probable
remaining modes
accordingto A and L

I= MPM, prev_pred_mode_flag =0

C == MPRM?

C != MPRM, mprm_pred_flag =0

Fixed length coding for
remaining modes

Encode(preV_pred_mode_flag) 'I/ITEK

Encode(mprm_pred_flag)
Encode(rem_intra_luma_pred_mode)
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MPRM Selection

= Predefine a 34x3 MPRM table and
a 17x3 MPRM table

- MPRM, = {A;,L,A,,L,,A, L}

T e

1st Mode 2nd Mode 34 Mode
Planar 11
Planar 16

0
Planar
Planar
Planar
Planar
Planar
Planar
Planar
Planar
Planar
Planar
Planar
Planar
Planar
Planar
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init
 {A,A,,A;} from Mode A
= {L,,L,,L3} from Mode L

 Remove the modes equal to Mode
A and Mode L, and take first 3 non-
repetitive modes as MPRM = {M,,
M,, Mg}
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Simulation Results
= JCTVC-E700 anchor

= 0.4% bit rate reduction with 1% encoding time
Increase

All Intra HE

0.3 0.1
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All -0.4 0.0 0.0
Enc Time[% 101%
Dec Time[% 100%
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Cross Verification

= We thank LG Electronics for crosschecking our
proposal
— JCTVC-F108

= BD-rates and run times are confirmed
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Conclusions

« Proposed a two-level most probable mode (MPM)
coding for luma intra prediction mode coding
— 18tlevel MPM coding : the same as HM 3.0

— 2nd-level MPM coding : select at most 3 most probable remaining
modes

— Remaining mode : fixed-length coding
«  0.4% bit rate reduction with 1% encoding time increase

* Qualcomm and MediaTek have another joint proposal
which adopts the two-level MPM coding
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